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Abstract

A photon is one open strand of the one carrier, carrying one quantum of action per cycle in two
books, on a cylinder whose radius is the reciprocal of its frequency. The chain gives every stroke
the rate ¢ and Planck’s quantum gives every cycle the action h (core 0.1a). In the run that is
E = hw, p= E/c and a length A\ = ¢T covered per cycle; in the turning of the stroke’s grades it
is a radius R,, = ¢/w, a circumference equal to the advance per turn, and an angular momentum
of exactly R, so the helix the grades trace stands at 7/4 at every frequency (I-2). The family of
cylinders is nested: the higher the frequency, the smaller the cylinder, with the energy maximal
at the tip of the family and minimal at its rim, and both ends of the family are limits, never
states. The free presentation of the carrier turns in one plane, so a free stroke has no transition
of its own: it does not split, decay or shed a fraction of its action. Every change it undergoes is
a many-to-many reclosure with a closed pattern, balanced in every book, integral in the count
of strokes, and bounded below by the least quantum the closure can take; the quanta a closure
can take form a numerical semigroup. The clock factor of 0.1c rescales the bookkeeper’s reading
of the cylinder and leaves the stroke itself unchanged. A photon therefore arrives whole or not
at all, and the distance it travels is set by the count of closures on its path, never by its energy
draining: the spacetime phase is dilute, the count is small, and a stroke that left a galaxy at a
redshift of six arrives as it was born, read on a cylinder larger by the ratio of two clock factors.

1 One open strand

Fundamental Density Theory has one substance, the omnium, and one carrier: photon = graviton
= gluon = phonon = magnon, the stroke of the medium read in different density and geometry
regimes (core 0.1, I-2) [3]. Matter is closed stroke: braided closures of n helical strands, with mass
a confinement eigenvalue (I-5). The photon is the strand itself, open, standing in no closure. This
paper reads what that fixes: the geometry of one stroke (Proposition 1), the family of all strokes
and its two ends (Proposition 2), what is quantised in light, why a free stroke cannot change on its
own (Proposition 3), what it can hand to a closure and receive from one (Proposition 4), and why
it arrives whole from any distance (Proposition 5). Around them sit the catalogue of what a stroke
can meet, the two floors of the programme kept apart, and the properties of light, each with the
clause that fixes it.

The rate is the one derived in What ¢ Is [2]: the open stroke runs straight at ¢ and keeps no time,
and its grades turn on a helix of radius ¢/w standing at 7/4 (0.1d, I-2). The confinement results are
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those of Confinement and the Mass Gap [4]; the two presentations of the carrier, free and standing,
and the reading of transitions as hyperedges of one settlement are those of The Premises of Yang-
Mills [5]. No dataset and no fitted number enters a derivation; the record enters in Section 11 and
the convergence statement. The receipt script of Appendix A checks the displayed identities and
numbers; check labels appear in brackets, [PC02d].

2 Premises, charts and symbols

The derivation uses the locked core v6.3 [1]; each premise is quoted by section.

(P1)

(P2)

(P4)

(P5)

(P8)

One substance, only patterns. There is one substance, the omnium, and there are only
its patterns; every physical length and time belongs to a pattern, to a pattern-to-probe
measurement or to the floor, and a room is a pattern’s own support with its own boundary
data (0.1, 0.1Db).

The chain is one state. The bridges are constants of the medium: £, = mq62 = hwg,
T, = 2n/wg = h/Ey, {; = cT;. The floor Fhpaxdmintmin = h with dpin = ctmin gives
dmin = 20p, tmin = 2tp: a minimum, not a staircase, and no lattice of allowed intervals
exists, since a lattice would select a rest frame. Every step is a system-wide settlement of
the state it starts from; events do not commute, a process run backward is never the mirror
of the forward event, and responses are many-to-many (0.1a).

The open stroke. A carrier is a disturbance of the medium at the medium’s speed. The
open stroke runs straight at ¢ and keeps no time; its grades turn about the run on a helix
of radius A = hc/E = c¢/w = \/27, its momentum FE/c carrying its spin  at that radius,
and the helix stands at m/4 at every frequency, higher frequencies on inner cylinders. The
helix is the locus of the turning grades; the transport is the run at ¢ (0.1d, I-2).

Two presentations. The free presentation of the carrier turns in one transverse plane, with
commuting rotations and a linear field equation; the standing presentation, the carrier inside
a closure, turns in planes whose bivectors do not commute. A transition is a hyperedge of
the settlement, carrying a set of closures to a set of closures (I-2, I-4) [5].

Matter and its books. Closures of n strands carry mass myc* = hw, from a confinement
operator D that is to be derived (core O-9); the helicity sign is sgn v;; charge is a reading of
closures (I-5, I-5a). A closed mode is stable exactly when (f|T|i) = 0 for every final state
at or below threshold that keeps every exact book, and every reclosure balances every book
across the event (I-5b).

The quantum face. 1» = Ae'¥ is the projection of a helix onto the plane normal to its axis;
superposition is ignorance of the helical phase g at observation (I-4).

Two readings. A pattern’s kept time and thread length rescale together by the clock factor
m with the density it crosses, keeping d/t = ¢ on the spot, every ratio of the chain and the
null cone; the bookkeeper reads the rescaling. A medium of perfect form at zero net count
has its temperature as the clock factor of its own patterns. A conformal clock factor never
bends a stroke; strokes bend by the optical metric of I-3 (0.1c).

The geometry. G, = kT, unchanged, with the exact optical metric of the exterior, and
FDT returns the same curvature as general relativity for the same source and data; the
density cone’s tip is its high-energy, high-density limit and its rim the low (I-3).



(P9) The ground. The cosmic microwave background is the cosmological reading of the substrate’s
cumulative standing-wave state (0.8), whose derivation is the core’s register item O-15; every
energy enters M once (0.5, I-7). The ground of a room is that state in the room’s own
boundary data.

Charts. One density reading appears: the A-1 compactness of a stroke’s own gravitational win-
dow, Qext = Mc?/(2Fmaxrs) (0.1c), with Mc? = hw (0.5: the stroke’s energy enters M once) and
the declared evaluation radius ry = R, the stroke’s own cylinder, on the exterior branch. A-2 to
A-5 do not enter. The clock factor m is no « and stands in no force, optical or density slot. R,
is a length of the stroke (0.1b), the radius of its turning; it is never a support Ry and never a
confinement datum: no eigenproblem is posed on it, and the vacuity guard of I-5 is untouched,
because a free stroke stands in no closure. A material index npat(w) names the response of a
medium’s closures and never stands in a gravitational slot: the three indices of I-3 keep their roles.
No absolute density address is printed for the photon or for any closure (I-5).

symbol meaning

w, T, A, k a stroke’s angular frequency, period, advance per cycle A = ¢T', and wavenumber k = w/c

R,=AX the radius of the stroke’s cylinder, ¢/w; its curvature is k
b, vo the hand of a stroke, sgnv; = £1 (I-5); its start azimuth (I-4)
Me, My the clock factors of 0.1c in the emitting room and the reading room

B, Tz, Rg the ground of a domain; its temperature; the cylinder hc/(kpTg)
T, S(C), a; the transition operator of I-5b; the semigroup of a closure C} its irreducible quanta

W, Rw the gap of a closure that absorbs a stroke; the cylinder he/W

Ao the electron’s thread per radian, i/(mec)

T the expected count of closures on a path whose books admit a hyperedge with the stroke
Nmat (W) the response of a medium’s closures to the stroke

3 One stroke, two books

The photon is the strand itself, open, n = 1, standing in no closure: the free presentation of the one
carrier, whose frame turns in one transverse plane (P4). In the Clifford algebra of that plane i is
the unit bivector and e’? the rotor, and a carrier’s phase is a rotation of its frame [5]. Its geometry
is fixed by the chain.

Proposition 1 (the cylinder). A free stroke of frequency w runs at ¢ and carries one quantum of
action per cycle in each of two books. In the run,

E = hw, p=—, A=cl'=—, pA = h. (1)

In the turning, its grades turn 27 per cycle about the run on a circle of radius

Ro=" =S5 opm,—n Tl _
P w T

c, L=R,p=nh, p-2mR, =h. (2)

The circumference equals the advance per turn, so the helix the grades trace stands at w/4. The
family { R, } is nested, Ry, strictly decreasing in w: the higher the frequency, the smaller the cylinder.
The curvature of a stroke’s cylinder is its wavenumber, k = 1/R,, = w/c, and E = hck.



Proof. Planck’s quantum and the chain (P2) give £ = hw, p = E/c and the advance A\ = ¢T" per
cycle, so the action of the run per cycle is pA = h.[PC02a] The stroke’s momentum carries its spin
h at the radius A (P3): L = R,p = h, hence R, = h/p = c¢/w and p - 2wR,, = h.[PC02b] Then
the grades turn at 2wR, /T = ¢, and since 27 R, = A the unrolled cylinder carries the helix as
the diagonal of a square of side \.[PC02c, PC02d] Monotonicity is dR,/dw = —c/w? < 0.[PCO2f,
PC02g] O

Four readings of the proposition fix the rest of the paper.

The helix carries nothing. The transport is the run at ¢; the helix is the locus of the turning
grades (P3). Its arc, v/2\ per cycle, is no stroke: energy carried along it would cross space at
¢/v/2, and none is. [PC02¢] The advance is exactly ¢ at every w: free light has no dispersion, the
record of which is the absence of any energy-dependent arrival delay across gigaparsecs [13]. The
run and the turning cover the same length per cycle, A\, each worth one hA. The turning radius is
the advance per radian, R, = A/2m. The open stroke keeps no time: its turning is its phase, never
a clock (0.1d) [2].

The projection and the lift. ) = Ae™ with ¢ = kz — wt + g is the projection of the
helix onto the plane normal to its axis (P6); the lift restores the radius R, and the hand. The
start azimuth ¢q is fixed at the hyperedge of emission by the frame of the emitting closure; it is
dimensionless, the clock factor of 0.1c leaves it, and the free presentation has nothing that turns
it. Superposition is its ignorance at the reading. The programme’s rotating Q is this figure: the
circle is the turning of the grades, the tail the pointer to ¢g. A coherent beam is many strokes on
one cylinder sharing one start azimuth; thermal light is many strokes with their azimuths unread;
a linearly polarised beam carries strokes of both hands with their azimuths locked, and the single-
stroke reading through a polariser is the projection of the helix onto the polariser’s plane, the record
of Malus accepted.

The hand, and why there are two states. h = sgny; (P5) is the orientation of the turning.
The free presentation turns in exactly one plane, the plane normal to the run, and that plane has
two orientations: the two states of a free stroke. A third state would need a second plane, and a
frame that turns in two planes whose bivectors do not commute is the standing presentation, the
carrier inside a closure (P4). There is no longitudinal state because there is no second plane in the
free presentation. The flip of the hand is the other state of the same stroke on the same cylinder
with every other book unchanged.

Energy is curvature. F = hck with k the curvature of the stroke’s cylinder. The energy book
of any process among strokes is a curvature book, and the ratio of two strokes’ energies is the ratio
of the curvatures of two concentric circles, wy/wa = Ry, /R.,: the same type of quantity as « (0.3),
and never o, which is reserved for the two lengths R, and ry. Strokes of different frequency on
one axis sit on nested coaxial cylinders and pass through one another, the free presentation being
linear; a white beam is a nest of cylinders, and a spectrometer sorts the nest through the response
of its closures (D-03).

4 The family and its two ends

The family is open at both ends, and both ends are circles.

Proposition 2 (the two ends). A stroke’s own gravitational window on its own cylinder is

R, = 2Ghw

" R, ct (3)

Mc? hw? 2Ghw? hw\2  Rg
aext(Rw) - d 72( w) -
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strictly increasing in w. It approaches 17 as hw — (Ep/v/2)~, where R, — (v/2p)*: the stroke
whose cylinder would be its own fold, which the open interval excludes (I-6). Its circumference there,
27V/2 fp = 8.89 lp, lies above the floor dmin = 20p: the window closes before the floor is reached. At
the other end w — 0T is excluded by the chain, no term of which vanishes (0.1), and the cylinder
is bounded by the domain, a bounded support with finitely many carrier modes (0.8) [5].

Proof. M = hw/c® by 0.5, Ry = 2GM/c* by 0.2, and aexy = Rg/ry by 0.3 at the declared
radius ry = R, = c/w; the five forms are one algebra, with E3 = hc®/G. [PC03a, PCO3b] Setting
Qext = 1 gives w? = 1/(215%), so hw = Ep/v/2 and R,, = v/2/p.[PC03c] The open interval of I-6
admits cex; < 1 only, so the family stops short of that cylinder; 27v/2 > 2 places the stopping
circumference above din. [PCO3d] ]

The family is a truncated cone in the orientation of I-3: its tip is the high-energy limit, small
cylinder, large curvature, and its rim the low-energy limit, large cylinder, small curvature; energy
and curvature are both maximal at the tip and minimal at the rim. Both ends are limits approached
and never occupied, and both are circles, never points: the two ends of the open interval are the
two core circles of the support (0.3a), here read on a stroke. The window on a laboratory cylinder
is small and the small number is a correct reading (I-1): 1.3 x 107°¢ for a stroke of 1 eV, against
the core’s 1.3 x 10737 for 50 GeV at 1 fm. [PC03e, PCO3f]

stroke R, hw oxt (Rw)
radio, 1 GHz 4.77 cm 414 x107% eV 2.3 x 10797
the background’s peak, 160.2 GHz 0.298 mm 6.63 x 107* eV 5.9 x 10793
green, 500 nm 79.6 nm 248 ¢V 8.3 x 1076
Lyman «, 121.57 nm 19.3 nm 10.2 eV 1.4 x 1075
X-ray, 10 keV 19.7 pm 10 eV 1.3 x 10748
gamma, 1 MeV 0.197 pm 106 eV 1.3 x 10~%
the stroke’s own fold, a limit V20 =229 x 10735 m Ep/\/§ = 8.6 x 10'® GeV — 1~
[PCO4a—f]

The far field is the cylinder. In the far field of every source the density cone of I-3 is a
cylinder to first order in apxt, and a free stroke rides it. Nearer the source the stroke itself changes
nothing: a static reader deeper in the field reads it on a smaller cylinder because the reader’s own
clocks run slower there, a ratio of two clock factors (P7). Gravitational blueshift is this reading,
and the bend of the stroke is the exact optical metric of I-3, 1.7516” at the solar limb. [PC10a] The
conformal clock factor never bends a stroke; strokes bend by the P-4 aperture (O-8) and by the
optical metric.

5 What is quantised

Light is quantised in three books, and in none of them is there a lattice of frequencies: a floor is a
minimum, not a staircase, and a lattice of allowed intervals would select a rest frame (P2).

The action book. One h per cycle, in each of the two books of Proposition 1. A stroke is
quantised in energy, in mass-equivalent, in its period and in the length it covers per cycle, by the
identical stroke (0.1a); no stroke carries a fraction of a cycle’s action, and there is no half stroke.

The source book. A stroke is emitted by a reclosure of a closed pattern from mode ¢ to mode
¢', and its frequency is the difference of two confinement eigenvalues of that pattern, hw = hwg—hwgy
with ch2 = hwg (P5). A bounded support has a discrete spectrum, so every closure writes lines,



and every stroke is born at a line of some closure; the operator whose eigenvalues the lines are
is the confinement operator of O-9, and the lines are read. The continua of the record have two
sources, both consistent with this: free closures, whose four-momentum book is continuous (recoil
radiation, bremsstrahlung, synchrotron), and the ground B of a room read at its temperature, the
thermal spectrum (P9).

The exchange book. A stroke changes only by a hyperedge with a closure, every exact book
balanced across the event (P5). The count of strokes changes by whole numbers; the energy a bound
closure takes or gives is a difference of two of its eigenvalues; a free closure’s recoil is continuous in
the stroke’s frequency and integral in the count.

So the frequencies present in a domain are never free numbers. They are the ones its closures
write: the lines, their recoil-shifted images, their clock-factor images, and the sums and differences
the hyperedges admit. The discreteness that acts is the discreteness of the closures and of the count,
and the continuous labels are the kinematic ones, recoil and the clock factor. A domain’s own free
modes are discrete as well, a bounded support’s spectrum, and dense: a domain of radius 10%° m
has mode spacing 1.5 x 10718 Hz, 6 x 10733 eV, with 1.0 x 10'®3 carrier modes below the floor’s
wavenumber [5]. [PC10b] That discreteness is the spectrum of a support, never a lattice of intervals
untied from every pattern, and the frame it selects is the domain’s own, which the measured ground
carries [20].

Only certain changes, then, can touch a stroke: those a closure’s books admit. The free presen-
tation admits none.

6 The free stroke is stable

Proposition 3 (the free stroke has the zero rate). A single free stroke has no hyperedge of the
transition operator T of I-5b: (f|T|y) = 0 for every final state f, and the stroke is stable in the
ledger form, I'y = 0 exactly.

Proof. (a) T acts on the closures of a domain: a hyperedge carries a set of closures to a set of
closures, and each edge re-solves the domain (P4, P5). The free presentation of the carrier turns
in one transverse plane; its rotations commute and its field equation is linear. A splitting is an act
of the frame in a second plane, the non-commuting composition A A A of frame transport [5], and
the free presentation has none. A stroke with no closure in its support therefore has no hyperedge
to enter. (b) Independently of (a): the final states of one stroke into two that the four-momentum
book admits are collinear with the parent, massless products of a massless parent on its axis, and
the hand book excludes every one of them, since h € {1} and the sum of two hands on one axis
lies in {—2,0,+2}: one unit of hand does not divide into two units on one axis. [PC07c] For three
or more strokes the hand book admits solutions, and (a) carries the exclusion. O

7 The exchange ledger

What a stroke can hand to a closure, and what it can receive, is arithmetic. The irreducible quanta
of a closure C' in its room are the positive differences of its eigenvalues open at or below threshold
(P5) that are not sums of smaller ones, a1 < ag < ---.

Proposition 4 (the exchange semigroup). The energy a stroke hands to C, summed over any
sequence of reclosures in each of which C takes energy from the stroke and returns to its spectrum,
is an element of

S(C) = {zjnjaj: nj € {0,1,2,...}}, (4)
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the semigroup generated by the irreducible quanta. No transfer below ay exists. When the quanta
are commensurable with unit v and the integers a;/u are coprime, the excluded transfers are finite
in number and all lie below the Frobenius number of the gemerators, which for two quanta is
ajaz/u—ay — ag [18]; when they are not coprime, the gaps never end. A stroke that has only given
energy to C' leaves its room having lost nothing or an element of S(C), never a fraction of ai; a
stroke that has only taken energy from C has gained an element of S(C) by the same arithmetic.

Proof. Each reclosure in which C' takes energy moves it between two of its eigenvalues by a positive
difference, and every such difference is a sum of irreducible quanta with whole coefficients; [PC08d)]
the sum over a sequence is a sum with whole coefficients. The least positive element of S(C) is a;.
Sylvester’s theorem gives the largest integer not of the form nja 4+ n9b for coprime a,b as ab—a —b,
with (e —1)(b—1)/2 excluded integers in all. [PC08a—c| The reverse direction is the same arithmetic
with the sign of each step exchanged; it is a separate sequence of events, never the forward one run
backward (P2). O

The irreducible quanta play the part of primes: they are the atoms of the semigroup, and every
exchange is a whole-number combination of them. Two channels sit beside the semigroup. The
recoil of a free closure is continuous in the stroke’s frequency and integral in the count: a stroke
that meets a free electron at rest leaves on a larger cylinder,

R, — R, =X (1 —cosf) <2\, Ao = = 386.16 fm, (5)

MeC

which is Compton’s formula [9] read on the family: the cylinder grows by the electron’s thread per
radian times (1 — cos#), at most twice that thread, the electron’s four-momentum book carrying
the difference and the count unchanged. [PC06a, PC06b] And a splitting with a closure present is a
curvature sum: one stroke on R, becomes two strokes on outer cylinders with

1 1 1
Riw—Riws‘i‘Riwl, RwsaRwi >Rw, (6)

the energy book exactly, the momentum book balanced by the closure, which takes Ak = k, —
ks, — k; and the hand book’s remainder; in the degenerate split both daughters sit on the cylinder
2R,,. [PC07a, PCO7b] Both daughters are born at one hyperedge, with one start azimuth fixed by it.
Two strokes on one cylinder with one g trace identical helices, which is the programme’s criterion
of entanglement, and the correlations of the record are their shared bivector grade, deterministic
(I-4).

The catalogue of what a stroke can meet follows. Each row is a hyperedge of I-5b, a system-wide
settlement of the state it starts from (P2), or the one change that is not a hyperedge; absorption
and emission are two events, never one run backward.



event books on the family

absorption the stroke’s whole the stroke leaves the family; the closure’s gap is a cylinder,
quantum enters a Ry = he/W, and it takes strokes from inside Ry only
closure’s mode; count (§8)
-1

emission a closure steps down a stroke appears on the cylinder of the line, with ¢ set by

elastic redirection
(Rayleigh,
Thomson,
refraction)
recoil (Compton,
inverse Compton)

mode change
(Raman,
fluorescence)
splitting
(parametric
conversion)

the clock factor

one eigenvalue
difference; count +1
the closure returns to
its mode;
four-momentum turns

a free closure’s
four-momentum book;
count unchanged

the closure moves by
an element of S(C);

count unchanged or +1

the closure takes Ak
and the hand’s
remainder; count +1
no hyperedge; no book

the closure’s frame
the stroke keeps its cylinder and changes axis; in a
medium the frame transports through the closures, the

index npat(w) their response (D-03)

the cylinder grows by Ac(1 — cos @), or shrinks when the
closure is hot

the stroke moves to the cylinder of the difference

curvatures add: 1/R, =1/R,,  +1/R,, (D-04)

the stroke changes nothing; the reading room’s

(gravitational and
cosmological
redshift)

changes bookkeeper reads its cylinder rescaled by m,/m. (0.1c)

There is no row for a stroke changing on its own, and no row for a fraction of a stroke.

8 The floor and the ground

Two floors are kept apart. The stroke floor of 0.1a bounds strokes below in length and time,
dmin = 20p, tmin = 2tp, and it bounds the family inside: the shortest cycle, w < 27 /tmin; [PC10c]
Proposition 2 shows the family stopping even earlier, at the stroke’s own fold. The ground B is the
universal energy floor of the programme: the chain admits no empty state (0.1), so every region
carries a positive energy, and every reading is taken against it. At cosmological scale the ground
is read as the microwave background and at quantum scale as what the standard account calls
quantum fluctuations (P9); its standing-wave state is the derivation of O-15, and its temperature
in the observed domain is data, T = 2.7255 K [22].

Detection is a hyperedge. A detector is a closure. Detection is the reclosure in which
the detector’s mode takes the stroke’s whole quantum: the photoelectric book K = hw — W is
the four-momentum book of the event, with W the detector’s gap. Free radiation carries no gap;
the gap belongs to closures [4], and on the family every gap is a cylinder: a closure of gap W
takes strokes from cylinders of radius R, < Ry = hc/W and none from outside. [PC09b] Millikan’s
sodium surface had its threshold at vy = 43.9 x 10'3 Hz, W = 1.82 eV [7]: Ry = 108.7 nm, and
the threshold wavelength 27 Ry = 683 nm. [PC09a]

The reading floor of a room. A detector stands in the ground of its room, and the ground
occupies the modes of that room: at temperature 1" the occupation of a mode of frequency w is the
Bose count 71 = 1/(e/#8T — 1), The standard account reads that occupation as a thermal bath
on an empty vacuum. FDT reads it as the one ground B at the room’s temperature (P9). A stroke



is read as one stroke when it stands alone in its mode, n < 1, which is hw > kT In 2; below that it
is one more quantum in a mode the ground already fills, read collectively as a field. The universal
reading floor is the ground of the open domain: kgTs = 2.35 x 10~% eV, the occupation crossing
unity at w/27 = 39.4 GHz and hw = kpTp at 56.8 GHz.[PC05a—c] On the family the universal
reading floor is a cylinder, Rz = hc/kpTp = 0.840 mm: strokes on cylinders larger than Rp are
not single-stroke readings in the open domain. [PC05d] A room with its own boundary data has its
own ground: at 20 mK a stroke of 5 GHz has 7 = 6 x 107 and is read as one stroke, while in
the open domain its mode holds n = 10.9 of the ground’s quanta; [PC05h] single microwave strokes
are read in rooms cooled to tens of millikelvin [28]. The standard account reads the half-quantum
of every mode as the zero-point energy of an empty vacuum. FDT reads the ground B as the
lowest pattern of the room, never empty (0.1); what the ground contributes to M enters once, as
a non-rest contribution of the one stress tensor whose radiative term in the observed domain is
ug = alp = 4.17 x 107 Jm=3, 0.26 eV em ™3, with a = 4ogp/c (0.2, 0.5, I-7), and the ground’s
state per mode is the derivation of O-15. [PCO05f]

The ground’s temperature is its clock factor. The ground is a medium of perfect form
at zero net count, and 0.1c makes its temperature the clock factor of its own patterns (P7). One
rescaling carries the ground’s strokes and every stroke crossing it together: a blackbody stays a
blackbody, its peak and its temperature moving as one, T  w.[PC05¢, PC05g] The measured rise
of the background’s temperature with redshift, T'(z) = To(1 + z) [24], is this one ratio of clock
factors read on the ground and on the lines of the same absorbers.

9 Arrival

Proposition 5 (a stroke arrives whole or not at all). Let a stroke be emitted at frequency we in a
room of clock factor me and read in a room of clock factor m, and ground T;, with T the expected
count of closures along its path whose books admit a hyperedge with it, the optical depth. Then: (i)
on the way the stroke itself changes nothing: no hyperedge acts on it, and its quantum, its hand
and its start azimuth are the ones it was emitted with; (ii) the reading room’s bookkeeper reads
Wy = We Me/My, the one ratio that is gravitational and cosmological redshift; (iii) it is read as one
stroke exactly when hw, exceeds the gap of a closure in the room and kgTyIn2; (iv) on a dilute
path, whose admitting closures are uncorrelated, the fraction of such strokes that arrive untouched
is €77, and every touched stroke is removed whole, redirected whole, or re-issued whole on another
cylinder. There is no fifth outcome.

Proof. (i) is Proposition 3 with 0.1c: no hyperedge acts on a free stroke, and the common rescaling
keeps every ratio of the chain and the null cone. (ii) is the common rescaling d — md, t — mt read
between two bookkeepers (P7); the ratio is the same whether the gradient between the rooms is
a source’s or the domain’s decompression along the path (0.7, 0.8). (iii) is the reading floor of a
room (§8). (iv): the count of admitting closures on a dilute path is a Poisson count with mean T,
so the untouched fraction is e™7; [PC09¢] each event is a row of the catalogue, and the catalogue has
no row for a fraction of a stroke. O

This is why light travels as far as it does. A stroke loses energy only by whole events with
closures, never continuously; between events it is the free presentation, which has no hyperedge;
and the spacetime phase it crosses is the decompressed substrate, aex — 0T on every source’s
exterior branch (0.3a), where closures are sparse and 7 is small. Its energy does not drain, because
there is nothing for it to drain into: the ground takes nothing from a stroke standing above it, and
a closure takes either the whole stroke or a whole quantum of its own. The redshift is not a loss.



The stroke arrives as it was born; the bookkeeper at the reading room reads it on a cylinder larger
by m;/m,, and reads the light curve of the emitter stretched by the same factor, because d and ¢
rescale together (P7). The function z along a path is the domain-merger kinematics of O-15; the
mechanism is the clock factor, and the data are the record of Section 11.

10 The properties of light, each with its clause

property

reading

massless
speed ¢, no dispersion

E=hvw,p=E/c
spin h; two hands

no longitudinal state
no charge

bosonic
its own antiparticle

stable

redshifts without loss
changes only in whole
quanta

arrives whole

an open strand stands in no closure; mass is a confinement eigenvalue (I-5); free
radiation carries no gap [4]

the run at ¢, a disturbance of the medium at the medium’s speed (0.1, 0.1d, 1-2);
the helix the locus of the turning grades, carrying nothing (Proposition 1)

one h per cycle in the run (0.1a)

one h per cycle in the turning, L = R,p = h; the two orientations of the one plane
(I-2, I-5)

a second plane is the standing presentation (I-2) [5]

charge is a reading of closures (I-5a); an open strand closes nothing and reads zero;
its +1 is its hand

v is a nested turning class of closures (I-5b); an open strand has none, and free
strokes superpose, the free presentation being linear

conjugation is the hand flip of one configuration (P-4); for an open strand that is
the other state of the same stroke

Proposition 3: no hyperedge, and the hand book closes the two-stroke channel

the clock factor of 0.1c rescales the bookkeeper’s reading and leaves the stroke
Proposition 4: the count book and the semigroup of the closure it meets

Proposition 5
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11 The record and the tests

what the record
shows

the measurement

where it is read

whole quanta and a
gap

h per stroke

no dispersion

recoil and splitting
no splitting without
closures

whole removals on
the way

the photoelectric law K = hv — W, linear in v above a
threshold [6, 7]; one atom issues one stroke per reclosure,
antibunched [10]

the torque of circularly polarised light on a wave plate that
reverses its hand [8]

a 31 GeV stroke arrived within a second of the keV strokes of
GRB 090510, at a redshift of 0.90 [13]

Compton’s shift [9]; the simultaneity and energy sum of
parametric pairs [11]

light-by-light scattering is recorded in the overlapping density
cones of two lead nuclei [15]

the Lyman-« forest [19]; the damping of the background’s
anisotropies by e~ with 7 = 0.054 [21]; the thermal

detection as a
hyperedge; the
count book
Proposition 1

Proposition 1

(5), (6)
Proposition 3

Proposition 5 (iv);
the catalogue

one ratio of clock

factors

Sunyaev—Zel’dovich decrement below 217 GHz and increment
above [23]

light-curve stretch and spectral ageing of Type Ia supernovae
by (14 2) [25, 26]; T'(z) = Tp(1 + z) [24]; the Tolman
surface-brightness signal [27]

Proposition 5 (ii)

Each test below is the converse of a derived result: the measurement that would end it.

T-1

T-2
T-3

T-4

One rate on every cylinder. An energy-dependent arrival delay of free light from one source,
away from closures, ends the run at ¢ for every cylinder of Proposition 1.

No free splitting. A free stroke that splits with no closure in its support ends Proposition 3.

Whole quanta. A closure in its least mode that takes from a stroke less than its least quantum
a1 ends Proposition 4; a single stroke from outside Ry, freeing a photoelectron would.

No tiring. A distant source whose lines are redshifted by one factor while its light curves are
stretched by another ends Proposition 5 (ii), and so does a loss of a fraction of a quantum
with distance.

Five pieces sit outside the derivation and leave every result in it unchanged:

D-01

D-02

D-03

D-04

D-05

The profile. The transverse profile of one stroke across its cylinder, from the omnium
constitutive law, reducing to the measured single-photon transverse modes, is to be derived.

The kernels. The kernel of each stroke—closure hyperedge of the catalogue, the cross-sections
the rates are read from, is to be derived (core O-12).

The material index. nmat(w) as the standing-carrier response of a medium’s closures, reduc-
ing to the measured dispersion, is to be derived (core O-8).

Splitting. The splitting kernel, the non-commuting frame rotation on the seat surfaces of a
crystal’s closures, reducing to the measured conversion rates and phase matching, is to be
derived.

Orbital winding. The one-stroke cylinder for a stroke carrying orbital winding ¢ # 0, and
the relation of the winding book to the hand book, is to be derived.

11



12 Declined readings and convergence

The standard account forbids the splitting of a free photon through Furry’s theorem and the
vanishing of the collinear amplitude [14], and reads photon—photon scattering as the exchange of
virtual pairs. FDT reads the absence of free splitting as the free presentation having no hyperedge
and the hand book closing the two-stroke channel, and reads the recorded light-by-light events,
taken in the overlapping density cones of two nuclei, as the carrier’s frame turning on closures that
are present; nothing is virtual (I-2, I-5b, Proposition 3).

The standard account predicts photon splitting in a strong magnetic field [16]. FDT reads that
splitting as splitting with a closure’s structure present: a magnetic field is a helical density gradient
of the omnium (P-5).

Zwicky’s tired light, a photon that loses energy on its way [17], is excluded by the record of
time dilation and surface brightness. FDT has no channel for it: a free stroke sheds no fraction of
its action (Proposition 3), and the redshift is the clock factor (Proposition 5).

The standard account reads the photon as its own antiparticle. FDT reads conjugation as the
hand flip of one configuration (P-4), and for an open strand the flipped configuration is the other
polarisation of the same stroke; the record has no distinct antiphoton and needs none.

The standard account reads a parametric pair as a superposed two-photon state and its corre-
lations as nonlocal. FDT reads them as two strokes born at one hyperedge with one start azimuth,
one helix read at two places (I-4); the measured coincidences and correlations are accepted in full.

Convergence. For the same source and data FDT returns the measured record. £ = hv and the
photoelectric threshold are whole-stroke absorption into a closure with its gap read as the cylinder
Ryy; antibunching in the resonance fluorescence of one atom is one closure issuing one stroke per
reclosure, the count book. The torque of circularly polarised light on a wave plate measures h
per stroke, handed over twice as the plate reverses the hand: the turning book of Proposition 1.
The arrival of GRB 090510’s 31 GeV stroke with its keV strokes is the advance at exactly ¢ for
every cylinder. Compton’s shift is the radius increment Ao (1 — cosf); the simultaneity and the
energy sum of parametric pairs are the curvature sum with the crystal’s closures taking Ak. The
orbital angular momentum ¢h per photon of a helically phased beam [12] is accepted as a second
integral turning book, its one-stroke cylinder to be derived (D-05). The exponential survival of a
beam through an absorber and the Poisson count of single-photon detectors are Proposition 5 (iv).
The Lyman-« forest is a continuum arriving whole except at the lines of the hydrogen closures it
crossed; the damping of the background’s anisotropies is whole-stroke redirection by free electrons,
the elastic row of the catalogue; the Sunyaev—Zel’dovich distortion is the recoil row with the closure
hot, strokes re-issued on smaller cylinders with the count unchanged. The stretch of supernova light
curves, their spectral ageing, the redshift of their lines and Tp(1 + z) are one ratio of clock factors;
the Tolman surface-brightness record and the sharpness of distant images are accepted, because no
stroke tires and none is blurred. The background’s dipole is the frame of B [20]. A pulsar’s light
cylinder, the radius ¢/ at which corotation would reach ¢ [29], is the construction of Proposition 1
at the size of a star, 1608 km for the Crab: the chain selects no size (0.3a).[PC10d] The bend
of a stroke at the solar limb, 1.7516", is the exact optical metric of I-3; for the same source and
data FDT and general relativity return the same curvature, and the family of cylinders adds no
curvature and claims none. No divergence is claimed.

12



13 The photon on its cylinder

Light is one open strand of the one carrier: the run at ¢, one h per cycle, and its grades turning on
the cylinder c¢/w at w/4. It is quantised because the chain and Planck’s quantum admit no fraction
of a stroke; it has lines because closures have spectra; it changes only by hyperedges because the
free presentation has none of its own; it redshifts without loss because the clock factor is a reading
and not an exchange; and it arrives whole because the ledger has no row for a fraction. Where a
premise departs from nature, an empty vacuum or a virtual pair, FDT is under no obligation to

reproduce it.

14 Status register

result rests on status
The cylinder: two books, R, = ¢/w, w/4, nesting 0.1a, 0.1d, I-2 derived
(Proposition 1)

The stroke’s own window and the two ends 0.1c, 0.2, 0.3, 0.5, I-6 derived

(Proposition 2)

The three books of quantisation 0.1a, I-5, I-5b derived; the lines
read (core O-9)

The free stroke’s zero rate (Proposition 3) I-2, I-5b; [5] derived

The exchange semigroup (Proposition 4) I-5, I-5b derived

Compton’s increment and the curvature sum (5), (6) 0.1a, I-5b derived

Detection as a cylinder; the reading floor 0.1, 0.8, I-7 derived; the ground’s
state core O-15

The ground’s temperature as its clock factor 0.1c derived

Arrival (Proposition 5) 0.1c, 0.3a, I-5b derived; z along a
path core O-15

The aperture that bends strokes through matter P-4, 1-3 core O-8

The confinement operator and the lines I-5 core 0-9

v on the exact framed closures I-5b core O-11

The transverse profile of one stroke I-2 to be derived (D-01)

The hyperedge kernels and rates I-5b to be derived (D-02;
core 0-12)

The material index nyas(w) I-2, P-4 to be derived (D-03;
core O-8)

The splitting kernel I-2, I-5a to be derived (D-04)

The orbital winding book I-2, I-4 to be derived (D-05)
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invariant  where it enters

I-1 the stroke’s energy is an I-1 input through M (0.5): light gravitates and is gravitated; its own
window on its cylinder is 2(hw/Ep)? (§4)

1-2 one carrier, two presentations; the photon the free presentation, turning in one plane; the helix
at /4 (§§3, 6)

1-3 the orientation of the family, energy maximal at the tip; the bend of a stroke by the exact
optical metric; the far field as the cylinder (§4)

14 the helix, ¥ = Ae’® as its projection, the start azimuth, superposition as phase ignorance; the
shared bivector grade (§§3, 7)

1-5 the stroke as the open strand; the spectra of closures as the lines; the ledger form of stability;
charge as a reading of closures (§§5-7)

I-6 the open interval closes the family at both ends (§4)

I-7 the stroke’s energy and the ground’s aT*V /c? enter M once; the ground’s temperature is its
clock factor (§8)

A Receipt

The script receipt_photon_cylinder.py, in the folder of this paper, checks the displayed iden-
tities and numbers with the standard library and NumPy: the cylinder on 250 frequencies from
103 to 10%® rads—!, Compton’s increment in exact rational arithmetic, the semigroup results by
exhaustive enumeration, and the attenuation law by sampling 10° strokes per optical depth. Run it
with python3 receipt_photon_cylinder.py; its output is receipt_photon_cylinder.out.txt.
Result: 46/46 PASS.

check content

PCOla—c HFInax = 27T; dmin = 2€P7 tmin = 22SP from Fmaxdt = h, Efloor = EP/Qa Efloortmin =h

PC02a-g on 250 frequencies: p\ = h; L = R,p=h and p- 2nR, = h; 2nR,, = A and the turning at c;
7/4; the arc 2\ and ¢/V/2; k = w/c, E = hck; nesting

PCO03a—f the five forms of (3); monotone and inside (0,1) below the fold; the fold at Ep/+v/2 and v/2¢p;
the circumference above dp,i,; 1 €V; the core’s 50 GeV example

PC04a—f  the six rows of the table of cylinders

PC05a-h  kpTg; the crossovers at 39.4 and 56.8 GHz; the occupation monotone and below 1 above
39.4 GHz; Rp; the peak; a and ug; T' o w under one rescaling; 5 GHz at Tz and at 20 mK

PCO06a-b Ac = 386.16 fm; Compton’s increment exactly, in rationals, on 50 frequencies and 37 angles,
bounded by 2A¢

PC07a—c  curvature sums on 300 random splits with both daughters outside; the degenerate cylinder 2R,,;
the hand book

PC08a—d Sylvester’s number and count on eight coprime pairs; (6,9,20) — 43; unbounded gaps for (4, 6);
on 200 model spectra every positive eigenvalue difference a whole-number sum of the atoms

PC09a—c  Millikan’s threshold: W, Ry, and 27 Ry ; strokes taken from inside Ry only, read as single
strokes inside Rp only; the Poisson count and e™7

PCl10a-d the solar-limb bend; the mode count and spacing of a domain of radius 1026 m; the shortest
cycle; the Crab’s light cylinder
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