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The Physics of Sunlight, Vitamin D and
Circadian Rhythms

How one photon can unleash the activation
of over 200 genes in our DNA!

Incoming
photons

Ejected
%% : //« /evlec rons
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Metal surface

Albert Einstein’s Photoelectirc Effect: Nobel Prize in 1927
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Richard Feynman

“Sunlight is captured in all matter.”

https://www.youtube.com/@The_Feynman_Way

3
“It from bit symbolizes the idea that every
item of the physical world has at
bottom...an immaterial source and
‘ explanation...that all things physical are
A LIFE i~ Ay \ . . .. .. .
PHYSICS /<5, 1 information-theoretic in origin and that this
S e is a participatory universe”
John Archibald Wheeler
JT OHN ARCHIBALD ...from particles to energy to information
WHEELER
with KENNETH FORD
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GLOWING FLIGHT TRAIL

PHOTON-MEMBRANE INTERACTION

SKIN CELL MEMBRANE
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CELL SURFACE RECEPTOR E - h.F

MOLECULE

PHOTON ENERGY:
E = Planck's constant x frequency

https://www.youtube.com/@The_Feynman_Way

CHOLESTEROL —> 7-DHC SKIN SYNTHESIS
& TRANSPORT PATHWAY

UVB PHOTONS - PENETRATES
RANEY

7-DEHYDROCHOLESTEROL
CHOLESTEROL] —> S
SPINOSUM

7-DHC il STRATUM
TRANSPORT  {EEEE e > BASALE
TO SKIN LAYERS
UVB-INDUCED REACTION:
7-DHC - PREVITAMIN D3

ENZYMATIC CONVERSION =

https://www.youtube.com/@The_Feynman_Way




Mark Pettus and John Bagnulo 6/19/26

UVB PHOTON-MOLECULE INTERACTION
S ——

https://www.youtube.com/@The_Feynman_Way

7-DEHYDROCHOLESTEROL - PRE-
VITAMIN D3 TRANSFORMATION

Mwwmﬂ
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7-DEH WROC“"LESTER ore AN %

https://www.youtube.com/@The_Feynman_Way
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% UVB: THE BOND-BREAKER

THE CASCADE

7-DHC absorbs
E=hc /q> = (6.626710"<37108)

295 10° @ -
Pro-vitamin D3 bond @
// et e 200 GENES REGULATED

O 2% =>=sll Z@@’

@ Bond broken!
transcription factor targets

ONE PHOTON = ONE BOND BREAK
200 GENE CASCADE

https://www.youtube.com/@The_Feynman_Way

VISUAL PIGMENT SPECTRUM

N 40nm
(VIOLET) (BLUE) (GREEN) (RED)

https://www.youtube.com/@The_Feynman_Way
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THE HIDDEN PHOTORECEPTORS OF THE RETINA

Incoming light ~ ”

/ — > Visual pathway >
visual cortexs > you see melanopsin protein
/ standard RGC i

Retinal Ganglion Cell layer

embedded in membrane

bistable photopigment
large dendritic field
Non-visual pathway > SCN —
circodian rhythm

Outer nuclear layer: rods and cones

Most people have never heard of these cells — yet they gouerve your sleep-wake cycle

https://www.youtube.com/@The_Feynman_Way
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UVA — NITRIC OXIDE — BLOOD PRESSURE
. UVA photon (p = 315-400 nm)
UVA (=TSt hO breaks bond — NO released
[ (NO ficot)
L s e S\ he Kease eloose & nitric
: / EPIDERMIS / — (nitric oxnde)
02 NG / smooth
i UIGOBMOIIOMIPA NO storage reservors — smooth
(s- mtrosoth )V# preloaded, waiting for signal muscle
wall
Fick diffusion into bloodstream
= -D (dCx)
Dno = 3.3 <10° cm?s in tissue
arterial wall RELAXES —
dillation — BP drops
Photon energy = 315-400
https://www.youtube.com/@The_Feynman_Way
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PHOTOCHEMISTRY OF SUNLIGHT IN HUMAN TISSUE

SKIN RETINA
7-dehydrocholesterol + 1V ipRGC melanopsin: §_peak = 480 nm
h@(UVB) - previtamin D3 signal path: retina — SCN - pineal gland

¢ = 290-315 nm required melatonin supprecion: AM < log(E, illuminance)
quantum yield € < 0.002-0.05

BONE BLOOD PRESSURE
D3 + 25(OH)D3 = 1,25(OH)ZD3 (calcitriol) UVA + skin — NO (nitric oxide

Ca?* absorption: dCa/dt = k < [calcitriol] NO - vascular smooth muscle relaation

bone mineral denmity equation: :
BMD(t) = BMD, < f[D5) ABP < —f(NO concentration

All four pathways initated by:

E=h3 =hcfs

https://www.youtube.com/@The_Feynman_Way

13
IRED_LIGHT THERAPY: THE THIRD BAND |
T S —
Band 1: UVB Band 3: Red / near-red
‘600-1000 nm
v/ skin rejuvenation i
v/ wound healing
v/ pain reduction = TR
v mood improvement Photon(A = 630-850 nm) + cytochrome c oxidase
E=hf= i;‘_c —> ATP production restored
A =660 nm — E=188eV Mechanism: real. Physics: described in prior section.
Band 3 delivered in isolation. Bands 1 and 2 absent. '
https://www.youtube.com/@The_Feynman_Way
14
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SUN vs. SUPPLEMENT: A REGULATORY COMPARISON

|
—@— SUN-PRODUCED VITAMIN D

o

/'\

UVB expouse

) A/
704G —> e, o T

= [D;] sun < safe maximum  [Ds] regulated

i self-limting [szannot overdose

CEILING

OUTPUT LEVEL

SUPPLEMENT VITAMIN D

pill ingested

D; absorbed —> D, absorbed-> D; absorption

no ceiling

[D5] supplement = dose-absorbed again =~ o

scales linearly with intake, no regulation

Toxisty thresmold
A [D5] > 150 ng/mL < hypercalcemia risk

P aama

1
" OUR25(OH)D
40-60 ng/ml

Courtesy Michael Holick MD, PhD

prul
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&

UVB photonh~ M’g
l = 290-315 nm R HET] /

absorbed by melanin =
heat (no vitamin D synthesis)

—_—
photon reaches 7-DHC =
vitamin D synthesis

I(z) =1~ e(-0,< 2)

Beer-Lambert attenuation

G4 = melanin absorption coeffficient
z = depth into skin

Oq(darker skin) >> o,(lighter skin)

fewer photons reach 7-DHC layer

MELANIN AS UVB OPTICAL FILTER

Stratum corneum

7-dehydrocholesterol (7-DHC)

resiHC) resides here

Dermis

https://www.youtube.com/@The_Feynman_Way
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Sleeping pills ipRGC > retinohypotthalamic tract
sedation < sedfodian reset PRIMARY ZEITGEBER = scn
SCN d& /9 = kL (t) /] Tesponse
Circadian Clock o ( )sm(o - 0_light)
Melatonin supplement —> f gg:lfseslgs iness
weak phase shift onlyroampitude restoration | _Aﬂ]m@%_ P modglator lonly
/ @ =24.0h (entrarinen) A
Exfercise N Exei(rcnse b
it
minor modulator only e
https://www.youtube.com/@The_Feynman_Way
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A CENTURY OF COVERAGE CHANGE

|1920s — OUTDOOR WORKER MODERN OUTDOOR TIME
\ NIR — all incident on skin

estimated exposed | [ 7\ estimated exposed
skin area: 7| % skin area:
~60-70% J / ~10-20%

\
-

reduction: 60-80% of
original photon-receiving surface signal loss
accelerated

l Fabric absorbs UVB and UVA entirely — two bands eliminated % cultural

thing norms

LIGHT EXPOSURE
COMPARISON

INDOOR - LOW LIGHT | [V OUTDOOR - BRIGHT SUN
ILLUMINANCE: ~50 lux ILLUMINANCE: ~100,000 lux

https://www.youtube.com/@The_Feynman_Way
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COMFORT PREFERENCE vs. PHYSIOLOGICAL INPUT |

YES — stay indoors

{

Input: comfort Input required:
preference INDOOR ENVIRONMENT photons only

. s g _ﬁ- _ﬁ— ‘M- fﬁr:to?) ‘ - ) ‘.\» ‘ ‘ W.
pix s o Qe i

D3 synthesis =0 (no photons) D3 synthesis = k-I())-[7-DHC] >0

Cloud # photon-absent

INDOOR LIGHT CANNOT REPLICATE THE FULL SIGNAL

INDOOR LIGHT THERAPY SUNLIGHT AT MIDDAY

|
| |
|
emission: ~400-700 nm | \\ / é
[ i -
|
|

visible only

W . —7’?&

UVB UVA  (¢ircadian
v alertness signal  input input input UVB: | present | /" D3 pathway

: X D3 photosynthesis UVA: v/ NO pathway
circadian | partial | X NO pathway circadian | present | /" circadian input
blue: LIVER

physiological

EAuiEemen] replication requires all three

Sunlight: weather - physiological bands simultaneously — no
preference requirement indoor device achieves this

11
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GLASS, WINDOWS AND LIGHT FILTERING

Sl 5000

4

%
/e
50,000 qu

outdoors glass

window

7, .

filtered by 380nm

Evolution

melanopsin evolved to be calibrated by direct

sun exposure, , not filtered indoor light

PR

B —

e UV-A: partially blocked
UV-B: mostly blocked
/ e Visible 480nm: partially transimited
melanopsin peak attenuated

—

1,000-2,000 lux
near window

A}%
y glas:

glass transmission %

Even at the window, intensity drops
a fraction offraction of outdoor levels

E window < E joutdoor
not equivalent stimuli

BENEFITS

VITAMIN D

\I/,
&/
<

SAME PHOTON

\//

/O\

NO (NITRIC OXIDE)

N

oy = UV PHOTON SPLITS

RISKS

https://www.youtube.com/@The_Feynman_Way
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die from heart

MORTALITY COMPARISON: CARDIOVASCULAR vs SKIN CANCER

CVD : melanoma

<80:1 §
IF SUN reduces CVD metirality

disease and stroke (even moderastly)

80x difference

<——> AND CVD kills 80x more than

v g g L
CARDIOVASCULAR SKIN CANCEITY THEN: net lives saved

DISEASE Mo net lives lost

annual deaths (baseline)
Epidemiogical inquality /
N (CVDs) >> N(skin cenide)

by approxicantely two orders of magnitude

deatts

80x difference

Epidemiological argument: merotlity calculus favors moderate sun exposure
lives saved from heart attacks and strokes vastly outnumber melanoma deaths

https://www.youtube.com/@The_Feynman_Way
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HO: melanoma risk
proportional
to UV dose

standard hypothesis

—=><

dose-response
assumption:
challenged

| THE STRONGEST CLUE: CANCER DATA |
SUN AVOIDANCE MESSAGE PREDICTS:
orefhelanoma

more sun
melanoma

incidence:
HIGHER

melanoma DATA SAYS:
L inverse

direction contradicts relaﬁonship

the avoidance message

INDOOR OUTDOOR
WORKERS WORKERS

WHY does more sun exposure correlate Sl
SN o e . o aradox: requires
with LESS melanoma in outdoor populations? 2 explanaf?on

https://www.youtube.com/@The_Feynman_Way
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l OUTDOOR WORKERS: META-ANALYTIC EVIDENCE

OUTDOOR WORKERS —> LOWER MELANOMA INCIDENCE
OCCUPATIONAL GROUPS ‘ EPIDEMIOLOGICAL METHOD

| [ Study 1

o O
|
=\ chronic solar |
(ﬁ ‘|, FARMERS contact | 'StIl
S0k L l Study 3 I
i |
n@m CONSTRUCTION CREWS "gmesolar |
' | Study N |
has ',QC o |
[}
[}
}
}
[}

chronic solar
Q‘Y%@% — META-ANALYSIS pooled effect
o - =
% POSTAL CARRIERS ~€"roric solar

’ 6onfirmed across independent populations ”
| — not artifact, not chance

https://www.youtube.com/@The_Feynman_Way

combined relative risk < 1.0
direction: protective

RR < 1.0 = protective association Gandini et al. — meta-analytic review

27
I OUTDOOR EXPOSURE: DUAL INPUT ENTRAINMEN
RETINAL INPUT — \/
A~ 480 nm
ipRGC pa’rthN
~ Q// SCN reset robust
- trainment
: DERMAL INPUT — » e
~] broad spectrum ' signal
+ infrared
OUTDOOR ﬁ skin stores CIRCADIAN
SUN X vascular rhythm CLOCK
OUTDOOR
Outdoor fime addresses BOTH inputs — this may explain
superior entrainment in comparative studies i .
one input = partial signal two inputs = full signal
https://www.youtube.com/@The_Feynman_Way
28
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UV,zpse = lyy x t x cos(B)

lyy = UV intensity
t = exposure time
6 = angle of incidence

* Tuberculosis sanatoria: open-air terraces
* Direct sunlight: prescribed treatment
e Mainstream medical practice: documented

|
I

UV decreases

\*‘ithlatitude

S

UV intensity

direct solar Latitude
\ N radiation
\

AN

patients:
prescribed
g Sun exposure

HELIOTHERAPY ERA

institutionalized sun exposure as medicine

Sun_exposure was medicine — the award said so '

https://www.youtube.com/@The_Feynman_Way
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gt | |
HELIOTHERAPY PRECISION vs. MODERN AVOIDANCE ||
HELIOTHERAPY PROTOCOLS ¢.1920 \/ MODERN AVOIDANCE MESSAGE ?
v Dose specified in minutes and hours X No dose specification
v Adjusted for patient skin type X No skin-type differentiation
v’ Corrected for latitude of sanatorium X No latitude adjustment
v’ Graduated escalation schedule X Binary: avoid or protect
v Monitored clinical response X No graduated protocol
D = Iyy X t X Agin X correction(¢) “Avoid the sun. Wear sunscreen.”
four-variable calibration zero-variable instruction
Dose precision present in 1920 —
L absent in current public messaging
more scientific rigor B e—
https://www.youtube.com/@The_Feynman_Way
30
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L—> Dose-response relationship jgnored

I THE CATEGORICAL AVOIDANCE RESPO Il sk

asymmetric

damage g framing
accumulation

PUBLIC HEALTH MESSAGE: AVOID ALL

benefit
threshold
)

60 120
EXPOSURE DURATION (minutes)

|0 minutes —> photochemical 4 hours = DNA damage
benefit v/ . risk 3 &

treated as
|El_2 dose distinction in categorical message i
——————h“_

identical
https://www.youtube.com/@The_Feynman_Way
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T

Light therapy Categorical

established — ! . avoidance message

photochemistry Phofoblolog!cal issued — Reassessment

recognized as understanding sun = cancer risk underway
/ therapeutic develops *

1940s-1960s 1980s NOw

% Nobel Prize 1903:
light treatment of disease REVERSAL

PHOTOCHEMISTRY KNOWN |£
AT TIME OF REVERSAL

PHOTOCHEMISTRY
NOW IDENTIFIED

e ————
= ~70 years Photochemistry removed before Knowledge gap at
reversal science identified what it contained decision point: significant

https://www.youtube.com/@The_Feynman_Way
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_erythema thresho{d

ub-erythemal

{, MoN TUE 7 wep THU “FRI

dose per day: constant, moderate cunulative dose:
linear accumulation

WHO WHAT RESULT

- farmers - chronic, moderate - melanoma incidence:
- construction - year-round solar contact below indoor baseline
- gardeners D i1y < MED

- postal carviers D,nuat = high by accumulation
. Peak

|

uvB spectrum

sub-erythemal: below ' Regulardzy + moderation = PTO&EC&LOV\.
290-315 nm

“reddening threshold Irregularity + intensity = risk.

https://www.youtube.com/@The_Feynman_Way
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' SUDDEN HIGH-DOSE EXPOSURE: |
UNPREPARED SKlN l \\‘//
% beach holiday b ’//l
| ugu & B RLSTENSTTY.UV
L / \"\ UV index = 8-11
INDOOR WORKER:
weeks of zero exposure -
intense radiation -
no adaptive protection
thin, unadapted epidermis { e
melanin: baseline only
Melanin: | Repair'enzymes: Epidermal Dama e rate D(t) >> Repair rate R(t)
msuf'ﬁuent restlng State only barrler thin g P
lesions accumulate
repair capacity: fixed at baseline
| U;lprepared system meets high-intensity signal
https://www.youtube.com/@The_Feynman_Way
34
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/Iow melanoma [::

density

Dose pattern
peak amplitude
baseline amplitude

high P = high risk

P-

DAILY SUN CONTACT REGIONS INTERMITTENTLY BARED REGIONS

>(
[ Same total lifetime UV
possnble different pattern }
‘ high melanoma
clustering

Region Exposure Type | Relative Risk
Face/Hands
Trunk/Back |Intermittent intense

Legs Occasional intense |

Melanoma clusters on parts normally covered and occasionally

bared, NOT on parts receiving daily sun

https://www.youtube.com/@The_Feynman_Way
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BONE: IMUSCLE:
i ety <
frachureresieriae antimicrobial defense activated
<— | CIRCADIAN:
melanopsin < SCN reset,
sleep architecture stabilized
GENOMIC:
200+ genes regulated via VASCULAR:
calcitriol-VDR complex 5ADENATS: NO release from stores|,
NO release from skin stores, diillation, BP <
arterial dilation, BP < all from
stepp\gg
h~ (UVB) - skin photon-to-cascade— 200 genes regulated i
“the physics was was on her side”|
https://www.youtube.com/@The_Feynman_Way
36
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WHAT 10-20 MINUTES ACCOMPLISHES

VITAMIN D; SYNTHESIS ~ Rate,D; = E,UVB < [7-DHC]  Near-maximal synthesis achieved at 15 min
v/ | NITRIC OXIDE RELEASE  NOflux=kNO < [RSNO]dermal  Significant NO released from dermal reservors

Phase shift @ = f(E. illuminence, t. expsorin)

CIRCADIAN ENTRAINMENT (eyes) Robust photontraiment vziPRGC melanopsin
SEROTONIN STIMULATION [5-HT] brain < ks < E, retinal  Meaningful serotonin elevation
DNA REPAIR CAPACITY  D(t) = R(t): net lesion cleantaned  Within skin daily repair capacity

https://www.youtube.com/@The_Feynman_Way
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