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FOREWORD

For the people who shape spaces

For a developer, owner or end user, colour is experienced before a lighting specification is
read. It determines whether food looks inviting, merchandise looks true to its materials, art
retains its character, and a room feels coherent from one area to the next.

For architects, interior designers, lighting designers, engineers and procurement teams,
those experiences must become decisions that can be specified, tested and repeated. A
familiar number such as CRI helps, but it cannot describe every change a light source makes
to the colours in a space.

This short book begins with the eye and the spectrum, then explains colour fidelity, gamut
and the TM-30 graphics. It uses images from my presentation to connect the measurements
with design decisions. The aim is to help the project team ask better questions of a luminaire
sample and its data sheet.

When a finish, fabric or product matters, view the actual material under the proposed light.
Ask for the spectral power distribution and the full colour rendition report. Compare samples
at the intended light level, with the intended dimmer and optics. The right source is the one
that serves the space and its occupants.

Girish Bhardwaj
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A NOTE TO THE READER

From appearance to physiology

The foreword is shared with the companion volume, Colour Beyond CRI. This volume extends
the conversation from how a room looks to how light reaches the eye and helps synchronize
daily physiology.

Each source slide appears intact on its own page, including its original pictures and wording.
A short editorial note below the slide explains the idea and identifies statements that need
care. This format preserves the presentation while giving end users and specifiers a more
reliable reading path.

A lighting design still needs task visibility, visual comfort and safety. Timing, spectrum,
exposure at the eye and individual circumstances also matter when discussing circadian
effects. No single lamp, colour temperature or “wellness” label can establish a medical
outcome.
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SOURCE SLIDE 01 OF 31

Wellumination

WHAT THIS SLIDE SHOWS

The opening frames wellness as the purpose of the work. “Wellumination” is the author’s term joining
lighting and wellness.

EDITORIAL NOTE

Use this as a design question: what exposure does the space actually create for its occupants?

GIRISH BHARDWAJ  /  LIGHT, BODY & CLOCK 04



SOURCE SLIDE 02 OF 31

The brain and its signals

WHAT THIS SLIDE SHOWS

The brain receives and processes visual and environmental signals. Light is a powerful time cue for
the circadian system.

EDITORIAL NOTE

The slide is a broad introduction; avoid treating the diagram as a complete map of brain function.
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SOURCE SLIDE 03 OF 31

Visual and nonvisual effects

WHAT THIS SLIDE SHOWS

Light supports vision and also contributes to circadian timing. The list on the source slide combines
established effects, associations and proposed risks.

EDITORIAL NOTE

Do not infer that ordinary electric light directly causes each listed illness. Evaluate each claim against
its own evidence.
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SOURCE SLIDE 04 OF 31

The daily rhythm

WHAT THIS SLIDE SHOWS

Circadian rhythms follow an approximately 24-hour pattern. Light and darkness help align internal
timing with the day.

EDITORIAL NOTE

The displayed times are illustrative; schedules and phase vary among people.
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SOURCE SLIDE 05 OF 31

Living against the clock

WHAT THIS SLIDE SHOWS

Sleep timing and work schedules can affect mood, alertness and performance. The slide collects many
possible consequences.

EDITORIAL NOTE

These outcomes are multifactorial. The diagram should not be read as a diagnosis or a quantified
effect of lighting.
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SOURCE SLIDE 06 OF 31

Melatonin at night

WHAT THIS SLIDE SHOWS

Melatonin is a hormone associated with biological night. The circadian system regulates its timing,
and light exposure can suppress it depending on dose and timing.

EDITORIAL NOTE

Melatonin has several biological roles; a design should not promise immune or cell-regeneration
benefits.
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SOURCE SLIDE 07 OF 31

When melatonin is disrupted

WHAT THIS SLIDE SHOWS

This visual groups symptoms often discussed alongside sleep disruption. It works as a prompt to ask
about nocturnal light exposure.

EDITORIAL NOTE

A symptom wheel does not establish that a particular symptom was caused by melatonin or by a
luminaire.
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SOURCE SLIDE 08 OF 31

Cortisol across the day

WHAT THIS SLIDE SHOWS

Cortisol participates in metabolism and stress responses and typically follows a daily pattern. It is
controlled by a wider hormonal system.

EDITORIAL NOTE

The pituitary gland is part of the pathway; lighting does not directly “set” cortisol to a chosen level.
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SOURCE SLIDE 09 OF 31

Excess cortisol claims

WHAT THIS SLIDE SHOWS

The slide lists conditions associated with stress and altered cortisol. Some relationships are complex
or bidirectional.

EDITORIAL NOTE

Avoid using this wheel to infer individual medical risk from a lighting condition.
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SOURCE SLIDE 10 OF 31

How the clock aligns

WHAT THIS SLIDE SHOWS

Light is a zeitgeber, or time cue. Morning and evening exposures can have different effects on
circadian phase.

EDITORIAL NOTE

The illustration is conceptual. It does not prescribe one exposure schedule for every person.

GIRISH BHARDWAJ  /  LIGHT, BODY & CLOCK 13



SOURCE SLIDE 11 OF 31

Light across the workday

WHAT THIS SLIDE SHOWS

The slide connects outdoor daylight, time of day and electric lighting in an office. All can contribute to
the eye’s exposure.

EDITORIAL NOTE

Measure vertical light at eye level and document occupancy and timing before comparing design
options.
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SOURCE SLIDE 12 OF 31

The optical route

WHAT THIS SLIDE SHOWS

Light passes through the cornea and lens before reaching the retina, where photoreceptors begin
visual processing.

EDITORIAL NOTE

The eye diagram gives anatomy; actual retinal exposure also depends on source size, brightness and
viewing geometry.
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SOURCE SLIDE 13 OF 31

Rods, cones and wavelength

WHAT THIS SLIDE SHOWS

Photopic sensitivity peaks near 555 nm and scotopic sensitivity near 507 nm. Rod and cone
contributions change with adaptation level.

EDITORIAL NOTE

These peaks describe luminous efficiency functions, not the complete response of every retinal
pathway.
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SOURCE SLIDE 14 OF 31

The clock pathway

WHAT THIS SLIDE SHOWS

Retinal input reaches the suprachiasmatic nuclei via a neural pathway. Downstream signaling
contributes to daily melatonin timing.

EDITORIAL NOTE

The SCN, pineal gland and stress-hormone pathways have distinct roles; the arrows simplify a
complex system.
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SOURCE SLIDE 15 OF 31

ipRGCs and the SCN

WHAT THIS SLIDE SHOWS

Intrinsically photosensitive retinal ganglion cells contain melanopsin and help carry light information
to the circadian clock.

EDITORIAL NOTE

Rods and cones can also contribute to nonvisual responses. A single wavelength does not explain the
full effect.

GIRISH BHARDWAJ  /  LIGHT, BODY & CLOCK 18



SOURCE SLIDE 16 OF 31

Three cone classes

WHAT THIS SLIDE SHOWS

S, M and L cones have overlapping spectral sensitivities. Colour vision arises from comparing their
responses through neural circuits.

EDITORIAL NOTE

The older pigment labels on the slide are historical shorthand; cones are not exclusively “blue,”
“green” and “red” sensors.
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SOURCE SLIDE 17 OF 31

Three visual regimes

WHAT THIS SLIDE SHOWS

Photopic vision is cone dominated, scotopic vision rod dominated, and mesopic vision involves both.
This changes visual sensitivity in dim settings.

EDITORIAL NOTE

The numerical boundaries on the slide are approximate and depend on the task and method.
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SOURCE SLIDE 18 OF 31

Age and retinal exposure

WHAT THIS SLIDE SHOWS

The eye’s lens changes with age, often reducing transmission of shorter wavelengths. Individual
lenses and ocular conditions vary.

EDITORIAL NOTE

Consider age, glare and available daylight when designing for mixed-age occupants; do not infer a
single correction factor.
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SOURCE SLIDE 19 OF 31

Blue light and context

WHAT THIS SLIDE SHOWS

Short wavelengths matter to both circadian response and retinal safety assessment. Timing and
exposure conditions matter.

EDITORIAL NOTE

Blue-light hazard depends on radiance, duration and geometry. Typical white LED lighting is not
automatically a retinal injury risk.
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SOURCE SLIDE 20 OF 31

A colour perception exercise

WHAT THIS SLIDE SHOWS

The slide introduces a short demonstration. The following pages preserve both versions of a coloured
surround.

EDITORIAL NOTE

Compare the centre region before reading the explanation of opponent processing.
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SOURCE SLIDE 21 OF 31

Coloured surround

WHAT THIS SLIDE SHOWS

A yellow centre sits inside a blue field. Context can change the appearance of a colour even if the
centre image stays the same.

EDITORIAL NOTE

Look at the X briefly, then turn the page and compare the perceptual effect.
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SOURCE SLIDE 22 OF 31

Neutral surround

WHAT THIS SLIDE SHOWS

A light surround replaces the blue border. The exercise highlights colour contrast and visual
adaptation.

EDITORIAL NOTE

Viewing conditions, display calibration and screen settings can change the effect.
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SOURCE SLIDE 23 OF 31

Opponent signals

WHAT THIS SLIDE SHOWS

Cone outputs are recombined into opponent channels, commonly described in red-green and
blue-yellow terms, plus a luminance pathway.

EDITORIAL NOTE

The diagram is a useful model, not a direct wiring diagram for every ganglion cell.
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SOURCE SLIDE 24 OF 31

Centre and surround

WHAT THIS SLIDE SHOWS

Neural receptive fields compare signals from a central region and its surround. This contributes to
edge detection and colour contrast.

EDITORIAL NOTE

Surrounding finishes in a room can therefore change how a material appears.
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SOURCE SLIDE 25 OF 31

Three matching functions

WHAT THIS SLIDE SHOWS

Three colour matching functions describe how combinations of primaries can match many colours for
a standard observer.

EDITORIAL NOTE

The graphs explain measurement and matching; they do not directly predict every appearance in a
finished room.
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SOURCE SLIDE 26 OF 31

Opponent processing

WHAT THIS SLIDE SHOWS

The slide brings colour matching and opponent pathways together. These are different stages in
describing visual response.

EDITORIAL NOTE

Use the diagrams to ask how source spectrum and neighbouring surfaces interact.
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SOURCE SLIDE 27 OF 31

From retina to cortex

WHAT THIS SLIDE SHOWS

The illustration sketches stages of colour-opponent processing along the visual pathway.

EDITORIAL NOTE

Colour experience depends on retinal signals and later processing, with adaptation and context
affecting the result.
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SOURCE SLIDE 28 OF 31

The LED analogy

WHAT THIS SLIDE SHOWS

LEDs are flexible sources that can support good design. The analogy warns against using a technology
without attention to dose and purpose.

EDITORIAL NOTE

The source slide’s claims that LEDs weaken immunity or cause cancer are unsupported as general
lighting statements. Avoid those claims.
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SOURCE SLIDE 29 OF 31

Retinal safety and AMD

WHAT THIS SLIDE SHOWS

The slide raises a legitimate question about intense short-wavelength exposure, then overstates the
evidence for everyday LED lighting and age-related macular degeneration.

EDITORIAL NOTE

Assess any hazardous source using recognized exposure limits. Do not state that normal white LED
use causes AMD.
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SOURCE SLIDE 30 OF 31

Building and light

WHAT THIS SLIDE SHOWS

Building form, geometry and interior finishes influence light distribution, contrast and eye-level
exposure.

EDITORIAL NOTE

Evaluate the complete room and installation rather than treating a lamp specification as the final
answer.
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SOURCE SLIDE 31 OF 31

Balancing outcomes

WHAT THIS SLIDE SHOWS

The closing image asks teams to balance costs and visual aims with wellbeing.

EDITORIAL NOTE

Define measurable visual and exposure goals. A balance scale cannot quantify health effects or
replace clinical evidence.
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REFERENCES & EDITORIAL METHOD

Reading the evidence

The source
All 31 slide images are retained from “AN AWARENESS ON LIGHT & PHYSIOLOGY(1).ppt”, supplied by Girish
Bhardwaj. Source slide labels and older claims remain visible as part of the original presentation.

Circadian pathways
Blume et al., “Effects of light on human circadian rhythms, sleep and mood,” Somnologie (2019),
PMC6751071; Zisapel, “New perspectives on the role of melatonin in human sleep,” Br J Pharmacol (2018),
PMC6057895.

Nonvisual measurement
CIE S 026/E:2018, System for Metrology of Optical Radiation for ipRGC-Influenced Responses to Light. Consult
the CIE alpha-opic toolbox user guide for calculation conventions.

Retinal safety
CIE Position Statement on the Blue Light Hazard (2019),
cie.co.at/publications/position-statement-blue-light-hazard-april-23-2019. Evaluate exposure and viewing
geometry rather than using LED or CCT alone as a risk label.

For building teams
The editorial notes distinguish an illustration from evidence of a health outcome. Medical diagnoses and
treatments require clinical expertise. A building brief can document timing, spectrum, eye-level exposure,
glare and intended occupants.
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LIGHT MOVES THROUGH US

The eye receives light. The brain reads its timing. The building shapes the
exposure.

A visual guide for owners, architects, interior designers and lighting specifiers.
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