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AN INTERESTING QUOTE, AN INTRODUCTION 
TO LIGHT, AND SOME EXPERIMENTAL STUFF

“Light brings us the news of the Universe. Coming to us from the sun and 
the stars it tells us of their existence, their positions, their movements, 

their constitutions and many other matters of interest. Coming to us from 

objects that surround us more nearly it enables us to see our way about 

the world: we enjoy the forms and colours that it reveals to us, we use it 

in the exchange of information and thought.”

From: The Universe of Light by Sir William Bragg



WAVELENGTH
(USED TO DESCRIBE COLOUR OF LIGHT)

https://www.surf-forecast.com/breaks/Ria-Foz/photos/6674

Distance between peaks of waves

https://www.surf-forecast.com/breaks/Ria-Foz/photos/6674
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ELECTROMAGNETIC SPECTRUM

https://www.quora.com/What-are-the-frequencies-in-the-visible-spectrum



HUMAN VS BEE SPECTRAL VISIBILITY RANGE

https://qph.fs.quoracdn.net/main-qimg-96ea15884d9b9266871c6fc79e236188-c



EQUIPMENT

Panasonic Lumix GF3 
camera

Filter

UV disco/rave 
party light

LED flood 
light



CAMERA



CAMERA

Wavelength response of a CMOS digital camera 
image sensor and each of the filters typically present 
in colour cameras.

The structure of a single pixel in a CMOS image sensor.
 https://micro.magnet.fsu.edu/primer/digitalimaging/
cmosimagesensors.html

https://micro.magnet.fsu.edu/primer/digitalimaging/


SPECTRAL RANGES OF CAMERAS USED

http://www.giangrandi.ch/optics/spectrum/visible-a.png

Normal Camera

Modified Camera 1000 nm



FILTERS AND LIGHT SOURCES

Ultraviolet – 365 nm LED and 
357 nm filter

Infrared – 8880 nm LED 
and 745 nm filter

UV block filter – blocks 
300-450 nm



FILTERS AND LIGHT SOURCES

White LED spectrum Visible color LED spectra – red (628 nm), green 
(516 nm), blue (452 nm), orange



SPECTROSCOPY APPARATUS

Ocean Optics QE65000 based excitation spectroscopy system used to create 
luminescence, transmittance, excitation, and emission spectra. 



SPECTROSCOPY APPARATUS

Monochromator

Shutter

Focusing lens

Sample

Collimating
lens

UV-block
filter

Focusing
lens

Fibre-optic
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SCANNING IMAGING SYSTEM
1550 NM LIGHT



SCANNING IMAGING SYSTEM
1550 NM LIGHT



WHAT CAN WE SEE IN UV-VIS-IR?

Infrared light



WHAT CAN WE SEE IN UV-VIS-IR?

Visible light
UV light



WHAT CAN WE SEE IN UV-VIS-IR?

Ultraviolet light



WHAT CAN WE SEE IN UV-VIS-IR?

Ultraviolet light
on sunscreen



LUMINESCENCE

• An absorption – emission mechanism for light production

• Important for multispectral imaging



WHAT CAN WE SEE USING 
LUMINESCENCE IMAGING?

Shine UV 
light Record using visible light



WHAT CAN WE SEE USING 
LUMINESCENCE IMAGING?

Shine UV 
light Record using visible light Olivia’s sapphire ring



WHAT CAN WE SEE USING 
LUMINESCENCE IMAGING?

Shine UV 
light Record using visible light



A FEW OF FAMOUS EXAMPLES

• Columbia Astronaut Diary

• Archimedes Palimpsest

• Picasso’s “The Tragedy”



COLUMBIA ASTRONAUT ILAN RAMON’S DIARY
FOUND TWO MONTHS AFTER 2003 EXPLOSION

Israel Museum’s Paper Conservation Laboratory – originally blue 
ink, imaged using infrared luminescence.



ARCHIMEDES PALIMPSEST
10TH CENTURY BYZANTINE GREEK COPY (HORIZONTAL LINES NOT SEEN WITH NAKED EYE) 
OVERWRITTEN IN THE 13TH CENTURY WITH RELIGIOUS TEXT BY MONKS (VERTICAL LINES)

Walters Art Museum (Baltimore, USA) – multispectral imaging and an x-ray technique.



PAINTING – PICASSO’S “THE TRAGEDY”
DELANEY ET AL, HERIT SCI (2016) 4:6



ARCHIVAL IMAGING: OUR PROCESS

• Images shot in RAW

• 5.6 aperture, ISO 160, variable exposure

• Took images in 10 different lighting and filter combinations:

Condition Camera Illumination Filter

Visible – White Unmodified White LED No Filter

Visible – Red Unmodified 628 nm LED No Filter

Visible – Green Unmodified 516 nm LED No Filter

Visible – Blue Unmodified 452 nm LED No Filter

UV Luminescence Unmodified 365 nm LED UV blocking filter

UV Reflectance Modified 365 nm LED 357 nm bandpass filter

IR Luminescence - Red Modified 628 nm LED 715 nm cut-on filter

IR Luminescence – Green Modified 516 nm LED 715 nm cut-on filter

IR Luminescence - Blue Modified 452 nm LED 715 nm cut-on filter

IR Reflectance Modified 880 nm LED 715 nm cut-on filter
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SAMPLE RESULTS OF DOCUMENTS USING
UV LUMINESCENCE

Letterbook: A book in which letters or copies of letters are kept especially to 
provide a running account of a business or enterprise. (Merriam-Webster 
dictionary)

Fonds: In archival science, a fonds is a group of documents that share the same 
origin and that have occurred naturally as an outgrowth of an agency, individual 
or organization.  Examples of fonds could be the writings of a poet that were 
never published or a collection of correspondence between people. (Wiki)



BADDECK STEAMSHIP COMPANY LTD.
(1900-1932)

The Baddeck Steamship Company owned and operated the ferry “Marion” 
from the Sydneys to Baddeck, Iona, and Whycocomagh (pronounced Why-
cog-ho-mah).  The company bought out the Victoria Steamship Company in 
1916 which operated the “Blue Hill”, a ferry running between Iona and 
Baddeck.



BADDECK STEAMSHIP COMPANY LTD.
(1900-1932)



Baddeck, NS (circa 1917)
Image from the Beaton Institute Archives (77-1381-1521)



White light and UV luminescence images of 
MG14_166_BaddeckSteamshipCoCorres_pg38Back



White light and UV luminescence images MG20_25_MurphyFondsCorres



EDWARD MANNING (1766-1851)
Acadia University Archives (D1846.001/8)



A composite of close-up white light and UV luminescence images of D1846 001/1/1/21. 
Correspondence to Edward Manning from Moses Shaw, March 3, 1819.



HAZELBROOK UNITED BAPTIST CHURCH
Acadia University Archives (D1900.039/134)

• Established December 27, 1896 in Hazelbrook, PEI
• Demolished 2007
• Some parts of the church now make up Steeple Cottage 

(http://peiheritagebuildings.blogspot.com/2012/02

/steeple-cottage-aka-hazel-brook-baptist.html)
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White light image, Hazelbrook Baptist 
Sabbath School Pledge

UV luminescence image, Hazelbrook Baptist 
Sabbath School Pledge



Close up of white light and UV luminescence images, Hazelbrook Baptist Sabbath 
School Pledge.



POTENTIAL MATERIALS & MECHANISM: DARK INK

• Iron gall ink (these examples only)

• Handwritten documents

• At its simplest, made of iron sulfate, tannins, and binders

• Fades due to a variety of factors – acid hydrolysis, sensitive to light 

(Reissland and Cowan, 2014)

• Been ‘restored’ using UV fluorescence photography since 1914 (Knight, 2014)

• Paper luminesces around traces of ink, which remains dark.

• Carbon black-based ink

• Used in carbon copy paper

• Has fine, amorphous carbon black as a pigment (How It’s Made)

• Mechanism very similar to that of iron gall



SAMPLE RESULTS OF DOCUMENTS USING 
NEAR INFRARED LUMINESCENCE



DOMINION IRON AND STEEL CO., SYDNEY, NS
BEATON INSTITUTE ARCHIVES 7-620-754



White LED light image of page as it 
appears in the letterbook.

DOMINION IRON AND 
STEEL CO. LETTERBOOK 
(MG14.38 PAGE 11, NOV. 17, 1902)



White LED light image of page 
with a black, light-absorbing sheet 
behind the page to block bleed-
through from underlying pages.

DOMINION IRON AND 
STEEL CO. LETTERBOOK 
(MG14.38 PAGE 11, NOV. 17, 1902)



Red LED light was shone on the 
page and luminescence in the near-
IR was used to record the image.

DOMINION IRON AND 
STEEL CO. LETTERBOOK 
(MG14.38 PAGE 11, NOV. 17, 1902)





White light and IR luminescence images of a letter from the Robert Hubley Fonds.



LUMINESCENCE: BLUE INK

Excitation spectroscopy map 
of a blue ink sample from the 
MG 14.38-2 Dominion Iron 
and Steel letterbook.



POTENTIAL MATERIALS & MECHANISMS: BLUE INK

• Pigment is likely Prussian blue (PB)

• Hydrated iron(III) hexacyanoferrate(II)

• Light absorption given by homonuclear intervalence charge transfer between the Fe3+ and Fe2+ atoms 

• A relatively cheap, readily available blue pigment in the late 1800’s - early 1900s

• Was used in typewriter carbon paper and stamp inks 

• Fades in anoxic (low oxygen) environments often used for preservation (Gervais et al, 2014; 

Rowe, 2004) 

• Sensitive to light when mixed with white pigments (Samain et al, 2011)

• Impurities affect the aging process (Martinetto and Bardet, 2013)



A CHALLENGE FROM L.M. 
MONTGOMERY’S JOURNALS



White

Light

UV

Luminescence

LMM Journal

Vol. 10, p 418



SAMPLE RESULTS FROM PAINTINGS

• Paintings from the Sinclair Inn in Annapolis Royal, NS and Barbara 

Martin, a local Wolfville artist.



LIGHT TRANSMISSION OF PAINT



LIGHT TRANSMISSION OF PAINT
ORIGINAL PENCIL DRAWING (BARB MARTIN)



LIGHT TRANSMISSION OF PAINT
OVER-PAINTING, WHITE LIGHT, NORMAL CAMERA



LIGHT TRANSMISSION OF PAINT
 880 NM LIGHT, UV-IR CAMERA



LIGHT TRANSMISSION OF PAINT
 1550 NM LIGHT, SCANNING IMAGE



LIGHT TRANSMISSION OF PAINT



SINCLAIR INN, ANNAPOLIS ROYAL
HTTP://ANNAPOLISHERITAGESOCIETY.COM/SINCLAIR-INN-MUSEUM/
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SINCLAIR INN, ANNAPOLIS ROYAL
HTTPS://ANNAPOLISROYAL.COM/ATTRACTIONS-AND-MUSEUMS/SINCLAIR-INN-NATIONAL-HISTORIC-SITE/

• Parts of the structure were built in 1710 and is the oldest 
surviving example of Acadian construction techniques open to 
the public.

• In 1738, the building was used by Erasmus Phillips as the first 
meeting hall of the Masonic Lodge in Canada.

• The second floor includes the restored ‘Painted Room’ created in 
c. 1840.
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SINCLAIR INN, ANNAPOLIS ROYAL
HTTP://HALIFAXLED.COM/2019/04/10/SINCLAIR-INN-MUSEUM/
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PAINTING – SINCLAIR INN, ANNAPOLIS ROYAL
MUSEUM LIGHTING, NORMAL CAMERA



PAINTING – SINCLAIR INN, ANNAPOLIS ROYAL
880 NM LIGHTING, UV-IR CAMERA



IN SUMMARY

• By using a variety of optical and other scientific techniques contrast 

can be restored in documents and paintings (in many cases).

• The mechanisms of degradation of the ink can be determined, or at 

least hypothesized.

• Scratching the surface of some the history and background of these 

works is incredibly fascinating as well as addicting.  I may need a 

support group so that I can get on with some other areas of life.
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