UV, Fluorescence & IR

Topic 10.1 – The Electromagnetic Spectrum (EMS):

Learning Outcomes: Upon completion of this lesson, you will be able to:

a. Explain where on the EMS the Short Wave and Long Wave UV ranges are located.
b. Explain where on the EMS the Visible Light range is located.

c. Explain where on the EMS the IR wavelengths are located.

Lesson Overview: The light that is the foundation of photography is related to The Electromagnetic Spectrum.  This spectrum depicts light as a wave of radiation, which has both a peak height (Amplitude) and a distance between peaks (Wavelength).  The wavelengths of UV, Visible Light and IR light are expressed in terms of nanometers (nm: one billionth of a meter from peak to peak).  Other forms of radiation on The Electromagnetic Spectrum include those with much shorter wavelengths (Gamma Rays & X-Rays) as well as those with much longer wavelengths (Radar, TV, Radio and Sonic/Audio Waves).  Since light is frequently expressed as a wavelength of the EMS, it is important to know these relationships.


Topic 10.1a – Ultraviolet Light (UV):

UV: <400nm:

A.  UV: sometimes referred to as A, B & C:

i- UVC = germicidal/non-chemical disinfectant: 100nm- 280nm

ii- UVB = sunburn/sun damage : 280nm-315nm

iii- UVA = tanning: 315-400nm 

B. UV: sometimes referred to as Short Wave & Long Wave UV:

i- Short Wave UV: 100nm- 300nm.

ii- Long Wave UV: 300nm- 400nm. (The area used to stimulate UV Fluorescence, and the area used in UV photography)

Topic 10.1b – Visible Light:

Visible Light: 400nm to 700nm; from purple, blue, green, yellow, orange and red: the colors of the rainbow.

Topic 10.1c – Infrared Light (IR) on the EMS:

Concept #1:  IR: >700nm

i. Near IR (Photographic IR): 700-1100nm

ii.    Thermal: > 1100nm

iii.   Heat: 2000-12000

Concept #2:  Focusing for IR Light 

Quote A:  “Lenses do not focus infrared radiation on the same plane as visible radiation. Because infrared radiation is longer in wavelength than visible radiation, the focus point is further from the camera lens. Therefore, the lens must be moved slightly farther from the film to focus an infrared image. This focus difference is most critical when using filters to block all visible radiation from the film.

Most camera lenses have an auxiliary infrared focusing mark. Consult your camera manual for the appropriate use. 

For best definition, make all exposures at the smallest lens opening that conditions permit. If you must use large apertures and the lens has no auxiliary infrared focusing mark, establish a focus setting by trial and error. Try extending the lens by 0.25 percent of its focal length beyond the correct focus for visible light. 

For example, a 200 mm lens would require a 0.50 mm extension as 200 mm x 0.0025 = 0.50 mm.”  (http://www.kodak.com/global/en/professional/support/techPubs/f13/f13.jhtml )

Quote B:  “You have to set the lens to focus a little nearer than for visible light and most lenses will have an infrared mark next to the normal focus mark.” (http://www.atsf.co.uk/ilight/tech/ilightec.html)

Quote A indicates “the lens must be moved slightly farther from the film.”  Quote B indicates “ You have to set the lens to focus a little nearer.”  Are these in conflict?  No! Moving the lens further from the film creates magnification when focusing on closer objects; focusing a little nearer is the same thing.

For example, consider if the focus point for visible light was at 5’.  The IR correction mark on one of my lenses is just to the right of the exact focus line: on the side towards infinity.  To focus for IR light, it is suggested you re-focus the lens so that the distance that was once opposite the visible light focus mark is now set opposite the IR correction mark.  Moving the 5’ distance so that it falls opposite the IR correction mark does two things.  It extends the lens, making it longer: “moving it slightly farther from the film.”  It also now results in the visible light focus point being opposite a distance just shy of the 5’ mark: in effect setting “the lens to focus a little nearer.” 

Why is this so much of an issue?  Because, the IR filter blocks out all visible light, so when it is on the camera, nothing can be seen through the viewfinder.  It is very unnerving to have to photograph something you cannot see.  Especially when the focusing point for IR light is different than the focusing point for visible light.  We cannot just focus without the IR filter on the camera, and then just mount the IR filter on the lens.  In effect, we will be focusing “blind.”  

When intending to take a photograph with IR light, we still need to do the some things as with normal images:

i. Compose the scene

ii. Take a meter reading

iii. Focus

But, now we must…

i. Compose the scene before the IR filter is added, which will block out all visible light.

ii. IR film is not rated by the ISO system.  It is usually recommended to consider it the equivalent of an ISO 25 film.  So, before the IR filter is added to the end of the lens, take a meter reading of the scene with the camera set to ISO 25.  And, because this is just an approximation, bracket all IR photographs!

iii. Realize that IR light focuses at a different point than visible light, so follow the above recommendations. 

iv. Add the IR filter to the lens.

v. Take the photograph.

vi. Bracket.  At least +1 and –1, and consider +2 and –2 also.                                                                                                                     

Topic 10.2 – Light Energy:

Learning Outcomes:  Upon completion of this lesson, you will be able to:

a. Explain the normal consequences of light energy striking a particular material or surface.  Normally, a material/surface will either reflect light, absorb it, or transmit the light through it.

b. Explain the concept of Luminescence, which is a result of the light energy being converted from one wavelength to another wavelength by some surfaces/materials.

c. Explain the basics of color theory; both Primary (Additive) colors, and Complimentary (Subtractive) colors.

Lesson Overview:  Light, as a form of energy, reacts different ways when it strikes different surfaces.  As manipulators of light, photographers should understand this interaction.  Sometimes, we just need to be aware of the process; sometimes, we must  control the variables to achieve different effects.  The main reactions are reflection, absorption, transmission, and luminescence.  White light is the combination of various colors.  Color theory for both Primary Additive colors and Primary Subtractive colors is explained.  

Topic 10.2a- Light Energy and Different Surfaces

 Energy as it reacts to various surfaces:

A.  Total Reflection: White light.

B.  Total Absorption: Black, or the absence of light.

C. Partial Reflection/ Partial Absorption:

i- Colors

ii- Shades of Gray

D. Transmission:  Light can go through some materials, like glass.

E. Conversion: Luminescence;

i- Fluorescence: “glowing” while being stimulated; without constant energy, no “glowing.”

*  The Stokes Shift:

· Light of a particular wavelength is projected onto a material.

· The material absorbs the light, and converts it

· The material emits light at a higher wavelength, not previously contained in the original light.

· The stimulating light is more intense, and overwhelms the fainter fluorescence being emitted.

· In order to visualize the fluorescence, the original stimulating light must be filtered out.  Since different materials fluoresce when stimulated with different wavelength lights, searches should be made with various colored stimuli and different filters.

· Yellow filters optimally absorb UV light.

· Orange filters optimally absorb Blue light.

· Red filters optimally absorb Green light.

ii- Phosphorescence: “glowing” continues after the stimulus ceases.

Topic 10.2b – Color Theory:

A.  Primary Colors: Additive; the addition of these three colors produces white light.

i-   Red

ii-  Green

iii- Blue

B.  The addition of just two of the Primary colors produces three new colors:

i-   Red & Green = Yellow

ii-  Red & Blue = Magenta

iii- Blue & Green = Cyan

C.  Primary Colors: Subtractive; because 1/3 of colored light is missing (their

     Complimentary Colors), they are considered the opposite of the color they lack

i-   Cyan = white light – red

ii-  Magenta = white light - green

iii- Yellow = white light – blue

D.  Photographic Color Filters:

iii- Red Filters: absorbs Blue & Green light, and transmits red.

iv- Green Filters: absorbs Blue & Red light, and transmits green.

v- Blue Filters: absorbs Red & Green light, and transmits blue.

Topic 10.2c – Situations for UV, Fluorescence & IR Photography:

1.
      Reflected UV (Where only UV light strikes the film): 

F. Use an 18A filter:

i- To block out visible light, while transmitting UV light

ii- Or, turn out the lights, to eliminate visible light.

G. Use a UV Light Source.

H. Use a UV sensitive sensor/film (B&W best).  Most film has a UV filter layer, so when doing UV imaging, you have to use a film that does record the UV area.  

I. For:

i- Alterations in documents

ii- Deep bruises, no longer apparent in visible light.

2. UV Fluorescence (Stimulation in the UV Range; Fluorescence in the Visible Range):

A. Use a 1A, 2A or 2B filter to block out UV light, while transmitting visible light.

B. Use a UV Light Source, to cause fluorescence.

C. Use Conventional Film.

D. Traditional Camera Meters are designed to read Reflected Visible Light, so they do not work optimally in this situation.  Bracket!  Consider using an F-11. 

E. For:

i- Visualizing Non-Blood Body Fluids

ii- Fluorescent Fingerprint Powders

3. Fluorescence (Stimulation in the Visible Light Range with Fluorescence in the Visible Light Range).

A. The Stokes Shift (again):

i- Light of a particular wavelength is projected onto a material

ii- The material absorbs the light, and converts it

iii- The material emits light at a higher wavelength, not previously contained in the original light.

iv- The Stimulating light is more intense, and overwhelms the fainter fluorescence being emitted.

v- In order to visualize the fluorescence, the original stimulating light must be filtered out.  Since different materials fluoresce when stimulated with different wavelength lights, searches should be made with various colored stimuli and different filters.

· Yellow filters optimally absorb UV

· Orange filters optimally absorb Blue.

· Red filters optimally absorb Green.

B. For:

i- Fluorescent Fingerprint Powders.

ii- Visualizing Non-Blood Body Fluids

iii- Fluorescent Fibers

iv- Drug Residues

v- Cosmetics

vi- Ink Separations 

4. Reflected IR Photography (IR Stimulation & IR Reflected Light).

A. Light Sources:

i- IR light

ii- Daylight- VG

iii- Tungsten light- VG

iv- Electronic flash- OK

B. Sensors:

i- IR Film

ii- Digital Camera with CCD

C. Filter: if using any visible light, an 87 filter (which transmits only IR) is needed to block out visible light.

D. Focus Shift: IR light focuses at a different point than does visible light.

i- First focus without the IR filter in place.

ii- Most lenses have an IR correction mark on the lens next to the focus point on the lens.

·   Either a red hash-mark

·   Or, an “R” designation

iii- Whichever distance has been focused on, move that distance to the IR correction mark.

E. For:

i- Surveillance with IR light

ii- Alterations/ Forgeries

iii- Subcutaneous Veins

iv- GSR

v- Ink Differences

vi- Burned Documents

vii- Aerial

5. IR Luminescence:

A. Use an IR-Free light, like green, to cause the fluorescence

B. Use IR film, or digital sensors.

C. Use an 87 Filter to eliminate the green light, enabling the fainter fluorescence to be seen and photographed.

D. Focus Shift, for IR

E. For:

i- Ink Alterations/Additions

