
Focal Point 

The Newsletter from Southwest Precision Instruments 

132 North Elster Drive Å Tucson, AZ Å Tel./Fax 520.546.4986 Å swpinet.com 

 

October, 2010   Page 1 

External links in this Newsletter were current as of the date of publication, but please remember:  
The World Wide Web evolves and changes on a daily basis.  Please contact us if you find a dead link. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Illumination for Light Microscopy, 
Part 1: Types of Bulbs 
 

 
 

Figure 1.  Original carbon-filament incandescent lamp from 

Thomas Edison's laboratory.  Public domain image (Wikimedia). 

 
     There arenôt many parts you can still buy for a 60 

year-old microscope, but thankfully light bulbs are 

on the ñstill availableò list.  Many of the bulbs from 

the past are still manufactured today. 

 

     OK, so maybe Edisonôs original carbon-filament 

lamps (Fig. 1) are in short supply, but as early as the 

1870ôs scientists and inventors were beginning to 

use various forms of electric illumination for 

microscopy and photography, rather than relying 

on the sun. 

 

     Microscope manufacturers have adapted their 

instruments to conform to the latest trends in lamp 

technology, and bulb manufacturers still make older 

style bulbs.  This combination means that you can 

purchase a bulb for just about any microscope thatôs 

in existence. 

 

     With a few exceptions, most microscopes use a 

fairly small variety of bulbs.  In this article we 

summarize the different types of bulbs.  In the next 

issue weôll talk about bases and connectors, and 

weôll list the most common types of bulbs and 

which microscopes use them. 

 

Incandescent Bulbs: The Old Standby. 
 

 
Figure 2.  The incandescent bulb.  Two electrical leads pass 

through a glass stem and deliver current to a tungsten 

filament.  Public domain images (Wikimedia). 

 

     The size, shape and type of base may vary, but 

the basic construction of the incandescent bulb is the 
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same: a glass envelope contains a tungsten filament 

which conducts current from at least two electrical 

leads.  The electrical leads are usually embedded in 

a glass stem in order to seal the bulb. 

 

     The interior of the bulb contains an inert gas, 

usually argon, which reduces oxidation and 

evaporation of the filament. 

 

 
Figure 3.  A double-coiled tungsten filament from an 

incandescent lamp.  Public domain image (Wikimedia). 

 

     An electric current heats the filament to about 

2000° - 3300° K, which is below tungstenôs melting 

point of 3695° K.  When the filament is heated it 

emits light, but the majority of the filamentôs 

emission is heat in the near-infrared part of the 

spectrum.  Thus, one of the disadvantages of the 

incandescent lamp: low luminous efficacy, 

expressed as the ratio of output (in lumens) to  

power (in Watts). 

Halogen Bulbs: Longer Life, Higher 

Efficacy. 

 

 
Figure 4.  Halogen lamp.  Public domain image 

(Wikimedia). 
 
     Halogen bulbs are similar to incandescent bulbs, 

in that they have a tungsten filament surrounded by 

an inert gas.  The difference lies in the addition of a 

small amount of halogen (such as iodine or 

bromine) to the inert gas atmosphere. 

 

     This combination leads to a reversible chemical 

reaction known as the halogen cycle that increases 

the lifetime of the bulb and prevents its darkening 

with age. 

 

     As the filament is heated and tungsten evaporates 

from its surface, the halogen interacts with the 

tungsten and forms a halide in cooler regions of the 

atmosphere.  The tungsten halide migrates to higher 

temperature regions near the filament, and the halide 

dissociates and frees the tungsten to redeposit on the 

Journal Club Candidate: 

ñWhen Zombies Attack!: Mathematical 

Modelling of an Outbreak of Zombie Infection,ò 

Philip Munz, Ioan Hudea, Joe Imad and Robert 

J. Smith, In: Infectious Disease Modelling 

Research Progress, Editors: J.M. Tchuenche and 

C. Chiyaka, 2009, pp. 133-150.  
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filament.  The free halide is then able to repeat the 

process. 

 

 
Figure 5.  A tungsten filament from a halogen lamp after 

several hundred hours of operation.  Some pitting is seen, 

but the filament is in remarkably good condition.  Public 

domain image (Wikimedia). 

 

     View this movie to see a demonstration of the 

tungsten-halogen cycle.  The top of the lamp has 

been modified in order to withdraw and replace the 

halogen atmosphere as desired.  Initially operating 

under a vacuum, tungsten evaporates from the 

filament and deposits on the cooler bulb walls and 

darkens the bulb.  When the halogen is reintroduced 

it quickly interacts with the tungsten on the bulbôs 

walls and redeposits it back on the filament; the 

bulb once again becomes clear. 

 

     Halogen bulbs operate at higher temperatures 

than incandescent bulbs of the same power, and a 

halogen bulb has a greater luminous efficacy per 

Watt of power. 

 

     Halogen bulbs also have a longer lifetime, they 

give light of a higher color temperature, and their 

overall dimensions are much smaller, making them 

ideal for use in microscopes and other optical 

systems. 

Gas Discharge Lamps, AKA Short Arc 

Lamps, AKA Merc ury Arc Lamps, Xenon 

Arc Lamps, Etc. 

 

 
Figure 6.  Envelope of a mercury vapor short arc lamp.  

Public domain image (Wikimedia). 
      

     The names may differ, depending on the 

manufacturer and the type of lamp, but all of these 

devices rely on a discharge arc occurring in an 

ionized gas, or plasma, between two electrodes to 

generate light. 

 

     Discharge lamps operate under high pressure, 

and the envelope is usually made of quartz glass in 

order to withstand the high internal pressures (400-

1300 psi.) 

 

     Some of these bulbs develop high pressure only 

when they are operating; others have high pressure 

when they are in the cold state.  View this movie to 

see how not to handle a high-pressure xenon bulb. 

 

     Mercury arc lamps (sometimes called ñHBOò 

bulbs) contain a small amount of metallic mercury 

as well as an inert gas such as argon or xenon. 

 

Journal Club Candidate:  

ñBeauty-Map of London: Ratings of the Physical 

Attractiveness of Women and Men in Londonôs 

Boroughsò, Viren Swami and Eliana G. 

Hernandez, Personality and Individual Differences, 

vol. 45, no. 5, 2008, pp 361-6. 

http://www.lamptech.co.uk/Movies/Halogen%20Cycle.WMV
http://www.youtube.com/watch?v=SVpD8SWzKFM&feature=related
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     Xenon arc lamps (sometimes called ñXBOò 

bulbs) normally contain an atmosphere of xenon 

gas. 

 

     Metal halide arc lamps contain halogens, such 

as iodine and bromine, in addition to mercury. 

 

     The electrodes in the lamps are usually tungsten 

or thorium-doped tungsten.  The addition of 

halogens (iodine and/or bromine) to the atmosphere 

in a metal halide arc lamp can significantly extend 

the lampôs lifetime. 

 

     To ignite the lamp, a high voltage pulse is sent 

across the gas in the electrode gap, thus ionizing the 

gas and making it conductive.  This pulse is 

repeated until the atmosphere in the gap is 

sufficiently ionized to sustain the arc. 

 

     These bulbs are most frequently used as 

excitation light sources for fluorescence 

microscopy.   

 

     There are differences in the emission spectra of 

mercury and xenon lamps; mercury lamps have 

distinct peaks in the visible and ultraviolet parts of 

the spectrum, while xenon lamps have broader 

emission profiles in the visible and ultraviolet 

spectra, and distinct peaks in the near-infrared 

range. 

 

Go here for a discussion of mercury arc lamps. 

 

Go here for a discussion of xenon arc lamps. 

LEDs: The Future of Illumination for 

Microscopy? 

 
Figure 7.  Diagram of a light-emitting diode (LED).  Public 

domain image (Wikimedia). 

 

     The most recent advances in illumination for 

microscopy involve light-emitting diodes, or LEDs.  

LEDs are semiconductor-based light sources, in 

which electrons entering the LED are able to 

recombine with ñelectron holesò in the device.  The 

electrons then release energy in the form of photons.  

The color of the light is related to the energy gap, 

or bandgap, in the semiconductor. 

 

     Early LEDs were weak emitters only in the red 

part of the visible spectrum, but advances in 

semiconductors and the manufacturing of LEDs 

now give us many options for quite bright 

illumination in various colors, including white light. 

 

     Go here for a discussion of LED illumination 

and a Java-based interactive tutorial on the LED. 

 

     Go here for a more comprehensive discussion of 

the LED, its construction and properties, and its uses 

in microscopy. 

 

     White LED illumination has already been 

incorporated into many new microscopes, especially 

student and field microscopes.  The low energy 

Journal Club Candidate: 

ñSurrender Value of Capital Assets: The 

Economics of Strategic Virginity Loss,ò Alan 

Collins, Journal of Bioeconomics, vol. 2, no. 3, 

October, 2000, pp. 193ï201, 

http://zeiss-campus.magnet.fsu.edu/articles/lightsources/mercuryarc.html
http://zeiss-campus.magnet.fsu.edu/articles/lightsources/xenonarc.html
http://en.wikipedia.org/wiki/Energy_gap
http://en.wikipedia.org/wiki/Energy_gap
http://zeiss-campus.magnet.fsu.edu/tutorials/leddiagram/index.html
http://zeiss-campus.magnet.fsu.edu/articles/lightsources/leds.html
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consumption of LEDs makes them perfect for 

battery operation, and a long life of several thousand 

hours virtually eliminates the need to change bulbs. 

 

 
Figure 8.  A microscope equipped with LED illumination 

and a solar cell charging array.  Image courtesy of Micros 

Microscopes, Vienna, Austria. 

 

     When compared to mercury and xenon sources 

for fluorescence, the output from an LED has a very 

narrow bandwidth; its ability to excite fluorophores 

at more than one wavelength is therefore restricted.   

 

     This can be overcome by mounting several LEDs 

with different emission properties in a single 

lamphouse, then combining or rapidly switching the 

outputs from the LEDs for multi-wavelength 

fluorescence.  See, for example, Zeissô Colibri and 

Leicaôs SFL Series of LED systems. 

 

 

 

Medicine:  Paralyzed Patient Is First 
Person to Be Treated with Human 
Embryonic Stem Cells 
 

 
Figure 9.  Colony of human embryonic stem cells (blue, in 

center).  These cells are capable of differentiating into any 

of the 220 types of cells in the human body.  Image source: 

Clay Glennon, University of Wisconsin-Madison / National 

Institutes of Health / Department of Health and Human 

Services. 
 
     A patient who was partially paralyzed as a result 

of an injury to the spinal cord has become the first 

person to be injected with millions of stem cells 

derived from early human embryos created by in 

vitro fertilization. 
 

     Geron Corporation, based in Menlo Park, 

California, said that it has enrolled the first of 

several patients in a pioneering study of embryonic 

ñFlying Vacuum Cleaners Are Among Hazards in 

MRI Suites,ò David Spurgeon, British Medical Journal. 

vol. 323, no. 7309, August 18, 2001, p. 357.  

 
A study from Texas shows that potentially lethal 

incidents are occurring in magnetic resonance imaging 

(MRI) suites in US hospitals when stray items are 

attracted to the MRI magnet.  Items that have become 

projectiles  include nitrous oxide and oxygen tanks, a 

defibrillator, a wheelchair, a respirator, ankle weights, 

a tool box, a vacuum cleaner, and mop buckets. 

 

 

http://www.zeiss.de/colibri
http://www.leica-microsystems.com/products/light-microscopes/accessories/fluorescence-led-illumination/
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stem cells. The phase one clinical trial will attempt 

to assess whether the novel treatment is safe, rather 

than effective.  

 

     Geron said it has now enrolled its first patient, 

who was injected with embryonic stem cells into the 

spinal cord within 14 days of the injury, a 

precondition of Geronôs Food and Drug 

Administration license to perform the clinical trials.  

Researchers believe that stem cells have the best 

chance of repairing damaged nerves if the cells are 

injected as soon as possible after the injury has 

occurred. 

 

Source: The Independent.  Read the story here. 

 

Metastatic Cancer: New Clues on 
How Cancer Spreads 
 

 
 

Figure 10.  Section of human liver with multiple, white 

tumor deposits from metastatic pancreatic 

adenocarcinoma.  Public domain image (Wikimedia). 

 

     Researchers have recently demonstrated that 

cancer cells are accompanied by growth-enabling 

stromal cells when they travel in the bloodstream to 

new sites in the body. 

    The discovery by University of New South Wales 

medical scientists challenges the prevailing belief 

that metastasis is the sole preserve of cancer cells. 

The finding has implications for all solid tumors and 

could lead to more effective treatments for some of 

the most aggressive cancers. 

     The researchers found that "enabling" pancreatic 

stellate cells (PSCs) from primary tumors have the 

ability to invade blood vessels to travel via the 

bloodstream to distant sites, where they create a 

hospitable environment for cancer cells to seed and 

grow. The findings, presented at the annual 

scientific meeting of the American Pancreatic 

Association, appear in the American Journal of 

Pathology. 

     Source: Science Daily.  Read the news release 

here. 

 

 
     Pharmacology: Promising Drug 
Candidate Reverses Age-Related 
Memory Loss in Mice 
 

 
Figure 11.  Studies in mice may soon progress to human 

trials.  Public domain image (National Cancer Institute). 

The sex-enhancing drug Viagra was originally 
developed by US pharmaceutical giant Pfizer for 
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Hypertension!  

http://www.independent.co.uk/news/science/paralysed-man-is-first-to-be-treated-with-stem-cells-from-embryo-2103986.html
http://www.sciencedaily.com/releases/2010/10/101012095225.htm
http://www.sciencedaily.com/releases/2010/10/101012095225.htm

