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How bright a laser beam 
is needed to allow good 
public presentations and 
a good astronomy education 
experience? In the United States legal 
green lasers are limited to 5 milliwatts 
(mW) by the Food and Drug 
Administration. Many of the lasers sold 
as 5mW are actually 3-4mW as it is 
necessary to stay below that limit if you 
wish to import the laser into the United 
States or to sell the laser across state 

lines. 5mW units are fine if you are under fully dark skies, but often you 
are not, there are city lights, or moonlight and the 5mW beam ceases to 
be usably visible. This is worse if you are working with a larger group and 
the distance from the presenter is larger, also making the beam less 
visible. In practice I have found a beam in the 20-30mW range is about 
ideal. These lasers are available from a number of sources for around 
$100. Good visibility in moonlight, good visibility in light polluted 
surroundings and good large group utility. But importantly, not powerful 
enough to be truly dangerous. 

Where does the 5mW limit come from? The FDA, being a very 
conservative organization, set the safety threshold at 5mW based on 
animal and human studies and medical injury data. The 5mW limit is a 
national standard and applies to interstate or customs transactions, not all 
states have adopted it. Hawai'i does not appear to have strict laws 
regarding lasers, licensing or use, so my 30mW unit is legal. This 
contrasts with my previous home in Arizona, which is more typical of 
many states. The use of a class IIIb device was subject to licensing, 
training requirements, and yearly fees. The agency responsible being the 
Arizona nuclear regulatory office. Sheer bureaucratic overkill that made it 
practically impossible to legally use a device in the power range I needed, 
just a few milliwatts over the limit. I am always surprised there is no 
intermediate class, that a 20-30mW device is classed with devices of up 
to half a watt, devices that are quite dangerous. 
 
How do I come up with the 20-30mW number as being relatively safe? 
Being an engineer I understand safety margins and over specification and 
figured there must be a compromise. The trick was to find undistorted 
data, without the bias of overcautious bureaucrats. The data is out there 
on the web, but took some digging to find, many medical journal articles 
are hidden behind subscription services. Fortunately there are sources 
like PubMed that are freely and publicly accessible. Eventually I found and 
read several very informative papers on lasers and eye damage, looked at 
pictures of laser damage on monkey retinas and looked a damage done 
by visible lasers in the same sort of power class as those available for 
public work. I was surprised by actual human damage studies, done on 
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patients who were having eyes removed due to conditions like cancer, 
where the researcher could do damage without harming the patient. What 
I was looking for was just what level of laser radiation is dangerous in 
practical use. 
 
The conclusion I came to was that a 20-30mW unit could cause damage, 
but was not excessively risky. The data in the papers showed you could 
generate damage to a retina with even a 5mW device given a long (60s) 
exposure. But there were a lot of caveats, the beam had to be well 
focused, the eye could not be moving and it had to be focused for a 
substantial length of time. In reality a number of things protect the human 
eye, the first is the fact that the eye is constantly moving, this spreads the 
power over more than one spot, not allowing cumulative damage at one 
site. The second is that a bright visible laser will initiate a blink reflex , 
keeping any exposure in the tens of milliseconds time scale. To prevent 
these protective effects the tests in the references were sometimes done 
with anesthetized subjects. At the 100mW power level damage occurred 
with very short exposures and was quite dramatic. 
 
A 20-30mW laser needs to be treated with respect as injury is possible, 
but no more than any other dangerous tool we use every day. In practice 
damage with a laser at a sensible power level (20-30mW) would require 
prolonged exposure (>0.5sec) on a single site on the retina, requiring 
staring into the beam. The bright green light would elicit both a blink 
response and an aversion of the head and eye, particularly in a visually 
dark adapted environment. I would strongly discourage use of any laser 
50mW or greater for public astronomy work. Some of the references 
showed significant damage inflicted with 50mW lasers and sub second 
exposures. Lasers at all power levels should be kept out of the hands of 
anyone too young to understand the implications of the danger posed by a 
laser. 
 
Retinopathy From a Green Laser Pointer, Dennis M. Robertson, MD; Jay 
W. McLaren, PhD; Diva R. Salomao, MD; Thomas P. Link, CRA, Arch 
Ophthalmology 2005;123:629-633 [Note: direct testing of a 5mW green 
laser pointer on a human subject] 
 
A comparative histopathological study of argon and krypton laser 
irradiations of the human retina, J Marshall and A C Bird, Br J 
Ophthalmology 1979 October; 63(10): 657–668  
 
Histopathology of ruby and argon laser lesions in monkey and human 
retina. A comparative study, J. Marshall, A. M. Hamilton, and A. C. Bird, 
Br J Ophthalmol. 1975 November; 59(11): 610–630 
 
Maculopathy From Handheld Diode Laser Pointer, Clive H. Sell; J. 
Shepard Bryan, Arch Ophthalmology, Nov 1999; 117: 1557 - 1558. 
 
Assessment of Alleged Retinal Laser Injuries, Martin A. Mainster, PhD, 
MD; Bruce E. Stuck, MS; Jeremiah Brown, Jr, MD, MS, Arch Ophthalmol. 
2004;122:1210-1217. [Note: good general discussion on the issues of 
laser injury and great reference list] 
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