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SUMMARY 

This report provides quantitative data and color v1s1on evaluation 
for several types of goggles. The first two types are laser safety 
devices and the other three are for dark adaptation purposes. It is 
found that He-Ne laser safety eyewear conforms to the Army Regulation 
specification. It is recommended that one type of the safety device 
be used for only one specific purpose. Furthermore, the laser safety 
device cannot be used when a detection of a red display or a red light 
source is required. Results from the dark adaptation devices show that 
the spectral transmission characteristics possess virtually a common 
distribution. 

~~ 
Colonel, MSC 
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INTRODUCTION 

Although several references 1 ,?,~, 4 for establishing laser safety 
criteria are known, the optical characteristics and the spectral trans­
mittances of the laser safety devices are unavailable in any published 
form. Since the underlying laser damaging mechanisms and thresholds to 
the visual system remain unresolved 5

'
6 and since the laser radiation 

powers and intensities vary greatly with respect to the lasing materials 
and durations, there exists no universal safety device the optical 
quality of which will meet all the recent Army safety standards and 
regulations (AR 40-46) 7 • 

The increasing use of lasers as military electro-optical research 
tools, range finders, target designators, and weapons promptly demands 
stringent safety protection for the users. 

A qualitative evaluation of laser protective eyewear has been 
conducted previously 8

• Test results showed that exposure of laser 
goggle materials to sufficiently high laser energy would cause damage in 
the form of melting, bleaching, bubbling or shattering. Furthermore, 
some eye-safety products would fail to function as protective devices 2 after only several seconds of exposure to laser beams of about 12 w/cm 
Nevertheless, no quantitative analysis of the optical quality of the 
devices has ever been provided. The purpose of this study is to evalu­
ate two commercial safety goggles (Fig. 1) and to quantitatively compare 
their spectral transmission characteristics. Similar information is 
also provided for three red filters (Fig. 2) in use as dark adaptation 
devices. We believe that the data presented in this study are not 
available elsewhere, although fitting characterisitcs, field of view and 
effects upon color vision for one of the laser goggles have been pre­
viously investigated in this laboratory 9

• Results from this study will 
enable the users to calculate the amount of energy being transmitted 
through the safety devices. Several examples of the computations will 
be given to illustrate the application of the safety factor analysis. 

METHOD 

Devices Tested - The two types of laser safety devices used in this 
study were denoted as follow: (1) Type I device, manufactured by 
Omnitech Inc., Southbridge, MA 01560, was designed for protection 
against He-Ne lasers with power less than 1 mw. (2) Type II device, 
made by American Optical Corporation, Buffa~o, N~ 14215, was for use 
with ruby, neodynium or Ga-As lasers at 10- j/cm energy density or 
less 10

• The frame for the type I device was a goggle and for the type 



II device, a spectacle. The three red, dark adaptation devices used 
here were (1) WW II aviator's goggles, (2) Navy dark adaptation goggles 
and (3) fluorescopy adaptJtion goggles. The first was manufactured by 
Polaroid Corporation, Cambridge, MA and the second as well as the third 
were made by American Optical Corporation. 

Apparatus - The two 1 i ght sources used were ( 1) Macbeth daylight 
filter with 100 watt GE tungsten bulb, (2) 0. 5 mW He-Ne laser made by CW 
Radiation Inc., Mountain View, California. The automatic data acquisi­
tion/analysis system had the following main components: (1) RSS (rapid 
scan spectrometer), (2) DPO (digital processing oscilloscope) with 4K 
storage memory. (Both are made by Tektronix Inc., Beaverton, Oregon.) 
and (3) PDP 11/05 with 24K memory and a cassette I/0 drive. Tektronix 
4010-1 TTY and 4610 hardcopier were the accessories to the system. 

Experimental Design and Procedure 

Figure 3 shows the experimental arrangement. The light source 
(either coherent or incoherent source) was on the optical axis of the 
RSS and the distance between them was 20 em. The device to be tested 
was placed between the RSS and the light source. Other units were 
electronically connected with the RSS as schematically shown in the 
figure. 

Two separate experimental procedures were used. The first pro­
cedure was to measure the spectra 1 transmittance (ST) of each device. 
The basic technique was described in detail e1sewhere 11

• Briefly, the 
measurement process involved the division of the spectral power spectra 
with/without the device in the optical axis. Of course, each continuous 
spectrum had been digitized in the DPO and the computation processes 
were done in the POP 11/05 through the control of several computer 
programs stored in the memory. 

The second procedure was to obtain the ST after the laser safety 
devices were continuously exposed to the laser for durations of 5 and 10 
minutes respectively. It enabled us to evaluate the reliability of the 
devices. The data acquisition and analysis were the same as those of 
the first procedure. 

RESULTS 

Figure 4 is the power spectrum of He-Ne laser. The ordinates are 
the relative energy with 20 nw/div and the abs-cissa are the wavelengths 
from 400 to 800 nm with 40 nm/div. The optical dispersion of the 
coherent source is about 10 nm centered at 632.8 nm. Figure 5 

2 



is the 1931 CIE chromaticity diagram of the laser. The X, Y a9d Z 
chromaticity coordinate values are 0.6933, 0.3067 and 7 X 10-
respectively. It is noticed that the ar~ow is located at the edge of 
the diagram, indicating the source location plotted on the CIE diagram. 

The upper curve in Figure 6 is the powet spectrum of the Macbeth 
daylight lamp (incoherent light source). The middle curve is the power 
spectrum when the testing device is on the optical axis. The bottom 
curve is the background ambient light power spectrum when the light 
source is off. The abscissa and ordinates are similar to those in 
Figure 4 except the ordinate scale is 50 nw/div. 

Results of ST curves for the two types of laser safety goggles are 
shown in Figures 7 and 10 respectively. The ST curves for the three 
types of adaptation goggles are presented in Figures 12, 13 and 14. 
Since the attenuation factor is in the order of thousands, the ST curve 
is usually nonsmoothed. However, at this point, a computer program is 
utilized to smooth the curve. (This computer program is attached in the 
appendix.). Figure 8 shows the smooth curve of Figure 7. Figures 9 and 
11 are the CIE chromaticity diagrams of type I and II goggles respectively. 
The chromaticity coordinate values are shown at the upper portion of the 
graph. The arrow in each figure indicates that the color of the devices 
falls in the green region. The latter is the more saturated of the two, 

Figure 15 summarizes the ST curves of all the dark adaptation 
goggles. It is interesting to note that they have the same general 
shape although the WW II goggles were made about three decades before 
the other two goggles. The chromaticity coordinate values are shown on 
the bottom of each figure. The scale in the ordinates is 1 nw/div and 
the abscissa is the wavelength from 400 to 800 nm with 40 nm/div. The 
same abscissa also applies to the last three figures. 

The scale of the ordinate in Figures 16, 17 and 18 is 100 pw/div. 
All of these figures contain smoothed curves. The ST curves for 5 and 
10 minutes are respectively shown in Figures 16 and 17. Figure 18 
gives the comparison between them. It is noted that the curves are 
almost identical. We used the type I device for this portion of the 
experiment since we had only the He-Ne laser. Also, we did not use the 
average ST as we did in our previous studies 11

'
12 simply because the ST 

in this study is not uniform across the spectral range. 

DISCUSSION AND CONCLUSION 

Army Regulation 40-46 specifies that the protection standard for 
intrabeam vie~ing by the eye for the continuous wave (CW)a He-~e laser 
is 2.5 mw.cm- at 0.25 second exposure duration and is l~W em- at 
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4 to 8 hours in the use of optical alignment 7. The laser beam diameter 
used in the study is approximately 1.2 mm. The mean laser energy 
passed through t~e protec•ive devices after 10 minute exposure is in the 
order of 5 X 10- w. Thu::, the radiati~n density penetrated through the 
protective device is 0.44 X 1021 mwcm- which is lower than that of the 
specified standard (2.5 mw.cm- ). The amount of energy penetrated 
through a linear optical medium is in general proportional to the power 
of the laser. This implies that a 60 mw or mo~e He~Ne laser will exceed 
the specified hazardous standard of 2.5 mw em- at an exposure duration 
only one quarter of a second (assuming that the beam diameter is sti 11 
1.2 mm). Since the type I goggles are made for the use of low power 
laser protective devices, the present analysis shows that it is within 
the specified AR safety range. 

Caution has to be taken when detection and/or viewing of a red 
display or object is required. Since the devices transmit virtually no 
light beyond 560 nm, any light source beyond the yellow-red region will 
not be seen. The exact opposite situation occurs for the three types of 
dark-adaptation goggles. They transmit light beyond 560 nm. In addi­
tion, the authors wore the Type I and II laser safety goggles for one 
and a half hours and tested their color vision with the Nagel-Schmidt 
Anomaloscope after 5, 15, 45, 60 and 90 minutes of wearing time and 
found no significant changes from their pre-wearing results. The 
goggles were removed only during the short period required to g~ve the 
test. Post wearing results were also unaffected. It was found~ how­
ever, that the type II goggle has a more severe effect on color vision 
while being· worn than the Type I. This was noted with the American­
Optical Hardy, Rand, Rittler color vision test. 

In summary, this study has provided quantitative data for .several 
types of goggles. The first two types of safety devices are made for 
laser protection and the other three types are for dark adaptation 
purposes. It is found that the He-Ne laser safety goggels are adequate 
in terms of the Army Regulation specification. Results from the other 
three types show that the spectral transmission characteristics .possess 
virtually a common shape. It is recommended that one type of the safety 
device be used for only one specific purpose. Furthermore, the laser 
safety device cannot be used when a detection of a red display or light 
source is required. A computer program for smoothing the 11 noisy 11 

spectral curve has also been developed. 
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APPENDIX 

COMPUTER PROGRAM FOR .1MOOTHING THE "NOISY" CURVE (FROM STEP 300 TO 340) 

*LIS 
REPIARK DPO TEK BMlC <CA&IEIIE) Ult-tl 

188 REJWe( ONE SHOT DATA 
185 S1R A 
119 STR A,~,21FP 
115 Dl8PL.AY 144, •TRMSIENT CIRCUIT ..... 
128 WAIT 
12S HOLD A 
138 LMEL PA, •TRMSIENT DRTA• 
145 tmJP 
288 REJtARK AUDMiiE·. ·DATA 
285 HDUJ A 
218 tiJLO A, 1£1 FP 
215 MEMGE PfVPB, 32 
228 tiLO 8 
225 LAIEL. PB, •DATA· ~. 32 Tl•' 
238 STOP 
3118 REI lARK 8ftOOTH DATA. lH A 
311:5 LET fl8wPA 
318 DIFFERENTIATE &,A 
315 LET x-8<8> 
328 INI'EGRATE A,A, 
325 LET PR IU H 
338 u&.L PB, •ORIGINAL DATA~ 
335 LMEL PA,•allOTHED JMTAIII' 
348 STOP 
488 RSWIC FMT ~IER· nw.,_., 
485 HOLD A, ~~FP 
418 HOLDA 
41~ DISPUW «<IJ "F .F. T. IN P~Ga:~~• 
4?.8 L£T Bt PA flEA< M> 
425 FFT B:~.o.,c,....,. 
438L£T~ 
43S LET TD-256 
448 L£T Po-D 




