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57 ABSTRACT 
Refractive elements typically have ground glass edges 
in areas where the properly-transmitted laser beam does 
not impinge. Defects on either incident optical surface 
or the exit optical will produce wide-angle scattering. 
Some of this scattered radiation will impinge directly 
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upon the ground glass; other scattered radiation will 
reach it after one or more internal reflections in the 
optical element: An optical fiber abutted to an edge 
transfers scattered light to a detector. If a threshold is 
exceeded, a visual or auditory signal may be generated 
to alert the operator and/or an interlock may be acti 
vated to disable the laser. One photodetector is used to 
detect returns from several elements. Fibers of different 
lengths are used to couple the different components into 
the detector. In this way, a pulsed laser with a pulse 
length short compared with the delay difference be 
tween fibers may be used to identify the individual 
element which contains the defect. The time taken be 
tween the laser pulse and a threshold exceedence can be 
used to identify the optical element which is the source 
of the stray light scattering. The surface of other optical 
elements, such as front-surfaced mirrors and stops, may 
also be monitored by locating the fiber off the main 
beam path at a point where stray light from the surface 
will be coupled into its numerical aperture. 

6 Claims, 4 Drawing Figures 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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DEGRADATION MONITOR FOR LASER OPTICS 

DEDICATORY CLAUSE 
The invention described herein was made in the 

course of or under a contract or subcontract thereunder 
with the Government and may be manufactured, used, 
and licensed by or for the Government for governmen 
tal purposes without the payment to me of any royalties 
thereon. 

BACKGROUND OF THE INVENTION 
The performance of optical elements may be de 

graded by a number of mechanisms, including the fol 
lowing: 

(1) Contamination by deposition of films or particu 
lates or by a condensation of liquids upon optical sur 
faces. 

(2) Surface damage such as scratches produced by the 
impingement of high velocity particles or by detach 
ment of optical coatings. 
These problems are especially severe in optical sys 

tems which must handle high fluxes of radiation, such as 
laser optics. Defects of the types mentioned above inter 
act with the laser beam and may absorb, scatter, or 
focus significant amounts of energy. One or more of the 
following deleterious effects may result. 

(1) Off-boresight flux may be increased, creating an 
eye safety hazard. 

(2) Opaque contaminants and scratches may be sub 
ject to severe local heating, leading to fracture of opti 
cal elements. 

(3) Light may be focussed by transparent droplets, 
causing dielectric breakdown, localized heating, etc. 

(4) Light may be backscattered into the system, caus 
ing damage to the laser or other components. 
High energy lasers are being applied in military, aero 

space, industrial, and medical environments where labo 
ratory standards of cleanliness and temperature control 
cannot be maintained. If operation of laser systems con 
tinues after the optical path has been degraded, cata 
strophic failure can result. 
The problem is, therefore: 
(1) To detect the degradation of the optical train in 

real time and to disable the high-energy laser before 
catastrophic failure occurs. 

(2) To identify, if possible, the individual optical as 
sembly or element which must be cleaned or replaced, 
thereby minimizing the down-time of the system and 
facilitating its repair by technicians. 
Any of the above-mentioned degradation mecha 

nisms will probably lead to increased levels of stray 
light in the optical system. The subject invention is a 
stray light monitor which detects the laser flux imping 
ing on points in the optical hardware which should not 
be illuminated in ideal operation. When this flux ex 
ceeds a pre-set threshold, the laser is disabled. 

SUMMARY OF THE INVENTION 
When a laser beam of high energy interacts with 

contaminants or defects on an optical surface, cata 
strophic failure can result. It is possible to prevent such 
failure by monitoring the stray light scattering in the 
system. The subject invention employs fiber optics cou 
pled to edges of refractive elements to transfer stray 
light to a photodetector (optical fibers may also monitor 
mirrors or stops). A dedicated photo-detector may be 
used for each fiber or several fibers with variable time 
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delay may be used to multiplex short-pulse returns from 
several fibers to a single detector. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows the coupling of ground glass edges of 

refractive elements to a photodetector by optical fibers 
in accordance to the present invention. 
FIG. 2 illustrates the coupling of a plurality of ele 

ments in a optical system to a single photodetector. 
FIG. 3 is a time verses amplified detector output 

chart showing the operation of FIG. 2. 
FIG. 4 illustrates scattering monitor for front-surface 

folding mirrors. 
DESCRIPTION OF THE BEST MODE AND 

PREFERRED EMBODIMENTS 
It will generally be desirable to transfer the stray light 

from the optical train to a photodetector at a remote 
location. FIG. 1 illustrates a method for coupling stray 
light from refractive elements into optical fibers. This 
coupling technique may be applied to lenses, prisms, 
windows back surface mirrors, and any other devices in 
which the light is transmitted by a refractive material. 
Such refractive elements (such as lens 1) typically have 
ground glass edges 2 and 3 in areas where the properly 
transmitted laser beam 4 does not impinge. Defects 5 on 
either incident optical surface or the exit optical surface 
will produce wide-angle scattering 6. Some of this scat 
tered radiation will impinge directly upon the ground 
glass surface 2; other scattered radiation will reach 
surface 2 after one or more internal reflections in the 
optical element 1. An optical fiber 10 may be built into 
a hole 7 in lens holder 8 so that it abuts the ground 
surface 2 of the refractive element 1, as shown in FIG. 
1. This optical fiber may then be used to transfer scat 
tered light into a photodetector 11. The photodetector's 
output may then be amplified and compared to a thresh 
old in processor 12. If this threshold is exceeded, a 
visual or auditory signal 13 may be generated to alert 
the operator and/or an interlock may be activated to 
disable the laser. Optical fibers 14 and 15 from other 
elements of the overall optical system also feed photo 
detector 11. 
One photodetector 30 may be used to detect returns 

from several elements 31, 32 and 33, as illustrated in 
FIG. 2. If this configuration is used, it is advantageous 
to use fibers 34, 35 and 36 of different lengths to couple 
the different components into the detector 30. In this 
way, a pulsed laser with a pulse length short compared 
with the delay difference between fibers may be used to 
identify the individual elements 33 which contains the 
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defect 43. This pulsed laser may be the high energy laser 
itself, if it is a short pulse device. If the system's high 
energy laser is CW or long-pulse, a diagnostic short 
pulse laser 50 may be utilized. The time of flight be 
tween the laser pulse and the threshold exceedence can 
be used to identify the optical element which is the 
source of the stray light scattering (see FIG. 3). Because 
the element is identified, the amount of down-time re 
quired to correct the defect will be minimized. As 
shown in FIGS. 2 and 3, the lengths added to the optical 
fibers are such as to add multiples of a time delay AT. 
The surfaces of other optical elements, such as front 

surfaced mirrors 42 and stops, may also be monitored. 
In this case, the fiber 40 (see FIG. 4) should be located 
off the main beam path at a point where stray light from 
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the surface defect 41 will be coupled into its numerical 
aperture. 

In operation of FIG. 2, a pulsed laser which may be 
the laser 50 of the original system or a diagnostic laser 
substituted for the laser 50. The time of firing of the 
laser is indicated in FIG.3 and the outputs of the detec 
tor are separated by AT for each element of the system. 
As can be seen from FIG.3 the spike output of photode 
tector 30 when the main laser beam passes through 
element 31 (plus delay time) is not sufficient to exceed 
threshold value. Same is true for element 32 which does 
not contain substantial defects. The separation of the 
spikes in FIG. 1 are due mainly to the length of the 
paths of the fiber optic 34, 35 and 36. Fiber optics 35 
having a delay loop 52 and fiber optics 36 having a 
delay loop 53. Element 33 having a substantial defect 43 
causes the output of the detector 30 after the delay 
caused by delay loop 53 to exceed the threshold value 
for this particiar element in the system. This gives a 
output 61 from processor 60 which will indicate exactly 
which element has the defect. This output can be used 
to shut the system down or give a signal out to indicate 
a defect is in existence. 

I claim: 
1. A system for detecting degradation of an optical 

element comprising an optical detector for detecting 
optical emission in an area of said optical element where 
optical emissions are normally not present except under 
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4. 
conditions of degradation of the optical element, and 
first coupling means coupling optical emissions from 
said area to said optical detector. 

2. A system as set forth in claim 1 wherein said optical 
element has ground edges and said first coupling means 
couples the emission from at least one of the edges to 
said optical detector. 

3. A system as set forth in claim 2 wherein said first 
coupling means is a fiber optics device which has one 
end that abuts one of said ground edges. 

4. A system as set forth in claim 1 wherein a plurality 
of optical elements are present each having an area 
normally not emitting optical signals, and a plurality of 
coupling means coupling optical emissions from each of 
these areas to said optical detector. 

5. A system as set forth in claim 4 wherein said plural 
ity of coupling means are of different predetermined 
lengths such that upon the emission of a pulse of electro 
magnetic energy through the optical elements, the time 
the optical emissions from said areas are transmitted to 
said optical detector are each spaced apart a predeter 
mined amount of time whereby a particular emission 

- being received by said optical detector can be identified 
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as to which optical element it originated from. 
6. A system as set forth in claim 5 wherein said cou 

pling means are fiber optics. 


