
Engineering 

Stray Light 
Stray light is a stray subject, little 
mentioned in books and courses, 
usually learned about the hard way— 
by bumbling into it. Stray light is 
everywhere, degrading the perfor
mance of optical systems. Like a chronic 
disease, its effects are persistent and 
gradually increasing, so that victims 
may not recognize their affliction. We 
typically notice stray light—as every
thing else—when there is a sudden 
change for the worst. The scratches and 
dust on our windshield are given little 
thought until the car is turned toward a 
low sun and we are overwhelmed with 
scattered light. One reason for overlook
ing stray light is the tendency to think 
about the light we want, not the light 
we don't want. A lso, the path of the 
wanted light is more predictable. 

A few people pay considerable 
attention to stray light, especially those 
interested in weak signals in bright 
surroundings. One such task is that of 
looking from space for missiles in the 
infrared against the background of the 
earthly oven. Another is the observation 
of the solar corona, whose brightness in 
the visible is a mil l ion times less than 
that of the solar disc. 

Some stray light is inherent in the 
design of instruments. Addi t ional 
sources develop as instruments wear or 
become dirty. The harm of this degrada
tion is two-fold, since direct light 
diminishes as scattered light increases. 
Some stray light arises from the field of 
view, by scattering from the object into 
the optics. The amount may depend on 
the object or pattern. Instruments wi th 
illumination systems produce some 
stray light that is independent of the 
object. However, the amount of this 
light relative to the light of interest 
varies with the object. 

The wave nature of light makes the 
complete suppression of stray light 
impossible. Waves fi l l space and their 
intensity can be zero only at points of 
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destructive interference, which can be 
complete only if the light is monochro
matic or, in very special cases, such as 
those in certain interferometers. Things 
are worse wi th coherent light, since 
random interference produces a 
mottled distribution in which there can 
be large peaks. 

Some things to consider... 

DOWN THE TUBES 

The use of round tubes to hold optics is 
natural mechanically, but for stray light 
this may be the worst shape possible. 
The light at the end of the tunnel can 
bounce right down it and end up 
brightest at the center, where the best 
image is usually expected. Some ways 
to help: Use tubes that are not round. 
Make tubes larger to increase internal 
incidence angles and thereby decrease 
reflection. Roughen the inside surfaces 
and make them black. A d d baffles. 
Threads can act as baffles, and they can 
be made on a lathe more easily than a 
series of identical cuts. Such threads 
should be sharp at the top, but their 
mechanical accuracy is unimportant. 
(These requirements must be specified 
explicitly, since model makers, unaccus
tomed to this sort of thread, w i l l 
otherwise cut them flat-topped, 
defeating the purpose, and with more 
accuracy—and at more cost—than is 
necessary.) 

BLACK i s NOT BLACK 

Nothing absorbs 100%. Blackness varies 
wi th wavelength, angle, and polariza
tion. H o w black is black enough 
depends on the circumstances, one of 
which is the min imum number of 
bounces that must occur before light 
can get where it shouldn't be. Blackness 
is negated by dirt, since particles on a 
surface scatter light that wou ld be 
otherwise absorbed, and surface films 
can reduce the absorption of specular 
blacks. Black surfaces differ in their 
ability to be cleaned. Consider whether 
flat black or specular black is better. 
Psychologically, flat black seems darker, 
but specular black is often preferred, 
since it permits control of the directions 

of unabsorbed light. Wi th specular 
black, incidence at Brewster's angle 
totally extinguishes the P-polarized 
component. Thus, a collimated mono
chromatic beam can be eradicated wi th 
two pieces of black dielectric, e.g. black 
glass or plastic. If gloss black paint is 
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used, consider the direction of the brush 
strokes, since they may scatter light 
perpendicular to their directions. 
Remember, also, that detectors do not 
absorb everything incident Upon them. 

SYSTEMS WITH ILLUMINATORS 

The il lumination must overfil l the field 
somewhat to achieve the required 
uniformity within the field, but 
i l luminating an excessive area can give 
rise to unwanted light. To reduce the 
overfil l ing, the illuminator optics may 
need to be better than is common 
practice. (This may bring other ben
efits.) Use baffles and stops in the 
il luminator as required. Wi th transmit
ted light systems, do not illuminate 
wi th too large a numerical aperture, 
since some of the light directed outside 
the acceptance cone of the imaging 
system wi l l reach the image plane as 
stray light. 

In systems with axial i l lumination 
and beamsplitters, provide specifically 
for a light trap. Do not simply al low the 
light to hit a black wal l , which may 
scatter more light back to the detector 
than comes from the object. If possible, 
introduce the light on the object side of 
the lens, rather than the detector side, so 
the light going the "wrong way" 
through the beamsplitter is not trapped 
within the system. 

In general, for each il lumination 
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direction there is a contribution to the 
desired image and a contribution to 
stray light. Consider how the ratio of 
the two varies wi th the incident 
i l lumination direction. Estimate the 
absorption and scattering properties of 
the object. What fraction of the light 
incident on the object is actually 
captured by the objective? This fraction 
can be quite small for objects that scatter 
and/or absorb. The backsides of 
transmitting objects can be a source of 
unwanted light—for instance, scratches 
on the rear of microscope slides. 

BATTEN DOWN THE HATCHES 

Where light can leave, it can also enter, 
so don't forget unused viewing or 
detection ports. For example, a micro
scope trinocular tube with the camera 
removed can image a ceiling light on 
the object, and still more background 
results from light bouncing around in a 
beamsplitter assembly that was not 
designed for use in the wrong direction. 

LENS MOUNTING 

Lens mounts, lens edges, and glued 
regions can all scatter light. Consider 
the design of the mounts that suppress 
stray light. 

WHAT YOU CAN'T SEE 

CAN HURT YOU 

Detectors can see in the dark. Beware of 
the U V and IR and that blackness varies 
wi th wavelength. In addition, filters 
may have unintended pass bands. 

OFF-AXIS 

Mult iple reflections can be most serious 
on axis, since al l the planes tangent to 
component vertices are parallel. 
Sometimes, off-axis elements are called 
for. Another approach is the use of 
small stops on axis. 

RE-IMAGING 

In extreme cases, as wi th the chrono
graph, it may be necessary to form an 
intermediate image at which stops can 
be used to block stray light. Similarly, it 
may be necessary to re-image the 
aperture stop. 

ALTERNATIVE IMAGING 

TECHNIQUES 

Some full-field systems have scanner 
analogs, i.e., systems that give the same 
images. The scanners may be less 
subject to stray light, since the object is 
interrogated a point at a time, and since 
the detector acceptance can be restricted 
in space and angle. The best system for 
stray light reduction is probably the 
confocal arrangement, in which sub-
resolution source and detector aper
tures are conjugate to each other and to 
the object. M u c h of the benefit provided 
by this arrangement is due to stray light 
reduction, rather than the theoretical 
improvement in resolution (for a system 
with infinitesimal apertures) afforded 
by squaring the response function of the 
optics used in one pass. In some cases, 
the best arrangement is one in which 
the source and detector apertures are 
small, but finite, so the detector 
aperture can reject most of the Stray 
light, whi le receiving most of the signal. 

BAFFLING PHENOMENA 

Structures that reduce stray light in one 
way introduce it in others. A baffle 
blocks and absorbs light, but it also 
provides an edge where light is 
diffracted over a range of angles. The 
nature of the edge should be consid
ered. Sharp edges scatter least, but the 
angular range of scattering is large, and 
sharpness is undesirable mechanically. 
Flat or round edges permit specular 
reflections, which is bad if the light 
heads straight for a detector, but good if 
the light can be sent broadside against 
another baffle. 

FIELD DEPENDENCE 

Do not assume that unwanted light falls 
homogeneously on the detector as 
"vei l ing glare." Stray light may vary 
across the field, and its distribution may 
depend on the object pattern and upon 
the i l lumination distribution in a 
complicated way. This can be checked 
by translating or rotating the object and 
by blocking part of the field. 

ENUMERATE SOME OF THE 

POSSIBILITIES 

Infinite are the ways that a photon can 
bounce to a detector, but at least some 
of the more blatant possibilities can be 
predicted. One approach is to consider 
first the one-bounce paths, then the 
two-bounce paths, and so on, unti l the 
number of combinations becomes 
overwhelming. 

SPECIFY AND TEST 

D o not take stray light for granted or 
merely ask for black anodization. A n d 
specifications without tests are mean
ingless. Some tests have to do wi th the 
object and some relate to the i l lumina
tion system. 

One class of tests involves setting 
up a region that is nominally dark and 
measuring the discrepancy caused by 
stray light. For example, the object can 
be al l clear or all white, except for a 
region that is small relative to the field, 
but large compared to the resolution of 
the system. Move the dark region to 
check for field dependence of stray 
light. 

For systems with illuminators, test 
for light arising internally by placing an 
absorbing structure where the object 
wou ld be. Compare the amount of light 
reaching the detector wi th and without 
the light on. More complete experi
ments can be done by varying the 
il luminator parameters, e.g., the 
numerical aperture and the field stop. 
H o w does the amount of stray light 
vary wi th the mode of il lumination? 
Check the i l lumination and imaging 
systems separately. 

Don't depend entirely on detectors 
for the analysis; look under the hood. 
Pul l off the detector or eyepiece, and 
check by eye for something overlooked. 
Introduce a bright source out of the 
field of v iew and /o r point a beam of 
light in and look for problem areas. 
Even for a system intended for an 
invisible wavelength, a check for stray 
light suppression in the visible is 
appropriate, since a surface that is shiny 
in one wavelength may be shiny at 
others. OPN 
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