
Light Gone Astray 
A Look at Glare 

By Ross McCluney 

L ight is delightful. It is usually the 
carr ier of many wonderful sights 
and visual sensations. It stimu

lates one of our most important senses 
and utilizes a port ion of the electromag
netic spectrum which is dear to the 
hearts of most optical physicists. 

Light is not always so good and won
derful, however; sometimes it causes 
trouble. When light goes astray it is 
cal led glare. Glare is unwanted light 
that is either too bright or comes f rom 
the wrong direct ion. It has two faces. 
When it obscures or veils images we 
want to see, it is cal led disability glare, 
since, by masking images and reducing 
contrast, it disables our ability to see 
those images. 

Discomfort glare 
When light enters the eye f rom the 

side, away f rom the eye's optical axis, it 
confuses the eye's natural adaptation 
response and produces discomfort. In 
this case it is cal led discomfort glare. In 
extreme cases it can be very uncomfort
able and can lead to reduced visual 
performance. 

Disability glare is fairly easy for physi
cists to understand and recognize. Dis
comfort glare is generally more elusive. 
One way I have found to detect its pres
ence is to hold some dark opaque object 
(or my hand) up to the side of my face, 
b lock ing light f rom first one side and 
then another, whi le keeping my eyes 
fixed on something straight ahead. 

If this action results in a sensation of 
improved comfort, a slightly greater 
sense of wel l being, or an improvement 
in my ability to see the straight-ahead 
object, then I conclude that discomfort 
glare is probably present. 

We are a lmost c o n t i n u a l l y c o n 
fronted by glare. It occurs in nature 
when direct beam sunlight enters our 
eyes, either before or after reflection 
from shiny surfaces such as water. It is 
more often produced outdoors by man-
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made shiny objects. Sunlight f rom auto
mobi le surfaces can be a part icularly 
bad source of glare. When this sunlight 
enters bui ldings through windows, the 
glare effect is even more pronounced, 
due to the generally lower ambient inte
r ior i l luminat ion levels. 

Less dramatic examples of inter ior 
glare can be found in bui ldings without 
windows, but few people are aware of 
what to look for and fewer sti l l are in 
any posit ion to do something about 
solving glare problems. 

Unfortunately, this difficulty has been 
somewhat inst i tut ional ized, wi th the 
federa l gove rnmen t a t tempt ing to 
lower inter ior i l luminance levels in at
tempts to save energy, but without (in 
my view) adequately consider ing the 

potential impact of such actions on 
worker comfort and productivity. Older 
workers, low reflectance visual tasks, 
and cr i t ical tasks requir ing superior vis
ual performance need more light rather 
than less. 

The better approach 
A more sensible approach wou ld in

volve careful maintenance of the qual
ity of i l luminat ion, intell igent choice of 
the m in imum required quantity of i l lu
minat ion, and extensive use of more 
energy efficient methods of providing 
the required i l luminat ion. These meth
ods include the use of new, super-effi
cient lamps and luminaires, proximity 
sensors that turn off electric lights when 

If a bright light source is visible in a mirror placed over the visual task, then 
the source is a potential source of disability glare, also called veiling glare. 
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people leave the room, and proper use 
of daylight, wh ich is my own research 
interest. 

One response of the I l luminat ing E n 
gineering Society to increasing federal 
pressure for reduced i l luminance levels 
has been to depart f rom its o ld practice 
of recommending specific i l luminance 
levels for specific tasks and to give the 
designer more leeway in the choice of 
these levels. 

However , rather than comple te ly 
abandoning the old system, the IES has 
developed an i l l um inance select ion 
procedure that accounts for the nature 
of the visual task, the reflectance of the 
task, the age of the observer, and the 
required speed and/or accuracy of the 
visual performance. 

For example, if the task involves read
ing impact printer lettering with a good 
r ibbon on clean white paper, the recom
mended glare-free i l luminance on the 
task is f rom 200 to 500 lux (lumens per 
m 2 ) , depending upon the age of worker 
and the speed and accuracy of the task. 
If significant glare is present, it may be 
necessary to increase the task i l lumi
nance even above this range. 

Light from the side with luminance L s which is substantially greater than 
that LT of the primary target can produce discomfort glare, also called 

oblique source glare. 

Radiometric and Photometric Definitions 
Let Φ e λ be the quantity of radi

ant flux propagating in a beam of 
radiation within the wavelength in
terval f rom λ to λ+ λ (having 
width λ in nanometers). The spec
tral radiant flux at wavelength λ is 
defined to be 

in units of Watts per nanometer. 
The total radiant flux Φe within 

the beam wi l l be given by the inte
gral 

The spectral i rradiance Eλ pass
ing through a specified surface is 
defined as fol lows 

where a is a smal l element of area 
in the surface containing the point 
of interest and Φλ is the quantity of 
s p e c t r a l r a d i a n t f l u x p a s s i n g 
through this elemental area. Units 

are Watts per nanometer, and per 
m 2 ( W n m - 1 m - 2 ) . 

The spectral radiance Lλ passing 
through a specif ied surface at a 
point and into a specified direct ion 
is defined as follows: 

Where a is a smal l element of 
area in the surface containing the 
point of interest, ω is a smal l ele
ment of sol id angle containing the 
direct ion of interest, Φλ is the quan
tity of spectral radiant flux passing 
through area a and contained in 
sol id angle ω, and Θ is the angle 
between the direct ion of propaga
tion and a normal (perpendicular) 
to the surface at the point of inter
est. 

Let Qλ represent the three quanti
t ies: s p e c t r a l rad ian t f l ux , i r
radiance, and radiance. Let Q e rep
resen t the to ta l r a d i a n t f l u x , 
irradiance, and radiance. Let Q v 

represent the corresponding lumi
nous flux, i l luminance, and lumi
nance. The latter two sets of quanti

ties are defined by the fo l lowing 
integrals: 

Where 683 is the number of lu
mens of light st imulus produced by 
one watt of electromagnetic radia
t ion at a wavelength of 555 nm and 
Vλ is the value of the C L E . pho¬
topic spectral luminous efficiency 
function at wavelength λ. The latter 
has a max imum value of 1.0 at 555 
nm and drops to zero at 380 and 
760nm. 

F rom the above defining equa
tions we also have 
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One of the delightful aspects of day
light is that higher (glare-free) levels of 
this i l luminat ion can produce better 
worker comfort and productivity with 
very modest increases in energy costs. 

In any event, quality and quantity of 
i l luminat ion are tied together. B y im
proving the quality of i l luminat ion (re
ducing glare) in the workplace, one can 
be permitted some reductions in the 
quantity of electric l ighting without ad
versely affect ing—and possibly even 
enhancing—comfort and productivity. 

This is an area where we optical engi
neers and physicists can perform valu
a b l e s e r v i c e s , w i t h i n o u r o w n 
workspaces and beyond. We have the 
capacity quickly to understand the na
ture of glare and to suggest ways to 
eliminate or reduce it. 

VDT difficulties 
The video display terminal offers an 

excellent case in point. These devices 
are entering workspaces wh ich were 
not designed to accommodate them. 
Through lack of understanding of the 
problem, many bui ld ing managers are 
attempting quick-f ixes that p roduce 
emotions ranging from mi ld annoyance 
to threatened rebel l ion! In extreme 
cases, the so-called solution to the prob
lem can produce even greater d iscom
fort and visual disability. 

There are three potential sources of 
difficulty with VDTs: 
—Disabil i ty glare, result ing f rom direct 

ref lect ion of room light f rom the 
screen and into the eye, reducing the 
apparent contrast of images on the 
screen. This light can come from 
poorly oriented cei l ing lights, f rom 
windows, or f rom general ambient 
i l luminat ion, when the reflected lu
minance is comparable to that of the 
image on the screen. 

—Discomfort glare, produced by light 
from surrounding objects that are 
brighter than the screen. This light 
enters the eye and sends confl ict ing 
signals to the brain. 

—Adaptation changes, result ing f rom 
the user alternatively looking at a 
bright sheet of paper and a signifi
cantly darker V D T screen. The pro
longed and f requent adapta t ion 
changes which this forces on the eye 
can produce severe eyestrain, head
aches, and mental fatigue. 

Some remedies 
Solving only one or two of these prob

lems without addressing the third may 
provide partial relief, but cannot be 
considered to be an effective perma

nent solut ion. A more comprehensive 
approach might involve some appropri
ate combinat ion of the fo l lowing steps, 
depending upon the part icular needs of 
the specific situation: 
—Remove or relocate sources of veil

ing glare and/or relocate and reori
ent the VDT. 

—Purchase VDTs with matte finish (dif
fusely reflecting) glass surfaces to re
duce (but not eliminate) the disabil
ity glare f rom a single bright source 
in the reflected field of view. 

—Purchase VDTs with antireflection 
coatings. 

—Purchase fine-mesh or other semi-
transparent screens to be placed over 
the V D T screens. Note that these can 
reduce disability glare, but usually 
also with reduct ion of image clarity 
and brightness. 

—Shade the V D T screen f rom signifi
cant glare sources in the room. In 
some situations the accompl ishment 
of this objective has resulted in place
ment of the whole VDT, and the oper
ator along with it, inside a darkened 
box, commonly referred to as the 
black hole of Calcutta! It is important 
not to overdo things. The surfaces 
surrounding the V D T should be nei
ther excessively darker nor brighter 

than the V D T screen. 
— B a l a n c e brightnesses of the V D T 

screen and the surround, inc lud ing 
any paper reading tasks that might be 
involved. It might be necessary to 
switch to higher luminance VDTs 
and/or to install glare contro l de
vices on windows to reduce bright
ness ratios. 
I hope that this brief introduct ion to 

glare w i l l help you to be more aware of 
the visual envi ronment sur rounding 
you. I believe that optical physicists pos
sess special abilit ies to see, recognize, 
and interpret v isua l events a round 
them. 

Glare is one of those events that is 
frequently felt but d imly recognized by 
most individuals. Because of our spe
cial abil it ies, we are in an excellent 
posit ion to identify and el iminate glare-
producing stray light in our workplaces. 
Management and workers al ike should 
be interested in support ing this activity. 

F o r fu r ther i n f o rma t i on , consu l t 
pages 3-12 through 3-21 and pages 9-71 
through 9-74 of the IES Light ing Hand
book 1981 Reference Vo lume and some 
of the references listed on page 3-26 of 
that volume. (I l luminating Engineer ing 
Society of Nor th Amer ica , 345 East 47th 
St., New York, N.Y. 10017) 

OPTICAL ENGINEERING 
FACULTY POSITION 

OPTICAL SCIENCES CENTER 

The Optical Sciences Center of the University of 
Arizona is seeking an individual to fill a faculty level 
position in optical engineering. Experience in 
optical design, computation, testing, and optical 
system analysis is desirable. The individual 
selected is expected to participate in an active 
teaching and research program as well as develop 
new areas of optical technology. A tenure track 
position at the Assistant or Associate Professor 
level is anticipated. 

Applications or nominations should be 
forwarded before 31 March 1985 to Prof. R.R. 
Shannon, Director, Optical Sciences Center, 
University of Arizona, Tucson, AZ 85721. They 
should include a complete curriculum vitae along 
with the names and addresses of three references. 

The University of Arizona is an Equal 
Opportunity/Affirmative Action, Title IX /Sec t i on 504 
Employer. 
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