
Editor's note: Take time out from 
technical papers and Sociev news for 
"The light touch," a fresh Optics & 
Photonics News column meant to be 
shared with students and childrm of 
all ages. 

A Heads-Up Display is one exam- 
ple of an optical device that does 

pretty interesting things in rather clev- 
er ways, yet is based an principles 
that a kid can understand. 

A Heads-Up Display is es- 
sentially a system for dis infor- 
mation such as aircraft speed to a pi- 
lot so that he can see it even when 
he's looking out the aircraft. If you're 
working with a youngster, you might 
tet him or her sit in a car and notice 
that there are a lot of things on the 
dashboard, such as the speedometer, 
that a driver must look down to see. 
This means looking away from the 
traffic. The allows the pilot to 
see his speed, altitude, and so on, even 
as he looks out the windshield. 

The basic components of the HUD 
are illustrated in the figure. Starting at 
the bottom, you have a monitor, 
which displays the desired informa- 
tion. Somehow we have to get the in- 
formation on the monitor up t o  
where the pilot can see it. So next 
comes a mirror to bounce the light 

JANET SHIELDS is a development engi- 
neer worhng with atmospheric opti- 
cal systems at Marine Physical Labo- 
ratory, Scripps Instimtion of Ocean- 
ography, University of California, 
San Diego. She is a contribueing edi- 
tor with Optics & Photonics News. 

Schematic view of a Fads-Up Display system 

up, a lens to focus it, and finaly a 
combiner to allow the pilot to see it. 
The combiner is the conzponent that 
combines the image from the monitor 
with the light coming from outside, so 
that the pilot can see both. 

A simple type of combiner one can 
use for demonstration is a beam split- 
ter--actually, a co 
item. (In faa, my beam splitters are 
desperately in need of washing, but 
writing this is more fun!) I am refer- 
ring to the widows, If you turn on a 
brigbt lamp at night and have your 
youngster go ourside, he or she can 
look through the window to the li&t: 
this is the transmitted light. Going 
back inside, the child can also see the 
light, just as if the window were a 
mirror. It is a little dimmer, because 
the window only reflects part of the 
light. During the day, the same thing 
happens, but the skyIight coming in is 
so bright that it is hard to see the re- 

flected light from the lamp. 
So a beam splitter is something that 

takes a beam of light and lets some 
pass through while it reflects part 
back at you, thus splitting it into ~ W Q  

parts. Through use of a beam splitter 
in the Heads-Up Display, the pilot 
can see the transmitted light from t he  
outside as well as the reflected light 
from the monitor. 

At least conceptually, a 
everyday optic+a monitor, mirror, 
lens, and beam splitter-and uses 
them in a unique way. But here's 
where the real fun comes in for the 
en@neers. There are a number of rea- 
sons why a simple system, with regu- 
lar mirrors and a beam splitter, won't: 
work. It's in solving some of these 
real puzzles that a lot of talent is re- 
quired on the part of the team design- 
ing the system. 

One problem is best explained by 
going back in the car and looking at 
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eld. Suppose you9-ve got 
stem and it has project- 

ed a number i ~ p  on the &dshield. If 
you put your finger against the wind- 
shield and look at some&g across 
the street, your finger wiI1 be out of 
focus, and you may. notice &at you 
can see: two fingers, Xn rhe same way, 
numbers projected on the window 
area will be &6dt for the pilot to 
see. It wodd really be better to make 
the numbers look like they are some- 
where several feet outside the air- 
plane. 

But this involves looking at sorne- 
thing that's not  her-namely, a vir- 
tual image. You mighr demonstrate 
the conoept of a vimal image in this 
way. Most kids have at some poht 
tried taking a cheap lens, biringing it 

outside, and ho lhg  it at just the dis- 
tance Lorn their hand so that thcy get 

of the sun on their hand. 
This is a real image, because the light 
actually hits the hand. You know it's 
real in this case, because you feel the 
heat and have to curtail the experi- 
ment abruptly. 

Instead, have tbe youngster try go- 

real finger, inside the mirror. As he 
p d s  his Gnger back toyard himself, . 

d can see the image xceding 
into the wal!. This is a vimat 

Image, which is inside the mirror, 
even though no ace1  light has pme- 

back of the niirror. With a 
they amally focus the lens so 

that the image of the numbers is 
placed, not on the beam splitter, but 
some distance outside the aircrzft. 
That way, the pilot does not see the 
double images we talked about earli- 
er. 

There were a 'lot more interesting 
problems en@neers had to solve. For 
example, how do you make the num- 
bers bright enough to see? And how 
do they keep the sunlight from going 
&sou& the system the other way and 
hearing up the monitor. Meads-Up 
Displays Ysiustrare something of what 
optical engineering can bc like. it's 
really not magic-nos of h e  princi- 
ples make pretty good sense. But it's 
solving problems like these that can 
really make it: fun. . 

Disorden af Object Recqgnltion and This book ts the first to provide a comprehensive 
What They Tell US about Normal Vision review of shape from shading. It brings together 
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shape tt.leory, offering engineers a new way to 
develop the intuitive feel for the behavior of a 
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