
Light touch 

Rainbow holograms 
Holograms have become an everyday 
experience because of two technolo
gies: the "white-light t ransmiss ion" or 
"ra inbow" hologram that is v iewable in 
white light, and the inexpensive repl i 
cat ion of holograms by embossing in 
plast ic. Here, we wi l l examine the first 
of these as might be found in a typ ica l 
"s i lvery b lob" hologram from cereal 
box, T-shirt, or magazine cover, and try 
to address some of the quest ions about 
them that I get asked most often. Find a 
hologram that has large areas that ap
pear in a single color, as some mult i
color holograms are too complex for 
these experiments. 

Al though it looks reflective, an em
bossed hologram can be thought of as 
a t ransmission hologram wi th a mir ror 
behind it ("reflection holograms" are 
entirely different items). Ordinary laser 
t r a n s m i s s i o n h o l o g r a m s mus t be 
viewed with point-l ike monochromat ic 
sources of light, such as lasers, or the 
image becomes b lurred. Rainbow ho
lograms are produced wi th a two-step 
exposure p rocess—a first hologram is 
made, then a hor izontal str ip of that 
hologram is i l luminated to project an 
image onto a second hologram that is 
made with a vert ical ly angled reference 
beam—and can be viewed instead with 
line sources of white light to produce 
sharp and colorful images. 

When a rainbow hologram is lit wi th 
an overhead point source of mono
chromat ic light (such as a diverged 
laser beam, a fi l tered mercury arc, or 
an LED), a real image of the first holo
gram str ip is focused into the space 
where the viewer 's eyes are expected 
to be. To examine that, i l luminate your 
hologram (held very flat) from above 
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w i th a monochromat ic source at least 
two meters away. Wi th your head about 
one meter in front of the hologram, 
look for a glowing hor izonta l str ipe 
f loating about half a meter in front of 
the hologram (the locat ion of the str ipe 
can be found by bobbing your head up 
and down and posi t ioning a finger in 
space unt i l there is no relative mot ion 
between it and the str ipe). If you br ing 
your eyes into this glowing str ipe, you 
wi l l suddenly see the entire 3-D image. 
Y o u can see " look a round" as you move 
f rom side to side, but no " look under/ 
over" because the image disappears! 
By the way, any wr ink les in the holo
gram wi l l deflect light away f rom your 
eyes, and that part of the image wi l l 
look dark. A l l this may be confused if 
there are several co lors in your holo
gram. They are not produced by using 
different co lored lasers, but by pos i 
t ioning the str ips at different angles 
dur ing exposure. Thus, you may see 
seve ra l g low ing s t r i ps at di f ferent 
heights, and each wi l l present a differ
ent part of the image to view. 

Now look at the hologram wi th a 
point-l ike source of whi te light, such as 
a high-intensity light or spotl ight, again 
from overhead and far away. If you 
have an interference filter avai lable, 
look through it to see the glowing str ip 
in front of the hologram in whatever 
co lor the interference filter t ransmits. 
Twist the interference filter so that its 
t ransmiss ion co lor shifts toward the 
blue, and note that the str ipe locat ion 
moves downward. Wi thout the inter
ferences filter, you shou ld see a spec
t rum hanging in front of the holograms 
wi th red on top and blue on the bot tom. 
Y o u can find its distance by using the 
finger test again (note that it is incl ined). 
Now, br ing your eyes to the spect rum 
so that they pick up light of a single 
color, and the hologram image wil l again 
appear in 3-D (but wi thout ver t ica l 
paral lax), and in a co lor determined by 

the height of your eyes. If you use a 
sl ide projector, microscope il luminator, 
or other focused i l luminator, you prob
ably can f ind the real image of the spec
t rum on a white card or ground glass 
held in front of the hologram. The color 
b lur that would result f rom white-light 
i l lumination of a conventional hologram 
is el iminated because the ra inbow ho
logram diffracts only one co lor to the 
eye, making the light source effectively 
monochromat ic . 

I l lumination of the hologram wi th a 
white-light source from below produces 
a 3-D image that is inside-out! This so-
cal led "pseudoscop ic " image is a re
markable feature of holograms, and is a 
phenomenon of opt ica l phase conju
gation (which we don't have room to 
discuss!) . If there were a tag or bl ip on 
the right-hand end of the glowing str ip 
when normal ly v iewed, it would be on 
the left-hand end of the str ip dur ing 
bot tom i l luminat ion (if you think the 
image of the end of the slit as formed by 
an off-axis Fresnel zone plate, and that 
the two i l luminat ions invoke the posi 
t ive and negative lens effects respec
t ively, you may be able to make sense 
of it!). The result is that the right eye 
sees the image that should have gone 
to the left eye, and v ice versa, so that 
the depth sense of the image is reversed. 

Rainbow holograms can be thought of 
as focused diffraction gratings in the ver
tical direction, and off-axis transmission 
holograms in the horizontal direction. 
They are harder to make and understand 
than laser transmission holograms, but 
their ease of viewing, high brightness, 
v iv id dimensionality, and ease of replica
t ion have made them popular commer
cial items. The sacr i f ice of informat ion 
(ver t ica l paral lax) has made reduced 
i l luminat ion coherence poss ib le wi th
out much degradat ion of the image; 
the same pr inc ip le has also made an 
ear ly form of ho lographic v ideo pos
s ib le , but that is yet another story! OPN 
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