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Door Peepers 
B Y D O U G L A S S . G O O D M A N 

The ordinary security door peep
er, or door viewer, has a number 

of uses—pedagogical, practical, 
and fun. This article presents a 
range of demonstrations using 
door peepers. For many of these 
demonstrations, the essential fea
ture of the door peeper is that it 
compresses an entire hemisphere of 
phenomena into an angle small 
enough to fit the retina, so things 
that vary over a wide range of 
angles can be comprehended in a 
single view. 

For the remainder of the article, 
DP is used for door peeper, and the 
outside end is the one that faces a 
person outside of a door, while the 
inside end is the one looked through 
from the other side. And finally, 
"to look at something" means to 
look at it through the DP, with your 
eye on the inside and the object on 
the outside. 

Because the DP is a wide-angle 
device, many of these demonstrations 
require diffuse illumination, conve
niently obtained by putting the DP 
on a light box that is covered with 
cardboard or black paper, except for a 
hole. A white computer screen can 
sometimes be used, but the DP must 
be held far enough away so the screen 
dots do not cause confusion. 

Demonstrations 
Sheet polarizer behavior 
Put crossed sheet polarizers in front 
of the DP and illuminate it diffusely. 
The polarizers behave well along the 
principal meridians, but they do not 
extinguish fully at large angles 
between. 

Conoscopic viewing 
Conoscopic viewing, usually done 
with a polarization microscope, 
shows the angular behavior of bire
fringent materials, e.g., crystals. 
Look at a piece of mica between 
crossed polarizers using diffuse illu
mination. This is one of the best DP 
demonstrations. 

Diffraction grating 
Look at a diffraction grating illumi
nated by a light source with a small 
angular subtense that is monochro
matic or nearly so, e.g., an LED far 
enough away. The diffraction orders 
appear nearly evenly spaced in 
angle, but they leave the grating 
equally spaced in sines of angles. 
This shows the angular mapping 
done by the DP. 

Angular compression of diffraction 
phenomena 
Observe other diffraction pheno
mena in a similar way. Use a white 
light source to see wavelength varia
tions. 

Angular dependence of interference 
filters 
Look at an interference filter with 
diffuse white illumination to ob
serve the angular dependence of the 
filter's transmittance. Compare it 

with an absorption filter. Try tilting 
the interference filter and adding a 
sheet polarizer. 

Illumination analysis 
The DP gives an ants-eye view of 
illumination. Look through a DP 
anywhere to see the angular distribu
tion of light over a hemisphere. Put a 
DP in the object plane of a machine 
vision system used in reflection (see 
Fig. 1). This is useful for checking 
the illumination and setting it up 
symmetrically, e.g., getting a ring of 
light centered about a lens. Look 
into the narrow end of an illumi
nated non-imaging concentrator to 
see which parts of its walls are 
directing light to where the DP is 
located. 

Pupil aberration demonstration 
Put the DP on a light box inside end 
down, illuminating it backwards (see 
Fig. 2). Observe the white oval the 
light leaves on the outside end. This 
oval corresponds to what is usually 
the entrance pupil, which is distorted 
and changes position according to 
the angle at which it is seen. Estimate 
the input range of angles over which 
the DP receives light. Raise the DP 
and use a piece of paper with a 
2-8 mm hole to observe the location 
of the eye pupil image when the 
peeper is in normal use. 

Outgoing range of angles 
With the DP illuminated diffusely at 
the entrance side, measure the outgo
ing range of angles. Find the ratio of 
the angular ranges on the two sides. 

Lens testing 
The DP can be used at the image 
plane of a high NA lens set up for 
testing in several ways. A simple lens 
that shows nice effects is a glass or 
plastic sphere. Image a long fluores
cent bulb with a sphere and put the 
DP at the image plane to see a 
deformed image characteristic of 
spherical aberration. Likewise, 
observe the image of a point source 
to see the core and zonal images. 

Figure 1. Analyzing illumination in a machine system 
by means of a door peeper in the object plane. 
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Angular measurement 
Observe the world through a reticle 
in front of a DP. The reticle can be 
secured in place and calibrated so 
angular measurements can be done. 

Magnifier 
Use the DP as a magnifier by 
putting the outside end near an 
object. A computer screen with 
some features is convenient since it 
is self-luminous. Vary the distance 
of your eye from the inside end of 
the DP. Draw parallel lines about 
5 mm apart and long enough to 
be seen simultaneously through 
and around the DP. Estimate the 
magnification. 

Looking inside small places 
Look into tubes, small holes, and 
small spaces through the DP. Kids 
can explore their miniature con
struction toy and doll house worlds 
this way. Look at flowers to see them 
from the viewpoint of an insect or 
small creature. 

General peeping 
Look into the narrow end of a hol
low cone and observe that the walls 
seem more parallel. Put the DP 
against an aquarium or a terrarium. 
Unusual possibilities abound. Look 
at a mirror to see your own eye. 
Look inside a light colored sock in a 
well lit room. Put a pair of DPs in 
front of your eyes and angle them to 
get a fused image. Is this of any use? 

Reducing the angular field 
Put the outside end of a DP beneath 
the surface of water. The angular 

field is reduced since 
the index of water is 
closer to that of the 
outermost DP lens 
than is air. The field 
reduction is greater for 
flat-ended than curve-
ended DPs. Another 
method of reducing 
the angular field is to 
place a plastic hemi
sphere against the out

er flat surface of the DP, possibly 
with water between. 

Transparent things 
Look inside a block of glass or plas
tic by butting a DP against it. A 
rough ground block can be checked 
for internal defects by index match
ing with water or oil. 

Prism unfolding 
Put a DP against the entrance side 
of, say, a penta prism, to reveal its 
interior world, showing the unfold
ed view. 

Kaleidoscopes 
A very short kaleidoscope, with light 
reflecting at high incidence angles, 
can be used with a DP. Many types 
of kaleidoscopes are seen differently 
through a DP. 

Wide-angle source 
Illuminate the DP backwards with a 
beam of small divergence to send 
light over a wider range of angles. 

Source and detector 
Two DPs, one with a source and the 
other with a detector, make a send
ing and receiving pair that works 
over a wide-range of relative angles. 

Coupling to cameras 
Couple a DP to a reflex or video 
camera. The camera lens should be 
large enough to avoid vignetting. 
One way to mount the DP is with a 
hole in a lens cap. 

Field curvature 
A flat object viewed through a DP 

appears to curve away. Look at a 
concave surface (e.g., the inside of a 
bowl or strainer) to get a flat look
ing image. A concave cylindrical 
surface gives a saddle-shaped image. 
Move a stick or ruler lengthwise past 
the DP and see how it seems to 
bend. 

Distortion 
Look at a square figure cut out of 
cardboard from various distances 
and positions relative to a DP. 

Geometric optics pedagogy 
Understanding the door peeper is an 
excellent exercise in optics. Trans
verse, angular, and axial magnifica

tions come into play, as well as pupil 
locations, sizes, and shapes. Field 
curvature and distortion are blatant, 
and paraxial and finite ray proper
ties can be compared. Principles of 
visual instruments can also be 
shown. 

The DP is like a Galilean tele
scope, looked through from the 
wrong end (see Fig. 3). The DP 
brings rays with a wide-range of 
angles into a narrower range, rather 
than causing a group of rays with a 
narrow-range of angles to have a 
greater one. 

The reversed Galilean telescope 
and the eye combine to form an 
equivalent eye whose focal length is 
less than that of the actual eye. 
(With a telescope in the usual orien
tation, the equivalent eye has a 
longer focal length than the eye 
alone.) Continued on page 59 

Figure 2. Demonst ra t ing pupil aberrat ion with a DP illumi
nated " b a c k w a r d s " with a light box. 

Figure 3. A reversed Gal i lean t e l e s c o p e , the 
pr inciple of DP operat ion . 
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Door Peepers 
Continued from page 51 

The pupil of this equivalent eye is in front of the real 
one. 

The two properties important to the standard use 
of the DP are its angular reduction and the inaccessi
bility of the pupil on the outside end. The pupil 
viewed from the outside is a small virtual image of the 
aperture on the inside. The pupil of an eye outside the 
DP cannot overlap the DP pupi l , resulting in 
vignetting. This makes it difficult to look into the 
peeper from the outside, since the eye pupil of the 
human peeper can't get to that of the DP. It is all exac
erbated by the wide range of angles from the DP 
pupil. (Some optical practitioners know how to look 
in from the outside—a problem left to the reader.) 

Since the DP has an angular magnification less than 
unity, its transverse magnification is greater than unity. 
Hence, it can be used as a magnifier. 

Axial magnification is the square of transverse 
magnification. Near objects appear further away, 
typically to the extent that the eye can accommodate 
for objects at the entrance of the DP. This permits 
sharp viewing of the entire space into which the DP 
looks. 

The paraxial properties of the DP can be measured 
on an optical bench. (For a particular DP that I mea
sured, the transverse magnification was 4 and the axial 
magnification, 16.) 

The properties of the DP are mimicked to various 
degrees by other telescopes used backwards, e.g., opera 
glasses or binoculars. A binocular works very well as a 
magnifier, with an object near the eyepiece imaged at 
the objective. 

Consumer's guide 
My experience in purchasing peepers has been that 
large DPs are better than small ones. A planar outersur
face simplifies many of these demonstrations. I have 
seen DPs as inexpensive as $1.88, with performance to 
match. The best policy is to buy a variety as you can 
never have too many optical instruments lying about! 
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