
E v e r y d a y OPTICS 

Through the Looking Door 

One common type of lens with which 
almost everyone is familiar is the 
simple door viewer ("peephole"), 
which allows a homeowner or hotel 
room occupant to view a wide field 
through a small hole in the door while 
preventing anyone from seeing in 
through the viewer. 

HOW IT WORKS 
The lens must be designed to provide 
a very wide field of view with an ex
ternal exit pupil behind the lens for 
easy access by the human eye. The 
resolution limit of the lens should be 
roughly equal to that of the human 
eye, or approximately one arcminute.1 

Severe distortion (unavoidable in very 
wide-angle lenses) is allowed because 
the image of an intruder can still be 
discerned even if it is distorted. As 
with all lenses intended for use with 
the unaided eye, the lens must also 
be afocal (i.e., designed to produce 
nearly collimated output) so that the 
image can be viewed when the eye is 
focused at infinity. 

A lens based on the reverse 
Galilean-type telescope design, shown 
in Figure 1, provides the necessary 
wide field and sufficient eye relief for 

the average viewer. This design has a 
150 degree full field of view and a 5 
mm exit pupil located 0.5 inches from 
the last surface.2 The distortion, which 
measures over 65% across its field, 
produces an image very similar to that 
of photographic "fisheye" lenses. The 
resolution limit of this lens is approxi
mately 2 line pairs per milliradian cor
responding to 0.86 arcminutes. 

This lens also exhibits an ex
tremely large depth of field, essential 
to having objects both very near (a 
person at the door) and very far (the 

cars across the street) simultaneously 
in focus. This large depth of field is a 
byproduct of the large angular mag
nification of the door viewer. The 
range of accommodation of the un
aided human eye is usually specified 
as 250 mm to infinity (in people with 
normal visual acuity). This range is 
expanded when using optical devices 
because longitudinal distances scale 
as the square of the angular magnifi
cation of the device. In the case of the 
door viewer lens, the angular magni
fication is roughly 0.13 (10°/75°). 
Multiplying the square of this magni
fication by the standard near point of 
the unaided human eye (250 mm), the 
closest point that can be viewed is 
reduced from 250 mm to only 4.4 mm! 
The expanded depth of field (4.4 mm 
to infinity) not only allows virtually 
all objects to be viewed, but also al
lows people with varying levels of 
visual acuity be able to use the viewer 
without significant loss of resolution. 

WHY DOESN'T IT WORK 
REVERSED? 
If one looks through the lens back
wards, very little, if anything at all, 
will be visible. First, when looking 
through the lens this way, the field of 
view is very narrow. Because the an-

Figure 1. Door viewer lens. The external 
pupil behind the last surface allows easy 
access to the entire field of view. 

Figure 2. Viewing into a room. Use of a binocular channel in reverse allows the 
internal exit pupil to be relayed to a position where it can be accessed. 
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gular magnification is working to re
duce the field, only a fraction of the 
already small (10°) field is sampled at 
any one time. The field is further re
stricted because the entrance pupil of 
the lens is located inside the first sur
face of the lens. Therefore, when us
ing the lens backwards, a negative 
eye relief condition exists such that 
the viewer's eye would be required 
to be positioned at a pupil location 
that is physically inaccessible. The re
sult is significant physical vignetting 
and restriction of the field which is 
also out of focus. To focus on this 
image, the observer must move back 
away from the door. However, after 
this focusing is accomplished, the re
sulting image is so small (due to the 
angular magnification) that any de
tail in the image is well below the 
resolving power of the eye. 

IF I WERE A SLEUTH . . . 

As mentioned above, the entrance 
pupil of the lens is inside the first 
surface. Therefore, to use the door 
viewer to look into a room, an ob
server must place the pupil of his or 
her eye at this extreme pupil location. 
Conveniently, one channel of a re
versed binocular provides a mecha
nism for relaying this internal pupil 
to an external location. So, one can 
actually look into a room by holding 
the eyepiece of a binocular toward 
the door viewer while looking into 
the objective lens, as shown in Figure 
2. The resulting pupil match allows 
an expanded field to be viewed in 
focus. The field is still relatively nar
row, but good image focus can be 
achieved. 

Although such voyeurism is not 
encouraged, it is an interesting exer
cise to achieve an understanding of 
another simple optical device found 
in everyday life. OPN 
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