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Zoom Enlarging 
Lens 

BY J. BRIAN CALDWELL 

Patent: U.S. 5,696,633 
Issued: December 9, 1997 
Title: Varifocal Lens 
Example: #1 of 3 
Inventor: Masaya Nakajima 
Assignee: Nikon Corp. 

Photographic enlargers intended 
for amateur or small volume use 

have a variable total conjugate dis

tance because they 
use fixed focal 
length lenses. For 
high volume photo
processing this is in
efficient and a zoom 
lens is normally 
used to allow the 
total conjugate dis
tance to remain 
constant. This 
month's design (see 
Fig. 1) is a two 
group negative-pos
itive zoom with a 
fixed total conjugate 
distance that is suit
able for making 
small enlargements 
of negatives ranging 
up to 56 X 41.5 mm 
(6 X 4.5 cm). 

The design mini
mizes variation of 
both object distance 
and back focal 
length (BFL) with 
respect to magnifica
tion by appropriately 
varying the telepho
to ratio. At the high 
magnification posi
tion (shortest effec
tive focal length 
[EFL]) the telephoto ratio of 
the lens is 1.31, and at the low 
magnification (longest EFL) 
position is 1.00. This is impor
tant because it allows for the 
insertion of more sophisticat
ed exposure control and me
dia handling mechanisms into 
the object or image spaces. 

The design is essentially 
diffraction limited except for 
small amounts of axial and 
lateral color, some of which 
may be explained by the fact 
that exact glass types are not pro
vided in the prescription. As can be 
seen in Figure 2, the RMS wavefront 
error is less than 0.25 wave over the 
entire field for all zoom positions 
when the contributions from blue, 
green, and red light are weighted 
equally. Distortion ranges from 
0.75% at high magnification to 

0.50% at low magnification. The 
glass data given in Table 1 is for wave
lengths of 0.4800 nm, 0.5461 nm, and 
0.6438 nm. 

OPN Contributing Editor J. Brian Caldwell is president 
of Optical Data Solutions Inc., which produces 
LensVIEW™, a database of optical designs found in 
the patent literature. Comments and suggestions are 
welcome at caldwell@ods-inc.com. 

Figure 1. Zoom lens for a commercial photographic 
enlarger. 

Table 1. Optical prescription where measurements are given in 
millimeters. Focal length is 95-122 mm; magnification is -0.33 to 
-0.75; aperture is f/8-f/9.4; and film plane diagonal is 69 mm. 

Figure 2. Polychromatic RMS wavefront error as 
a function of field height. The wavelengths used 
in the calculation are 0.4800 nm, 0.5461 nm, and 
0.6438 nm, weighed equally. 

Optics & Photonics News/April 1998 47 

http://arlzona.edu

