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Asingle spherical mirror, with an 
aperture stop placed at its center 

of curvature, forms an image that 
suffers only from spherical aberra
tion and field curvature. To correct 
spherical aberration for all field 
points, an aspheric plate can be 
placed at the stop. This combination 
of a spherical mirror and aspheric 
corrector plate defines the classic 
Schmidt camera, invented by 
Bernard Schmidt in the early 
1930s.1 If either the aperture or fo
cal length of a Schmidt camera is 
sufficiently small, then it is possible 
to eliminate the aspheric corrector 
plate and still achieve high quality 
imagery. This system is commonly 
known as a lensless Schmidt 
camera. 

Two drawbacks of the Schmidt 
camera are that the image is difficult 

to access because it is located 
between the stop and the 
mirror, and that the image is 
strongly curved. It is possible 
to eliminate both of these 
problems by placing a con
vex secondary mirror be
tween the primary mirror 
and the stop. Two-mirror 
systems of this sort first ap
peared in patent literature in 
the 1940s.2-5 The full field-
of-view of these systems is 
limited to approximately 10° 
or less due to obscuration by 
the secondary mirror. 

This month's design is a 
two-mirror catadioptric sys
tem that covers 80° at f/4 
(see Fig. 1). The obscuring 
effect of the secondary mir
ror is overcome in this de
sign by making both mirrors 
partially reflective. Although 
this drastically reduces the 
throughput of the system, it 
allows for an impressively 
compact design with very 
low geometrical aberrations. 
The system is inexpensive to 
produce, since it consists of a 
cemented doublet in which 
the cemented interface is flat and 
the outer surfaces are partly reflec
tive. Since the stop is located at a 
large distance from the doublet, the 
system is naturally suited for use as 
a magnifier. The inventors suggest 
that the system can be appropriately 
used as an ocular in a head-mount
ed display system. 

If the mirrors are 50% reflective, 
then the image brightness is re
duced by 93.8% due to two reflec
tions and two transmissions. If used 
as an imaging system, about 1/3 of 
the incident light will be incident on 
the image plane as stray light, which 
is 5x as much as the image light it
self. Thus the image will not only be 
dim, but it will also have low con
trast. In view of these facts, the sys
tem will probably have very little 
commercial usefulness. 

As can be seen in Figures 2 and 3, 
the residual geometrical aberrations 
consist primarily of axial color, 

spherical aberration, and distortion. 
The axial color can be corrected by 
using different glasses, but this re
sults in a dramatic increase in lateral 
color. If the system is to be used as a 
magnifier, it is preferable to have a 
little axial color than a lot of lateral 
color. The spherical aberration is 
similar to that in a lensless Schmidt 
camera with the same aperture and 

Figure 1. 40-mm EFL, 80° full-
field-of-view catadioptric system. 

Figure 2. Transverse ray aberrations in millimeters for semi-field 
angles of O.O. 28.0, and 40° . 

Figure 3. Field curvature in millimeters and distortion in percent as 
a function of field angle. 

Table 1. Optical prescription where measurements are 
given in millimeters. 
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focal length. The optical prescription 
for the design is given in Table 1. 
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Recent Research 

SUMMARIZED BY GEORGE LEOPOLD 

These postdeadline papers were presented at the 
Optical Amplifiers and Their Applications Topical 
Meeting, July 21-23, 1997, Victoria, BC, Canada. 

A 5.5-W SINGLE-STAGE SINGLE-
PUMPED ERBIUM DOPED FIBER 

AMPLIFIER AT 1550 NM 

The single-state single-pumped 
EDFA reported here with 5.5 W 

of output power at 1550 nm is be
lieved to have the highest output 
power ever reported from erbium 
doped fiber. 

The EDFA's output signal power 
is linear with pump power. The am
plifier was counter-pumped at 1487 
nm with a combination of a 915-nm 
high power diode, a 1117-nm Yb 
cladding pumped fiber laser, and a 
cascaded Raman resonator. 

The researchers note that high 

power optical amplifiers around the 
1550-nm wavelength are desirable 
for such applications as long dis
tance repeaterless links, large passive 
splitting for fiber architectures, and 
satellite communications. 

The erbium-doped fiber efficien
cy of 89% was unchanged due to 
high pump power. The researchers 
also demonstrated that the output 
power is linear with pump power 
and, therefore, the output power is 
scalable. 

G.R. Jacobovitz-Veselka, R.P. Espindola, C. Headley, 
A.J. Stentz, S. Kosinski, D. Inniss, D. Tipton, D.J. Dl-
Giovanni, M. Andrejco, J. DeMarco, C. Soccolich, S. 
Cabot, N. Contl, J.J. Veselka, T. Strasser, R. Pedraz
zani, A. Hale, K.S. Kranz, R.G. Huff, G. Nykolak, and P. 
Hansen, Lucent Technologies, Murray Hill, N.J.; L. 
Gruner-Nielsen, Lucent Technologies, Brondby, Den
mark; and D. Boggavarapu, X. He, D. Caffey, S. Gup
ta, S. Srinlvasan, R. Pleak, K. McEven, and R. Patel, 
Opto Power Corp., Tucson, Ariz. 

980-NM BAND PUMP WAVELENGTH 
TUNING OF THE GAIN SPECTRUM 

OF EDFAs 

The international team reports 
large (2-3 dB) gain variations in 

the gain spectrum of an EDFA re
sulting from nanometer changes in 
pump wavelength in the 980-nm 
pump band. 

The sensitivity of the local shape of 
the erbium gain spectrum to pump 
wavelength varied considerably across 
the erbium gain band itself. 

The short wavelength portion of 
the gain spectrum was the most sen
sitive to pump wavelength. They 
found that gain flatness in this region 
can be improved significantly by 
careful pump wavelength control. 

The reported gain changes 
were distinct from dynamic gain 
tilt, but can be used to significant
ly improve amplifier gain flatness 
relative to arbitrary pump wave

length choice, and in some cases 
can be used to compensate gain 
shape distortions caused by dy
namic gain tilt. 

Kevin W. Bennett, Paul A. Jakobson, Mark A. New-
house, Shou-jong Sheih, and Michael J. Yadlowsky, 
Science and Technology Division, Coming Inc., Corn
ing, N.Y.; Fiona Davis and Nigel Jolley, Nortel Technol
ogy-Optical Transmission, Harlow, U.K.; arid Robert 
Keys, Nortel-Broadband Networks, Ottawa, Ontario. 

The following postdeadline papers were presented 
at the 1997 OSA Annual Meeting, 

October 12-17, 1997, Long Beach, Calif. 

TOWARD A HIGH-POWER, 
BRIGHTNESS-ENHANCED, POLARIZED, 

DIODE-BAR PUMPED PLANAR 
WAVEGUIDE LASER 

The researchers present recent re
sults obtained from the design 

and construction of diode-bar 
pumped planar waveguide lasers. 
The Au coating of an Nd:Ga:Lu: 
Y 3Al 5O 1 2 on a Y 3Al 5O 1 2 planar wave
guide to produce a TE polarized 
laser with improved beam quality in 
the guided direction is also reported. 

Diode-bars offer cheap, compact, 
and reliable pump sources, although 
the output generally requires beam 
shaping to allow efficient pumping 
of laser crystals. In contrast, the pla
nar waveguide offers a geometry 
that is well-matched to the output 
from the diode bar. 

The researchers have constructed 
a diode-bar end-pumped waveguide 
device that gives an output power of 
1.5 W for 6 W of incident diode light 
and a significant brightness enhance
ment. They also present the design 
for a fiber lens coupled diode-bar 
pumped planar waveguide that 
should allow enhanced coupling effi
ciencies and output powers from an 
extremely compact device. 

In search of images . . . 
Have you recorded a visually interesting optical phenomenon lately? Let your latent artistic talents 
come to light on OPN's "After Image" page! 

Send submissions to: 
OPN. OSA, 2010 Massachusetts Ave., N.W., Washington, D.C. 20036 
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