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A lens of uniaxial crystal whose optic axis is perpendicular to the optical axis of the lens
has two foci. The one is for ordinary rays, and the other one for extraordinary rays. The
extraordinary rays have a special aberration due to the birefringence. Under paraxial condition,
the aberration becomes astigmatism. In this paper, we made ray tracing of the extraordinary
rays, and showed some examples of the birefringent aberrations as spot diagrams and aberration
curves. For a calcite single birefringent lens with 63mm focal length, the birefringent
astigmatism is the same extent as the aberration for a single isotropic lens. For a thinner lens,
the aberration is shown to be reduced. And an evaluation is made for a triplet birefringent
lens which is similar to the Dyson’s double focus lens.
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Fig. 1 A wave vector and its ray velocity in
the wave vector space of a uniaxial crystal.
Direction of the optic axis is along the k- axis.
The sphere shows the locus of the wave vector
for the ordinary rays, and the ellipse shows the
locus of the wave vector k. for the extraor-
dinary rays. no and n. are principal refractive
indices. V. is the ray velocity vector, which
is normal to the ellipse.
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Fig. 2 Refraction at a boundary B between air
and the uniaxial crystal. Incident wave vector
is ks, and the refracted vectors are k., and ke
for ordinary and extraordinary rays. The com-
ponents tangential to the surface must be the
same for these vectors.
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Fig. 3 Ray trace of the extraordinary ray. The
ray vector Vs in the object space is in the same
direction as the wave vector k. In the crystal
lens, the ray vector V. directs to a direction
different from the wave vector ke. In the image
space, the ray vector ¥V is in the same direction

of k.
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Fig. 4 Astigmatism of the extraordinary ray under paraxial condition.
The aberration exists even if the object point S is on the optical axis z.
The lens has a certain thickness, but it is not shown for simplicity:
Therefore, the origin O corresponds to the two cross points of the z axis
with the front and back surfaces of the lens.
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Fig. 5 Principal lens parameters for the ex-
traordinary ray. Image formation is expressed
by different parameters for the X-Z coordinate
and Y-Z coordinate. H., H./, Hy and H,’ shows
principal planes for imaging systems in X-Z
and Y-Z coordinates.
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Fig. 6 Spot diagrams of normal incident rays
for a calcite lens with the thickness of 3 mm.
Left row of the diagrams is for the lens with
diameter of 5mm. Middle row is for 1mm
diameter. And right row is for an isotropic
lens whose refractive index corresponds to 7.
of calcite. The positions of the image planes are
show on the left side of diagrams.
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Fig. 7 Aberration curves of the single bire-
fringent lens of the thickness 3 mm. The curve
X shows the longitudinal spherical aberration
of rays in the X-Z plane. And the curve Y is
of the rays in the Y-Z plane.
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Fig. 8 Spot diagrams of oblique incident rays. The diagrams on
the right side are results of isotropic lens.
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Fig. 9 Spot diagrams and aberration curves of
a thin birefringent lens with the thickness of 1
mm. Other lens dimensions are the same as
Fig. 6. Focal length of extraordinary ray is 63
mm. The difference of the focal points is 0. 032
mm.
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Fig. 10 Spot diagrams of a convex-plane and
a plano-convex birefringent lenses. The radius
of the spherical surface is 30mm and the lens
diameter is 5mm. Focal length of the extraor-
dinary ray is 62mm. The incident rays are
parallel to the optical axis. Plano-convex lens
dose not have the aberration due to birefrin-
gence.
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Fig. 11 Triplet lens made of optical glass (BK
7) and calcite. Focal lengths of ordinary and
extraordinary rays are infinity and 38.5mm,
respectively. The radii of the outside spherical
surfaces are 1,000mm, and the radii of the
inside surfaces are 30 mm. Lens diameter is 3
mm, and thicknesses are 4 mm, 2mm, and 4 mm.
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(c) Aberration Curve

Sk H21%H4E (199244 A)

5. ¥ & &

— IR REAOCEET ZEES L Y XDIE D
WTHRFT 2700, HREHOT 025 2 2EKL, B
VYREBHBRAR Y M4 ¥ 7 bBLPINEMRE
K. o ORER, EHEL v gk BINEE])
IT TEEIT# I & BIEMINE] BEE > T3, 1,
LY ZEPENZEEENEICEESDEL, Fhr Yy
RCHETHZAH LB A ERITEORENI LA L E
NZNT EMbhote. Fi, BXENESEE LT
720 Dyson BTHEEEL v XiICONT HEEETL,
ZOREDEE LR - 1.

BWEITHIC K 2IER 1UGEU T 2EET 5. L
U, TNECOFHEFITIE, Z2OIERSKRODER
BETh-1. BEOL YB3 INER, 2501
YREMBEDEBEICIY, N T BT EMTE
. TNICH L, WETL Y XOREREOIEE/NK
T3 & RBGETEN. 51T, EBICIIELGED
INZECOOT HEBICNS S T B U8ENHS. Lichi-
T, BNEOEREITL v XOREIIBEETH .

EEROHEATE, R eFENHL v XEFIFLTHE
BT X BINEOHBE T X BIF/NE L T 3 0EHs
H5. —7, FHEEEFRUCEGROBS, chd
DOPWEILDVTIRY 7 b =7 ETHBEERELTA
50T, CCTHIHEADEL v X% Dyson BL
YZHHAICAWBE CEBTRETHAS.

RBETRAR Y A Y7 5 L ERREIGEICHEYS S
B EHRR T A CEBITEOIGEERD 708, THE
CAWZEA, BREINEICOVTORIETS BRELD
5. ABRCNICTONTHRETEFTOIL.

X ik

1) L. Dyson : “Common-path interferometer for testing
purposes,” J. Opt. Soc. Am., 47 (1957) 386-390.
2) K. Iwata and N. Nishikawa : “Profile measurement
with a phase-shift common-path polarization in-
terferometer,” Proc. SPIE, 1162 (1989) 389-394.
WA, AR, HEH—: 837 EGRAMEEEG
AL TR (1990) p. 739.
4) M.]J. Downs, W.H. McGivern and H. J. Ferguson :
“Optical system for measuring the profiles of super-
smooth surfaces,” Precis. Eng., 7 (1985) 211-215.
H. Kikuta, K. Iwata and H. Shimomura: “First
order aberration of a double focus lens made of a
uniaxial crystal,” J.Opt. Soc. Am. A, 9 (1992) in
press.
6) A. Yarivand P. Yeh: “Electromagnetic propagation
in anisotropic media (Chap. 4),” Optical Waves in
Crystals (John Wiely and Sons, 1983).

3

<

5

=



