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The 3rd order aberration coefficients and an entrance pupil shape of a radial gradient index
rod lens with unit magnification, have been calculated as normalized symbolic forms. Comparing
contribution balances among surfaces and medium aberration coefficients, major factors affect-

ing image errors have been cleared.
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Fig. 1 Coordinates and dimensions of a radial
gradient index rod. (a) Dimensions, (b) Chief
ray and axial ray.
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Fig. 2 Numerical aperture of a radial gradient
index rod.
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Fig. 3 Entrance pupil coordinate.
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ficients vs. A4 (gZ1=0.17).

Table 1 3rd order coefficients.

Surface contributions
. Transfer
Aberrations tributi Total
1st 2nd Sub total | contribution
Spherical iz tan 2pan paf 2uan+ paf
Coma paz | —pan 0 0 0
Astigmatism uast tast 2pan uad 2uaa+ pa¥
Petzval 0 0 0 na¥ na¥
Distortion Hasi — tas1 0 0 0




EEETRAHRE L v XD 3 RIGEMET (75

% Fig. 6~8 1c9. Fig. 6~8 X HKRILICGERE

BUTORREZES.
(1) VvYXEDHENE REBEDEDICEDLET
BT,
(2) ADESHRBHEDOFEENSICTHNTHH/NE
V.
(3) JEHERD 4RO he OEALITH L CTIZIRE

IEPHBICE T 5. T, ha PEHERE LV
v ZAZROIFFREREICHEL T 5 C LITER Y 5.
(4) ha OBICH L TIEANZERD (LS 5 08

Ry Y N— VRIRIEE O/ T — I kET DA TH
D A KL TR—ETH 5.

225(57)

4 B K =

HFRICNEREEBNEA2FE TR (@26), @6)IKRAT
BE, Ar—nT7r s & ro LEFTEEEET G A
BEEUTEEINDTOREZES.

Ax=G?*rd(6i+6%)0%sin (p)

+(83+65+065)720 sin ()] (55)
Ay=G?ro[(63+ 61) 02 cos (p)
+(363+304+065)Y20 cos(p)]  (56)

Fig. 9, 10 (35X (65) ~ (66) # ., NEEEZEEL
RERIGEICED 2HIERTH 5. Fig. 9 i3 SLA
12 #8Y (G=0.12, Q=0.2,70=0.5mm) DA DI

Ay(mm) Ax(mm)
h,=0
0.3
P
0.6
0.9
1.2
Ay{mm) Ax(mm) h,=0
h,=0 0.3
0.04 0.04
0.3
0.02 0.6 0.02 0.6
0.9
b f . . N
( ) -1 0.25 NJS 1 P 0 0.2 0.4 0. 0.8 1 e
12 0.9
-0.02
1.2
-0.04
Ay(mm) Ax(mm) h,=0
0.3
0.04 0.04
h,=0 0.6
0.3
0.02 0.6 0.02
0.9
1.2 0.9
(C) -1 -0.75 -0.5 0.25 0.5 0.75 1 P 0 0.2 0.4 0.6 N —:I P
0.02} -0.02
1.2
-0.04} -0.04
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Fig. 11 Calculation image ray errors for the 3rd order analysis (solid curve) and

real ray trace (dots).
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EEERERSHERL ¥ XD 3 RIERT (79)

xS ¥=0, 0.7, 0.9 I DWNT ht 2/%5
A—2ELTEHELL®DTHS. Fig. 10 {2 SLA 20
FHY (G=0.25, Q=0.2, 70=0.5mm) DELETH 5.
T ORERLIT O EH ST 5 5.

(1) 3(65), (66) L Db»D &I ICHEHMICIHET 5
G BRELBBE2EDT7 7 7 & —TEBIT B H3
FiLs 5.

(2) BEOREINE LGS O EB RN TH
5.

(3) HEIERSEAICS>TL BLBEHLEE
BERDIETH SRy VN—VFIDOEY D HRE+
¥ VRIVTE D,

BRI STCENOREE A FHE 9~ 5 7o e T R E 3

BT IER O A Fig. 11 1TRd. 3IRE
PUT T LVBENELNTNS.

5. ¥ & &

EERE GG SRS ETESAREL Y XT LA
DLy REEIDWT, BBRE, BB hiz 3RD
PEERE A FNENRITIICRD 72, BINERHAE b &
I B OREEAPHAS TR D LA E LU TRBL
O XVFHHEDTZ 2. COREREERANTRESLIES
FERZHASHIC Ui, 4%, s oftEXEf0N
BRAOV VRV 792 THERNDC I i
BRATV Y XOFMENTA, BEICTUVARLY VXD
Prasefgeic 24 9.,

H AKRRE T o S B 2 7 L BF — RIS R 30 i B G 5- AT h Rl
L%9d.

D

2

~

3)

4

5)

6)

7

=

8

N7

9

=

10

=

11)

12)

227 (59)

X [

H. Kita, L Kitano, T. Uchida and M. Furukawa:
“Light-focusing glass fibers and rods,” J. Am. Ceram.
Soc.,, 54 (1971) 321.

I. Kitano, K. Koizumi, H. Matsumura, T. Uchida and
M. Furukawa : “A light-focusing fiber guide prepared
by ion-exchange techniques,” Jpn. J. Appl. Phys.
(Suppl.), 39 (1970) 63.

T. Uchida, M. Furukawa, 1. Kitano, K. Koizumi and
H. Matsumura: “Optical characteristics of a light-
focusing fiber guide and its applications,” IEEE J.
Quantum Electron.,, QE-6 (1970) 606.

M. Kawazu and Y. Ogura: “Application of gradient-
index fiber arrays to copying machines,” Appl. Opt.,
19 (1980) 1105.

INE—Z, BiE E, BEFES. LTER: CALHEE
A x— ey, EELSBNFERE, IE80-T2
(1980) 73.

WA, MERA, PNEEKE: LED 7Y v 27, &
HORNTIEERE, TE80-7T1 (1980) 65.

Selfoc is a registered trade name of the Nippon
Sheet Glass Co., Ltd., of Osaka Japan.

J. Rees and W. Lama: “Reduction/enlargement gra-
dient-index lens array,” Appl. Opt., 23 (1984) 1715.
J. Forer: “Third order aberration analysis of gra-
dient index array,” Paper for the Degree of Master
of Science, Univ. of Rochester (1983).

H. A.Buchdahl: Optical Aberration Coefficients (Dover,
New York, 1968).

K. Matsushita and M. Toyama: “Unevenness of illu-
minance caused by gradient-index fiber arrays,”
Appl. Opt.,, 19 (1980) 1070.

P.J. Sands: “Third-order aberrations of inhomoge-
neous lenses,” J Opt. Soc. Am., 60 (1971) 1436.



