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Table 1. Analysis of spherical trial lenses with negative power
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Estimated power® Difference Thickness of edge Thickness of center
Labelled power ™ (D) betweenMand® (D) (mm) (mm)

©) A lens B lens A lens B lens A lens B lens A lens B lens
—0.25 -0.25 —0.24 0.00 —0.01 2.19 2.21 2.13 2.14
-0.50 —-0.51 —-0.52 0.01 0.02 2.32 2.76 2.16 2.59
-0.75 —-0.75 —0.80 0.00 0.05 2.47 2.60 2.25 2.32
-1.00 —-0.98 —-0.98 -0.02 —-0.02 2.26 2.24 1.95 1.96
-1.25 -1.28 -1.22 0.03 —-0.03 2.26 2.56 1.79 221
-1.50 —-1.55 -1.52 0.05 0.02 2.51 2.44 2.04 2.06
-1.75 -1.74 -1.75 -0.01 0.00 2.18 2.45 1.71 1.95
-2.00 -2.02 -1.99 0.02 —0.01 2.61 2.83 2.07 2.30
-2.25 -2.24 -2.24 -0.01 -0.01 2.12 2.50 1.48 1.93
-2.50 -2.53 —2.48 0.03 —0.02 2.56 2.50 1.87 1.84
-2.75 -2.77 -2.76 0.02 0.01 2.64 2.62 1.83 1.85
-3.00 -3.00 -2.99 0.00 —0.01 2.00 2.64 1.13 1.77
-3.25 -3.26 -3.26 0.01 0.01 2.74 2.45 1.86 1.62
-3.50 -3.53 -3.50 0.03 0.00 2.77 2.52 1.79 1.63
-3.75 -3.75 -3.73 0.00 —-0.02 2.94 2.55 2.01 1.55
—4.00 -3.99 -3.97 -0.01 -0.03 3.03 2.85 2.00 1.78
—4.25 —4.24 —4.18 —0.01 —-0.07 2.69 2.78 1.50 1.63
—4.50 —4.48 —4.45 —-0.02 -0.05 291 2.76 1.66 1.58
—4.75 —4.75 —4.69 0.00 —0.06 3.11 3.42 1.76 2.17
-5.00 -4.96 -5.01 —0.04 0.01 3.25 3.38 1.90 2.08
-5.25 -5.22 -5.20 -0.03 -0.05 3.38 3.37 1.92 1.96
-5.50 -5.52 -5.51 0.02 0.01 3.67 3.61 2.04 2.18
=575 -5.72 -5.66 -0.03 -0.09 2.56 3.55 0.90 2.05
—6.00 -5.99 -5.97 —0.01 —-0.03 2.95 3.64 1.24 2.04
—-6.50 —-6.50 —6.57 0.00 0.07 3.45 3.51 1.61 1.78
-7.00 —6.96 -7.02 -0.04 0.02 3.43 4.42 1.57 2.61
-7.50 -7.50 -7.49 0.00 —0.01 3.24 4.49 1.21 2.57
-8.00 -7.98 -8.04 -0.02 0.04 3.55 4.32 1.41 222
-8.50 —-8.48 -8.53 —0.02 0.03 3.40 4.42 1.22 2.23
-9.00 -8.97 -8.98 -0.03 —-0.02 4.43 4.39 1.97 1.96
-9.50 -9.51 -9.46 0.01 —0.04 3.94 4.03 1.24 1.52
—-10.00 -9.95 -9.94 —0.05 —0.06 4.51 4.26 1.73 1.76
—-11.00 —-11.00 —-10.98 0.00 —-0.02 4.24 4.38 1.20 1.68
—-12.00 -11.93 —-11.96 —0.07 —0.04 4.03 5.10 0.83 221
-13.00 -12.92 -12.90 -0.08 -0.10 4.64 5.19 1.07 1.97
—-14.00 —-13.90 —-13.95 —0.10 —0.05 497 5.23 1.24 1.72

-15.00 -15.03 - 0.03 - 5.43 - 1.54 -
—-16.00 -15.92 -15.90 —-0.08 -0.10 5.60 6.55 1.52 2.78
—-18.00 -17.97 -17.96 —0.03 —0.04 6.20 6.72 1.71 2.28
—-20.00 -19.89 -19.97 —0.11 -0.03 6.60 6.53 1.97 1.78
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Table 2. Analysis of cylindrical trial lenses with negative power
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Estimated power® Difference between Thickness of edge Thickness of center
Labelled power™ (D) and® (D) (mm) (mm)

®) A lens B lens A lens B lens A lens B lens A lens B lens
-0.25 -0.25 -0.28 0.00 0.03 2.30 2.53 2.25 2.46
—-0.50 -0.54 —-0.50 0.04 0.00 2.28 2.45 2.21 2.31
-0.75 —-0.81 -0.77 0.06 0.02 2.36 2.36 2.12 2.16
-1.00 -1.01 -1.03 0.01 0.03 2.38 2.53 2.11 2.27
-1.25 -1.23 -1.28 —-0.02 0.03 2.40 2.52 2.07 2.06
-1.50 -1.45 -1.51 —-0.05 0.01 2.45 2.66 2.12 2.26
-1.75 -1.72 -1.78 -0.03 0.03 241 2.71 1.92 2.24
-2.00 -1.97 -2.04 —-0.03 0.04 2.20 2.49 1.68 2.01
-2.25 -2.24 -2.23 -0.01 —-0.02 2.25 2.75 1.69 2.18
-2.50 -2.50 -2.54 0.00 0.04 2.52 2.67 1.76 2.02
-2.75 -2.75 -2.83 0.00 0.08 2.53 2.72 1.65 2.01
-3.00 -3.03 -3.05 0.03 0.05 2.69 3.16 1.84 2.45
-3.25 -3.27 -3.28 0.02 0.03 3.05 3.41 2.17 2.56
-3.50 -3.45 -3.54 —0.05 0.04 3.01 3.37 2.02 2.46
-3.75 -3.79 -3.72 0.04 -0.03 3.10 3.22 2.04 2.29
—4.00 -3.99 -3.96 -0.01 —-0.04 3.56 341 2.50 2.40
-4.50 —4.47 -4.40 -0.03 -0.10 3.41 3.47 2.21 2.18
-5.00 -5.02 -4.92 0.02 —0.08 3.33 3.36 1.93 2.08

-5.50 -5.46 - -0.04 - 3.22 - 1.72 -
—-6.00 -5.96 -5.90 —-0.04 —-0.10 3.32 3.44 1.56 1.85
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Table 3. Vertex distance of overlapped lenses with a spherical
trial lens and a cylindrical trial lens
Vertex distance (m)
Trial lens Cyl(D)
Sph(D) -2.00 —4.00 -6.00
A 500 0.001895 0.001485 0.001955
B ' 0.001615 0.001420 0.001695
A 100 0.001930 0.001520 0.001990
B ' 0.001875 0.001680 0.001955
A 6.00 0.002310 0.001900 0.002370
B ' 0.001745 0.001550 0.001825
A £.00 0.002225 0.001815 0.002285
B ' 0.001655 0.001555 0.001845
A 10.00 0.002065 0.001920 0.002270
B ' 0.001885 | 0.001755 | 0.002045
A 1200 0.002515 0.002130 0.002575
B ' 0.001685 0.001950 0.002240
A 14.00 0.002310 0.002395 0.002745
B ' 0.001995 0.002260 0.002550
A 16.00 0.002300 0.002570 0.002920
B ' 0.002125 0.002390 0.002680
A 18.00 0.002505 0.002775 0.003125
B ' 0.002460 0.002725 0.003015
A 0.002575 0.002845 0.003195
-20.00
B 0.002615 0.002880 0.003170
5 .
T 4
E
(]
(%]
§ 3
k7
2
%
g 2
7]
>
1 |
C D
Lens frame
Fig. 1. The difference in vertex distance between C frame
and D frame.
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Table 4. Comparison of A lens powers between calculated and estimated values when inserted a spherical lens inside and a
cylindrical lens outside

Cyl power(D)

-2.00° [-1.97]°

—4.00* [-3.99]° —6.00° [-5.96]°

Z2EY A= A=Z 596 D) AYAGNE p=0292F &

AR O frol8 JRBAE Ho
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1A 2% TH Table 4). 2

Section Refractive power (D)
Sph power(D) Sph Cyl Sph Cyl Sph Cyl
D =D, + D, —-2.00 -1.97 -2.00 -3.99 -2.00 -5.96
Gullstand's power -2.00* [-2.00]° —-2.00 -1.96 -2.00 -3.95 -2.00 —-5.87
Estimated power -2.02 -1.95 -2.03 -3.92 -2.09 -5.89
D=D, + D, -3.99 -1.97 -3.99 -3.99 -3.99 -5.96
Gullstand's power -4.00* [-3.99]° -3.99 -1.95 -3.99 -3.94 -3.99 —-5.84
Estimated power —4.00 -1.94 —4.02 -3.89 —4.07 -5.79
D =D, + D, -5.99 -1.97 -5.99 -3.99 -5.99 -5.96
Gullstand's power -6.00* [-5.99]° -5.99 -1.93 -5.99 -3.91 -5.99 -5.79
Estimated power —-6.04 -1.90 -6.03 -3.93 —-6.12 -5.79
D=D, + D, -7.98 -1.97 -7.98 -3.99 —7.98 -5.96
Gullstand's power -8.00* [-7.98]° -7.98 -1.93 -7.98 -3.90 -7.98 -5.77
Estimated power -7.96 -1.95 -8.01 -3.85 -8.02 -5.87
D =D, + D, -9.95 -1.97 -9.95 -3.99 -9.95 -5.96
Gullstand's power -10.0* [-9.95] -9.95 -1.92 -9.95 -3.88 -9.95 =5.75
Estimated power -9.93 -1.93 -9.93 -3.92 -9.99 -5.80
D=D, + D, -11.93 -1.97 -11.93 -3.99 -11.93 -5.96
Gullstand's power —12.00° [-11.93]° -11.93 -1.90 -11.93 -3.86 -11.93 -5.69
Estimated power -11.99 -1.93 —-12.05 -3.87 —-12.03 -5.94
D =D, + D, —-13.90 -1.97 -13.90 -3.99 —-13.90 -5.96
Gullstand's power ~14.00* [-13.90]° —-13.90 -1.90 -13.90 -3.82 —-13.90 —5.64
Estimated power -13.91 -1.99 -13.97 -3.89 —-14.00 -5.90
D=D, + D, -15.92 -1.97 -15.92 -3.99 —-15.92 -5.96
Gullstand's power -16.00° [-15.92]° -15.92 -1.89 —-15.92 -3.79 -15.92 -5.59
Estimated power -15.95 -1.96 —-16.05 -3.86 —-16.09 -5.74
D =D, + D, -17.97 -1.97 —-17.97 -3.99 -17.97 -5.96
Gullstand's power -18.00° [-17.97]° -17.97 -1.87 -17.97 -3.75 -17.97 -5.52
Estimated power -18.01 -2.02 —-18.00 -3.94 -18.17 -5.71
D=D, + D, —-19.89 -1.97 -19.89 -3.99 -19.89 -5.96
Gullstand's power -20.00° [-19.89]° -19.89 -1.86 -19.89 -3.72 -19.89 -5.48
Estimated power —-19.93 -1.94 -19.91 —4.09 —-20.08 -5.71
labelled power
bestimated power
£ 2olugte © 200 D 9F EilZ(%%l =z A2 % 952295 2aeds 34 452899 Aoy
-1.97 D) AUl p=0.151, —-4.00 D Y5 Eﬂzcﬂ gl T Eﬂ«l FHBAAE A5 % uj, 2.00 D YF
= =371 -3.99 D) AYJAlol= p=0.215, —6.00 D L5 @l A=2GY d= 2A=37E -1.97 D) ZYA= p=0.001,
A

—4.00 D 95 A=, (ﬂg A= éé—%k -3.99 D) AYAldll=
] A= AZ32E -5.96 D)
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Fig. 2.Combined cylindrical power of A lens which inserted a
spherical lens inside and a cylindrical lens outside.
A. -2.00 D as labelled cylinder power
B. —4.00 D as labelled cylinder power
C. -6.00 D as labelled cylinder power
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Fig. 3. Combined cylindrical power of B lens which inserted a
spherical lens inside and a cylindrical lens outside.
A. -2.00 D as labelled cylinder power
B. —4.00 D as labelled cylinder power
C. -6.00 D as labelled cylinder power

dF2dge] A7le Tév‘f Zo® gk dl= %—*ﬁ =239
EdE ¥4 FE8Y3 s =
‘/}E}‘/P A “7*9} E?t_]?f P& HAthFig. 3).

BA}F A=) A %Téﬁﬁﬂr sk A= 32 A5
A o] Apolgte] FAZFAEY F7tet FHBATE A= A
5 golHLS wf AIet dF=e] o] —2.00 DY
w] p=0.122, —4.00 DY W p=0.065, —6.00 DY W p=0.041°]
PFoEE 200D Z —4.00 D AFA= A= EAZ
o= Fo3h Wish= obd Ao F vEht A5z =)
& AFolt BAASE s IR1T  UATKTable
5). AF AF2HYy} F2ENE I AT A
ojgte] FHIHY FVtel AAIAVE e AE dotr
%S W Y5 A= 2,00 D FYAl= p=0.026, —4.00 D
YAloll= p=0.347, —6.00 D FYA4l= p=0.010= —4.00 D
AFA =7 FAHAS W E ALstae FH=EY
o] 713l w} BAZ R {3t AUUAS Rt
(Table 5).
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Table 5. Comparison of B lens powers between calculated and estimated values when inserted a spherical lens inside and a

cylindrical lens outside

Cyl power(D)

~2.00° [-2.00]°

—4.00° [-4.00]° -6.00° [-6.00]°

Section Refractive power (D)
Sph power(D) Sph Cyl Sph Cyl Sph Cyl
D=D, +D, -1.99 -2.00 -1.99 —4.00 -1.99 —6.00
Gullstand's power -2.00* [-1.99] -1.99 -1.99 -1.99 -3.97 -1.99 -5.92
Estimated power -2.02 -2.03 -2.00 -3.94 -2.02 -5.88
D=D, + D, -3.97 -2.00 -3.97 —4.00 -3.97 —6.00
Gullstand's power -4.00* [-3.97]° -3.97 -1.98 -3.97 -3.95 -3.97 —-5.88
Estimated power —4.01 -2.02 —4.04 -3.90 —4.04 -5.87
D=D, +D, -5.97 -2.00 -5.97 —4.00 -5.97 —6.00
Gullstand's power -6.00* [-5.97]° -5.97 -1.97 -5.97 -3.94 -5.97 —5.87
Estimated power -6.03 -2.00 —6.06 -3.88 -6.03 -5.93
D=D, + D, -8.04 -2.00 -8.04 —4.00 -8.04 —6.00
Gullstand's power -8.00° [-8.04]° -8.04 -1.97 -8.04 -3.93 -8.04 -5.85
Estimated power -8.08 -2.01 =8.11 -3.89 -8.07 -5.85
D=D, +D, -9.94 -2.00 -9.94 —4.00 -9.94 —6.00
Gullstand's power -10.0° [-9.94]° -9.94 -1.96 -9.94 -3.90 -9.94 —-5.81
Estimated power -9.95 -2.04 —-10.03 -3.85 -9.97 -5.92
D=D, + D, -11.96 -2.00 -11.96 —4.00 -11.96 —6.00
Gullstand's power -12.00* [-11.96]° -11.96 -1.95 —-11.96 -3.88 -11.96 -5.76
Estimated power -11.97 —2.04 -12.07 -3.81 —-12.05 —-5.81
D=D, +D, —-13.95 -2.00 —-13.95 —4.00 -13.95 —6.00
Gullstand's power ~14.00° [-13.95]° -13.95 -1.94 —-13.95 -3.84 —-13.95 -5.70
Estimated power -14.00 -1.99 -14.02 -3.87 -14.03 -5.79
D=D, + D, —-15.90 -2.00 15.90 —4.00 15.90 —6.00
Gullstand's power -16.00* [-15.901° -15.90 -1.92 —-15.90 -3.81 —-15.90 —5.65
Estimated power —-15.96 -1.99 -15.94 -3.90 —-15.99 -5.65
D=D, + D, —-17.96 -2.00 -17.96 —4.00 —-17.96 —6.00
Gullstand's power -18.00° [-17.96]° -17.96 -1.90 -17.96 -3.76 -17.96 —-5.57
Estimated power —-18.07 -2.06 —-18.07 —-3.89 -18.16 =5.75
D =D, + D, -19.97 -2.00 -19.97 —4.00 -19.97 —6.00
Gullstand's power -20.00* [-19.97]° -19.97 -1.89 -19.97 -3.73 -19.97 —5.52
Estimated power -20.03 -2.32 -20.42 -3.61 -20.09 -5.83

labelled power
bestimated power
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Fig. 4. Combined spherical power of A lens which inserted a
cylindrical lens inside and a spherical lens outside.
A. -2.00 D as labelled cylinder power
B. —4.00 D as labelled cylinder power
C. —6.00 D as labelled cylinder power
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AZ QFZAYEIE —6.06 D, FLENE I AF=H
H3S -5.83 DOE 023 DY 2|7} At YF=4
B AEghe gk A= F IFFHIYFET Hit 0.05
DUFEF A=t 2aEdE 32 dFa2d3Ezie A=
@ Ht 0.05 D ¥ AxFon gk A= 34 o
FZHEYHOE F 0.10 D VHE AT Ao YEt
Ut &, 5= e HaHo R gk H= ¥
2l Y > A4S 2485 > FLEWE 32 24
# o2 YENITHFIg. 4).

AAF 45 A= 2,00 DY A= 2=3E -1.97 D) &
JAol= p=0.138, Y5 A= 400 DEL A= D=3
-3.99 D) FYAl= p=0.039, Y= A= -6.00 D(EL =
Z AZ237L 596 D) AYJAlol= p=0.0152 I+ d=
—2.00 D(EY A= =37k -1.97 D) AAAIE Astre
THAFEH| FUIE e gR A= 2 dFEHEE
T A=gke] 2oz} AR = ABAAZ BTk A= Y
FAYY F2ENE 2 T4 Aolgke] A
=249 Z7Me} FHEATE Sle A GolEgs of AF
= 200 D(EY A= A=g -1.97 D) FYPAN=
p=0.002, YF A= 4,00 DY A= A=ZE —3.99 D)
AJAlol= p=0.005, 9F A= —6.00 DY A= 2=k
-5.96 D) ZUAol= p=0.0000-2 RE Egeol| A FHEH
Ho] Z73l) et BAF R 93 AURTAS Bk
(Table 6).
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Table 6. Comparison of A lens powers between calculated and estimated values when inserted a cylindrical lens inside and a
spherical lens outside

Cyl power(D) -2.00* [-1.97]° -4.00° [-3.99]° -6.00* [-5.96]°
Section Refractive power (D)
Sph power(D) Sph Cyl Sph Cyl Sph Cyl
D =D, + D, -2.00 -1.97 -2.00 -3.99 —-2.00 -5.96
Gullstand's power -2.00* [-2.00]° -1.99 -1.96 -1.99 -3.98 -1.99 -5.94
Estimated power -2.00 -1.96 -1.99 -3.98 -2.01 -5.98
D =D, + D, -3.99 -1.97 -3.99 -3.99 -3.99 —-5.96
Gullstand's power —4.00* [-3.99]° -3.96 -1.95 -3.97 -3.97 -3.96 -5.91
Estimated power -3.96 -1.93 -3.97 -3.98 —4.02 -5.99
D =D, + D, -5.99 -1.97 -5.99 -3.99 -5.99 -5.96
Gullstand's power -6.00* [-5.99]° -5.91 -1.94 -5.92 -3.95 -5.91 -5.88
Estimated power -5.92 -1.96 -5.92 —4.00 —-6.02 -5.97
D =D, + D, -7.98 -1.97 -7.98 -3.99 —7.98 —-5.96
Gullstand's power -8.00* [-7.98]° -7.84 -1.94 -7.87 -3.93 -7.84 -5.85
Estimated power -7.79 -1.99 -7.79 -3.98 -7.90 -5.98
D =D, + D, -9.95 -1.97 -9.95 -3.99 -9.95 -5.96
Gullstand's power -10.0* [-9.95]° -9.75 -1.93 -9.76 -3.92 -9.73 -5.83
Estimated power -9.68 -1.96 -9.65 -4.01 -9.72 —-6.06
D =D, + D, -11.93 -1.97 -11.93 -3.99 -11.93 —-5.96
Gullstand's power -12.00° [-11.93]° —-11.58 -1.91 -11.63 -3.89 -11.57 -5.78
Estimated power -11.59 -1.86 —-11.64 —4.01 —-11.52 —5.86
D =D, + D, —-13.90 -1.97 -13.90 -3.99 -13.90 -5.96
Gullstand's power ~14.00° [-13.90]° —-13.47 -1.91 —-13.45 -3.86 —-13.39 -5.74
Estimated power -13.36 -1.84 -13.19 -3.79 -13.22 -5.90
D =D, + D, -15.92 -1.97 -15.92 -3.99 —-15.92 -5.96
Gullstand's power -16.00* [-15.92]° —-15.36 -1.90 -15.29 -3.83 -15.21 -5.70
Estimated power -15.00 -1.94 —-15.02 -3.69 —-14.96 —-5.89
D =D, + D, -17.97 -1.97 -17.97 -3.99 -17.97 -5.96
Gullstand's power -18.00° [-17.97] -17.20 -1.89 -17.12 -3.80 -17.01 —5.64
Estimated power -16.93 -1.85 —-16.66 -3.84 -16.67 -5.86
D =D, + D, —-19.89 -1.97 —-19.89 -3.99 -19.89 —-5.96
Gullstand's power -20.00* [-19.89]° —-18.92 -1.89 —-18.82 -3.78 -18.70 -5.60
Estimated power —-18.43 -1.93 —18.60 -3.85 —-18.42 =5.73

labelled power
bestimated power

o] & zlol= [e O =E eI Table 7). 2 FosH Ekslan 2REd= 2] FHEEE s

T Y] Sl weh g2 d=ef FAIHEY  ASHY] 3 e AFEEY Bl paEEEol
A9 FHEEEY AS3Y eale dF=dYol Z7Hgel wet SAZ R Fojst AHAAE EAt
—2.00 DY w p=0.888, —4.00 DY W} p=0.775, -6.00 DY (p=0.000).

4 2P 08 eht A= P92 L A FF 0 p0.047E 9FZAL0] 6,00 DY BN FAHL.
=
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Table 7. Comparison of B lens powers between calculated and estimated values when inserted a cylindrical lens inside and a
spherical lens outside

Cyl power(D)

~2.00° [-2.00]°

—4.00° [-4.00]° ~6.00° [-6.00]°

Section Refractive power (D)

Sph power(D) Sph Cyl Sph Cyl Sph Cyl

D =D, + D, -1.99 -2.00 -1.99 —-4.00 -1.99 —6.00
Gullstand's power -2.00° [-1.99]° -1.98 -1.99 -1.98 -3.99 -1.98 -5.98
Estimated power -2.01 -2.03 -2.06 -3.96 -2.07 -5.86
D=D,+D, -3.97 -2.00 -3.97 —4.00 -3.97 —6.00
Gullstand's power -4.00* [-3.97]° -3.94 -1.99 -3.94 -3.97 -3.94 -5.95
Estimated power -3.98 -2.01 -3.99 -3.97 -3.98 -5.91
D =D, + D, -5.97 -2.00 -5.97 —-4.00 -5.97 —6.00
Gullstand's power -6.00° [-5.97]° -5.91 -1.98 -5.92 -3.96 -5.91 —5.94
Estimated power -5.99 -1.99 -5.95 -4.01 -5.93 -5.86
D=D,+D, -8.04 -2.00 -8.04 —4.00 -8.04 —6.00
Gullstand's power -8.00° [-8.04]° -7.93 -1.97 —-7.94 -3.95 -7.92 -5.91
Estimated power -7.89 -2.03 —7.94 -3.98 —-7.88 -5.89
D =D, + D, -9.94 -2.00 -9.94 —-4.00 -9.94 —6.00
Gullstand's power -10.0° [-9.94]° -9.76 -1.96 -9.77 -3.93 -9.74 -5.88
Estimated power -9.74 -1.95 -9.75 -3.99 -9.61 -5.92
D =D, + D, —-11.96 -2.00 -11.96 —4.00 —-11.96 —6.00
Gullstand's power -12.00° [-11.96]° -11.72 -1.96 —-11.69 -3.91 —-11.65 -5.84
Estimated power —-11.62 -1.90 —11.58 —4.01 -11.49 -5.95
D =D, + D, —-13.95 -2.00 —-13.95 —-4.00 —-13.95 —6.00
Gullstand's power ~14.00° [-13.95] —-13.57 -1.95 —-13.52 -3.88 —-13.47 -5.79
Estimated power —-13.34 -1.94 -13.36 -4.06 -13.18 -5.89
D =D, + D, 15.90 -2.00 15.90 —4.00 15.90 —6.00
Gullstand's power -16.00° [-15.90]° —-15.38 -1.93 -15.32 -3.85 —-15.25 =575
Estimated power —-15.04 -1.96 -15.18 —4.01 —-14.89 -5.95
D =D, + D, -17.96 -2.00 -17.96 —-4.00 -17.96 —6.00
Gullstand's power ~18.00° [-17.96]° —-17.20 -1.92 -17.12 -3.81 —-17.04 -5.69
Estimated power -16.81 -1.96 -16.93 -3.97 -16.57 -5.94
D =D, + D, —-19.97 -2.00 -19.97 —4.00 -19.97 —6.00
Gullstand's power -20.00° [-19.97]° —-18.98 -1.90 —-18.88 -3.78 —-18.78 —-5.64
Estimated power —-18.47 -1.91 —-18.62 -3.98 -18.13 —6.01

labelled power
bestimated power
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Fig. 5. Combined spherical power of B lens which inserted a
cylindrical lens inside and a spherical lens outside.
A. -2.00 D as labelled cylinder power
B. —4.00 D as labelled cylinder power
C. -6.00 D as labelled cylinder power
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lens and cylindrical lens according to inserting order in
lens frame.
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Purpose: The current study aimed to evaluate the reliability for the combined refractive power when a spherical
lens and a cylindrical lens were overlapped in a trial frame. Methods: The refractive powers, central thickness
and peripheral thickness of spherical trial lenses and cylindrical lenses with negative power were measured. The
combined refractive power of the spherical and cylindrical lenses was measured by auto lens meter. Measurement
was repeated by changing the insertion order, and their results were further compared with the calculated
combined refractive power. Results: There was no correlation between the variation of central and peripheral
thickness in trial lenses and that of the lens power. Among 79 trial lenses, 3 trial lenses wasn't met the
international standard. The refractive power calculated by Gullstrand’s formula that could compensate vertex
distance had smaller difference with the estimated power when compared with that calculated by thin lens
formula however, it was significantly different from the estimated power. The refractive powers were generally
apparent regardless of the insertion order of a spherical lens and a cylindrical lens: thin lens formula > actual
measurements > Gullstrand’s formula. The error was only found in cylindrical power calculated by Gullstrand’s
formula when inserted a spherical lens inside and a cylindrical lens outside however, the error was found in both
of cylindrical and spherical powers calculated by Gullstrand’s formula when inserted as a opposite order. By
comparing actual measurements of equivalent spherical power, the accuracy was higher and the possibility of
over-correction was lower when inserted a spherical lens inside and a cylindrical lens outside. Conclusions: From
the results, those were revealed that the combined refractive power is influenced by the factors other than the
vertex distance and the refractive power varies in accordance with the insertion order of a spherical lens and a
cylindrical lens. Thus, it can be suggested that the establishment of standard for these is neccesaty.

Key words: Trial lens, Combined refractive power, Gullstrand's formula, thin lens formula, Reliability
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