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(57) Abstract: The present invention has, in order from the object side along the optical axis: a first lens group (G1) having a posit -
ive refractive power; a second lens group (G2) having a negative refractive power; a third lens group (G3) having a positive refract -
ive power; and a fourth lens group (G4) having a positive refractive power. The power is varied by changing the air gap between
each lens group. The fourth lens group (G4) has, in order from the object side along the optical axis: a first positive lens component
(La); a second positive lens component (Lb) that has as convex surtace facing the object side; and a negative lens component (Lc).

The following conditional formula is satistied: 0.00 < (Rb2 -

Rbl) / (Rb2 + Rb1) < 1.00, where Rb2 is the radius of curvature of the

surface on the image side of the second positive lens component (Lb) configuring the fourth lens group (G4), and Rb1 is the radius
of curvature of the surface on the object side of the second positive lens component (Lb) configuring the fourth lens group (G4).
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B ICHEY) EALEBHRINTWLS,
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ZEEAOL Y XEE, 2L Y XBG20AML Y XL 2 21T 3k
oLy XEICERT DRMBLEBRIFEZEINTLNDS,

[0124] LITDER2IC, LE2EBAICHITIEETOEETT., R2ICBTIEE
B1~221F, HA4ICTFIHEIRERER I ~R22DEXZEICHELTWS
. B2EMHITIZ, FES@EE., F2 1EAEHIFEREDHRICERINTWS,

[0125] (%k2)

[EmT—%]

HES R D n d y d
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3 356. 9766 D3(AI %)
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13 43.7716 0.0660

14 12.6174 3. 0000 1. 497820 82.56
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15 -20.2019 1. 0000 1. 850260 32.35
16 47,9127 D16(AZ)
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18 ~12. 4769 0.1000
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x=-0. 1427E+03, A4=-1, 88342E-04, A6=-3. 20208E-06, A8=4., 51585E-08, A10=-
4.69074E-10
(BT —%]
A—LALkt 2.88649
Lfaim  PEEREERE et
f = 185 ~ 350 ~ 53.4
FNO = 4.14 ~ 540 ~ 501
w = 3911  ~ 21.78 ~  14.49
Y = 1425 ~ 1425 ~ 1425
d = 4370 ~ 44,02 ~  48.91
BF = 27.18 ~ 39.59 ~  47.88
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[0127]

[0128]

[A—L LY XET—4]

BES BHYE HESIEE

G1 1 72,597

G2 4 ~11,880

G3 12 24,107

G4 17 41.578
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Z#® (1) : (Rb2-Rb1) / (Rb2+Rb1) = 0.5
04

& (2) : (=Fc¢) /F4 = 1. 031
%#® (3) : Fab/F4 = 0. 538
& (4) : (=F2) /Fw = 0. 642
&R (5) :+ vdec = 61. 18

Z#X (6) : Bfw/Fw = 1. 4609

R2IRTHETORL S, AEEHIRDIA—LLVXZL 2TIE, L&
X (1) ~ (8) 22THLT I EN DN D,

H5ik,. B2RKEFICHREZA—LLVYXZL20DEREHTHY., (a)
EEAMREICE T 2 BREERERECOENERTHY . (b) EHEE
SEEEREIC S T B IERERETOENENTHY., (o) IFE=EIRK
RICH T IIRFIEHERETCORENEHNTH D, FNE-NMSHELHRE D
IZ. B2RBEAHITIE, LAWKRKELN SEEHREE TOEERERREICS
W, BREINE., REZEH. ERNE. IVNEFZSH. BNENSRIFIC
BEINTWB I EDDN B,

(% 3 EHEHI)
EIEEHICOVWT, K6, M7 RUKIZHAWVWTERRET S, H6IE, F
SEMANCEDZX—LLYXZL (ZL 3) OEBHRRVLARKIKE (W) »
=]

SEERMIARE (T) ETOX—LEEETRT, FEIRBEHIHREZX—LL YV
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[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

XZL3E E6ICRTLDIC, HEITH > THRAIDSIRICIEAZZ, IED
BIfNWEET2E1LVIBG1IE, BORFNEETIE2L VY XEHG?2
&, EOEIFIN%EETZEILVXEGIE, FORFAAEZETEHE4L Y
AEGA4EEEBL, BELYAHOESERAZEIETEGZZ1T D

FE1LYXBEGTIE, AEIT A > TR SIRICHE A 7Z, PR ANICE
EETEEBAZZANDALYZILTTEELYZIL1 2E0BEICEYREE
BELYIDLEBHRINTWS,

FE2LVXBEG 21, HEHT A > TR SIRICHE A Z. PR RANICE
AEGTHRAICERAEE2ET2EAZAARF AL VXL 21 &, @ML
vAL22& BALYXL23 & BAMLYXL 24 ENHEBRINTL
%,

EILVXBEG3 . AT A > THHRRAINSIRICIEA ., BAAOKY S &
RSB EBTAEXZRARALYXL3 1 E, mAHLYXL32E
AML Y XL33EDEEBICIYRBRDIBESEL VIENLEBHRINTWS,

FALUVIBEGA L, KEIT A > THHRRIDSIRICHE A 7Z, PR RANICME
EAFZEAZZAARALYALATEBAZRADALYIL 4 2 EDEARIC
FYURBEEEL VXL a (BRKEOCETDEL Y IXDICHESE) &, WK
AICHEEZATAEEXZZARL Y X (BRBOF2DEL Y AR ITHEY
) Lb&, MREICIHRmAETSEL Y XL c (BREDEL Y XRDIC
L) EHhLBRINTWDS,

AEIEHEFTIE. B1LVYIHGTIOELYXL 1 2ICHF35EAD
Ly ZXEe. B2LUVIABEG20AALL YL 23 ICHFT2EEAOL VX
AEAML YL 24 ICBT2MEROL Y TEE ICERT 2 RIFH RN
ERINhTW3,

LIFDRIIC. BIXBHICHIT2REBTOEEZTRT, RIICBITI2EHF
51~24(F, H6ICRIHMIEEERI~R24DEHXBEICHBLTWNDS
. BIEMHITIEZ, FESMEE., F2 3AEHIFKEDHRICERINTWLWS,
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9 -19. 3436
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12 (#&Y S)
13 13.7052
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15 12.2707
16 -22.2725
17 35. 8394
18 -84. 5308
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20 -45,5513
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22 28.4375

*23 60. 0000
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[FEEmEmT —% ]
B5m
K =0. 6824, Ad=7. 45410E-05, A6=7. 51234E-07, A8=-1. 55086E-08, A10=5. 32599

E-10
$£23m

r =-0. 1946E+03, Ad=-1, 37031E-04, A6=-4. 64625E-06, AB=5. 56028E-08, A10=-
5. 34034E-10

(BT —%]

X— Ltk 2.88649

Lfaim  PEEREERE Sy

f = 185 ~ 350 ~ 53.4
FNO = 4.10 ~ 525 ~ 588
w = 3911~ 2175 ~ 14,37
Y = 1425 ~ 1425 ~ 14,25
TL = 7200 ~ 84.50 ~  97.90
d = 4575 ~ 4575 ~ 50,93
BF = 26.25 ~ 38.75 ~  46.97

[&ZErERT — %]

HER=

INZYi R e B R iR
F 18. 50000 35. 00001 53. 40000
DO 0.0000 0.0000 0.0000
D3 2.27464 9.77066 17.81007
D11 10. 81496 4.60011 2.10484

D17 3.26792 1. 98675 1.62109
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BF  26.25337
PHEEER

Ik A im
B ~0. 03333
DO  525.5011
D3 1.79090
D11 11.29870
D17 3.26792
BF  26.25337
AT ERRE

Ik A im
B -0. 07215
DO 227.9951
D3  1.23868
D11 11.85092
D17 3.26792
BF  26.25337
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38.74673

HfE £ R Bk
-0. 03333
1001. 6009
9. 41851
4. 95226
1. 98675
38. 74673

rh AR R BB R
~0. 13404
215. 5017
8. 38733
5.98343
1.98675
38. 74673
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HES Hum
G1 1
G2 4
G3 13
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B R EERE
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46. 96728
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202.1027
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[0136]

[0137]

[0138]

X (1) : (Rb2—Rb1) /S (Rb2+Rb1) = 0. 3
6 1

&k (2) ¢+ (=Fc) /F4 = 1. 656

£#=x (3) : Fab/F4 = 0. 658

&R (4) @ (-F2) /Fw = 0. 642

B (5) : vdec = 64. 12

£#Hx (6) : Bfw/ /Fw = 1. 419

RIIICKTHETORI S, AEEHIRDIA—LL Y XZL 3TIE, L&
ZHRX (1) ~ (8) 22 THET I EDDH D,

B 7. BE3IEHEHICHEDII—LLYZXZLIDEREZHTHY., (a)
EEAMREICE T 2 BREERERECOENERTHY . (b) EHEE
MEEEERREIC B 1T DRI ERETOENERTHY., () EEER
RICH T IIRFIEHERETCORENEHNTH D, FNE-NMSHELHRE D
IC. BI3REHITIE. LAMREL) SERIGREE COSERERREICS
W, BREINE., REZEH. ERNE. IVNEFZSH. BNENSRIFIC
BEINTWDBZ &N D,

RIS, REFREBIKRZXA—LL Y XICAVWOND REFHILE (ZBILTSE
RAMMLEEREEEET D) ICDWTEERT S, K1 01F. REAMLEEDOEEROD
—fla~"dTETHD, CORHMHULEETIOTIETENSRY, LY IFEDNK
FEMH 10 2DHFEICTENINDG, F1E101 aldBEZEZEBLRATEET
NEBILTILIZIOALATHERINTWS, £/, TOFETE101 ad ki
BICERRBEERCRBEINARLEF IV EREIILIZILDREMI SR
2FE2EB101 bHIEHRINDG, TSI, ZOFE2E101 b EICERE
EETEREBEINEBLETIVIZULNORZEIETO 1 cHAEKIN, &
DH3IB101 cHOLEICEEFEEZTCHREINBEFIVEBRELIIINOZ
DLDEEMHLRDBIEALETOTdHAEHRINDE, £LILHIC, TDFE4L
B101dDOLEICEREBEACEREINLBETILIZVLDSRDEEE
101 eHHEIN, COESB101 e D EICEEEEBELTEEINLE
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[0139]

[0140]

[0141]

EFo 2V EBIEYIVIAZVLDRENNLIRBEEET101 fABKIND
ZLT, COLDICLTEHRINEEECE101 fOLEIC, Vv bTO
TRCEY TER TR DLEY ) HDOREMHILARZETET101 gh
BRI N TAERBHEORSMHEET 011 EHRINE, BE7TE101 90
FERICIE. 72y NTAERO—@BTHBIVIL-FILEZAVNTWS, ViU
—FIiEElE. RREREET R EICLYBONILYILE, KSR - B
BRBBEICLYFRBEORNSILE L, TOTIVENR - DR L TERY
EELAETHY. REEBEOFERICEWTIE, NHPEBMONFEE IS
SEEMEYVILERG L, RREICEIYTLVEE TSI ETEEEMRTZ
ENTED, BB, 7y b OERELT, VIL=FIZKIRST, ¥
REERLVWTERIREZBLHEZAVDLLDICLTE L,

DL, TOREBHIEET1IOTDHEIE101a~EEE101 fF
TIERSATOCATHIEFE—LRBILLIYEERIN, RLETHDE
TE101gld, v /BB~ /RS ILETHRBELEVILERERWSY
Ty NTAOCRICEYUTOFIETHERINLTWS, £9. FHOL >V IME
H (EROXZEEM 1 0 2042 H) ICEEEREREZAVWTEIE101
atBRBBIETILIZULE, F2EB101 bERDEBEFY Y —BILEIIL
OV LREE. F3B101 c&R2MIET7INI=ZVLE. EF4E101
deER2BEFHYY—BESILIZTLERE. £5B8101 e &5
PIVIZULE, E6EB101 f&Rs@bFo4r—BELIILI=ZTLESE
BEIRICEKT 5, TLT, RERELYUNXESM1 02 %2HY H L LE.
JvB /BB IR LEICL YRR LEYVILKRICS ) OV T7IILAFRT R
EMATHDEAEY A—MNEICLIYRBRTHT B EICEY, ETE101 g
ERDBIVER TR ILED) HDRBEMD LRDIEETHNT 5, 7 vk
SEEEY TR I LKL > TAREINBBORBAEUTORX (b) IIF
ES

2HF+Mg (CH;C00)? - MgF,+2CH;COOH: (b)
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[0142] CORERICAWEVILRIE., RRUEEER. 7 —hJL—TT140C, 2
ABFEREMERNLEEZ R L /2%, RRICAWSNhE, ZONFEM 10
213, BTIEB101 gDMERTH., KKHT1 60T, 1HEMBULIEL
TEBRIND, TOEIBRVIL—FTIEERWE I EILEY, KEIHHn
ML NnmORFINEREZEK L THETLIIEICLIYETET101 gpd
BRI n,

[0143] COEDICLTHERINERABILET 01 28T 2 AFHMOHFMN
BBICDOWTHT TICRY O Z AW TERIRY %,

[0144] AEBEFMEICHRIRHPLEEZET 2HZ2EHBHM (LY X) & UTOxR4
KRS RETERINTWS, TITKRA4EG, BEEREZAELL, BROE
s (M) A1, 62, 1, 7T4RG 1. 85ICDVWTRHFHLEE1
OTDEE1O01a (B1E) ~1019g (B7E) OAFEREZZNETN
RKDIEDTH 2D, 4B, "I T, BIETINI =T L%EALD, BIEFS
ERAETIIL O LREMELO,+TI0,, 7YY TR ILES ) HDES
M ENMGF,+Si0, & ZhEhERLTWD,

[0145] B1 11k RAICBVWTEHERRAZLSE50nmE LTRHPHLERT O 1
DEBOHFEE & LET L NFZBMICHBHIEEAST T 2000 %
xLTW3,

[0146] M1 1H5, BHEERAZS550 nmTERETLARSBHIEET1IO1 28T
DHEFEMIE. RIBOERA4L420nm~720 nmD2IHETREEAO.
2RLUTICMALGND ZEDDN D, Fo, RAICEVWTHERRAZ JIR
(CRE&587.6nm) & L CEMFIREE %R LRHNBHILEERT1 01 28T 24F
MMTE, TODNFHICKIFEAEFELEY, H1 1ICRTEERRAN
550 nmDiza & FIEFRFOLIAFELEE T ENDN>TWVS,

[0147] (k4)

me EifE AFERE NFRE XZEE
HE  ER 1.00
ETE MgF,+Si0, 1.26 0.268A  0.271A  0.2692
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BO6E Zr0,+Ti0, 2.12 0.057A 0.054 A 0.059 A

B5E AL, .65 0.171A  0.178A  0.162A
BAE 1r0,+Ti0, 2.12 0.127A  0.132 0.158 A
3@ AL, 1.65 0.1222  0.107A  0.08A
OB 1r0,+Ti0, 2.12 0.059A  0.075A2  0.105A
E1E AL, 1.65 0.257A  0.03A  0.03A
HiRDEIFE 1.62 1.74 1.85

[0148] RIS, AREHIEBBOEFFICOWTEHRET 5, ZOREMHIEELSBEH,
7Y, R4 LRk, UTORS CRINDIFHTEERRAIINT 2EE
DONFBEEMNERFTIND, AEFATIE, BESBOFBICFIEDYVIL—FIL
EERWTWS,

[0149] [1 21k, KR5ICHEWVWT, EROEFERN1. 52RUCEEFRAE55
Onme& LTENARIREZRE LERABLIEZE T 5 HEEM ISR E
BEAHT IEONNFEERL TV, B1 25 5AERAIORFBAEEE
. HEBOEREA420nm~7 20 nmORDAFTREENO. 2%LLTICHD
AbNBIENDH DB, BB, ROEICBWTHEERA # d#E (EK587.6nm
) ELTERNAFEREZHREGT LERMNMLREZE T 24F8BMTEH, TODN
BHICIKIZEAEHELT, M1 2ICRTONBHEEEREOHEEAET
5ZERFM>TWVWS,

[0150] (13 K1 2[R 2N EEET 2HAFEMADHRDAFAD 3
OF. 45, 6 0OEDHBEOANFEEZETNENTT, b, H1 2,
1 3ICIERSICTIERDOBIREA 1. 4 6 DREBHILEEET 2 N2EM
ORHFHEARRINTUVWRWDY, EROERENT. 52 LEFERFOH
HEEEBLTWDIEWFEDIETHR,

[0151] (&5)

mea EiffE HXZFEE IZREE
®yE  ER 1.00
EE5E MgF,+Si0, 1.26 0.275A4  0.269A
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EARBE Ir0,+Ti0, 2.12 0.0452
B3E AL, 1.65 0.2122
E2E Ir0,+Ti0, 2.12 0.077A
B1E ALD, 1.65 0.288A
ERDBIFR 1.46
[0152]

[0153]

[0154]

[0155]

PCT/JP2011/006279

0.043 A

0.217 A
0.066 A
0.290 A
1.562

FEBD7H, B 410, ROBEEZEELELRED NS TOEADH
THIR L7cRABIIEIRO—FlZETY., B141F, K5 ERACERDERE
. B2ICLITORE TRINDIFMHTEAI NS R IERZRE L2 E
BIICHRDEEARNT 2O NERETYS, T H15 B14(C

TS RNFMUZE T 2NFMHEADNRDOAFTAN 3 0.

DHBEDDNHEFREETNLETNTY,
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mE BiTE XFEE
®E ES 1.00
ETE WgF, 1.39  0.2432
B6E 1r0,+Ti0, 2.12  0.119A
B5@ AL, 1.65  0.057A
BAB 1r0,+Ti0, 2.12  0.220A
3@ AL, 1.65  0.0642A
2@ 1r0,+Ti0, 2.12  0.057A
E1E AL, 1.65  0.1937A
B EHTER 1,52

B11~K13TCrRINdAEREF

Ll —
/th{‘!\_

45F, 60K

%5 RABIIEIRZ B T 2 NFEM

DHNEFEE, M1 45LUR1 5 TRINDERAOD KT E LT B
E. AREBIEEBIEVTROARBICEVWTELYEVWREEEEL, LA
LELYLEWEETERWKAEZRE TSI ENR oD D,

RIS, AFRDSE 1 REfIH 5% 3 EEMIC, EiEF4 AT RABLESZ

WA LB DWTERRY %,
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[0156]

[0157]

[0158]

[0159]

FE1EEADI—LLYXZLIZBEWT, BILYIABEGTDEAZRR
ALYZXL120BFAERIE, R1TIKKTELIIK. nd=1. 7550007T
HY, B2LYXHEG2DAAZRAARALYXL2 1 DEHRFIE. nd=1

816000 THD7H, EXZAARALY XL 1 2ICHF2EEMDL
Y ZEICEROBEINENT. 74ICHET2RHNBLEET O 1 (R4BR)
ERAWV, BAZZARLY XL 21ICEF29EE0L Y X@EIC. EROE
HEMNT., 85ICWHT HRABLE (k458K 2RV &TEL VX
ENSDRFNEDRLLTE, T—AMPITILT7EERTBIENTE S,

B2EBADIX—LLYXZLICBEWT, B2LVYABEG20DAEAZRN
ALYZXL 21 QEHFEERE, R2ICKTLIIC, nd=1, 816000T
HY, FE2LVIHEG2OAML Y IAL2 20EHEE, nd=1. 8186
O00THdisd, BAZAAALVYIL21ICHF&EADL >V X@EIC
HEiRDEITEN 1. 85T 2RH;BLEET 01 (R4BR) ALV,
ALY XL22IC8F20EA0L Y XEIC, EROERIEHN1. 85I
MET2RABLEE (R4BR) 2RV ETEL Y IXEILDORFN%E
DI TE, J—ZAMPILT7EERTHIENTEX D,

BEI3IEMADIX—LLYXZLIZEWT, B1ILVYXBEGTOEL VXL
1 2DEHFEIE. RIICTTLIIC, nd=1, 755000THY, FE2
LY ZXEG20@NL Y AL 2 3DEHFEIF, nd=1. 8560260TH
Y, B2 L VXBEG20@EML Y AL24DEHHEIInd=1, 75500
OTHdh, ELYXL 1 2ICEF5EEAIOL Y TEICERDEFTEN
1. 7419 Y 5REMIERT 01 (R4SR) 2RV, ALY XL 2
3B HEEAOL Y XEIC, EROBITEN 1. 8 5ICHNdT 2 RE4Eh
IEfE (R428R) 2BV, AMLYXL24 8T 3MEROL Y XEIC,
ERDOBINENT. 740 T 2RABLE (R4BB) 2HWSIET
BELY AN LODRFAEEDBRLLTE, J-AMPTLT7ZEBRTHIEN
TZ 5,

DEDODRERFICENIE., LAKDOSEA20=78. 2° %A, F4



WO 2012/077278 38 PCT/JP2011/006279

[0160]
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~5. 6REREOAORZAL., HBWNETRIERMNMNE L, SMHERETEREIX
=, REEH., FERINE. IVRNESHRIFICEEI N, -2 MPT7L7
L UEBIBRLEX—LL Y INERRTES, B, LEBOEERAIE. &
ERPEICHEDZ X —LL VY ID—EFFlEZRLTVWEEDTHY . REER
BIRDZZX—LL VY XFINSHICREI NS HD TR,

EROEREMEICEWT, UTICRBOREIF. AFUREEBRADRVE
ECTHERATETH D,

BEBEOATIE, Z—LL Y XELTAEERZR LD, B 6EHFD
OBBRICEEATETH D, T/, REWEAICL Y XFLIEL v XE
BB L 7ZHEEY, BREGANICL Y XFEL Y XBEAEBMLABRTERE
DRV, ZIT. LY XEER, EERICELLT 2EIERTORHI N,
DRLEEETROL Y XEET DB %ETT,

AERPREICEWTIE, BRIIEEROL VB, FREEB2L v XE#
EXEFREICBBII T T, BIREVMERD SEEMNEADEEETIEE
VABEELTELWL, TOEELVIEBE. A— M7+ —HRICHBERATE
A=K TA—HZADO (BERE—Y—F2HAWVE) T —REICHE
LTW3, FIC, B2L UV ABZEEL VY XFETD2ONMHFELL,

AEBEFEICEWT, LY XEEITHOL v B ANBICEERAMEIC
REISE., FLIABMEEOEALAICOERE) (E8) IET FILIC
o THLZBITLEARBETBHHIRL Y XBEELTE LWL, BFIZ, BE3L Y
AEHODPIRL & —BBEIRL VY XBETI2DHFE LV,
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