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(57) Abstract: An optical system (OL) comprising, sequentially along an optical axis from the objective side, a first lens
group (G1) having a positive refractive power, a second lens group (G2) having a negative refractive power, a third lens
group (G3) having a positive refractive power, and a fourth lens group (G4) having a negative refractive power, wherein,
when focusing the optical system, the following conditional expression is satisfied as a result of moving the second lens
group (G2) and the third lens group (G3) along the optical axis and changing the interval between adjacent lens groups.
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0.20<DG4/TL<0.40 wherein DG4 represents the length of the fourth lens group (G4) on the optical axis, and TL represents
the full length of the optical system (OL) when the optical system (OL) comes into focus at an infinite distance.

GHNEHN: XFF% (OL) F XA THERAISIAICHAE, EORITHAEETZIETL
VA (G1) &, AORBRIFTNEETZ2E2LYIHE (G2) &, TORBRITHEAETZEILY
X (G3) &, AORBRIFNEETZELL VX (G4) 5HL, BEDOKE, 2L v X#
(G2) EEI3ILVYXE (G3) &EXNXEWMICH-TREREL, BYESEOIEL VY XHOBERB,EL
L. U TFToLHXs2BRET 2, 0. 20<DG4,/TL<O0. 40 L, DG4 :8E4L X
B (G4) ot tORS TL : MEREERETOHNFER (OL) 02k
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I

KEADEH 1 KR, HEHB, 5L UREROMENE
B8

[0001] AFEERIE., HFER. HERE. BLUAZRORETZICET %,
R

[0002] TEENS, EROL v ABZHHITE > TRSIETEEEZITIHERD
REINTWS (BIZIEF, FEEXE1Z25R) . COEDIAHFRICBVNT
iE. BEOBEOINELEFH ZMA DS EMEL L,
FoATHAT SRR
R SCHR
[0003] #3FCmhl : /B 2018—14 18885,
RIEOBE
[0004] 551 OARFEBICHRDIAFERIE, HEITH > THHRRINSIEICIEA .
BIfNEETZ2EI LV IEE, BORTNEETZIE2L VXS, EO
B NEETZEILVIEHE, BORTNEETZ2HELILVIBEEEHL
. BEOR, AIRF2 L XBEERIRHE I L XEENAKIITE > TRHL
BYESEL VY IBEOBRHIELLL. UTOXREREHET 5,
0. 20<DG4/TL<O0. 40
BL. DG4 : BiEE5E4 L v XBONEH EDR S
TL : BEREEERETORIREAFERDOER
[0005] 2 OARBICHEIAERIE. HEITH > THERAINSIRICHEA, EOD
BIfNEETZ2EI LV IEE, BORTNEETZIE2L VXS, EO
B NEETZEILVIEHE, BORTNEETZ2HELILVIBEEEHL
. BEOR, AIRF2 L XBEERIRHE I L XEENAKIITE > TRHL
BYESEL VY IBEOBRHIELLL. UTOXREREHET 5,
3. 00<(LnR2+LnR1) / (LnR2—-LnR1) <5, 00
BL. LnR1 :FIEAFRORBEMICEEINLEL Y XICEIT 5
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HRID L > XEOHEER
LnR2:FIBAFZROKREGAICEREINLLEL Y XIIHIT 5%
DLy XEOHEFER
[0006] 583 DAFRBICHEDALERIE. HEITE > THFRAINSIRICHEAR, EOD
BITNHeBI2B1 LU XBE. EOBITHEETSH2L VX8 E. ED
BHFNEETZHEIL I, BOBITNEZEITHR4ILVAFEEZHL
. BROKR RIRRHB2 L ABEREEI L vy X EMNHITB > TREL
BYESERL UV XBEOERIELL. UTORGEXERET 5.
0. 76<f1 /7 (—f2)<1. 30

BL. f1 8008810 YyXBOESRS
f2  FiRRE2L Yy XBEDE SRR

[0007] S84 OAFREBRICHEZAZRIE. KEITE> THHRRANSIRICIEATL. ED
EBifN%eET2FE1 L XEE, BOBTNE2ET2E2LVIHE, EOD
BiffN%EET2EILVAEE. BOBTN%E2ET2E4 LV IHEZEL
. BEORR. RIRE2 L v XHEAIEEI L Y XK > THEIL
BYESIRL Y XBEOERMEL L. RIEEET L Y XBENMUTORGR%
MREITIELVYIXEET B,

1. 80<ndM1
yvdM1<26, 00
OgFM1— (0. 6415—-0. 00162XydM1) <0, 012
0
BL., ndM1 :5iEgE 1 LY XBEORIEZEL V XD dIFICH T 5 EHTER
vdM1 :GiEH 1 LY XBEHORIEEL Y XD T v R
O gFMI1 :5IEBE 1LY XHEORIEEL Y XD PR TH Y
. BIEEE T LY XBEDRIECEL Y XD giRICN T B EMEEngM1 & L.,
AIEEE 1 L Y XBEORIGAL Y XDOFRICHT2EREEnFMT &L,
BET LY XEORGRAL Y XDCRICHTI2EFRELEENCMT & LELEE
. RATERIND
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[0008]
[0009]

[0010]

[0011]

6gFM1= (ngM1—nFM1) / (nFM1—nCM1)

AREBICHDAEHERE., LENAERER/BATERIND,

B OARFKBICHRIAFZROREER AL, HEITH > THHERID SIRICTE
AT, EQORBITNEETZHEN LV IBE, BORBTHEETZHE2L VX
B, EOREMNEEITZIEIL VL, BOENTNEETZIHELL VX
BEEBTOIHFEROBESRETH>T. BEDOE,. RIRBE2 L Y XBE &R/
BRI LV XFENAMITB>TEHL, BMYEIRL Y XEOERIEL
L. UTFTOFREREHBRETELDIC. LYXBERNICEL VY XEZEBET %,

0. 20<DG4/TL<O0. 40

BL. DG4 : B2 4 L v XEDOH M DR

TL : #RZEERETORIRBAFRDOER

B2 DAFKBICHRIAFEROREER AL, HEITH > THHERID SIFICTE
AT, EQORBITNEETZHEN LV IBE, BORBTHEETZHE2L VX
B, EOREMNEEITZIEIL VL, BOENTNEETZIHELL VX
BEEBTOIHFEROBESRETH>T. BEDOE,. RIRBE2 L Y XBE &R/
BRI LV XFENAMITB>TEHL, BMYEIRL Y XEOERIEL
L. UTFTOFREREHBRETELDIC. LYXBERNICEL VY XEZEBET %,

3. 00< (LnR24LnR1) /(LnR2—-LnR1)<5, 00

BL. LnR1 :FIEAFRORBEMICEEINLEL Y XICEIT 5
FRIOL v XE DR EE

LnR2:FRBAZROFEKAICEBINALEAL Y IILHIT 2K
Ao Ly XEOHEEZ

B3 DOAFKBICHRIAFEROREER AL, HEITH > THHERID SIFICTE
AT, EQORBITNEETZHEN LV IBE, BORBTHEETZHE2L VX
B, EOREMNEEITZIEIL VL, BOENTNEETZIHELL VX
BEEBTOIHFEROBESRETH>T. BEDOE,. RIRBE2 L Y XBE &R/
BRI LV XFENAMITB>TEHL, BMYEIRL Y XEOERIEL
L. UTFTOFREREHBRETELDIC. LYXBERNICEL VY XEZEBET %,
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0. 75<f1 /7 (—-f2) <1. 30

BL. f1 8008810 YyXBOESRS
f2  FiRRE2L Yy XBEDE SRR

[0012] 4 OAFERBICHEDZIAFROHEAZEIZ. SEITHE > THERAD SNEICHE
AR, EQRBFTHEETDZETI LV IFHE, EOBFTNEETSE2L VX
BE, EORBRTNEZETZEIL VIS, BORBEFTNEET2E4L VX
BHEEBTIHEROMEFEZTH>T. GEDE. RILE 2L v B EH
BRI LV XFENAMITB>TEHL, BMYEIRL Y XEOERIEL
L. RIEEE 1 LY XBEPMUTORMREZEWETZ2EL VY XEETDLDIC,
LY XBEERICEL Y XEBRET 5,

1. 80<ndM1
yvdM1<26, 00
OgFM1— (0. 6415—-0. 00162XydM1) <0, 012
0
BL. ndM1 :FIEEHE1 LY XEORIEAL Y XD JdIRICH T 3 EFE
vdM1 :FIEEE 1 LY XBEORIEBEL Y XD T v R
OgFM1 :giEBH 1 LY XEODRIECEL V XD DEULLTH Y
. BIEEE T LY XBEDRIECEL Y XD giRICN T B EMEEngM1 & L.,
AIEEE 1 L Y XBEORIGAL Y XDOFRICHT2EREEnFMT &L,
BET LY XEORGRAL Y XDCRICHTI2EFRELEENCMT & LELEE
. RATERIND
6gFM1= (ngM1—nFM1) / (nFM1—nCM1)
EEN) S RAN

[0013] (K115 1 EEHICRIHFERDOL V ABRERTHTH 3,

[H2]2 (A) . B2 (B) iFEhTh. £1EZEHICKIAZROEREZE
BERE. REOEHMSEREBICSITENENTH S,

[H3]E 2 EHERFICRIAZRDOL Y IERERTHTH %,

[M4]4 (A) . B4 (B) FZFhTh. 52 EEHICHDIHNEROERE
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BERE. REOEHMSEREBICSITENENTH S,

[H5]1E 3 EFERFICKRIAZRDOL Y AERERTHTH %,

[X6]16 (A) . B6 (B) IFEhTh., E3XEE[ICKIAZROEREZE
BERE. REOEHMSEREBICSITENENTH S,

[H7]1E 4 ZHEFICKRIAZROL Y IEBRERTHTH %,

[X8I8 (A) . B8 (B) IFEhTh. F4EE[ICKIAZROEREZR
BERE. REOEHMSEREBICSITENENTH S,

[H9]1E 5 EHERICKRIAZRDOL Y AEBRERTHTH %,

[B10]® 10 (A) . ®10 (B) iZZhzh, E5EMBOICKEIHAERD
HRZGEIRE, REREHESEREICEITIFNEHTH S,
[HN]EERPEICEDIAFEZREFEALLIASOERERTETH D,
[B12]1% 1 ~E 3 EmPRBICKRIAZROBEREERT7O0—Fvy—rT
HB5

[K13]5% 4 EfEHMEICEINFZROREAEZEZRT IO—Fv— b TH 5B,
FAEERET H7-HDOIRE

[0014] BAT, AFEBICHEDFFLWEBEREBICOWTERAT S, 9. &XER
RBICERDIAZEREZRATLAAZ (LFEKE) 21 1ICEDWTERRT %,
COAAZTIFE BT TITRTEDIC, AE2 &, RE2ICEEINIER
LYy XL YBRIND, KAE21E, BIFEFRTFL4E. TUYILHXSDE
VEAFITET 2 AEHIEE (FRR) & RREES &45EA %, BEL VX
3iF. BHOL VY XBELNOLRDIZHNEROLE, BLVXBEDOMNELZFIHT 2
L v A BHIEEE (FHR) &%5KEA D, LY XNBEHEEELZ. L X
BOMNBZBRET 2 Y&, LY IBEEZAEITH > TRHIRICBEIE S E
—8 &, E—Y=RENT HHFFEERAGEICLYEBRIND,

[0015] #EENSDHIE. BEL VX3 OHAFEROLICLYENINT, BEE
FAOKE | LICEET D, &E | ICERELAEEEELSOXIE. BIERT
AICEYRBERIN, TUVINEBRT—9 & LTARROXEY ICREHERS
N3, AEVICEHFINALTIIIERT —FIE. T—HFOBFICIH L TR
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[0016]

[0017]

[0018]

[0019]

REHESICRTTDIENTARETH D, BB, COHAATE. T5—LAND
ASTH, V9499 )9—VIS—%5BLE—RLIZAITOAASTH-
THRW, T, 1 TICRTHEROLIE, BEL VX3 ILEAONSD N
FREBEANICRLEZEDOTHY ., XFEROLDL v XEMIE Z OEMRICIR
EIXINDHEDTIERL,

RIC, B EBFEICERDIAFERICOWVWTEHEAT 5, 51 2HEMEICRS
REZOLO—FIE LTOREROL (1) 1F, MTITRTEDIC, HEhic
B THHRRAIDSIRICHEA. EQORFRANEETZIEILVIBEHGT & &
DEFNNEETZ2HE2LVIBHG2E, EORITNEETZIEIL VY IEHG
3¢, BOEFRNEETZHEL4LVABEGA LB L THERINDS, KD
BR, B2L VY XBG2EEIL VY XBEGI EMKEBITA>THREHL. BYE
DE LV XBEOEBIEILT B,

FEBEROT. B1EEMEBICRZHAFZROLIE, UTOERER (1) %
WET B,

0. 20<DG4 /TL<O0. 40 - - - (1)

BL. DG4 : B4 L Vv XHGIDHEHEDRS

TL : HBEREGERETONAEROLOEER

B1EEMEBICLINE, SEOEONEZENDPAVKER, BLTZOD
HEREBATAPREBEBLENAREICRD, B REMEICHRIE
FROLIF, BE3ICHTHEROL (2) THRL., HSICRTAEROL (
3) THRLK, B7ICRTHFROL (4) THERL, HIKRTHERO
L (5) THRW,

EHR (1) k. BALVABGADHBEDRI EAEROLODERE
DOENLERERET2E0DTHD, FHRX (1) 2HET DI & T, #F
ZROLDERICNTZ2HE4L VY XBGADHMEDRIDKREL LB,
EROEREROLEICEWVWT, AISICHIT2EREEHRE ATINES RIFICH
ETBENTES, b, BEBERERICBEVWT, HXFROLOERIE, %
ZFZO0LOEHMARAOL Y XEHIS&E | TTONXEH EDOERH (KRB, %
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[0020]

[0021]

[0022]

[0023]

ZROLORLHRADL v XEHHKE | TTOEREIZIIEIRRE) &7
oy

ZHRX (1) OFIMEN LEREREZANTLED & EROBHADO—IT
FOEBICE T2BEEHEITINELARHET 2 EPR#ICR D, FHX (
1) OFRE%E, 0. 21, 0. 23, ¥5(L0. 25ILRETBHIET.
AEBHEONRELUYRBRREDETEIENTES, T £HX (1
) DLEREA, 0. 38, 0. 36, 0. 35, TLHILO. 3 3ILKETS
T ET. AEBEHEOMRELYBRELREDET DI ENTE D,

RIS, B2EBHREICERDIAFRICOWVWTEHEAT 5, B2EHEHEICRD
HERIE, B1REBRICRINEZROLEAKOEBRTHDH. F1=X
EMEER—O/FS %M L TEHRIAT 2, B2EEHEBICHELIHAFZROLO—
BlELTONREROL (1) 1E. EICRT L DIC. HEHTA > THEAID
SIEICHEAR. EORBIFHEETZIHEILVIBEG1 &, BORBRIFHEET
2E2LVABEG2E, EORNTNEETIEILVIBEGI & BORER
NEBETZEALVIXHEGLEEBLTERINDS, GEOK. E2L VX
BHG2LEIL VY ABHGIE’HHMITB>THEL. BYEIEL VY XEOD

BRI ZEIET 2,
EEBROT. B2EBEBICHDIAFZROLIE, UTORER (2) %
MEY %,

3. 00< (LnR2+LnR1) /(LnR2-LnR1) <5. 00
(2)
BL. LnR1: AZROLOFREFAICHEINLEL Y XICHET 2
HRID L > XE DR
LnR2: AZROLOKLFERMICEEINILAL Y XIIHIT 5%
Rl L > XEOEHEEE
B2RBHBICLNE, GROBRONERBDDRVHER, BLTIOD
REREMATHAFRRETD I ENTRICARD, B2 REMBICHKDHF
ROLIE, BBICRTAFEROL (2) THERL, BISIKRIAFEROL (
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[0024]

[0025]

[0026]

[0027]

[0028]

3) THRLK, B7ICRTHFROL (4) THERL, HIKRTHERO
L (5) THRW,

ZHR (2) B XZROLORBBKAIICEEBINEBL VY XD 4T
T77 09 —ICDWTCHENAEHELZHRET 20 THD, £HRX (2) 2HE
T22ET, BROBEAOSBHICEWT, REZHE ITINEAKREAANTHY
—ICHET B2 &N TE B,

ZHR (2) OFIMEN LEREREZANTLED & EROBHDO—IT
BEEHE ATNEAGANTH—ICBEET 52 EFMREICRD, £ER (
2) OFIRfE%, 3. 05, 3. 10, 3. 15, 3. 20, ¥5ic3. 2
BIKRET S ET. AEEMEOWREIYBEREDETEZIENTE
%, . &R (2) OLREAE. 4. 90, 4. 80, 4. 70, 4.
60, 4. 50, IHIC4. 40ICRET ST ET. AEREHEBOUWRE &
YRR DETDHIENTES,

RIS, BIEBPREICERDIAFERICOWVWTEHEAT 5, BIEHEHEICRD
HFERIE, B EEBEICRINEROLEAKOEBRTHDH. F1X
EMEER—O/FS %M L TEHRIAT 2, BIEMEMEBICHELIHAFZROLO—
BlELTONREROL (1) 1E. EICRT L DIC. HEHTA > THEAID
SIEICHEAR. EORBIFHEETZIHEILVIBEG1 &, BORBRIFHEET
2E2LVABEG2E, EORNTNEETIEILVIBEGI & BORER
NEBETZEALVIXHEGLEEBLTERINDS, GEOK. E2L VX
BHG2LEIL VY ABHGIE’HHMITB>THEL. BYEIEL VY XEOD

BRAEILT %,
LEEEHROT. BEIXREMEBICKRDINAFROLIE. UTOERHEFR (3) %
WEY o
0. 75<f1,/ (—=f2) <1, 30 - -- (3)
BL., f1:FB1LIEGT OESHES
T2:82LYXHEG20EREH

BIRBPREICEINIE, EEOEOPRNEZBNVRBRVEER., BLUID
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[0029]

[0030]

[0031]

[0032]

HEREBAAPRBAEBD I ENTREICASZ, BEIEBBREBICKRDINE
FROLIF, BE3ICHTHEROL (2) THRL., HSICRTAEROL (
3) THERL H7IKRTHFEROL (4) THERL, HIKTRTAFERO
L (5) THRW,

RS OB RERERETZ2EDTHD, X (3) 2HMETEHIET
. BREWMED SEEEDEANDEEDOBROREINE & GEZEHOEE &0
ABIENTES,

ZHR (3) ORIGMEN LEREEEZANTLED & AEDOROIKEINE
EBREEMOEHAIMNA D EHREICR D, 4R (3) OFRIESE, O
. 80, 0. 90, 0. 95, 1. 00, 1. 05, ¥5(C1. 10IKHE
T252ET AEBHEBOMRELYEELEDETIIENTES, F
. & (3) OLEREE. 1. 28, 1. 25, 1, 23, 51, 2
OILRRET 2T & T, AEEMEOMREIYBEREDETEZIENTE
oy

RIS, BAEBFEICRDIAFERICOWVWTEHEAT 5, B4 EHEHEICRD
HERIE, B1REBRICRINEZROLEAKOEBRTHDH. F1=X
EMEER—O/FS %ML TEHRIAT 2, $4EEMEBICHEIHAFZROLO—
BlELTONREROL (1) 1E. EICRT L DIC. HEHTA > THEAID
SIEICHEAR. EORBIFHEETZIHEILVIBEG1 &, BORBRIFHEET
2E2LVABEG2E, EORNTNEETIEILVIBEGI & BORER
NEBETZEALVIXHEGLEEBLTERINDS, GEOK. E2L VX
BHG2LEIL VY ABHGIE’HHMITB>THEL. BYEIEL VY XEOD
EfELNELT S,

LEBHROT. B4ERMEBICRDZHAFROLIE, UTORHRX (4) ~
(6) ZHMET %,

1. 80<ndM1 - - - (4)

yvdM1<26. 00 - - - (5)
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OgFM1— (0. 6415—-0. 00162XydM1) <0, 012
0O - - - (6)
BL., ndM1 :E1LYIHEHGTOEL YD JIFICHT 2 EBITE
vdM1 :B1LYXEGTIDAELYZXDT v ¥
OgFM1 :BEI1LVIBEHGTIDEL VIO THY . F
1LYXBEHGIDEL VXD GRHRICHTZEHREEZngMT &L, B LY
ABEHGIDEL VY XDFFICNTZEHRELZNFMIT &L, B1 LY XEG
1OEBLYZADCIRICHTZEIERAENCMI ELAEEE, RATEREIN
%
6gFM1= (ngM1—nFM1) / (nFM1—nCM1)

[0033] SE4EEHEBICLNIE. SEOBONEZEN/IVPLBRVAER. BLUOD
HERERBATHAERBRER/DENABEICA D, FA4EFEREBICKRDZAE
ROLIIE, HM3ICRTHFEROL (2) THRL, B IKRTHFEROL (
3) THERLK. H7ICnTHEROL (4) THRL, HICRTAERO
L (5) THRW,

[0034] 4R (4) E. B1LYIHEHGI DAL Y XD dRICHT 2 EIFEICD
WCEAHEEERET 250 TH D, £HR (5) 1 B1 LY IBEGH
DELY DT v REUIDWTHEDLEFHEARET 26D THD, FHR (
6) 1. BILYXEG1 DALY XDEWYDEULLE 7 v RO EEN4FE%
EHRETDEDTHD, £HRX (4) ~ (6) 2HET D& T, BXROE
EO2EICEVWT, HEBRES I VERBRELZRFICHET S EMNT
x5,

[0035] &&= (4) OFIGEN LREEEZANTLED &, BROBMEAD—BFT
B EERINES I ERBINELRET S EAREICARD, 4K (4) ©
TRIEZ, 1. 82, 1. 83, IBHICT1. 84ILERET DI ET. AEE
HMEODIRELYEELREDETEIENTE S,

[0036] &&= (5) OFIGMEN LREEEZANTLED &, BROMEAD—BFT
B EEINES I ERBINELRET D EAREICARD, 4K (5) ©

3

[.-II]J
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[0037]

[0038]

[0039]

[0040]

FIRfE%®#. 25. 90, 25. 85, 25, 70, 25, 50, ¥5|C25

SEILRET 22 & T, ARBEHEOHRELIYBEEREDETEZIEN
TZ %,

ZHR (6) OFIMEN LEREREZANTLED & EROBHDO—ET
B EEINES I ERBINELRET S EAREICAD, 4K (6) O
tMRfE%, 0. 0115, 0. 0110, 0. 0105, 0. 0100,
51IC0. 009 8ICERET DI ET. AEEMEBOMREIYEERED &
TEIENTED, oo 4K (6) OFREO. 0000&LYKEVE
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X (y) =(ye/R) / {1+ (1 —kXy2 R2 2} +A4X y+*+ A6
X ye+A8X ys+A10X y o+ Al12Xy”2 - (B)

[AEERT—4] OFRICIK. [LYX#Ex] oRICBWTERBERD (D
i) EXOoTWREES | TOEBRETRT, 8. DORMELILHER
IKEIT2REMARMOAFEREZITOEREZRY, [AEBERT—4%] OFRIC
BWT, FRAFREZROERIERE. BIIAFROBRMEE (BEXR) . F
NOIIHZERDF FV/IN—%RT,

[LYyXBT—4] ORICIE. ELYXEOETREThOBE (K1 YEAQ

HFERD. TOMORIFRE. BEROBGWEE—MKIC Imm] HMEDLN S5
FFRIGEEBIHER U LB L TEREDHFHENEONDZDT, Th
KRN 2D TRV,

CZCETORDHEARETCOERFICEVNTHETHY., UTFTOEET
ZERERITEERT B,

(%5 1 Ehefhl)

BIEBHICOVWT, 1 ~H2BLURTZHAVTEHRRET S, BT
B1EBBICRDINZRDOL Y XBRETIETH S, B1EROIICHEDN
FROL (1) & SEITA> THERALLIRICIEAT, EQEFTNDERT
2RILVIBGTI &, AOBITNEETZHE2L v XEBHG2 L, EQEH
NeBITZHEILVAFEGCGI E, BOBIFHERTLHEL4 LV XFEGCGEL ED
SEBHIND, EREDED SIEEEMEADEEDE., F2L Vv X8HG?2
DHBEITE > TRRAINZEI L. 3 LV XBFG 3P NEITE > THHRRAIAE
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[0096]

[0097]

[0098]

[0099]

L. BYUESHEL VABEHOAERIEILT S, 4. 0K F1L VX
BHG1BIUB4 Ly XABEHGLIE. BEA | I UL THENEEI NS, O
BRYSIE, F2L VY XBEG2EEI LV IEGCI EDHEICENRING, &
OFF. BEORY SiE. &E\E | ICH L TRENEEINDS, &L Y XBEESIC
MFTWBES (+) £LLIE (7)) BELVYIHOREFRAZRL, 2D
ERUTOLTOEREITHEKRTH 3,

EB1LYXBG T, AEITH > THFERIDSIRICIEA ., @OIRDE
LYZL11&, FERICOEEETZEXAZRARL Y XL 1 2 &9EA
WKOEEZBEIFAEXZZAAAL Y XL 1 3EMEEINALEALVXE. W
FAICOEAEBIFAEXZZARLYAL 14 &, hOERINS, KEHE
BTk, BILYXEGTIDEAZZARL Y XL 1 2H%4ERK (4) ~ (
6) ZMETIELVIICEHET B,

B2LUVXBG 2, HEITE > THEHERIDSIRICIEA ., BHMKROE
LY ZXL21&, BERICOEEBEITZEXAZRARL Y XL 2 2 &9EA
WKOHEEZBEIFAEXZZAARAL Y AL 2 3EMEEINALEAL VY XE,
SERIND,

BEI3LVXBG3 I, AEITH > THEFERIDSIRICIEA ., @OIRDIE
LY ZL31&, MFERICMEEEIFLZEXZRAARL Y XL 32 @O
ROEL VXL 3 ENBEEINLEGL VY XE, MOERIND, AEHE
BITIE. BILVABEG3IDEAZZRAAL VAL I 2HAEHER (17) ~
(19) Z2WET2EL VXICEHT 5,

FALVIEGA I, AEITHE> THHRRAIDSIRICIEA R, PERICOE
EBIFCBAZZAALY LA E, WEAICOEEAGEZEXZAH R
LY XL 42 EMEFANCMEEBIFELZEXZRAARL Y XIL 4 3 ENEES
NEESLYXE, MEAICOEEETAZEXAZZAARL Y XL 4 4 4
ANCMEZERIIFEZEAZAAAL VY ALA S &’ EEINEEL VX L.
AN EEZBEIFZEBAZZAARALYAL46E, DOERIND, BX
ZZAHAL VXL 46, WAL Y ZEIFERETH S, R4l XE
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G4 QBANC, &E | HEEEIND,
[0100] BATOFR1IC, B1EEBICRDHAZRDETDIEEZBIT S,
(01011 (&1)

[£EET]
f =102, 86 B 2=8.163
2 w=24.06 B 3 =0.151
Ymax=21,70 Mf 2 =18,956
T L =149, 38 M 3 =20.740
B f=16.78
[L>X#E]
BHES R D n d y d 6gF
YA E oo (DO)
1 1598. 6404 3.330 1. 83481 42.73
2 -179. 4707 0.200
3 80. 9451 1.200 1. 85451 25.15 0.6103
4 38. 9730 7.070 1.59319 67.90
5 865. 5813 0.200
6 47,0836 4,570 1.59319 67.90
7 210.0810 (D7)
8 -242, 9579 1.100 1.51860 69. 89
48, 3271 1.613
10 122, 3852 1.100 1.72047 34,71
11 28.6090 2. 660 1.94595 17.98
12 44, 8866 (D12)
13 oo (D13) (Y S)
14 85. 7680 2.400 1. 83481 42,72
15 -644, 4854 0.200

16 79.2129 1.100 1. 85451 25.15 0.6103
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17 32. 8950 5.480 1.59319 67.90
18 -109. 8711 (D18)
19 163. 4895 1.100 1. 95375 32.33
20 45,6740 1. 840
21 85. 0464 1.100 1.51860 69. 89
22 23.8970 3.210 1. 94595 17.98
23 29,2234 2.983
24 34,9435 1.500 2.00069 25.46
25 21,6656 8. 800 1. 80440 39. 61
26 250. 8917 21.970
27% -26. 4605 1.530 1.51680 64.14
28 -47.3182 Bf
&M o

[FERET —% ]

B/2T7ME

r=1.000, A4=9. 61768E-06, A6=1. 56877E-08
A8=-4.92862E-11, A10=-1, 29299E-13, A12=-7. 46540E-17
[(TZERT—%]
BIREEHRIAE DHEERESHRRE SEIBEHESERRE

f =102.86 B =-0.5 B=-1.0
DO co 226.746 138. 188
D7 3. 662 12. 980 22.619
D12 25.484 16. 167 6. 528
D13 24,986 14,031 4,245
D18 2. 206 13. 161 22.947
FNO 2.89 3.68 4,65

[LY X7 —%]
B YA LR EERE
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[0102]

[0103]

[0104]

G1 1 56. 05
G2 8 -49. 08
G3 14 52. 89
G4 19 -64. 87

Bl2 (A) & 1 EZRAICHEINFROBERZEEREBICE T IENE
MTHs, M2 (B) &, B1EEMICHRINAEZRDREEERHSERRE (
BEMSEL=—1. 0) LBII2HENENTHD, BRESEREICSETS
EWNERICEWNT, FNOWRFFYNN—, YIREEEEINEFIhTRT, REE
A EREBICHITEIRINERICEWT, NARBEOK., YiGEEZEhE
NRY, Bd. KEANZERTEEAARICHIST 2 F Fr /A —F2IdMAK
DiE%ZR L. FERNEHS L CEHNEHTIIEEORAEZETNETNRL
 AVPRE"TRBZREEDEEZRT, diddiR CERA=587. 6nm)
. gldgfR CBRA=435. 8nm) ., CIZC# (ERA=656. 3n
m) . FIZF#{ CERA=486. 1 nm) 2FhFThrd, FERINERIC
BWT, EREY DA ILGE. BRIEXA )T+ FF IV EEEENTNRRT,
BB, UTIKRTRERAIOINERICEWTE. AEEGERAEOFSER
W, BEET I EBY 5,

BENERLY., F1EBAICKRDINAFERIT. BRIZEERENORER
ESEREITTOREHICEWT, FNENRFICHEI N, BhiciEEHE
BEEBELTWRZENDM B,

(%5 2 EHEHI)

B2EBAICOVT, B3 ~H4BLUVPF2EZHWVWTEHAT S, M3,
FE2RBEHICHRIHAFZROL V XBRERTHTH D, F2EMBBICHRDH
FXROL (2) & AEITH> THERIDSIRICIEA . EQREFTNERT
2EVLVIABEG1E, BOENNZETZE2LVAFEG2 &, EDREHT
NaBITZ2EILVIHGCIE, BOBEITNEETZ2EL LV IHEGA &
HEMINS, EIREMED SIEEHAENDEEDR, F2L Vv XEHG2
DREITB > TREBINFBEIL. B3 L 2 XEEG 3D HEITIH > THERAIANTE
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[0105]

[0106]
[0107]

L. BYESIEL VY XBOBERIELT 2, b, GEOKE. B1L VX
BHG1BIUB4 Ly XABEHGLIE. BEA | I UL THENEEI NS, O
RYSIE, B2LVABHG2EEIL VY XBEGI EDOEICEFZRING, &F
DR, BOKY SiE, &E | ICH L THBLIEEI NS,
B2ERBEHICEVWT, B2L VY XEG2, BE3LVYXEG3, BLUE4S
LY XBG 4, E1REHEBRICERINS O, B1E2EFHOHFE
BALFSEMLT. ChoD&L Y ADFMARGRBEEKT 2, F1L VX
BG 1 IE. HEITA > THERRID SIEICTE A TS, ¥IRANC VT % M S 72 1E X
ZRAZRALVXL 11 & MAAICOEEZAITEZAX=ZZAAZXL XL 12
EWMARNICMEZBIT/ZEAZRARAL Y XL 1 3EEEINLEAL Y
A&, MEAICOEEBITAEXZRARL Y XL 14 &, hOERIND
o REMFITIE., B1LYIXHEGTIOEAZZARAL VXL 1 2H8%&4R (
4) ~ (6) 2HETDEL VXICKET 2, . BEILVIBEGIDE
AZZARLVYZAL32HEHR (17) ~ (19) 28ET28LVXIC
YT B,

UTDOR2IC. B2EBEHICHEZIAFZROZBTOEZEBIT S,

(£2)

[£AFFE ]

f =102.90 B 2 =8.644

2 w=24,05 B 3 =0.140
Ymax=21.70 M f 2 =18.759

T L =149, 44 Mf 3 =20.918

B f=16.84

[L > X&)

HES R D nd y d 6gF

ik mE 00 (D)

1 -970. 6344 3.130  1.83481 42,73

2 -155, 1786 0.200
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. 12047
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. 00069
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[0108]

[0109]

B27mE
r=1.000, Ad=1. 19399E-05, A6=2. 04728E-08
A8=-7.55581E-11, A10=2. 43965E-13, A12=-1. 86360E-16
[(TZERT—%]
BIREEHRIAE DHEERESHRRE SEIBEHESERRE

f =102.90 B =-0.5 B=-1.0
DO co 226.763 138. 555
D7 4,600 13.875 23.358
D12 25,347 16. 072 6. 588
D13 25,096 14,117 4,178
D18 2.200 13.179 23.118
FNO 2.91 3.68 4,79

[LY X7 —%]
B YA LR EERE

G1 1 56. 46
G2 8 -48. 99
G3 14 52.33
G4 19 -65. 47

B4 (A) & FB2EEFHICHRDIIFZDEREZESHEREBICE T DHENE
MTHD, M4 (B) & HB2EEHICHDIIFZRDERELHERESEIRE (
BRMEERL=—1. 0) LBIT2HENEHTHD, FFENEHLY, B2E
EHNCIRZHFRIE, BREGEREN SEZAEMEEREI TOREIC
BWT, BREFRFICHEI N, BhEGEREZAELTVWE & DD
%

(%8 3 =hefl)

BIEMBANUCOVWT, HE5~HMEBLTRIZAWVWTEHRRAT S, 5 I,
BIRMBICRDNEZRDL Y XBRETIETH S, B3IEMOICIHRDN
FROL (3) & A#EITH> THEAINSIRICIEAL., EQREFTNEET
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[0110]

[0111]
[0112]

2EILVIBEGTI &, BOERNNEETIE2L VY IAFEG2E, EORER
NEETZEILVIEGIE, BORFNEETEHE4L VY IBGL &N
HEMINS, EIREMED SIEEHAENDEEDR, F2L Vv XEHG2
DINEITA > TIRAINBEI L. B3 L ¥ XEEG 3 A WEHITA - THRAING
L. BYESIEL VY XBOBERIELT 2, b, GEOKE. B1L VX
BHG1BIUB4 Ly XABEHGLIE. BEA | I UL THENEEI NS, O
RYSIE, B2LVABHG2EEIL VY XBEGI EDOEICEFZRING, &F
DR, BOKY SiE, &E | ICH L THBLIEEI NS,
BIRBHICHVWT, B2L VY XEG2, BE3ILVXEG3, BLUE4S
LY XBG 4, E1REHEBRICERINS O, B1E2EFHOHFE
BULRASEMLT. INS5ORL Y XDFMLHEEZEK T 5, FE1L VX
BG1id, A#ISh> THEADSIRICTEAR., BOMIROEL XL 11
E MERICOEEEIFZEXZIAAL Y XL 1 2 EYHERNCOE % [
FEXAZZARLYZAL 1 3EMEEINEEL VXS MIFRAICOE %
MIFEEXAZRARLVY XL 14 &, DOBERIND, EXZRAARALVYX
L 14 MEAoL Yy XEHIFRETHD, AEHEHTIE. 1LY H
GIDEAZZARL VXL 1 2HEHR (4) ~ (6) 2mET2EL Y
RICELT D, T BIL VY IBEHGINDEXZAHRAL Y XL 3 2H%H
X (17)~(19) 2mWEITZELVXITHHET 3,

LFDORIIC, BIEEHICHRIAFZROETOEEEISTS,

(%3)

[£EET]

f=112.70 B 2 =6.996
2w=2180 B 3=0.187
Ymax=21,70 Mf 2=18.085
TL=153.44 Mf 3 =20.338
B f =18.23

(LY XeEm]
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3547
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146
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6016
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(D0)
3.588
4, 067
2,242
7.035
0.200
5.811
(D7)
1. 159
5.534
1.189
2.618
(D12)
(D13)
2.400
0.220
1.100
5.800
(D18)
1.198
2.000
1.200
3. 256
3.000
1.100
7.441
19.200

nd

1.83327

1. 85451
1.59319

1.59319

1.51860

1.72047

1. 94594

1. 83369

1. 85451
1.59319

1.94180

1.51860
1. 94594

2.00069

1.80610
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27% -20.7242 2.129 1.51680 64.13
28 -33. 3932 Bf
&M o

[FERET —% ]

BOMm

r=1.000, A4=-7. 80076E-08, A6=7. 83037E-11
A8=-1.44363E-13, A10=0. 00000E+00, A12=0. 00000E+00
B27mE
r=1.000, Ad=1. 27301E-05, A6=1. 49611E-08
A8=9.59928E-12, A10=-4, 03456E-15, A12=3. 26570E-16
[(TZERT—%]
BIREEHRIAE DHEERESHRRE SEIBEHESERRE

f=112.70 B =-0.5 B=-1.0
DO co 241,112 143.316
D7 2.233 10. 886 20.318
D12 23. 545 14,893 5. 461
D13 22.608 11.511 2.270
D18 3.338 14, 435 23.676
FNO 2.92 3.71 4,73

[LY X7 —%]
B YA LR EERE

G1 1 55.98
G2 8 -47.61
G3 14 53.52
G4 19 -46. 34

[0113] B6 (A) 1. BIXZMAICHEDIAFZROEBERESERBICE T DHEINE
MTHD, M6 (B) ik HIXEHICHDIIAFERDERELERESEIRE (
BRMEERL=—1. 0) LBT2HENEHTHD, FFENEHLY, B3IE
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[0114]

[0115]

[0116]

BHICR D HFERIF. BRZEERENORBIAEFHSERET TOLIFIC
BWT, BREFRFICHEI N, BhiEBEEEZELTVWS Z &b
%,

(%5 4 =)

BAERBICOWVWT, 7 ~H8BLUVFL4ZHWVWTEHAT S, 7.
FEARBHIHRIHAFZROL V XBXKERTHTH D, F4EBOBICKRDHN
FXROL (4) & A#ITH> THEALSIRICIEAR., EDEHRNZET
2EVLVIABEG1E, BOENNZETZE2LVAFEG2 &, EDREHT
NaBITZ2EILVIHGCIE, BOBEITNEETZ2EL LV IHEGA &
HEMINS, EIREMED SIEEHAENDEEDR, F2L Vv XEHG2
DREITB > TREBINFBEIL. B3 L 2 XEEG 3D HEITIH > THERAIANTE
L. BYUESHEL VABEHOAERIEILT S, 4. 0K F1L VX
BHG1BIUB4 Ly XABEHGLIE. BEA | I UL THENEEI NS, O
BRYSIE, F2L VY XBEG2EEI LV IEGCI EDHEICENRING, &
DR, BOKY SiE, &E | ICH L THBLIEEI NS,

BAEEHICEVWT, B2L UV XHG2BLUHEIL VY XBEG3 I, 81
B EERICERIND O, B1ERFHDBEERALFSEHLT, &
NoDE L Y XOFFMARAZERT S5, F1 L XEGT I, AH#ITH-
TR SIRICIEA L, BOROEL XL 11 & MEANICOE%2E
FEEBAZZAARAL VAL 1 2 EEOBROEL XL 1 3 &M EEINEL
BEAEL YRS MEANICOEEBEIFELZEAZZAARALYXL 14 & OB
MINd, EXZRARALYZXLT14E, MEAOL Y ZEHLFERETH S
o REMFITIE., B1LYIXHEGTIOEAZZARAL VXL 1 2H8%&4R (
4) ~ (6) 2mMREITHELVXIIHEET S, . E3ILVIAFG3IDE
AZZAAALVXL32H0%HERX (17) ~ (19) 2HETZEL VXIS
ZHT D,

FBALUVIBFGA, HEITE > THEHERIDSIRICIEA ., BMKROE
LY ZL41E, MBERICOEEBEITZEXAZRARL Y XL 4 2 E9EA
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WKOEEZBIFAEXZAARAL Y ALA I ENMEEINALEAL VY XE. W
EENCNEZEITABAZZAARAL YL 44 EBOBIROEL XL 45
EDEEINLEEL VY XE, MFRAIKMAEEAFEZAXZAAZAL VXL
46&, hOERIND, BXZRARLYXL461E, WE@AloL >y X\
DNIEKETH B, F4 LV XBEGALOKRAIC, &E | HEEEI NS,

[0117] LUITFOFRAIC. F4EBBICKEDIAZROBTOEEZREIS S,

[0118] (F&4)

[ T]
f =91.80 B 2=9,291
2 w=26.86 B 3=0.129
Ymax=21,70 Mf 2 =18, 681
T L =144,30 Mf 3=22,112
Bf=13.94
[L > XE]
BHES R D n d y d 6gF
WirE oo (DO)
1 408. 2969 3.380 1.83481 42.73
2 -272.198 0.200
3 88. 8401 1.200 1.85451 25.15 0.6103
4 40, 6806 7.283 1.59319 67.90
5 -2294, 7045 0.200
6% 44,6204 4, 666 1.59319 67.90
7 181. 6868 (D7)
8 -474, 3707 1.100 1.51860 69. 89
9 37.2782 2.943
10 257. 8909 1.100 1.72047 34,71
11 35, 7865 2.739 1. 94594 17.98

12 67.2338 (D12)
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13
14 80.
15 -261,
16 103.
17 33.
18 -115,
19 -489.
20 84.
21 1584,
22 30
23 42
24 50
25 29
26 -234
27% -20
28 -38
&RE
[3E3XET— %]
SBO6M

2960
2143
5562
2058
1949
7555
0357
8325
. 4557
. 4678
. 1735
. 4301
. 4595
. 3038
. 3517

36

(D13)
2.599
0.200
1.127
5.480
(D18)
1.182
2.000
1.100
.319
. 000
1.100
7.673
24,209
1.500
Bf

. 85225

. 85451
.59319

. 90412

. 51860
. 94594

. 00069
. 81892

.51680

k=1,000, Ad=-1, 39939E-07, A6=-9. 81797E-11

41,

25,
67.

28.

69.

17

25,
43,

64.
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15 0.6103
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78

89
.98

46
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13

A8=-3. 74424E-13, A10=1, 22198E-15, A12=-1, 93260E-18

B/2T7ME

k£ =1.000, Ad=1,58902E-05, A6=1. 67973E-08

A8=2.63185E-11, A10=-9. 61351E-14, A12=b, 69420E-16

[(TZEFERT—%

HREZSEIRE

f =91.

DO

]

80

(o0

& FEEEES
B =-0.5
207.102

ILJ\

REIIEMEHRIAE
B=-1.0

129. 576
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[0119]

[0120]

D7 2,004 11,344 20. 685
D12 22.744 13.404 4,064
D13 23.943 12. 265 1.831
D18 2.371 14. 048 24,482
FNO 2.85 3.66 4,83

[LYXEET—%]

B SETE R REERE

G1 1 55. 98

G2 8 47,61

G3 14 53. 52

G4 19 -46. 34

B8 (A) I&. B4EBBIRDIAFROERZESERREBICS T ZHNE
HMTHhd, @8 (B) ld. FBA4EEHICHRIAERORETERMESEIRE (
BEEEBL=—1. 0) ICBITIENELTH 2, BENEH LY. F4=X
FEBIC R 2 HERIE. BREEEREINSEEREHSEREZI TOLEIC
BWT, BNEFRFICHEIh, BhiEEEREZELTWS I EMbh
oy
(% 5 =)

EBEEBAICOVWT, HI~K1 0B LUKSEZAHAWVWTERAT S, M9
. BEEBHICHEIAERDOL V XERETTRTHD, FE5EEHICHKRS
HFEZROL (5) &, XEITA> THERRAIDSIRICTEAT., EQRERNEE
TE2HEI1LVIAHEG1IE, BOBNNEETIHE2L v XHEG2E, EOE
WMNEBTBHILVAFEGCI &, BOBIFNEZETHHE4 LV IFEGE &
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A. CLASSIFICATION OF SUBJECT MATTER

GO02B 13/00(2006.01)i
FI.  G02B13/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO02B9/00-17/08; G02B21/02-21/04; G02B25/00-25/04
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Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2020-60660 A (CANON INC.) 16 April 2020 (2020-04-16) 1, 8-9,12-25
example 5, numerical example 5
10-11
X JP 2014-26023 A (KONICA MINOLTA INC.) 06 February 2014 (2014-02-06) 1,14-15, 17, 22-25
examples 1-5
A 8-13, 16, 18-21
X JP 2014-6487 A (KONICA MINOLTA INC.) 16 January 2014 (2014-01-16) 1,14-15,17,21-25
examples 5, 6
8-13, 16, 18-20
X JP 4-110811 A (SIGMA CORP.) 13 April 1992 (1992-04-13) 1,9, 13-16,21-25
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A 8,10-12, 17-20
D Further documents are listed in the continuation of Box C. See patent family annex.
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date and not in conflict with the application but cited to understand the
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«x> document of particular relevance; the claimed invention cannot be
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«A” document defining the general state of the art which is not considered
to be of particular relevance
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“L” document which may throw doubts on priority claim(s) or which is vy
cited to establish the publication date of another citation or other Y : : ; ; ;
ecial reason (4s S Pf. d considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

«“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
10 December 2021 21 December 2021
Name and mailing address of the [SA/JP Authorized officer

Japan Patent Office (ISA/JP)
3-4-3 Kasumigaseki, Chiyoda-ku, Tokyo 100-8915
Japan

Telephone No.
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

Therefore, claims 4-24 and 28 (with regard to claims 5-24, the sections directly or indirectly citing claim 4) cannot
be classified as any of invention 1, 2, or 3.

Claims 4-24 and 28 (with regard to claims 5-24, the sections directly or indirectly citing claim 4) are classified as
invention 4 as a result of having the special technical feature of "an optical system, including:
a first lens group having a positive refractive power, a second lens group having a negative refractive power, a third
lens group having a positive refractive power, and a fourth lens group having a negative refractive power, arranged
in this order from an object side along the optical axis,

wherein, on the occasion of focusing, the second lens group and the third lens group move along the optical axis
and the interval between the respective adjacent lens groups changes, and

the first lens group has a negative lens which satisfies the following conditional expression:

1.80<ndM1

vdM1<26.00

0gFM1-(0.6415-0.00162xvdM1)<0.0120

where ndM1 is the refractive index of the negative lens of the first lens group with respect to the d line

vdMI1 is the Abbe number of the negative lens of the first lens group
0gFM1 is a partial dispersion ratio of the negative lens of the first lens group, and when the refractive

index of the negative lens of the first lens group with respect to the g line is defined as ngM 1, the refractive index of
the negative lens of the first lens group with respect to the F line as nFM 1, and the refractive index of the negative
lens of the first lens group with respect to the C line as nCM1, then 0gFM1 is defined by the following equation

0gFM1=(ngM1-nFM1)/(nFM1-nCM1)."

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: Claims 1, 8-25 (with regard to claims 8-24,
the sections directly or indirectly citing claim 1)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Document 1: JP 2018-141888 A (FUIIFILM CORP.) 13 September 2018 (2018-09-13), examples 1-3
& US 2018/0246292 Al, examples 1-3

& US 10295780 B2

& CN 108508579 A

& CN 108508579 B

& JP 6689768 B2

The claims are classified into the following four inventions.

(Invention 1) Claims 1, 8-25 (the sections of claims 8-24 directly or indirectly citing claim 1)

Claims 1 and 8-25 (with regard to claims 8-24, the sections of directly or indirectly citing claim 1) are classified as
invention 1 as a result of having the special technical feature of "an optical system, including:
a first lens group having a positive refractive power, a second lens group having a negative refractive power, a third
lens group having a positive refractive power, and a fourth lens group having a negative refractive power, arranged
in this order from the object side along the optical axis,

wherein, on the occasion of focusing, the second lens group and the third lens group move along the optical axis,
and the interval between the respective adjacent lens groups changes, and

the following conditional expression is satisfied:

0.20<DG4/TL<0.40

where DG4 is the length of the fourth lens group on the optical axis

and TL is the total length of the optical system in an infinity focusing state."

(Invention 2) Claims 2, 5, 8-24, 26 (the sections of claims 5 and §-24 directly or indirectly citing claim 2)

Claims 2, 5, 8-24, and 26 (the sections of claims 5 and 8-24 directly or indirectly citing claim 2) share, with claim
1 classified as invention 1, the feature of "an optical system, including:
a first lens group having a positive refractive power, a second lens group having a negative refractive power, a third
lens group having a positive refractive power, and a fourth lens group having a negative refractive power, arranged
in this order from the object side along the optical axis,

wherein, on the occasion of focusing, the second lens group and the third lens group move along the optical axis,
and the interval between the respective adjacent lens groups changes.”

However, this feature is such a well-known feature that it is not particularly necessary to provide any example
thereof, and does not make a contribution over the prior art in light of the content disclosed in document 1, for
example. Thus, this feature cannot be said to be a special technical feature. Furthermore, there is no other identical or
corresponding special technical feature between these inventions.

Additionally, claims 2, 5, 8-24, and 26 (with regard to claims 5 and 8-24, the sections of directly or indirectly
citing claim 2) do not depend from claim 1. Moreover, claims 2, 5, 8-24, and 26 (with regard to claims 5 and 8-24,
the sections directly or indirectly citing claim 2) are not substantially identical to or similarly closely related to any of
the claims classified as invention 1.

Therefore, claims 2, 5, 8-24, and 26 (with regard to claims 5 and 8-24, the sections directly or indirectly citing
claim 2) cannot be classified as invention 1.

Claims 2, 5, 8-24, and 26 (with regard to claims 5 and 8-24, the sections directly or indirectly citing claim 2) are
classified as invention 2 as a result of having the special technical feature of "an optical system, including:

a first lens group having a positive refractive power, a second lens group having a negative refractive power, a third
lens group having a positive refractive power, and a fourth lens group having a negative refractive power, arranged
in this order from the object side along the optical axis,

wherein, on the occasion of focusing, the second lens group and the third lens group move along the optical axis,
and the interval between the respective adjacent lens groups changes, and

the following conditional expression is satisfied:

3.00<(LnR2+LnR1)/(LnR2-LnR1)<5.00

where LnR1 is the radius of curvature of an object-side lens surface of a negative lens disposed most on the image
side in the optical system

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

and LnR2 is the radius of curvature of an image-side lens surface of the negative lens disposed most on
the image side in the optical system."

(Invention 3) Claims 3, 5-6, 8-24, 27 (with regard to claims 5-6 and 8-24, the sections directly or indirectly citing
claim 3)

These claims (with regard to claims 5-6 and 8-24, the sections directly or indirectly citing claim 3) share, with
claim 1 classified as invention 1 and claim 2 classified as invention 2, the feature of "an optical system, including:
a first lens group having a positive refractive power, a second lens group having a negative refractive power, a third
lens group having a positive refractive power, and a fourth lens group having a negative refractive power, arranged
in this order from an object side along the optical axis,

wherein, on the occasion of focusing, the second lens group and the third lens group move along the optical axis,
and the interval between the respective adjacent lens groups changes.”

However, this feature is well-known that it is not particularly necessary to provide any example thereof, and does
not make a contribution over the prior art in light of the content disclosed in document 1, for example. Thus, this
feature cannot be said to be a special technical feature. Furthermore, there is no other identical or corresponding
special technical feature between these inventions.

Additionally, claims 3, 5-6, 8-24, and 27 (with regard to claims 5-6 and §-24, the sections directly or indirectly
citing claim 3) do not depend from claim 1 or 2. Moreover, these claims (with regard to claims 5-6 and 8-24, the
sections directly or indirectly citing claim 3) are not substantially identical to or similarly closely related to any of the
claims classified as invention 1 or 2.

Therefore, claims 3, 5-6, 8-24, and 27 (with regard to claims 5-6 and §-24, the sections directly or indirectly citing
claim 3) cannot be classified as either invention 1 or 2.

Claims 3, 5-6, 8-24, and 27 (the sections of claims 5-6 and 8-24 directly or indirectly citing claim 3) are classified
as invention 3 due to having the special technical feature of "an optical system, including:

a first lens group having a positive refractive power, a second lens group having a negative refractive power, a third
lens group having a positive refractive power, and a fourth lens group having a negative refractive power, arranged
in this order from an object side along the optical axis,

wherein, on the occasion of focusing, the second lens group and the third lens group move along the optical axis
and the interval between the respective adjacent lens groups changes, and

the following conditional expression is satisfied:

0.75<f1/(-£2)<1.30

where f1 is the focal distance of the first lens group

and f2 is the focal distance of the second lens group.”

(Invention 4) Claims 4-24, 28 (with regard to claims 5-24, the sections directly or indirectly citing claim 4)

Claims 4-24 and 28 (with regard to claims 5-24, the sections directly or indirectly citing claim 4) share, with claim
1 classified as invention 1, claim 2 classified as invention 2, and claim 3 classified as invention 3, the feature of "an
optical system, including:
a first lens group having a positive refractive power, a second lens group having a negative refractive power, a third
lens group having a positive refractive power, and a fourth lens group having a negative refractive power, arranged
in this order from an object side along the optical axis,

wherein, on the occasion of focusing, the second lens group and the third lens group move along the optical axis
and the interval between the respective adjacent lens groups changes.”

However, this feature is well-known that it is not particularly necessary to cite any example thereof, and does not
make a contribution over the prior art in light of the content disclosed in document 1, for example. Thus, this feature
cannot be said to be a special technical feature. Furthermore, there is no other identical or corresponding special
technical feature between these inventions.

Additionally, claims 4-24 and 28 (with regard to claims 5-24, the sections directly or indirectly citing claim 4) do
not depend from claim 1, 2, or 3. Moreover, claims 4-24 and 28 (with regard to claims 5-24, the sections directly or
indirectly citing claim 4) are not substantially identical to or similarly closely related to any of the claims classified as
invention 1, 2, or 3.

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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