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(57) Abstract: Provided are a zooming optical system, an optical device, and
a method for manufacturing a zooming optical system, the zooming optical
system being small-sized and having, in order along the optical axis from the
object, 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, a fourth lens group (G4) having a negat-
ive refractive power, and a fifth lens group (G5) having a negative refractive
power, and the interval between the first lens group (G1) and the second lens
group (G2), the interval between the second lens group (G2) and the third
lens group (G3), the interval between the third lens group (G3) and the fourth
lens group (G4), and the interval between the fourth lens group (G4) and the
fitth lens group (G5) being varied during zooming from a wide-angle-end
state to a telephoto-end state, thereby providing a high zoom ratio and high
optical performance.
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[0032]

[0033]

[0034]

(5% 2 Ehehl)

PEEEIARE. B2 PEERERRE. RUEERHREICHS T I2HERTH D,

AERBEGICHRDERAFERIE. HEITA > THERAIN SIEIC. EQEFS
EETIEILVIEGI L, ADERNEETDE2L Vv XBG2&., I
DEFNEETIEILVYABG3 &, BORFTNEETEHEL4L Y IEG
4+, BOBFHEETDIES LV IBGE ENSBRINTWS,

FE1LYXBEGTIE, AEITE > THHRRAIDSIRIC, BRI EZRAT
FEBAZZARALYZAL 11 EELAROEL VXL 1 2E08EL VX E
CERANICMYE ARG EEAZRAAL VXL 1 3EMLEBHRINTWS,

FE2LVXEEG 2, AEIT A > THHRRAIDSIRIC, RIS EZMAT
FAAZZARALYXAL21E PHRAIICMNEZATEZEXZ=ZIHAL VX
L22&, MOMROELYXL23E, MFAICMNEAREITEEBAZAN
ALYZAL24ENLBRINTVWDS, BB, AXZRAAZAL YL 2 1F
BAOL Y ZEEERERRE LEZASRE—IREKAEL Y XTH B,

EILVXBEG3E. AEIT A > THHRRAIDSIRIC, RIS EZMAT
FEBAZZAALYZAL3 1T EMABROEL Y IL 3 2L0BEL VXL
RIS EEBTEEXZRARL Y AL 33 E, BOFBROEL VX
L34 sMEFANCMEEZAITZAAZZAAAL VY XL3 b E0EEL VX E
HAOERINTWS, 28, £33 L VARG 3OYEAIDEREICITEORY
SHMEZALNTWD,

FEALUVIBEGAE, AEIT A > THHRAINSIRIC. AMPBROEL VX
L4 1EMABIROEL Y XLA2EDEAL Y XDHATERINTWS,
BB, BALYIBEGARORLMARRAICHAET 2EL VL4 113, YKk
BloLy XEEFFKEPIKRE LEASZRAE—IL RFEKAL VX TH B,

ELLVXBEGS &, AEHT A > THHRRAIDSIRIC, RIS EZMAT
FEAZZRARLYZXLG 1 &, AOPROEL VXL 5 2 &WEAIC M
EETEBAZZAADRAL Y ILE 3 EDESL VY XENLEHRINTWS,



WO 2013/129490 18 PCT/JP2013/055180

[0035]

[0036]
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WLV XHEE, ELYXLS2EBAZRARALVYXLE 3 EDEEETH
%, e, BELVXHGOHOERLMHRAICMHET ZEAZINIAL VX
L5 1 MEAloL Yy XEEZFKEBKRE LEASIE—IL NEKEL ~
XTHhHb,

L EDHERDOT, AEBHICKRDIEBAFERTIE. LAHBKEBWA SER
HRIRRE T ADEMERIC, B1 LY XBEG 1 IR~ EFICHBE L, E2L
v XEG 2 BEAMKEWD S 5 2 hEE REERRAREM 2 £ THRAINEE L
52 hEE SERRRAEM 2 A S BRIGIRE T Z ThHHRAI~BEIL, £33 LV
ABEG3, FA4L VXEHG4A, RUEDS L v XEG B IEMIKRIANEBIFICIEE
95, b, OB FEOKY S, BE3ILVYXEEG3, RUES LV XEEG
53— TREY 5, ChilLY. LRAMRBWL SERHRETADERE
BRIC, BI1LVIEHGTEFE2L VG2 EOBEMBMMEML., 2L VX
HG2EFEI LV XHGI EDOERMBEP L. FEIL UV XHGI EFLIL Y
XG4 EDERALARIKREWD S5 2 PEE REERHIREM 2 X T1EML
B2 hEESRERREM 2 A SERIFREBTETRIL. £4L VXG4
EEL LV XEHGE & OFERNLARKEWA S 5 2 hEE REERHIAREM 2
FTHY LE 2 hEEREHEREM 2 M SEEMRET £ TEMT 5,

LTFDOR2IC, AEEHICKRIEBAFROETOEEZRIT S,
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[0037]
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[0039]
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B5A, RUOE5BRZENEN, ARRDE2EBAICKRIEEARFERDEA
AR, RUSE 1 hEESERIREICS 1T 2 EREMRAEBOENER
ThH b,

Be6A RURK6BIEZENEN, AEDE 2 EBHICHKRLIEBNAFROE
2 hE & mEEREREE, RUERIGRREICE T 2 BIEERNESEROEINER
ThH b,

FINER LY, AEBEGICHRDIE[BAFRIE, LARRES
IKhl> THNEZRFICHELEVWAEHELZBELTWE I L
(% 3 EHEHI)

B 7%, AREDE 3 ERBOIHRIEBEAZROLAWRIKE, 81 PEESR
PEEEIARE. B2 PEERERRE. RUEERHREICHS T I2HERTH D,

AEMBOAICE D E/ZNERIE, NEITH > THERAIN SIEIC, EORERA
EETIEILVIEGI L, ADERNEETDE2L Vv XBG2&., I
DEFNEETIEILVYABG3 &, BORFTNEETEHEL4L Y IEG
4, BOERNEETZHES LY ABGE5 &, EORTNEETEHE6L
VABEGE EDLEHINTWS,

B1LYXBEGTIE, HEITH> THHRAD SIBIC. MEANICOEE RS
FEBAZZARALYZAL 11 EELAROEL VXL 1 2E08EL VX E
CERANICMYE ARG EEAZRAAL VXL 1 3EMLEBHRINTWS,

B2LYXBEG21F, HEITH> THHRAID SIBIC. MERANICOE E RS
FAAZZARALYXAL21E PHRAIICMNEZATEZEXZ=ZIHAL VX
L22&, MOMROELYXL23E, MFAICMNEAREITEEBAZAN
ALYZXL24 EDLBHRINTWVWD, BB, BAZIABALVYXL2 1
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[0040]

[0041]

BILYXBEG3IE, HEITH> THRAIDSIRIC, MAERAICOEZ AT
FEBAZZARALYZAL3 T EALMROEL VY ILI2E0EEL VX E
RIS EEBTEEXZRARL Y AL 33 E, BOFBROEL VX
L34 sMEFANCMEEZAITZAAZZAAAL VY XL3 b E0EEL VX E
MOBERINTWS, B8, E3L VY XEG3FDELYXL32EEXZ
AAAL VXL 33 EDEICIFAORKRY SHEA LN TWS,

BALYZBEGAIE, XEITE> THRRAIDSIRIC, AMEROAL VX
L41EMAPRDEL Y XLA2EDEESL Y IDHFTERINTWS,
BB, BALYIBEGARORLMARRAICHAET 2EL VL4 113, YKk
oLy XEEFREHIRE LA A E—IL RIEKAL ¥ XTH 5,

B5 LY XBGEIE, HEITH> THRRAIDSIRIC, MAERAICOEZ AT
EBAZZARALYZXLE 1 & BOBKOEL VXL 5 2 &WaEAICTHE
EETEBAZZAADRAL Y ILE 3 EDESL VY XENLEHRINTWS,
BE. BE5 LY XEG S5 FOYFAICMBR CHELROEIMEDRE I
WL XMEE, ELYXLE2EBAZIAARALVYXLE 3 EOESETH
%, T, BEE LV IXHGOEHOREMARAICMHABET 2BAIAHNAL VX
L5 1 MEAloL Yy XEEZFKEBKRE LEASIE—IL NEKEL ~
XTHhHb,

BOLUVXEGOEIEF, MEAICAEAZAIFEZEAZZIAALYZXLETOD
HTHERINTWS,

L EDHERDOT, AEBHICKRDIEBAFERTIE. LAHBKEBWA SER
HRIREE T ADEMEERIC, B1 LY XBG 1 M RAIANBERICBRE L, £2L

51 hREESIEERREM 1 ASERIFRET ZTHRAI~BEIL, £33 LY
AEEG3, FA4L VBG4, ES LV XEEGSH, RUEGL YV XEGHE I
PRI~ BRICHE T 2, b, OB, FOKY S, B3 L Y XEG 3,
RUOEL LV XFHGEI—HTREYT 5, ChilLY, LKARRKEBWHSE
BIMRE TADEFBEIC, BE1TLVIBEGTEE2L VY IEBEG2 EOEBRD
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L, B2LVXBEG2EEI LV AEGI EOEEABI L. B3 LY
AFC3 EFEA4L VXG4 & OBBNLAMKEW 5 5 2 hiEf R EERE
KREM 2 ZTIEM LB 2 PEERERREM 2 0 S BiRImIRET TR L
EBALVZAEGAEEL L VY AEGE EOERNLAAMARBWNSE 2 H
BERERREM 2 ZF TR LE 2 PEEREFREM 2 M 5 ERIRIRET
ITHEML, BELVABEGLHEFEOCL VYV XEGOE EDOFERMNEMT %,
LTFDOR3IC, AEEHICKRIEBAFROETOEERIT S,
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[0044]

[0045]

[0046]

B9 A, RUK9BIEZENETN, AFEDE3IRMAICIRIEBNERDE

ThH b,

BENER LY, AEBAICHRDEBNAZRIE, EAERRED 5 EZmIKEE
ICh> THENELZRFICHEE LEWVWHAEHEEZE L TWE Z &b s,

EREREFICENIE. BERBT. AVWAEHEEZBEALDNEOEBLSE
RERBETDLIENTE D, Bd, LRBEREGIIARRESEAD—E&KH %
LTW2HDTHY., KEEBIFINOIREINDEDTIERWL,

LTORBR., AREOEBAZROAFWEEZBLDLVEETETRA
5 ENTRETH D,

FEOERBHAERDOBEREANE L TSP OEEBROE D% R LD,
ARIFINICRONT, TOMDEENR. BAZIL7HZFOEBAFREERK
T252EHTED, ERMICIE. AROEBAFEROKLMEAP RS GA
WKLY ARG L Y XEBEBM LB TEEDRV, b, LY XEHEE,
EERBICELELTZ2EIERTORMINEDLRLLEE 1 D2DL Y XEZEFT 58
DEWND,

e, AEOEBEHZRIE, ERZVMADL SEERNAR~NDEEZITO
DI, LY XBEDO—ER, 120L Vv IBERE, IWEEBOL v XBEE2EE
LY XBE LTHAEARAABIEIEIEBHELTELL, FIT, F4L X
BHOVPRKCEL—2EEL VY IBETHIENFFELYL, £, L 2E
BLYVXBEE, - NI —HRICERTZIEEHTETHY., 7—hT7 7
—ARAADE—4., BIAITEERE—YFICLZMEICEBEL TWL S,

F/z. AEDERFHZRICBEWVWT, WIhhDL v XBELEXIEZDO—E
. iRl v XBEE L THABICEERK D220 L D ICHREII . XITHH#h
HFEUCERAAANOERZE. BRI EEET. FILEFEICLI>TEL
DBRTLVEMET 2ERETHIEETES, BIL, FBOEZEAERTIE
EILVRBEODLL & —HEIRL Y XFEETEIENTFE LW,

e, ABEOERAEREEBRTIL Y AOL Y X@EiE, REXIETE@E
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[0047]

[0048]

[0049]

LTH L, HWEEFKEE LTHLW, LY XEAPBRAXIETEDBAE.
LY ZMTRGHIGGARISBZICRY, LY XNMTROCHEIIAEDOREICE
DHEUBEDDILEHS I ENTEZOFE LWL, i, REALFTIEE
BTHREMEOLHIELDAVEDIFE LY, LY AN FKREADHZS.
HIMTIC & 2FHm. A5 REBTHEKAMRICKE LEZHZRE—I N
KE., XIEHZAKEICER T BIE %2 KERRICHK L EERFERE O
WInhTH LW, £ LY XEmFEFEE LTH L. LY XZBIRES
MELYX (GRINLYX) SIWETSRFvILYXELTELNY,

Flo. AEOEFBAZRICBVWTHORYIIE2 LV IBEE3 L VX
EDE, XIFEI LY ABDICBEEINS I EMFELL., AOKY ELT
MM ERITTICL Y ARTEDREERBIBIEBERE LTEH LU,

Fro. KEOERAFEREERTZL VY XDOL Y XZEIC, BEWERETE
WEBBRELZBTHIRHEBIEREARELTE LWL, ThIZLY, JLT7PT—R
NEBR L. ®8OY S RAMDOEVWHKRMEELERT ZIENTE D,

T, ABEOEBNERIF. ERFEN3I~20BFRETH D,

RIS, REEOEREAEREHEA-HASER 1 OICEDWTEHRAT %,

B10iE AEOEEAEREBALAASOBRETRIHTH D,
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The technical feature common to the invention of claims 1-6, 11, 12,
15, 16, the invention of claims 7-10, and the invention of claims 13,
14 is “a variable-magnification optical system characterized by
comprisinga first lens group having a positive refracting power, a second
lens group having a negative refracting power, a third lens group having
a positive refracting power, a fourth lens group having a negative
refracting power, and a fifth lens group having a negative refracting
power arranged along an optical axis in order from an object side, wherein
when magnification is varied from a wide-angle edge state to a telephoto
edge state, each of a space between the first lens group and the second
lens group, a space between the second lens group and the third lens
group, a space between the third lens group and the fourth lens group,
and a space between the fourth lens group and the fifth lens group varies”.

However, the above-said technical feature cannot be considered to
be a special technical feature, since the technical feature does not
makeacontributionover thepriorartinthelight of thecontentsdisclosed
in JP 2006-184430 A (Canon Inc.), 13 July 2006 (13.07.2006), entire text
(particularly, examples 1 to 3), JP 63-205628 A (Canon Inc.), 25 August
1988 (25.08.1988), entire text (particularly, example 4), JP 10-186234
A (Canon Inc.), 14 July 1998 (14.07.1998), entire text (particularly,
examples 1 to 3), and JP 1-252915A (Minolta Camera Co., Ltd.), 09 October
1989 (09.10.1989), entire text (particularly, example 7).

Further, there is no other same or corresponding special technical
feature among these inventions.

Accordingly, the following three inventions (invention groups) are
involved in claims.

(Invention 1) the inventions of claims 1-6, 11, 12, 15 and 16

A variable-magnification optical system in which a configuration of
a fifth lens group is specified, an optical device including the
variable-magnification optical system, and a manufacturing method of
the variable-magnification optical system.

(Invention 2) the inventions of claims 7-10

A variable-magnification optical system in which behavior of a lens
group during variation in magnification from a wide-angle edge state
to a telephoto edge state is specified.

(Invention 3) the inventions of claims 13 and 14

A variable-magnification optical system in which an arrangement of
aperture stop and behavior during variation in magnification are
specified.
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