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(57) Abstract: A zoom lens, an optical device having the same, and a production method for the zoom lens can be provided, said
zoom lens having, in order from the object side, a first lens group (G1) having negative refractive power and a second lens group
(G2) having positive refractive power, and wherein the interval between the first lens group (G1) and the second lens group (G2)
changes when zooming from a wide-angle end state to a telescopic end state. The first lens group (G1) has, in order from the object
side, a negative meniscus lens (L1) facing the concave surface thereof towards the image surface side, a negative lens (L2), and a
positive lens (L3) facing the convex surface thereof towards the object side. The second lens group (G2) has, in order from the object
side, a positive lens (L4), a first bonded lens (L56), and a second bonded lens (L78). The zoom lens is compact and has a high im -
age-forming performance having good correction of various aberrations, as a result of fulfilling prescribed conditions.
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& TREZBHE RIFICHEST 22 &N TE D,

[0317] ndL2A%HRK (6—6) OLREEBASDE. REEHI/BLT 5%
HIFF L <R,

[0318] &, AL C6EHEMEBOMREEEICTDLHIC. &4 (6—-6) OL
fRiEZ 1. 6 1ICTBHZENFELWL, IHICAECEBHMRBOMREHERE
ICT 7. KR (6—-6) OLREZ1T. 60ICTHIENMFELL
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[0319] LEOFRHEN (6—7) &, FIEEI1 LV XBHOAL VXD JdHR (A =587
L6nm) (ISR BTy ARBICE L CEUAHBAZRELELZEDTHD, TDF
#HRX (6—7) OHEEEHIT LT, BINEOHELRFICITI ZENT
x5,

[0320] v dL2AFMHR (6—7) OTRELEALZ L. BINEDORFAMEN
HEEE 257 DFE L <AL,

[0321] 7Ad. AFECRBHEBOMRERREICT 570IC. £HX (6-7) OF
[RIEZ64. O0ICT DI ENTFELL, T, ISICAFEREFEOM
REMRICTDHOIC, 8K (6-7) OTFREE66. 00ICF BT e
BIFE LW,

[0322] & (6—7) OTFRIEAT7 2. 00ICTBERYYNA—ILHA LAY
. AECEBRFRBOWRERARICHKET I ENTES,

[0323] &7z, AEOEBHEOX—LL VX TIE, 1AL VX, BFEaH
SHIRIC, ELYXEBLYXEDEETERINDIZENEHELYL, D&
IE, BIESLYVYIZEL VY XEAL Y ADEAICEYIBNT 5 2 & T
ENECE#H EEINESZEONESRIFICHIET 52 &N TE, BVFEHRELE
BIBNEDX—LLVA%EERTDIENTE S,

[0324] &7z, AEOEBHEOX—LL VXTI, E2#EEL VX, BEaH
SIEIC, ALY XEEL VY XEDHEATEBRINDIENEHLWL, ZOD&
T, B2EELVYAEEBLYXEEL Y XZOERICLYERYT 52 & T
ENECE#H EEINESZEONESRIFICHIET 52 &N TE, BVFEHRELE
BIBNEDX—LLVA%EERTDIENTE S,

[0325] &7z, AEO6EBHEOX—LL VX, BAOKYEEL. ZOREOKY
FHET L XBEORSEEAOL Y AL YEARICKEEINSGBEHRNESE
LW COLDIBBRICELY ., RBOEBFBOX—LL Y XF, OTINE
FOHANEE RIFICHE L TRWEREREEERT 22 ENTE S, 4
CEORYIE. B2L Y XBEOMEAICEREBET 2 ENLYEFLL, &
kY, AECEBHEDNI—LL VXL, IVEEZOHAREELYR
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[0326]

[0327]

[0328]

[0329]

[0330]

[0331]

PFICFHIE L TRWERMREZZERT DI &N TE D,

F/o. AECERBEHEDOX—LL Y X TlE, T|REYERD SEIRBEYEA
DEEER, F1L Y IABEREBE T DI ETITIIBAIELLL, Thil
Y, RECERFEHMEBOX—LL VX, NEULEERT DI ENTE S,

Frh. AECEBPEOX—LL VXTI, B1 LY XBHOREYMEAD
Ly ZEOMGERIC, FTEEmASRAEZRBI DI EAEELWL, 2DLD
BRERICTDHIET, 1LY IBHOKREEEAOL Y XEERPENLS
RETDIENTED,

RIS, REBECREHEDI—LL Y XDBEERERICOWVWTE T 7ICEDWV
TERBAY %,

Bl1 7R X—LL Y XOEEREIE. MEADSIEIC, BEFTADE
TLYXEEE, EBIFADE2L VY ABEFTD2X—LL Y AOEERET
HoT. UFTDRFYTSB61~S6455HDTHD,
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B/B1L X MEAILYVIRIC, REAIICMNEZRAGEZEXZIHZL
YXE BLYXE MFAAIICOEZATEEL Y XZET2LDICT %,

(R7wv7FS62)
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BL. STEFRIEZHE1 LY XED, RHLYHFAOL Y XE»SEHEREAAMOD
Ly ZmETONE LD, S 2 3FRKE2L v IFHD, RbWEAIOL
Y ZEM O REGEAIOL Y XEE TONRE EOERE., f widhAMIRREIC
BIFZRIERA—LL Y XDESRER. f tIXERMARBICHS TSR —4
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[0333]

[0334]

[0335]
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(RFvSS64)

BILYIABEEE2 L Y XBEREARNICHEAINSIBICEE L. 2HO%
BB ERITD I LY. LRARRED, S ERIPREADEFBEDE. A
BILVXHEAEB2L V XBFEOEBHIRELT DL DICT 2,

M ARECEBPEDI—LL Y XOEEREICINIE, TEEBOINE
ZH &M, LARREN SEEmREICHZ > THRWEGRLEEZE T 2/
BOX—LL VX aRETDHIENTES,

RIS, ARRDB 12V LE6EEMEBICHBDE 1 EREGAICHEDII—LL
VAEBATZ-AXASERT 1ICEDWTERRY %,

AAZTE, T TICRTEDICHEEL Y X2E LTEBT 2AFHEDE 1
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—RR740%) N L TREE 3 OBREELICHEREEEKRT 5, TL
T, BIEEIICRIT ONABERRFICL Y HEEREINAEERI N TH
BHROBERDPERIND, ZOBERIFE. AXTTICEITONEZEVFE (Elect
ronic view finder : EFE21—T 74 2%) 4ICKRTIND, ThilLYEk
FEF. EVFAENLTHEREZHEET DN TE D,

T, BEEILI >TAHROL ) —XRG MBI ND &, |IKER3IC
SYUNEETBINLZEENARROXE)ICEEINSG, COLDICLT,
BEEEANAZT VILLDIBRERDERL ZTOIENTES,

CIT, AKAXZTNICEELVAX2E LTEEHLESE 1 EEAICKRS X—
LLYXiFE, DNEITHY BHFSENEE RIFICHIE LIcmWMEGRMEREEZET
2X—LLYATHD, LED>T. AAXT 1IGNEEESWERIER
ERGTDHIENTED, BB, BBTDE2~FESEBOICHKEDI—LL Y
A/ LV X2E LTEELEAAZZBRLTELEELE N AT 1 EEKD
MREZTDHIENTED, T, FAEBFETIE. I 5—LAAAXAZDH
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[0340]

[0341]
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[0343]

[0344]

[0345]

TERBALZD, AASEKIBICOA Y I ) I—VIS—%R L7740 —%
ZFRICLSYBBEREZBETL2—RL 7941 TOOAFICLEEEROICHED
A=LL VX BELEBETH, £ERBOHIXS 1 EAKOMREZTT DL
NTE D,
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(55 1 EEf)
B1A H1B. B1CIEABEDE 1 REMICHKREZX-—LLYADL VX

&z, M1 CRIRERMREEZZNENTT,

AEBOIUMGED X —LL X, MFAILYIRIC, BERDDOETL VX
BG1E, FEITNDE2L VY IABG2ETERINTWS,

E1LYXEGTIE, MFEILYIEC, MEAAICMEERTZABAZRA
ALYZXL1E AMEROBL XL 2 &, MERAICMEA2RAITEZIEAZ
ABDRALVYALI3I ENDLRSB,

FE2LVXEG21F, MARALYIRIC, IOPROEL XL 4 &, @Y
MROEL Y XL 5 EMMFROAL Y XL 6 ENEEAL VXL 56L&,
BEMICMEEBTZEBAZIARAL Y AL 7 EEOBROEL VXL 8 E
DEESELVALT78EMNLRD,

AEROUCHRZZ—LLVZIEWT, FTLVXEGTEE2L U IH
G2 &DREICIE, FAORY SHEBREINTWVWS, F2L Y XEFEG2 &GA |
EDRBICIE. B—RXAT7A4 NI LPFEFAREEINTWS, O—/\XT71JL%
LPFiE, &M | ICEEINSCCDEOEKRGERTFORAMKULDE
BRREENY NS DDDEDTH 5,

AERBEHICRDZIA—LLVXE, B1ILVIBEGTIEE2L VY IEG2E
DETEBHIEILTDEIIC. BILUVIEGT1EFE2L VY XBEG2E%5N
EAEABEI TSI EICLY. LARRED SERIFREANDERE1TD
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[0346]

[0347]

[0348]

[0349]

o JDEX, BAOMY SIHE2L VY XEG2E & ITHBMAA~NBEE L, O
— /IR T 4L LPFIENEARADAENEETH S,

AERBEHICHRDZIZA—LLVXE, B1LVIBEG1 26 28EL Y XE#E
LTHABARANBEIE D &ICL Y. BIREWGED, SEEHNE~DEE
1T

UTFDRTIC, ARBEOHICHEDIX—ALAL Y ADETOEEBITE, R1IC
HPWT, fIIERERM BFIEINv I 7+—hR (RBGEEmAIOL Y XEH
SIRME | FTONE EDRER) 259, ([@TF—F1UTBEVWT, miE¥Ean»
SHAAFEDIEE. rIFHERER. JdITEER (Fr@E (nldEEH) &&Hn
HEE OB . ndiddig (A=587.6nm) (IxT BEHE, vdiddig (
A =587.6nm) ICHT BT v REEEZNTNRRLTWD, £/, OPRYEKE

| I EEZETNENRRLTWS, BB, HEFF r=coidFHmEmrLTW
%, F7o. FHEICIEEBSIC kA L CTHEEE r OMICITOEHREYEE
ZHRLTWD,

[FEEkmT—41 ICid. [E7—%]1 ICRLAEREICOVWT, TOERK
ZRATRLUESEOIKEARBKROCHHEERE T,

X (y) =y2/[r- {1+ (1—k-y2/r2) 172} ]
+Ad - y4+AB- yO+A8 - yB+AID- y 10

IIT. yEXRBMIEBEASAOES, X (y) 28I yICH T 2FKE
DIEROBELED S UZIKEE TOXMABIA > (FIVE) . «
ZMSEEL. A4, A6, A8, A0%ZIEIRMEIREL. r ZEEREOMFEEE (L
HIRER) &9, Ad. TE—n] (EEH) F TX10-7] #RL. AR
[1.234E-05] (& [1.234X10-%] %Y, 2ROIFKEREA2E0THY,
EHEEEBL TV,

[EETFT—49] ICBWVWT, FNOWRFFYN—, 2widEA (A I
1) YIS, TLEX—ALYZX02E (BE1EAISEKE | £ TOFE
FORE#) . ATLIZX—LLYXDOEROESHREE. ABFIZ/N\v o7
A—HADEJHEE, dnidFEnEE EtIHEDOAZEDOEREZZENENRT
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o BB, WIRLEAMKRE, MEHEERERRE. TREERREEZEZNT
Nrd,

[LYXETF—4] ILBWVWT., STIEREL Y XEOBE. BERS WA
DLYXEETT,

[REHARBE] ICIE. EREXOHINEEZTT,

ZIT, RTIBHEINTWHIERER . HFEHFE r RUZOHORS
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[SRAAXISE]
(1=1) (=f1) 7| fL56]| = 0.151
(1—2) SL56/f2 = 0.346
(1—3) SB/S2 = 0.142
(1—4) f2,/TLw = 0.286
(1—5) ndLi = 1,903 (L7)
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(3—2) S2/TL1t = 0.215
(3—3) SA/r6R = 0.973
(3—4) f2/|fL56 | = 0.149
(3—5) ndLi = 1,903 (L7)
(4—1) S2/TLw = 0.215
(4—-2) f2/ (fwxft) 172= 0.982
(4—-3) fL1,/f1 = 0.830
(4—4) S1/TLw = 0.148
(4—5) ndLi = 1,903 (L7)
(5—1) S1/fw = 0.778
(5—2) (r2F+r1R) / (r2F—r1R) = 0.748
(6—3) fL1,/f1 = 0.830
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ndL1+0. 009XydL1 = 2212
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[0353]

[0354]

[0355]

[0356]

[0357]

[0358]

(6—-1) S1/ (fwxft) 172 = 0.507

(6—2) S2,/ (fwxft) 172 =0.739

(6—-3) (=f1) /S1 =1.972

(6—-4) fL1/fL2 = 0.307

(6—-5) (r2R4+r2F) / (r2R—r2F) = -0.109
(6—6) ndL2 = 1,498

(6—7) vdL2 = 8257

B2A, 2B, M2 CIEAREDE 1 REMICHES X—LL Y XOERE

&%, M2 CREEMREEZZNENTT,

BNERICBEWT, FNOWRFFYN—, YiGEEFNFIATRT, KE
PERTRHEAORICHBT Z2FF Y\ —%RL, FRNEHRUCERINE
HTREEORAELZTL, AVNEHNTRERESDEEZTRT, diddiR (
A=587.6nm) . glE g#f (A =435.8nm) ICHBIFTBDNEEFNFNTT, FE
RNZERICEWT, RBREY I SIVRE., BREX YT F P EEZZN
FNRY, 0B, BT 5REHEAOPRERICENTH, AEREH & RRD
FszRAWN5,
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F1LUXEBEG T, WAL YIRS, DERICOEZAEITEEAZZN
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ALYZXL1E AMEROBL XL 2 &, MERAICMEA2RAITEZIEAZ
ABDRALVYALI3I ENDLRSB,

F2LVXEG21F. MEALYIEIC, MOTBRKOEL XL 4 &, WM
MROEL Y XL 5 EMMFROAL Y XL 6 ENEEAL VXL 56L&,
BEAICMEARTZBAZIAAL Y XL 7 EAAFROEL VXL 8 &
DEESELVALT78EMNLRD,

AEROUCHRZZ—LLVZIEWT, FTLVXEGTEE2L U IH
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EDENCIE, O—/ XX T4 ILILPFARBEINTWS,

AERBEHICRDZIA—LLVXE, B1ILVIBEGTIEE2L VY IEG2E
DETEBHIEILTDEIIC. BILUVIEGT1EFE2L VY XBEG2E%5N
EAEABEI TSI EICLY. LARRED SERIFREANDERE1TD
o COEE, FAOKRYSIFE2L Y XEG2EEHITKEAAABEL, O
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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:
(See extra sheet)

L I:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

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

3. I:l 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.:
1-28 and 54-64

Remark on Protest I:l 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.

I:l No protest accompanied the payment of additional search fees.
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Continuation of Box No.III of continuation of first sheet (2)

Claims 1, 29, 34, 39, 44, and 48 have a common technical feature,
i.e., Yhaving a first lens group of negative refractive power and a second
lens group of positive refractive power in that order from an object
side, the separation between the first lens group and the second lens
group being varied upon zooming from a wide—-angle end to a telephoto
end, the first lens group having a negative meniscus lens with a concave
surface facing an image plane, a negative lens, and a positive lens with
a convex surface facing an object in that order from the object side,
the second lens group having a positive lens, a first cemented lens,
and a second cemented lens in that order from the object side.”

However, the above-said technical feature cannot be considered to
be a special technical feature, since the technical feature does not
make a contributionover thepriorartinthe light of the contents disclosed
in the document 1 (JP 2010-044227 A (Nikon Corp.), 25 February 2010
(25.02.2010), 1st to 4th examples).

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

Accordingly, claims are classified into six inventions each of which
has a special technical feature indicated below.

(Invention 1) claims 1-28 and 54-64

A zoom lens characterized by satisfying the following condition (in
addition to the common technical feature):

0.00 £ (-f1)/|fL56] < 0.65

(Invention 2) claims 29-33 and 65-67

A zoom lens characterized by satisfying the following condition (in
addition to the common technical feature):

-0.30 < (r4R + rdF)/(r4R - r4F) < 0.50

Meanwhile, claims 29-33 and 65-67 are not relevant to inventions which
involve all of the matters to define the invention in claim 1 and which
have a same category.

Further, as a result of the search which has been carried out with
respect to claims classified into invention 1, claims 29-33 and 65-67
are not relevant to inventions on which it is substantially possible
to carry out a search without an additional prior-art search and judgment,
and there is no other reason for that it can be considered that it is
efficient to carry out a search on claims 29-33 and 65-67 together with
claims 1-28 and 54-64, and consequently, it is impossible to classify
claims 29-33 and 65-67 into invention 1.

(Invention 3) Claims 34 to 38, and 68 to 70

A zoom lens characterized by satisfying the following condition (in
addition to the common technical feature):

1.40 < f2/fw < 1.85

Meanwhile, claims 34-38 and 68-70 are not relevant to inventions which
involve all of the matters to define the invention in claim 1 or 29 and
which have a same category.

(Continued to next extra sheet)
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Further, as a result of the search which has been carried out with
respect to claims classified into invention 1 or 2, claims 34-38 and
68-70 are not relevant to inventions onwhich it is substantially possible
to carryout a search without an additional prior-art search and judgment,
and there is no other reason for that it can be considered that it is
efficient to carry out a search on claims 34-38 and 68-70 together with
claims 1-28 and 54-64, or claims 29-33 and 65-67, and consequently, it
is impossible to classify claims 34-38 and 68-70 into invention 1 or
2.

(Invention 4) Claims 39 to 43, and 71 to 73

A zoom lens characterized by satisfying the following condition (in
addition to the common technical feature):

0.15 < 82/TLw < 0.28

Meanwhile, claims 39-43 and 71-73 are not relevant to inventions which
involve all of the matters to define the invention in claim 1, 29 or
34 and which have a same category.

Further, as a result of the search which has been carried out with
respect to claims classified into invention 1, 2 or 3, claims 39-43 and
71-73 are not relevant to inventions onwhich it is substantially possible
to carryout a search without an additional prior-art search and judgment,
and there is no other reason for that it can be considered that it is
efficient to carry out a search on claims 39-43 and 71-73 together with
claims 1-28 and 54-64, claims 29-33 and 65-67, or claims 34-38 and 68-70,
and consequently, it is impossible to classify claims 39-43 and 71-73
into invention 1, 2 or 3.

(Invention 5) claims 44-47 and 74-75

A zoom lens characterized by satisfying the following conditions (in
addition to the common technical feature):

0.50 < sS1/fw < 0.88

0.00 < (r2°F 4+ rlR)/(r2F - riR) < 2.00

Meanwhile, claims 44-47 and 74-75 are not relevant to inventions which
involve all of the matters to define the invention in claim 1, 29, 34
or 39 and which have a same category.

Further, as a result of the search which has been carried out with
respect to claims classified into invention 1, 2, 3 or 4, claims 44-47
and 74-75 are not relevant to inventions on which it is substantially
possible to carry out a search without an additional prior-art search
and judgment, and there is no other reason for that it can be considered
that it is efficient to carry out a search on claims 44-47 and 74-75
together with claims 1-28 and 54-64, claims 29-33 and 65-67, claims 34-38
and 68-70, or claims 39-43 and 71-73, and consequently, it is impossible
to classify claims 44-47 and 74-75 into invention 1, 2, 3 or 4.

(Invention 6) claims 48-53 and 76-78

A zoom lens characterized by satisfying the following conditions (in
addition to the common technical feature):

0.20 < 81/ (fw x ft)1/2 < 0.70

0.50 < 82/ (fw x ft)1/2 < 1.00

Meanwhile, claims 48-53 and 76-78 are not relevant to inventions which
involve all of the matters to define the invention in claim 1, 29, 34,
39 or 44 and which have a same category.

(Continued to next extra sheet)
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Further, as a result of the search which has been carried out with
respect to claims classified into invention 1, 2, 3, 4 or 5, claims 48-53
and 76-78 are not relevant to inventions on which it is substantially
possible to carry out a search without an additional prior-art search
and judgment, and there is no other reason for that it can be considered
that it is efficient to carry out a search on claims 48-53 and 76-78
together with claims 1-28 and 54-64, claims 29-33 and 65-67, claims 34-38
and 68-70, claims 39-43 and 71-73, or claims 44-47 and 74-75, and
consequently, it is impossible to classify claims 48-53 and 76-78 into
invention 1, 2, 3, 4 or 5.

Form PCT/ISA/210 (extra sheet) (July 2009)
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