DESCRI PTI ON  ZOOM LENS AND | MAGE PI CKUP APPARATUS
Technical field The present invention relates to a
novel zoom |ens and inage pickup apparatus. More
specifically, the present invention is concerned with
a zoomlens which is conpact and has a high variable
magni fyi ng power, suitable for use in the inmaging
optical systemof a digital input/output device such
as a digital still camera, a digital video canera, a
digital canera incorporaﬁ§§k$#¥ ;fllular phone, or
the like, and an imge picC g@ﬁ) at us enpl oyi ng
such a zoom |l ens. Background Art In recent years,

vi deo caneras and digital still caneras enpl oying

Solyi@mS ke | | f S é%IB (Char ged
Coupl ed Degi%gg?hgggp%§5g%€cgﬁgﬁgﬁg ary Metal - Oxide
Sem conductor) devi ces have been in w despread use.

Such i mage pi ckup apparatus are required to achieve a

hi gbehnt 8RO ity. In particular, digital stil
caneras wth a Targe nunber of pixels need i magi ng

onses Pk ot ont (PRI L o
deYéﬁ§Saﬂ@tihéb% %ggguﬁrgﬁggré%u.i XQl sgégﬁéiégif&, the

zoom | enses hav vari abl e ‘magni
present invention is concerned with a zoom lens which is

compact and has a high variable magnifying power,
suitable for use in the imaging optical system of a
digital input/output device such as a digital still
camera, a digital video camera, a digital camera
incorporated in a cellular phone, or the like, and an

image pickup apparatus employing such a zoom lens.

Background Art

In recent years, video cameras and digital still
cameras employing solid-state imaging device‘such as CCDs
(Charged Coupled Devices) and CMOS {Complementary Metal-
.Oxide Semiconductor) devices haﬁe been in widespread use.
Such image pickup apparatus are required to achieve a
higher image quality. 1In particular, digital still
cameras with a large number of pixels need imaging lenses

having an excellent focusing capability compatible with
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power. In addition, |lowprofile zoom|enses are
particularly needed to neet strong demands for snaller

i mage sensing devices. In view of the above needs,
zoom | enses disclosed in Japanese Patent Laid-opef®F0081
No. Hei 8-248318 and Japanese Patent Lai d-open No.

2000- 131610 are designed to reduce the size of a

front lens in the direction of the optical axis,

i.e., to achieve a lowprofile | ens design, by

i n§§IJt.d-rE9:a&EeDr1'm%@1g1§d8gv9 éécﬁitﬁyf’t aefrge%etl_brf\ﬁg %&bséﬂgixelsf

zoom | enses di sclo I'n"Japanese

No s 4 P Lal d- NQ._. ..
MoegpElz R a0ddenpnese Bokenh, phPLE PSR Mg
T Opoddie Z%%Ubhagﬁfénfoi WG A iRLODSE, MRANLLYyTNG  power
because the hi gher nagnitying power tends T Fesul t

i rb&rtq@uq%ﬁgeaééaégnt& %&e%t%ﬁgf &?xﬁaﬂ@g n%cf%/isgr%ller

power varieS. Furthernore, even e zooml enses

haye, s@h@@ﬁ% gegpidying power, since the novable

| ens "‘groups ave a positive refractive power, the

novabl e | @Sy YLQUPS +HlAVE - £d8s EL, &E‘iféﬂﬁe\gc\ggtgﬁl]osed

I
makes it difficult to néke etﬂe zoom I enses

Prigf ija@ancRe Cbéﬁ]&_:g% l(j%&ge_%%ﬁéq%ﬁel ﬁ%{]‘c‘%—f%géfé%la%gﬁd in

JapaneSe Pat ent

Jﬁﬁéﬁﬁﬁgepﬁéﬁﬁﬁtlﬁgfkiaﬁyﬂ Ng., 38@@5%§ﬂ$ﬁ9zﬂ§y%egigned to

second and fourth | ens groups novable t'or Zoom ng:

| nagmuentRs §hge fourd gl 10R9UP, Afnsanh ok she . 200
optical axis, i.e., to achieve a low-profile lens design,
by inserting a prism in an optical system.

However, the zoom lenses disclosed in Japanese

Patent Laid-open No. Hei 8-248318 and Japanese Patent-
Laid-open No. 2000-131610 are problematic in that it is
difficult for the zoom lenses to have a higher magnifying
power because the higher magnifying power tends to result
in greater aberration changes when the magnifying power
varies. Furthermore, even if the zoom lenses have a
higher magnifying power, since the movable lens groups
have a positive refractive power, the movable lens groups

" have a large mechanism, which makes it difficult to make
the zoom lenses lower in profile. Specifically, the zoom

lenses disclosed in Japanese Patent Laid-open No. Hei 8-

248318 and Japanese Patent Laid-open No. 2000-131610 have
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| enses has a positive refractive power, the novable
| ens groups include the | ens group having a positive
refractive power, making it difficult to make the zoom
| ens smal |l er. The present invention has been made in
view of the above probl ens. Enbodi nents of the
present invention provide a zoom!|ens which has good
S&ﬁf)rlelaﬁn%e?q%%r%@éw FOULSNPAEEL LankP e A gy h
magni fyi ng power, and which is suitable for use in a
Ippgeycl aperde aﬁcmrgm dienst prpup caferach @ fcdihey|zgom
phone, or the like, and an inmage pickup apparatus
lenprayhag a o idamel @eE rabtsv opawer ofthevevakds 3ehn
accordance with a first aspect of the present
girpvenat Loniuddarte ilensr gricdedhaviogna [mrsithare ng a
first lens group fixed upon zoom ng and having a
rpdshtivee pafamgchiakd ngover didf seacbnd:d ensceyrobigp zbaw ng
a negative refractive power, a third I ens group
1bavi agadlgositive refractive power, a fourth I ens
group having a negative refractive power, and a fifth
| ens growg draddid anve@sibhVBatch&aCnat: POWe ew\izch
are successively arranged in the order fromthe

t8B] 86bvei Sheon MRS €1 Br@bditBast bherseqand drfins ngtauRon
and the fourth I ens group are noved for zoom ng,

pWhReE 8L Ny S TSt Wnels, aggueoogomiéﬁs Al d8ashca,

first single lens having a négative
is compact, and has a high magnifying power, and which is

suitable for use in a video camera, a digital still
camera, a cellular phone, or the like, and an image

pickup apparatus employing the zoom lens.

Disclosure of Invention




refractive power, a reflective nmenber for bending an
optical path through 900, and one second | ens having a
positive refractive power, which are successively
arranged in the order fromthe object side; and
wherein said zoom|ens satisfies the foll ow ng
conditional fornmulas (3), (4): (3) NdL1 > 1.75; and
(4) VdAv - VvdLI > 15 where NdLI: the refractive index
of the firsP PEAYTARNCE HELtL 15 dérsVdebpechecAbee
nunber of the first lens at the d-line; and VdAv: the
PF¢EFRGel Y R heonbidangntier providediea | 2rwesldravitryiag a
positive refractive power subsequent to the second
figns Lens herdup stizeshsipgnoupofdévand haletrey i ped iy ve
(EvVdLi)/i where i represents the nunber of |enses
redvenyiee posidd,ver reafavact leasponetp shbsatpentndsatd ve
followi ng conditional formulas (3), (4): (3) NdL1 >
réf75ctivntbdwr VaAER: rddilknz dbowbaser N1 tive
refractive index of the first lens at the d-Iine;
r¥dkhctivhe phbe nunireiareh 16A8 §Hegt MBS Ata thQative
d-line; and VdAv: the average of the Abbe nunbers of
relieat eneeodiad NG @OQ'iﬁf'tMelelﬁ@n%ﬂﬁé VR,
subsequent to the second lens in the first lens group

p6¥@€%véSréﬁﬁéﬂﬂﬂd%ﬁ%o%ﬁr(7WN@E£)££eV!E%é%és%ﬂéi esents

- the nunber of |enses having a positive refractive

a99$ﬁ5e§Uﬂ?qgﬁ?%&d%%p%@%ms?ﬁgpgeéﬁgé)si&%xx%ﬂéf% ntfgltthe

enbodi nents of the present ion, tthe sTZé o
1SQ££r€hé%ﬁ§x§%Pﬁﬁﬁk'%r%ﬂs and the fourth lens group are

moved for zooming, wherein said first lens group
comprises at least a first single lens having a negative
refractive power, a reflective member for bending an
optical path through 90°, and one second lens having a
positive refractive power, which are successively
arranged in the order from the object side; and wherein
éaid zoom lens satisfies the following conditional
formulas (3), {(4): (3) NdL1 > 1.75; and (4) Vdav - vdLl >
15 where NdLl: the refractive index of the first lens at
the d-line; VdLl: the Abbe number of the first lens at
the d-line; and VdAv: the average of the Abbe numbers of
the lenses having a positive refractive power subsequent
to the second lens in the first lens group (VdAv is
determined by (3;VdLi)/i where i represents the number of

lenses having a positive refractive power subsequent to
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direction of the optical axis of incident |ight
applied to the first lens (front lens) of the first
| ens group may be reduced (is nade lower in profile),
so that the zoomlens can have a lower profile and a
hi gher magni fyi ng power while suppressing aberration
variations. 5 According to enbodi nents of the present
i nvention, since the first |ens grou? i nclude a
QQ%%ﬂwlnglﬁ@P@lF%ﬁ@@4u£ﬂqﬂylésnééét|&é i ef ¥ hdidivle “pdwdd;
reflective nenber such as a right-angle prismfor
arS’é’ndl‘lﬁngﬁﬁ opYikhl> pat Wherentdhgh doe ambrantiwsasmdex
one second |l ens having a positive refractive power,
afthéhei féret @ﬁ@se¢ﬁlﬁhﬁIdai@nesygﬂéhrlth¢rﬁbhhrnumbamnof
of the optical axis of incident |Iight applied to the
thier Sirpgndefrontthen)liok t hedf Vdat: teasagroue rey
be reduced (is nmade |ower in profile) as nuch as
thes dbbkenukbet heshortes leecadsaatrhrgsecensidens group
havi ng the negative refractive power nmay be disposed
riefredicatel yoaét esuddeyfantsStol €As geOsd hBAH NG n tehe
positive refractive power, the position of the
femsraneas pypbhp ofvdAe ientickerh€Asd SY$t By Le JiRde i
closer to the object side, nmaking it p033|ble to

repdusentt hensi meunis td"fe 1@%1‘5%%055%%&9&@% 9y Jmaki ng
the first lens group lower in prof Nbreover
r%EBS@t?@@hpSWeftB%bsequent to the second lens).
According to embodiments of the present
invention, the size of the entire lens system in the
direction of the optical axis of incident light applied
to the first lens (front lens) of the first lens group
may be reduced (is made lower in profile), so that the

- zoom lens can have a lower profile and a higher

magnifying power while suppressing aberration variations.




second | ens group and the fourth lens group that are
novabl e may have a negative refractive power, the
novabl e |ens groups can be reduced in size,
aberration changes upon zoom ng can be suppressed,
and the zoom|lens can have a lower profile and a

hi gher magni fying power at the sane tine. In an
enbodi ment of the present invention, the zoomlens
may satisfy tHhRCEDIHiNg dvalembedanrate 191 1t oreppitw <
5.0 and the conditional fornmula (2) 0.1 < DI/Ft < 1.0
IRYEPE 1PN, r epres ems filrstedensegirens hengiiclofde e first
first lens group, Fw the focal length of the entire
sliggde dgpsehrwing avirdgedrigiee refidastave, pawnelr Fta t he
focal length of the 7 entire lens systemat a
redllestopecnemnide statah abher efighe-anthe goom | fens el ibe
reduced in size, and can well correct curvature of

ahi ebdiand wanm. I n an enbodi nent of the present
invention, the zoomlens may satisfy the conditiona
formulla (3) NdLI > 1.75 and the conditional fornula
(4) VdAv - VvdLlI > 15 where NdL1 represents the
refractive index of the first Ilens at the d-Iine,

vdLl the Abbe nunber of the first Ilens at the d-line,
and VdAv the average of the Abbe nunbers of the

| enses having a positive refractive power subsequent
to the second lens in the first I ens group



(VdAv is determined by (EVdLi)/i where i represents
the nunber of |enses having a positive refractive
power subsequent to the second lens). Therefore, the
zoomlens can well correct chromatic aberration, and
can have a |ower profile and a hi gher magnifying

th t . Accardin o0_an enbodi nent of
PR 0r B8R e B RRIPRY Lt e have

i nvent’i on, | eRs” grooup

A d fi . )
G e
i, i d h th [ no obstacl e
e RO LEE R e o dhel BRE L ite (9 ifent

Brief Description of Drawings FIG 1, together with
10BS, ABPLRPOULH Whe SHORE 418 SEEPOBBLETocH (s first

according to a first enbodi ment of the present
leRFeAEPBR, MY ®° FesBiaRg d 1ScRentit Fewer e soviidg)laas
lens arrangenent; FIG 2 is a diagram show ng
"$he AP CRPS BB at ify theagrirgrmabesaysanthalistannd dens
values at a wide-angle end state; FIG 3 is a diagram
ITRYRI hgVipherlicdleatdmeatriedmact Ave i Qome s SIRY dred
distortion values at an internediate focal point
dpepeRonibeedvediely wifderanhkeféndt state q@nrohpa having
the positive refractive power, the position of the
entrance pupil of the entire lens system may be made
closer to the object side, making it possible to reduce
the size of the reflective member for making the first
lens group lower in profile. Moreover, since each of the
second lens group and the fourth lens group that are
movable may have a negative refractive power, the movable
lens groups can be reduced in size, aberration changes
upon zooming can be suppressed, and the zoom lens can
have a lower profile and a higher magnifying power at the
same time,

In an embodiment of the present invention, the
zoom lens may satisfy the conditional formula (1) 1.0 <

D1/Fw < 5.0 and the conditional formula (2) 0.1 < D1/Ft <

1.0 where D1 represents the entire lens length of the

first lens group, Fw the focal length of the entire lens
system at a wide-angle end state, and Ft the focal length

of the



tel escopic end state; FIG 4 is a diagram show ng
spherical aberration, astigmatism and distortion
values at a telescopic end state; FIG 5, together
with FIGS. 6 through 8, shows a zoom|ens according
to a second enbodi nent of the present invention, FIG

A theknNgeds SEharmt i 6 %\é‘l%ge%ﬂgr?%% leglé% £ A7 T gpgement .

FIG 6 is a diagram show ng sp erration,

3t LOpRt i sm @A}ﬂ%@ éé%tclegn al yes a;rhé:\ ndgqeeﬂgl e end

state; FIG 7 1s agrams oW Nng

c?é,l}%gg@tja %{,at O(}]rmftpl S ,and_dis st ortl on vaI ues at an

nt er ne 0| nt p05| "3dh between a
w de-angl e end st tel escopic. end state; 9
sospoos%“ Effié’mbé’ °§gF3?n RRSWE Ty SPretiioa, the

aberrati on, ast.i t and.distortion values at a
ZPsf“ei%%% f&awoatl%r% SFhelrendstt ohger Fama H o 89L11d
tﬁ'ré h 12, shows . a zoom | ens according to a third

ﬁe‘fﬁe SO 1oBrds ERTMP AT et OWA‘FI‘GVd@lbél A§ a

schermtl C View show ng a lens arrangenent; FIG 10 is
whege Jli b KIRAASTE tephBei safrageivatinsiex of the first

lens at the d-line, VdLl the Abbe number of the first
lens at the d-line, and VdAv the average of the Abbe
numbers of the lenses having a positive refractive power
subsequent to the second lens in the first lens group
(VdAv is determined by (}VdLi)/i where i represents the
number of lenses having a positive refractive power
subsequent to the second lens). Therefore, the zoom lens
can well correct chromatic aberration, and can have a

lower profile and a higher magnifying power at the same

. time.

According to an embodiment of the present
invention, the third lens group may have an iris aperture
and fixed upon zooming. Consequently, there may not be
any need for an actuating device, and hence there may be
no obstacle to efforts to make the zoom lens smaller in

size.

Brief Description of Drawings

FIG. 1, together with FIGS. 2 through 4, shows a



astigmatism and distortion values at a w de-angle end
state; FIG 11 is a diagram show ng spheri cal
aberration, astigmatism and distortion values at an
internedi ate focal point position between a S05P0081
wi de-angle end state and a telescopic end state; FIG

12 is a diagram showi ng spherical aberration,

astigmatism and distortion values at a tel escopic end.
state; FIG 13, together with FIGS. 14 through 16,

shoysn 12n&0 QA8 ngCLor 4 II %9: Stfg egwbga':ﬂfagﬁt eﬁg %%@te.sgkt

the present invention, F eing a sc VI EW

Shiwﬂdﬂiio@,|@ﬂ%.aﬁrEQ£%§“H“éch%h§ti$4vE§wasﬁgﬁﬁgﬁﬂy lens
“showi ng spherical aberration, astigmatism an

di stemigeqanyal ues at a wi de-angle end state; 10
SO05P0081 FIG 15 is a diagram show ng spherica

aberrati oprcasbi 988si $Mqand sHbat A5t 59 eféé;lesab%‘rréﬂion,

internedi ate focal point position between

wizieigngtesndas al £sand idn %shSéggg't C, St at8e ELG

16 is a diagram showi ng spheri cal erration,
asttagent i sm and distortion values at a tel escopic end
state; and

FIG. 3 is a diagram showing spherical aberration,
astigmatism,-and distortion values at an intermediate
focal point position between a wide-angle end state and a
telescopic end state;

FIG. 4 is a diagram showing spherical aberration,
astigmatism, and distortion values at a telescopic end
state;

FIG. 5, together with FIGS. 6 through 8, shows a
zoom lens according to a second embodiment of the present

;invention, FIG. 5 being a schematic view showing a lens
arrangement:;

FIG. 6 is a diagram showing spherical aberration,
-astigmatism, and distortion values at a wide~angle end
state;

FIG. 7 is a diagram_showing spherical aberration,
‘astigmatism, and distortion values at an intermediate
focal point position between a wide-angle end State and a

telescopic end state;




FIG 17 is a block diagramof a central portion of an

i mge pi ckup apparatus according to an enbodi nent of

the present invention. Best Mde for Carrying OUtd%E&®081
I nvention Best nodes for carrying out the inventi

will be described belowwth reference to the
acconpanyi ng drawi ngs. A zoomlens according to the
present invention includes a first |lens group GRLl

fixed upon zoom ng and having a positive refractive
power, a sec®nd ligng QEQ%P&mC§E5J¥% ggagggﬁgﬁtéﬂé%ration,
refractive power, a third lens group aving a

poskt i ¥fat B, AGkY 61 BEWEE { 0R $OUId at! gnﬁe;@%g?‘{%ﬁ%m
havi ng a negative refractive power, and a [ ens
gr supt&R5 having a positive refractive power, which
are successively arranged in the order fromthe

obj ect si derg. A, | eagtthde $HAPNA dsens o ILRH n
the 11 SO05P0081 fo%rth | ens group G4 gregﬁﬁgé"fgpows

zoomidgh 1¥nkcacesshingfed he wecendnben ghoube e and

the fourth I ens group GR4 that are novable for zoom ng

hasresaiftgabnieatisef racd ] Ve AR o Egﬁe@yﬁé’lﬁévﬁ%owing
groups can be reduced in size,” aberration changes

UROIL RO RIrignGamede; suppressed, and the zoom | ens can

have a | ower profile and a higher magnifying power at

the sane FIGE. 10 is a diagram showing spherical aberration,
astigmatism, and distortion values at a wide-angle end
state;

FIG. 11 is a diagram showing Spherical aberration,
astigmatism, and distortion values at an intermediate
focal point position between a wide-angle end state and a
telescopic end state;

FIG. 12 is a diagram showing spherical aberration,

. astigmatism, and distortion values at a telescopic end
state;

FIG. 13, together with FIGS. 14 through 16, shows
a zoom lens according to a fourth embodiment of the
present invention, FIG. 13 being a schematic view showing
a lens arrangement;

FIG. 14 is a diagram showing sphefical aberration,
astigmatism, and distortion values at a wide~angle end

state;
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The first lens group GRL includes a first single |ens
having a negative refractive power, a reflective

menber for bending an optical path through 90, an%d§b0081
| east one second |l ens having a positive refractiv

power, which are successively arranged in the order
fromthe object side. Though the reflective nenber
preferably includes a right-angle prism it may be
another reflective nenber such as a plane mrror, for

example. Ascleas ihed ahaveen! BRolLLs! oS H1OUBRLeion,

i ncludes the first singlé [ ens havi negative

I ef $@griate sRQWahd di BEoFefdEGtd r?éé%
right-aﬁblgﬁgrisn1 for bendﬁ%ﬁxﬁﬁgggggﬁdé paf%ﬁa%e

t hiE@ugh R ntapdsdt i beasd g, aS%ﬁ‘&@daﬁgfec‘ Y i&gitteh%nd a

positive refractive power. Therefore, the size of the

entdlesdopis suat emtd; the direction of the optica
axis of i1ncident light applied to the first |ens

(front |epgk.ofigthe Ei5§£?£§ﬁssﬁH&Eﬂh héricﬁgdgéggration,

(is made lower in profile) as nmuch as possib

SCERAQBLLiTRE SREUMLIRRS o QHRuER2. DAY itg dh8pic end
negative refractive power is disposed |nned|aPer

beftand;t hbeafirst lens group GRL having the positive
refractive power. Therefore, the position of the

entrance pupi | 1Pfid e raBkkr @i!a&ﬂ&mscyf;taeree_nitﬁraWQSrtion

closer to the object side, naking it possible to

:ﬁduaa inegsigicialp heakathiechideraBIPe, LAl ABKLEMent
e .
pf the present invention.

Best Mode for Carrying out the Invention

Best modes for carrying out the invention will be
described below with reference to the accompanying
-drawings.

A zoom lens according to the present invention
-includes a first lens group GR1 fixed upon zooming and
‘having a positive refracfive power, a second lens group
GRZ having a negative refractive power, a third lens
group GR3 having a positive refractive power, a fourth
lens group GR4 having a negative refractive power, and a
fifth lens group GRS having a positive refractive power,
which are successively arranged in the order from the

object side. At least the second lens group GR2 and the

i1




first lens group GR1L lower in profile. The zoom | ens
according to the present invention should preferably
satisfy the followi ng conditional fornulas (1), (§Q§P0081
(1) 1.0 < D/Fw<5.0; and (2) 0.1 <D/Ft < 1.0

where D1 represents the entire lens length of the

first lens group, Fw the focal length of the entire

| ens system at a wi de-angle end state, and Ft the

focal length of the entire |lens systemat a

| teE@ﬁQ@H'Iéﬁﬂ“&f%b?tGR4TQ§eQ&E¥gJ'fBQa%oBﬂf ngt% etﬁagh

prescribes the ra of the entire lens

flbitthérﬁédﬁﬂ@UQeﬁﬁﬂgEQu téﬁ?féﬁﬁﬂthgeﬁgﬁptﬁfléﬁgaqﬁpup

entire lens systemaf the wde- angle end state

t heryat ke QfreDnbb¥bis LMo Y nakess , then
t hough the sfze of the refl%ctf@% a%e%b%%&??g f which

| srésesed v Bewbi! SEhd eRSvAS1QU He%l?rbé?%e%% reduced

maki ng t he zoom | ens | ower in pr of i power O

thenféisd, l.@BSrRAYEAGL v 3
S05P0081 Sovve? inthe f ﬂ%%%%ﬁs%{ng%%&@%ﬁ/ﬁoselt 00

st s@eredERMl, NEndi the of Yordli fdrsC bl LOvEOL rEfled %‘?co file
curvature of field and coma. |If the val ue of Fw I's

eird 4 Bighedl 2GRN FHNAN powe® atNeRe tdiend afiigctive
menber is too large to make the zoomlens smaller in
si ze. The first lens group GR1 includes a first single
lens having a negative refractive power, a reflective
member for bending an optical path through 90°, and at
least one second lens having a positive refractive power,
which are successively arranged in the order from the
object side. Though the reflective member preferably
includes a right-angle prism, it may be another
-reflective member such as a plane mirror, for example.
As described above, the first lens group GR1 includes the
first single lens having the negative refractive power,
the reflective member, such as a right-angle prism, for
bending the optical path through 90°, and at least one
second lens having the positive refractive power.
Therefore, the size of the entire lens system in the
direction of the optical_axis of incident light applied

to the first lens (front lens) of the first lens group Gl

is reduced (is made lower in profile) as much as possible.
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The conditional fornmula (2) prescribes the ratio of

the entire lens length of the first lens group GR1 to

the focal length of the entire lens systemat the

tel escopic end state. If the value of DL/Ft is eq£§5P0081
to or less than 0.1, then though the size of the
reflective nenber itself which is used in the first

| ens group GRL is reduced, nmeking the zoom | ens | ower

in profile, the power of the first Iens having the

negiad | yeecdief rnagld We oupOouRs Haﬁrltrg;e el %E Lense oropn Rl

is too strong, nmaking it very fflcu to correct

t hpowair Viad Wiespefseld ehbe@th GO BAL ¥ FRKI 99r§tl:]elfensh group

f-nunber larger at the telescopic end state

vatRie Hfvilly thel pogitabe 11 Ha FH18A! Bhwkpan Tﬂeﬁef&r@en the
the reflective nenber is too | arge, nmaking

dipddinildn toF &h@eehhﬁaﬂééﬂﬁdpiqso&”%h@eéntfré'f§ﬁ1 tem
zoom | ens according to the present invention oul

rief ezal! y1sabirsty the dipldew co la
3y, Ay i Lt 5 1(;7?é°‘a%nd8&ae4 AGLEETR, pdiBlto

14ceSinR0Q8E swher ef Neld ﬂ&l&%@%@%smw@ef efera%Eak‘i% the
i ndex of the first Ilens at the d-line, VdLI the

nifiirer abnthgrbip str1 Qrsedt lhhgrsfhw.e and VdAv the

average of the Abbe nunbers of the |enses having a

posi tive TRErasth VRerROWRcording to the present invention
should preferably satisfy the following conditional
formulas (1), (2):

(1} 1.0 < D1/Fw < 5.0; and

(2) 0.1 < D1/Ft < 1.0
where D1 represents the entire lens length of the first
lens group, Fw the focal length of the entire lens system
at a wide-angle end state, and Ft the focal length of the
entire lens system at a telescopic end state.

The conditional formula (1) prescribes the ratio
of the entire lens length of the first lens group GR1 to
the focal length of the entire lens system at the wide-
angle end state. If the value of D1/Fw is equal to or
less than 1.0, then though the size of the reflective
member itself which is used in the first lens group GR1

is reduced, making the zoom lens lower in profile, the

power of the first lens having the negative refractive
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subsequent to the second lens in the first |ens group
(VdAv is determined by (E VdLi)/i where i represents

the nunber of |enses having a positive refractive

power subsequent to the second | ens). The conditi$p40081
formula (3) prescribes the ambunt of distortion
generated by the first single |l ens having the

negative refractive power in the first lens group GR1

whi ch has the positive refractive power. If the val ue

OBkl ke Bua! des01cL 1, IS IS DUGIEE povsr

condi tional fornula I's "équa

Lhad vertpadftahukhecdtmunlcolugensiated i of arflon 48

unduly l'arge wt respect required refrac

PO Of e fd %}lﬁglgf?ﬂ/ﬂyas%ueﬁaky oy g}oeia elgfe than

the zoom | ens sm si ze 0 grve a gher

meeg ,f WHh RYRE rre%?e&blev% Qr%'ﬂbelre % g;la i%% Jg%éélt‘élolc ?nrrl&le the

formula (4) prescribes the anount

abgidatliy geRenated, by; ghe first single |ens having
the negative refractive power in the first |ens group

CRL 1 ohiad cbig: Pasidi vE kel EAqh) V8- DONEbe AU B e o

| ens groups having a positive refr

scaffPQa%lenwgaegaﬁgtlér@t%hsfs%ﬁgn?ikags_zeﬁé @fr%t%ﬁgeweto

of VdAv VdLlI is equal to or smaller than 1

ampentoeh1 @Bﬁ@ﬁﬁtéf>ﬁﬂ%e%hﬂﬁk8”18§Qe£§E€éhié% EHS first
| ens group
telescopic end state. If the value of D1/Ft is equal to
or less than 0.1, then though the size of the reflective
member itself which is used in the first lens group GR1
is reduced, making the zoom lens lower in profile, the
power of the first lens having the negative refractive
power in the first lens group GR1 is too strong, making
it very difficult to correct the curvature of field and
coma, or making the f-number larger at the telescopic end
state. If the value of D1/Ft is equal to or greafer than
1.0, then the reflective member is too large, making it
difficult to make the zoom lens smaller in size.
The zoom lens according to the present invention
‘should preferably satisfy the following conditional
formulas (3), (4):

{3) NAL1 > 1.75; and

(4) Vdav - vdLl > 15

14



GR1 having the positive refractive power is so |arge
that it is difficult to correct the chromatic

aberration even in the entire |l ens system The fi
| ens group GR shoul d desirably be fixed with re$§3’t0081
to the i mage plane when the magnifying power is

varied. This is because if the reflective nenber for
bendi ng the optical path includes a right- angle

prism then since the right-angle prismis heavy, it

' Wouth€rdae & doakdenbur Hen fgfxltalleti%t 48bER0FEGIAT; I

upon novenent of the right-angle prism

of 1&fie £t rsde laens ngr W@L%J‘?ﬁ: b[-[ﬁm%t!-.ﬂcsfiéheorhtﬂé%

obj ect side, which Shoul d prefe convex toward

t heewbj acten@ de1ikbi Sahs REGAYSE b fve'i:Q? §yr§rga°%b%' s

concave toward the object side, then i produce

a hengerNegathuel 6hstOridPihg an |
difficult to correct such a‘ﬁar%@sﬁégggug%f%ﬁﬁ?gFtP°wer

i guy ki k8 LRESsSYSIEMenthenS @gleemy@b{@a?%ouged

inthe first lens group GRL should desira

a (V! 1anakeePRiAgy MRV DG 1 ONAEIS ACLYE LOCEX te

e.g., arefractive | € range

t uiiRr Fhe1bhgbernddiegle §Q§E’99§é réﬁé(ﬁf‘ltx}e o!wBS_ieX
the nore effective it i's to make the zoom | enS snaller
| subiszeuant to Ghyesdedighensiagni fying
The conditional formula (3) prescribes the amount
of distortion generated by the first single lens having
the negative refractive power in the first lens group GR1
which has the positive refractive power. If the value of
NdLl falls outside of the range given by the conditional
 formula (3), i.e., is equal to or smaller than 1.75, then
the amount of generated distortion is unduly large with
respect to the required refractive power of the first
lens group GR1, failing to make the zoom lens smaller in-
size and to give a higher magnifying power to the zoom
lens.
The conditional formula (4) prescribes the amount.
of chromatic aberration generated by the first single
lens having the negative refractive power in the first

lens group GR1 which has the positive refractive power

and the lens groups having a positive refractive power
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power to the zoomlens. At |east one of the surfaces

of the lenses of the first |lens group GR1 should
~desirably be aspherical. This is because if none of

the surfaces of the lenses of the first |ens gromy>F008L
GRI are aspherical, then the distortion at the

w de-angle end state and the distortion at the

tel escopic end state are so large that it is

difficult to correct those distortions in the entire

|eBﬁbsé@ﬁ%ﬁﬁEoAEhEegéEoH@eléﬂsthiﬁé%ﬁ% ?gu%fof

| enses of the third [ens group eS|ra

bevasphey ice@bi €6 obNsRA{1icUiar, 3 'Eﬁ‘étag&fn@%f ace

of the lens that is positione nDsf ly~cl os to the

obfie€dmatide apBoYL € ogeﬁéﬁ@fﬂ‘é’e&?naf,ﬂ%ﬁ 1eal lé@é

because if none of the” surfaces o enses o

fiest HeNsgotREPp &Rl f6€ ré%ﬂggﬁﬁbga%owépef%tggalaﬁge that

di stortion at the w de-angle en ate i's so

thiad sid dl%fﬁbﬁitcﬁ6tc$fkéa¥f&%%i FP&maQHétégéf eP%t%OSn

entire | ens system Even I f ens groups o

thﬂ1sﬂﬁpaﬂtlfgnﬁeﬁgcggggggiand the fourth | ens group
GR4 are noved for zooning, the third I ens group GR3

ot cofls SR s S

hasx@apesthi ¥e&sgRit add ittR RAWEE plane when the magnifying
power is varied. This is because if the reflective
member for bending the optical path includes a right-
~angle prism, then since the right-angle prism is heavy,
it would place a large burden on the actuating mechanism
‘upon movement of the right-angle prism.

The first lens of the first lens group GR1 has a
surface sl on the object side, which should preferably be
convex toward the object side. This is because if the
surface sl is concave toward the object side, then it
‘would produce a large negative distortion, and it would
be difficult to correct such a large negative distortion
-in the entire lens system.

The reflective member used in the first lens

- group GR1 should desirably include a right-angle prism

having a high refractive index, e.g., a refractive index

in the range from about 1.8 to 1.9. The higher the

16



and- if the zoom|ens has an actuating device for the

iris aperture IR, noving the third | ens group GR3 and
the iris aperture IR would nake an actuating

mechani smso large that the entire | ens system caffrato08l
be made smaller in size. Zoom | enses according to

first through fourth enbodinents wll be described

“bel ow, and nunerical exanples 1 through 4 where

specific nunmerical values are applied to the

e”?@ﬂf&@%&é%‘@ﬂdeﬁih% ebﬁoggsgf%§§¥%v%ehgr%ﬁﬁ giqﬁhggqgﬁf

a lens arrangenent of a zoomlens  accC

fi £8bm eTdiadi JBAY Of ihhgi%g f%?&‘ét%%%t Eoﬂi%%{"jaagé’f' ying

lens 1 according to the i ment

fipshet 8NS HOURFINaving a positive refractive

power, a second lens group GR2 having a negative

refracti veypqwelse énéh$fduh§Q§n%%%§B sttﬂavlq%ﬁﬁgof the

positive refractive power, ourth-l ens g?pu
hawing aReIRbbug E81Tachive %‘P%?/ggea fift Rr/]&h c|f ns

group GR5 having a positive refrac POVET,

arghi SUGCRITLUELY 1 A fAngesk it Igﬁr?%j%%:. . cgf qm I']leenses of
g es a

object side. The first |lens group inclu

fi M n¥hi ' LYE, . @dd ght- angl
il 1908 Senthhflup |dn A HR0ALLKE 1.2&'5”%% angl e

prism & for bending an optical pat , and

S B S U R
at the telescopic end state are so large that it is
difficult to correct those distortions in the entire lens
system.

At least one of the surfaces of the lenses of the
third lens group GR3 should desirably be aspherical, or
in particular at least one surface of the lens that is
positioned mostly closely to the object side should
desirably be aspherical. This is because if none of the

- surfaces of the lenses of the first lens group GR1 are
aspherical, then the distortion at the wide-angle end
state is so large that it is difficult to correct the
distortion in the entire lens systeﬁ.

Even if the lens groups other than the second
lens group GR2 and the fourth lens group GR4 are moved

for zooming, the third lens group GR3 and an iris

aperture IR Should preferably be fixed. Specifically,

17




The second |l ens group GR2 includes a negative lens 4

and a positive lens G. The third lens group G3

includes a positive lens G having opposite

aspherical surfaces, and a conbined |ens assenbl y?92F0081
including a negative lens G/ and a positive |lens 8.

- The fourth I ens group GR4 includes a negative |lens

&@. The fifth lens group GR5 includes a positive |lens
GLO havi ng opposite aspherical surfaces. An iris

S . s . o ; > q
apehd Wil J R MhC %rbﬁﬁ Gftéﬁ :jl}% {Ae ﬁg: AP %e_:élsacaig%éé) 3380%\1612 ,

i mredi ately before the group

pl ane O age @o%;ne1Qnsﬁggsm%ﬂ&éi&gadabﬁ;gfa%% the iris

i nterposed between a pl anned 1 nage ané

fidgdydans 17, 0uRvERE- b S86ONL L o8O G AL iris

the fourth lens group G4 are nova or zoom ng.

Fldperh 3ROWR tBG1aPRSES ié}psa&fuattg]%gjl ﬁ@éﬁ%nlﬂsm %jol Tltaé:ge

wi de-angle end state. As the foc engt

t owestd thet @he3EaPi &n &Nl sitdt e ]
‘indicateg by the arrom5.§%n E?@FB?,bESﬁéﬁio |gﬁf%ﬁén
argigws indicate that the | enses nove for zoom ng, and

the broken-line arrows indicate that the |enses are

fixed durzpgmzoenidy. [ f ar.
mZ PO LY - cHRSSE n ’%gnggi%@tEﬁiﬁ?ghdf%%@%ged

hold true also for FIGS. 5, escri

lmaz&r@bdiﬁéﬁts‘liﬂ‘%d@dﬁﬁeﬁf bEﬁ]SW,r‘“{?PcF! er%ﬁgp' el
ere specific nunerical values are applied to the
ZexbBpl8s 1 through 4 where specific numerical values are
applied tg the embodiments will then be described below.
FIG. 1 shows a lens arrangement of a zoom lens
according to a first embodiment of the present invention.
The zoom lens 1 according to the first embodiment
includes a first lens group GR1 having a positive
refractive power, a second lens group GR2 having a
negative refractive power, a third lens group GR3 having
a positive refractive power, a fourth lens group GR4
‘having a negative refractive power, and a fifth lens
group GRS having a positive refractive power, which are
successively arranged in the order from the object side.
The first lens group GR1 includes a first lens Gl which
is a negative lens, a right-angle prism G2 for bending an

'optical path through 90°, and a second lens G3, which is

a positive lens, having opposite aspherical surfaces.

18



SO5P0081 lens 1 according to the first enbodinent. In
the present specification, "si" represents the ith
surface fromthe object side, "ri" the ith radius_of
curvature fromthe object side, "di" the axial S95P0081
di stance between the ith surface and the (i+l)th

surface fromthe object side, "ni" the refractive

index at the d-line of a nmedium having the ith

surface fromthe object side, "vi" the Abbe nunber of

t hengedessndaving dhagyi ko Si&?éﬁ?&eé raO'H,ethgivggi&%st G4 and

side, "INFINITY" a plane surface, and

asphesscelvsurdiaoes Taphe dyf4 Ho ASPHRECAL dloplo s

9.171 0.522 1.9229 20.880 5.571 1.9 N .

L 81 e U8 oSt 4 51 1 o

1 s 000 00 P DR L TR 0,

1la WHdsASRel 1243 &8772Pmd%R44h 1ens group GR4 includes a
negative lens G9. The fifth lens group GRS includes a
positive lens G10 haviné opposite aspherical surfaces.
An iris aperture IR which is Ffixed during zooming is
disposed immediately before the third lens group GR3, and
a plane glass plate Q corresponding to a filter is
interposed between a planned image plane IMG and the
fifth lens group GRS5.

The second lens group GR2 and the fourth lens

-group GR4 are movable for zooming. FIG. 1 shows the
Pbositions of the lenses at a wide—-angle end state. As
-the focal length is shifted toward a telescopic end state,
the lenses move as indicated by the arrows. In FICG. 1,
the solid-line arrows indicate that the lenses move for

. zooming, and the broken-line arrows indicate that the

lenses are fixed during zooming. These meanings of the

. arrows hold true also for FIGS. 5, 9, and 13 to be
described later.

Table 1 shows values of the numerical example 1

where specific numerical values are applied to the zoom
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13 -8.613 ASP 2.338 14 -5.217 0.400 1.7174 29.501 15
8.570 1.857 1.4875 70.441 16 -4.137 variable 17
-6.514 0.400 1.8350 42.984 18 -109.938 variable 19
18.119 ASP 2.631 1.4875 70.441 20 -6.664 ASP 9. 03F°Ff081
INFINITY 1.100 1.5168 64.198 22 INFINITY 0.800 20
SO5P0081 In the zoomlens 1 according to the first
enbodi ment, the axial distance (air gap) d6 between
the first lens group GR1 and the second | ens group

GR2ent he acdr@dingl $hapre fﬂ £ b 12nRet V\ﬁ?r\ﬁ% h resent

second lens group GR3 and e iris aperfure |

. axbpéediidances, ¢gin Q@I?Qef%ﬁcsbetth\éeg@&gﬁrfg%é ?ﬁ#eo‘?nn%he

group GR3 and the fou S group

axoidedt igRCe nEahr p f wee r I
gro]ﬁjpe GR4 lang t he fF??hi%%%?%lgl%oﬁg éﬁgggﬁa%;eg Ur ?ﬁ%

zosk et shablerdishoms axial qidistances t&é‘% Sary ) pat

t he w de- angle end state, an i1nternedrate poi nt

positie BaHWERS thﬁlwﬁ%ﬁ%'c% £ BH Shat & ﬁ@ s'?ﬁe,

tel escopic end state, and the esco I C
f-mimbers ENQ ot haldx %%gkﬁé ¥-line of a medium

having the ith surface from the ocbject side, "vi" the
Abbe number of the medium having the ith surface from the
object side, "INFINITY" a plane surface, and "ASP" an

aspherical surface.

Table 1
si ri ASPHERICAL di ni v i
1 9.171 0.52211.9229}20.880
2 5.571 ' 1.948
3 | INFINITY 8.00011.9037|31.310
4 | INFINITY 0,200
5 49,940 | ASP ' 1.712{1.6935|53.201
6 -11.126 | ASP variable ,
7 -12.687 0.401 | 1.7725149,624
8 4,803 0,200
9 “ 5.188 0.862(1.9229120.880
10 11.312 . lvariable
11 | INFINITY | IRIS APERTURE 1.200
12 11.118 | ASP 1,173 11.7725149.624
13 -8.613 | ASP ‘ 2.338
14 =5.217 0.400(1.7174 | 29.501
15 8.570 1.857(1.487570.441
16 -4,137 variable
17 -6.514 0.4001.8350| 42.984
18| ~109.938 variable
19 18.119 | ASP 2.631(1.4875] 70,441
20 ~-6.664 | ASP 9,032
21 | INFINITY 1.100]11.5168 | 64.198
22 | INFINITY 0,800
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of view In Table 2, f represents the focal |ength of

the entire lens ,system Table 2 f 6.000 9.000 16. 800

FNo 3.995 4.339 5.046 (0 30.982 20.235 11.078 d6

0.500 3.914 8.213 dl O 8.213 4.799 0.500 d16 O. 70‘?535P0081
1.996 4.649 d18 5.045 3.749 1.096 21 SO05P0081 1In the
zoom lens 1 according to the first enbodi nent, the
opposite surfaces s5, s6 of the second |ens G3 of the
first lens group GR1, the opposite surfaces sl12, s13

of the positive lens G5 of the third |ens group GRS,

and the opposite surfaces s19, s20 of the positive

lens S10 ofn the Lbbhh1bgss) %&&d%a  Bbecpasphily cal

An aspherical shape is indicated OW hg

eqerdbd@iinckit , Eguat henal: dzs@ar}&e“(a&r( &5 ydé) é%n the
where x: the distance al ong the optlca aX|s rom -t

crestsioflens group GR1 and the second lens group GR2, the

- axial distance (air gap) d10 between the second lens
group GR3 and the iris aperture IR, the axial distance
(air gap) d16 between the third lens group GR3 and the
fourth lens group GR4, and the axial distance {air gap)
d18 between the fourth lens group GR4 and the fifth lens
group GR3 change during zooming. Table 2 shows axial
distances (air gaps) at the wide-angle end state, an
intermediate focal point position between the wide-angle
end state and the telescopic end state, and the
telescopic end state, f-numbers (FNO), and half angles o
of view. In Table 2, f represents the focal length of

the entire lens system.

Table 2

f 6.000 9.00016.800
FNo | 3.995 4.339 5.046
w |30.982 20.235|11.078
dé 0.500] 3.914 8.213
dlo| 8.213 4.799 0.500
dlé6 0.700 1.996 4.649
dl8 | 5.045 3.749 1.096
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a lens surface; y: the height perpendicular to the
optical axis; c: the paraxial curvature at the lens
crest; K conic constant; and Ai: aspherica

coefficient of ith order. Table 3 shows asphericalSO5P0081
coefficients A, B, C, D of 4th, 6th, 8th, and 10th
orders of the surfaces and conic constants in the
nunerical exanple 1. 22 S05P0081 Table 3 si KABCD

5 0. E+00 2.91E-05 -7.93E-07 -5.78E-08 1.13E-09 6

o, 100 2 80 "B 2ol ats taotle™ g’

f’ﬁ%*%% A %J%J’% esTo 26000, g Fecond”
756 O 208, 2T 7 #2808 HLG ofshqus

spheri cal aberration, ast trsm

valuies @ls he, WL gs-anghe. gﬂ% Z;H%e Eé %6 L]a higf,

aberration, asti gmati sm st OI' I on va

"ﬂéﬂEﬂﬁyo@beG§§caén@?% X ?bEgkgnsB§£%§§$:%ﬂF éﬁg EFthe

angle end state and SCopi €

4 poseWseabehLasi s astd g8 ghs i3 gngrﬂ Stcﬁ{st 1.9

values at the telescopic en thé
 NEERhkeaka €Xamd & dbherical shape is indicated by the

following equation 1:

Equation 1:

2 2
_ Yy ¢ I
_1+(1—(1+K)-y2-cz)1’2+ZA ¥

where
X: the distance along the optical axis from the crest of
a lens surface;
y: the height perpendicular to the optical axis;
c: the paraxial curvature at the lens crest;
K: conic constant; and
Al: aspherical coefficient of ith order.
Table 3 shows aspherical coefficients A, B, C, D
of 4th, 6th, 8th, and 10th orders of the surfaces and

conic constants in the numerical example 1,
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Wth respect to the spherical aberration values, the
vertical axis represents the ratio to the F-nunber at
an open aperture, the horizontal axis defocus, the

solid- line curve spherical aberration values at t3feP0081
d-line, the broken-lIine curve spherical aberration
values at the C line, and the dot-and-dash-line curve

spherical aberration values at the g-line. Wth
respect to the astigmatismvalues, the vertical axis
reppesents the image height, the horizontal axis
foc the sglid-line curve a sagittal image pl ane,
and | ©sAd brBkentlineAcurve a ®erid|onalcimage pl ane.
Wt ¥g9pettod p 2 hel RHOSt o 1) IBE-ZS
t he| vier[td .Gl 0 e+ &. 2aRH0sslent s imad
hor i zantalE+0d 6~ 19864 B &wh- %
a zpeB|IEES00Ak COTGTHG A0 & SRy
present| d.mveyal i o5 grloa 20015 drIb%
secppd [FTRIHIE 7 9F1519UeS shitdes
havimg a positive —refractrveponet
group GR2 having a negative refractive power, a third
| ens group GR3 having a positive refractive power, a
fourth | eAdGgrdupha@rRy sphaviinglaabegedt iken,r efstdgmayesm,
power, and a fifth lens group GRS having a positive
r 8PfadiFherpborrvalwsischtatbe wideemsjlelgndastangedFi®. 3
the order fromthe object side.

shows aberration, astigmatism, and distortion values at

thé intermediate focal point position between the wide-
~angle end state and the telescopic end state, and FIG. 4
shows aberration, astigmatism, and distortion values at
the telescopic end state, all in the numerical example 1.
With respect to the spherical aberration values, the
vertical axis represents the ratio to the F-number at an
open aperture, the horizontal axis defocus, the solid-
line curve spherical aberration values at the d-line, the
broken-line curve spherical aberration values at the C-
line, and the dot-and-dash-line curve spherical
aberration values at the g-line. With respect to the
astigmatism values, the vertical axis represents the
image height, the horizontal axis focus, the solid-line
curve a sagittal image plane, and the broken-line curve a

meridional image plane. With respect to the distortion
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The first lens group GRLl includes a first lens Gl

which is a negative lens, ‘aright-angle prism& for
bendi ng an optical path through 90, a second lens G3
which is a positive lens, and a third lens &, wi%F008l
Is a positive lens, having opposite aspherica

surfaces. The second Ilens group GR2 includes a

negative |l ens G5, a conbined 1|ens assenbly including

a negative lens G6 having an aspherical surface

f aghigel betmjﬁéﬁti%aqe?ﬁrﬁ? dpﬁpppésgetl{tvse i) eni%?%ilbang taa{

negative lens GB. The ens group

poghgiyﬁbIﬁggigg%ggqvgggsggposite aspherical surfaces,
and a conbined I ens assenbly including a positive

lens G10 i N pheyi.cal rf aci-ng the 24
505P0081 h?ﬁ oot ool gn%élg@ﬁe%q%gﬂ%lnf&nékcﬁl.oﬁ%e ens

f ogEddrds [ n ' e . .
e e BB SR ot S ion-

NaMRAG Gt 13%RNGT bEBbr 3t ALE chACRdhHC AL AT S! 0!

e
and a conbined |ens assengﬁy I'ncludirng a negative

| elvsc 1GkksaRd rad rsPOSEL 4 V&dl@n%R@ﬁav‘f‘Hggéle%psﬁ%%é}eur e IR

which is fixed during zoomng is dis

i fiyd iket rih It | sI | t
posd fraen ibe peRer! he sOSId Hug ng?%ﬁ%ﬁ?‘ﬂaﬂﬂgg{‘gns

opposite aspherical surfaces a conbi ne

aswefiblive( SbOractldd Whvdiheal Bhidy 1&Rs PP B nabifly

pl ane gl ass plate corresponding to rlter 1s

-1 it @oResedebet MeLR: BrPlRnaed LRS- P AN s group GR4
having a negative refractive power, and a fifth lens
group GRS having a positive refractive power, which are
successively arranged in the order from the object side.
The first lens group GR1 includes a first lens Gl which
is a negative lens, a right-angle pfism G2 for bending an
optical path through 90°, a second lens G3 which is a
positive lens, and a third lens G4, which is a positive
lens, having opposite aspherical surfaces. The second
lens group GR2 includes a negative lens G5, a combined
lens assembly including a negative lens G6 having an
aspherical surface facing the object side and a positiﬁe
iens G?, and a negative lens G8. The third lens group G3
includes a positive lens G9 having oppeosite aspherical

surfaces, and a combined lens assembly including a

positive lens G10 having an aspherical surface facing the
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I MG and the fifth lens group GR5. The second | ens

group GR2 and the fourth lens group GR4 are novabl e

for zoomng. FIG. 5 shows the positions of the

"lenses at a wi de-angle end state. As the focal Ieﬁﬁ@ﬁoosl
is shifted toward a tel escopic end state, the |enses
nove as indicated by the arrows. Table 4 val ues of the
nuneri cal exanple 2 where specific nunerical val ues

are applied to the zoon1|ens 2 according to the

Ao RIaq BRAl s fogaRR0Rhs B9 g]i%gfé{)‘té’s&eni
3%%?‘%%%5‘3538512&%%ge%&glﬁ’%o#ﬂgs%@% B ey, 1eps

0. 7 3 124 52 ASP
Va%:fkg:ﬁ gﬁ g 2%%%31%%%56% z’és%Sﬂ%oéggsh 93 %160

g%gleflggggsggfasgépf&l@ the?4B3e48- %‘e, a8 488ined

lens assembly including a negative lens Gl4 and a

positive lens G15. An iris aperture IR which is fixed
during zooming is disposed in a position between the
positive lens G9 having the opposite aspherical surfaces
and the combined lens assembly (G110 - G11}) of the third
lens group GR3, and a plane glass plate Q corresponding

~ to a filter is interposed between a planned image plane
IMG and the fifth lens group GR5.

The second lens group GR2 and the fourth lens
group GR4 are movable for zooming. FIG. 5 shows the
positions of the lenses at a wide-angle end state. As
the focal length is shifted toward a telescopic end state,
the lenses move as indicated by the arrows.

Table 4 values of the numerical example 2 where
specific numerical values are applied to the zoom lens 2

‘according to the second embodiment.
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13 -59.134 0.380 14 -16.936 0.450 1.4877 70.372 15
21.182 variable 6 - 12.067 ASP 1.600 1.6935 53.201 17
-87. 334 ASP 0.600 18 INFINITY I RIS APERTURE 1.000 19
©39.073 ASP 2.000 1.5849 59.195 20 -11.150 0.450 SO05P0081
1.8041 24.874 21 -53.983 variable 22 -43.465 0. 450
1.6742 53.546 23 27.847 variable 24 12.268 ASP 2. 800

1. 7725 49.624 25 -19.769 2.081 26 -11.588 0. 450

1.9229 20.8804 27 15. 555 1.944 1.7725 49.6243 28

- 19216624 1. 692 -2-9 INFINITY 1.330 1.5168 64.1983 30,
ELNITY Q. 800 In the zoomlens 2 according to the

Is‘ €érd _&dbodi|meASPHERECAIXi 4l ddst ange fai r gap) ;08
betwgen 3the72fi rst Tens group GRlo #0031 58,56CTo ghBT)s
gf @) GRZ.4bhe¢ axial di stance gawes gap) dig petween)
tNes samengrreNs —group GR2 g‘ ”%g:.:gog .88308'> 49,285
(_;—{34 tI@@Iﬁ%T?' GL.S_‘LdE(;B (daijTr—9g PEodtF eh—tne
tNg T epsS, gEpup GRS26 1.941[1.4970]| 81.608
6 -37.567 0.200
7 43.201 ASP 1.87711.7742] 43.686
8 -78.852 ASP variable
S 1-146.213 0.45011.8830 40,805
10 23.160 0.813
11 -22.887 ASP 0.450(1.,7725 49,624
112 18.460 1.267]1.9229] 20.880
13| -59.134 0.380
14 -16.936 0.450|1.4877 70,372
15 21.182 variable
16 12.067 ASP 1.600]1.6935| 53.201
17 -87.534 ASP 0.600
18 | INFINITY | IRIS APERTURE 1.000
19 39.073 ASP 2.000[1.5849| 59.195
20| -11.150 0.450|1.8041| 24.874
21| -53.983 variable
22{ ~43.465 0.450!1.6742 | 53.546
23 27.847 variable
24 12.268 ASP 2.800(11.7725 49.624
25 -19.769 2.081
26| ~11.588 0.450]1.9229]20.8804
279 15.755 1.944|1.7725149.6243
28 -19.962 1.692
29 | INFINITY 1.330(1.5168 | 64.1983
30 | INFINITY 0.800

In the zoom lens 2 according to the second
embodiment, the axial distance (air gap) ds between the
first lens group GR1 and the second lens group GRZ, the
axial distance (air gap) dl15 between the second lens
group GRZ and the third lens group GR3, the axial

- distance (air gap) d21 between the third lens group GR3
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SO5P0081 and the fourth lens group GR4, and the axia
di stance (air gap) d23 between the fourth | ens group
G4 and the fifth lens group GRS change duri ng 05p0081
zoom ng. Table 5. shows axial distances (air gap§3 At
the wi de-angle end state, an internediate focal point
position between the w de-angle end state and the
tel escopic end state, and the tel escopic end state,
F-nunbers FNO, and half angles to of view In Table
S, ahd ey esafiith 188sT 988k | QNG RRf rhbNgxeat 1 46 L0
system Table 5 f 6.000 15.000 42.000 FNo 3.606 4.046
4. 128 oep3I3. B2 bd8wese thdG&hurds §enQ0 Jléuq%k@]an"cg%he
d15 21.221 10.301 0.596 d21 4.059 11.306 6.257 d23
131898 36331 gkolBOGRE & FORMAi88S 22oREEET di-d, 1o ot he
second enbodi nent, the opposite surfaces”s7, s8 of
t hehdwhi latkialleas s&4n&és t he |gra%%)| 8RS+ 8L OdRhg it end
obj ect-side surface sll of the conbined |ens assenbly
( @ ateG bnofintbhRe SELONGJRNS pBE AUPPERL: 1 SN S ARRAS 8e
surfaces s16, 17 of the positive l'ens & of the third
| enslegagpeCRAd &fkte Qb ehestdeesEHAC Certd S0t d, Nand
conbi ned | ens assenbly

the telescopic end state, F-numbers FNO, and half angles

w of view. In Table 5, f represents the focal length of

the entire lens system.

Table &

£ 6.000 [ 15,000 42,000
FNo | 3.606] 4.046 | 4.128
w [33.691]13.505{ 4.967
ds 0.500111.420|21.125
dl5121.221110.301 | 0.596
d2l| 4.059(11.906]16.257
d23/13.198{ 5.351| 1.000

In the zoom lens 2 according to the second
~embodiment, the opposite surfaces s7, 88 of the third
lens G4 of the first lens group GR1, the cbject-side
surface sll of the combined lens assembly (G6 - G7) of
the second lens group GR2, the opposite surfaces sl16, 17
of the positive lens G9 of the third lens group GR3, the
cbject-side surface s19 of the combined lens assembly

(G10 ~ G11) of the third lems GR3, and the object-side
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(GLO - Gl1) of the third lens GR3, and the object-side

27 S05P0081 surface s24 of the positive |lens G13 of

the fifth I ens group GR5 are aspherical. Table 6 shows
aspherical coefficients A, B, C, D of 4th, 6th, 8%¢P0081
and 10th orders of the surfaces and conic constants

in the nunerical exanple 2. Table 6 si KABCD 7

E+00 -7.13E-06 -7.65E-08 -1.17E-09 4. 66E-11 8

.E+00 -1.37E-05 -1.56E-07 7.06E-10 3.35E-11 11

B 05 ARt iE Ll on

. 6 -4. 24E-07 -2.24E-09 19
Efggpzé%%%‘%éj%sf%fﬁ% "8.92E-08 -2.50E-09 24

. E+00 1. 285Q4 ¢l 0 8. 1. 08E-09 FI
shoms spheri cal aggéggtgs §eg€%%£nnﬁeé¥%01egﬁﬁ ﬁi éi ¢, D
dlé*foumonsﬁ@'ts%% ab kheo, d

shows spheri cal er?gt?on §r |gnéi|
di g601d 1 ﬁgﬂt%e§ a Jediat e fo al point
position bé?meen ?h%héﬁ ang e éﬁﬁmgégt “and the

‘tel escopic end state, and FIG 8 shows spherica
aberration, astigmatism and distortion values at the
tetgseop ¢ end state, all in the nunerical exanple 2.

ri‘:gles éﬁ}an_géce':s! %nc?

Wth_respect to the spherica

si K A B C D

7 |0.E+00 | ~7.13E-06 | -7.65E-08 [ -1.17E~09 4.66E-11
8 [0.E+00 | -1.37E~05 [ -1.56E-07 7.06E-10| 3.35E-11
11| 0.E+00 6.07E-05 | -2.32E-06 1.07E-07 | -2.11E~09
16| 0.E+00 9.91E-05 1.07E-06 | -2,61E-07 [ -1.07E-08
17 ] 0.E+00 | -1.98E~05 | -3.52FE-06 | -4.24E-07 ~2.24E-09
19| 0.E+00| 2,99E-04 | -1.14E-05 8.92E-08 | -2.50E-09
24 1 0.E+00 1.23E-04 1.84E-06 | -8.22E-08 1.08E-09

FIG. 6 shows spherical aberration, astigmatism,
and distortion values at the wide-angle end state, FIG. 7
- shows spherical aberration, astigmatism, and distortion
values at the intermediate focal point position between
the wide-angle end state and the telescopic end state,
and FIG. 8 shows spherical aberration, astigmatism, and
distortion values at the telescopic end state, all in the
numerical example 2. With respect to the spherical
aberration values, the vertical axis represents the ratio
to the f-number at an open aperture, the horizontal axis
defocus, the solid-line curve spherical aberration values
at the d-line, the broken-line curve spherical aberration
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aberration values, the vertical axis represents the
ratio to the f-nunber at an open aperture, the
hori zontal axis defocus, the solid-line curve
spherical aberration values at the d-line, the S05P0081
br oken-1ine curve spherical aberration 28 S05P0081

values at the Cline, and the dot-and-dash-Iine curve
spherical aberration values at the g-line. Wth

respect to the astigmatismvalues, the vertical axis

repingents: dheclimge helghty,. the Q?L ﬁggﬁngll.lenaex c%:trve

focus the solid- Tine curve a sag

KJL%. RNokeR b PEon CHY Mia A ST hdl %2 al %he Tit t%[ ‘}réespect

VWt respect to the distortion val

axi s m%%%&&hatmﬁ x&a{‘iﬁ% *%%eg%rt%g% %5?14"% zantal

axis % FIG shows a | ens arrangenen ens

acoy dinaget ﬁe@gh'al rﬁm@'mq'z%ﬁ@alogxigefc%ﬁe%. sqlid-

i nvention. The zoomlens 3 according

enbiodl MRte hnshyfes f:da@%t hens, g%&]li'pth%?:}ol%@éheg&ge

positive refractive power, secon ens grou

hairke a mBeodisnel rﬁrfarg%cb'lgﬁepo"\ﬁith aré%ec(li. ltgnﬁhe
group GR3 having a positive refraciiv

f ustBrtess @fDu:, Che HaYERG,R Q}@Eﬁtféﬁes%ycgcﬁlgelmage

power, and a fifth Iens group GR5 havi'ng a posit
r ekight| Ven@domes hoMlizeRral eax saccessi vel y arranged in

the order fromthe object side. The first |ens group
GRL incl upes. & fdncsls helenSla Wil Cdbment of a zoom lens
according to a third embbdiment of the present invention.
The zoom lens 3 according to the third embodiment
includes a first_lens group GR1 having a positive
refractive power,va second lens group GR2 having a
negative refractive power, a third lens group GR3 having
a positive refractive power, a fourth lens group GR4
having a negative refractive power, and a fifth lens
‘'group GR3 having a positive refractive power, which are
successively arranged in the order from the object side.
The first lens group GR1 includes a first lens Gl which
is a negative lens, a right-angle prism G2 for bending an
| optical path through 90°, a second lens G3, which is a
positive lens, having opposite aspherical surfaces, and a

third lens G4 which is a positive lens. The second lens

‘group GR2 includes a negative lens G5 and a combined lens
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IS a negative lens, a right-angle prism & for bending

an optical path through 90, a second |lens G3, which

is a positive lens, having opposite aspherica

surfaces, and a third lens & which is a positive?02P0081
| ens. The second lens group GR2 includes a negative

lens G and a conbined | ens 29 SO5P0081 assenbly
“including a negative lens G and a positive lens G7.

~ The third Il ens group G3 includes a positive lens (B

hayi ' herj f d mbj ned
| odLBemIRp W BANY l hE8e PU IAGES 62 M0a%a BRI 0L 1ens

udi hg~a positive Te

negat i vig,d rdG§QnsTﬁg?§84§§r&%ﬁ?&%e%r°“§g§§%%$$g%%%F%m

a conbined | ens asse i ncluding a fe

Gl ity SR8l LLY8shf08: G2 o R ol t a1eNS Ghotp. 2 ns

i ncl udes a positi ens aving opposi

asphesica) fﬁ%&ﬁagﬁﬁgafgoéééfﬁezﬂ%%%tﬁge kéi%?éé%ﬁﬁf%e lens

fixed during zoom spose i mredi a ore

the g hi rd,l ?Bﬁr@fzoﬂ?ﬁx%o@%ﬂ Eﬂq%ﬂsmagl %2‘??/@ 'ategi Lens

corresponding to a I'S T nt érpose

b a1 RARLELEAS A NEANA N SChLT B | 209 o HAUR GRS

The second | ens group our | ens oup

M@ 16 f t bk epsegr %s%éfoﬁ ggﬂsvmﬁlé Of Z0QT:N9:.

EIG. 9 shows the positions ™ ensés at a
slaratoers PSR bt Local SIS 3 L1od
i'&ﬁe&%ﬁ%@ BY decn is fixed during zooming is disposed
immediately before the third lens group GR3, and a plané
glass plate Q corresponding to a filter is interposed
between a planned image plane IMG and the fifth lens
group GR5.
The second lens group GR2, the fourth lens group
- GR4, and the fifth lens group GR5 are movable for zooming.
FIG. 9 shows the positions of the lenses at a wide—-angle
end state. As the focal length is shifted toward a
‘telescopic end state; the lenses move as indicated by the
aXrrows.
Table 7 values of the numerical example 3 where
specific numerical values are applied to the.zoom lens 3

according to the third embodiment.
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arrows. Table 7 values of the nunerical exanple 3
where specific nunerical values are applied to the
zoomlens 3 according to the third enbodi nent. 30
SO5P0081 Table 7 1 43.628 0.800 1.9229 20.884 23805P0081
14.163 2.060 3 INFINITY 11.740 1.8467 23.785 4

I NFINITY 0.345 5 25.297 ASP 2.251 1.7433 49.326 6

-140. 649 ASP 0.100 7 19.783 3.000 1.4970 81.608 8
-31.752 variable 9 -43.377 0.500 1.8830 40.805 10

7. @g914-£48 11 -17.123 0.540 1.7725 49.624 12 7.642

1.

9229 20.884 13 146.839 variable 14 INFINITY
ISIS AP RTURE.®2800 15 9.316 ASP 2.613800,7308240.290684
16 -52.424 ASR1@83750 17 9.726 316502106477 33.841 18
-5.0V8 (0. 350rIxI9249 20. 884 11.740 | 1.8467]23.785
4 INFINITY 0.345
5 25.297 ASP 2.25111.7433j49.326
6 -140, 649 ASP 0.100
7 19.783 3.00011.4970|81.608
8 -31.752 variable
9 -43.377 0.500]1.8830 (40,805
10 7.611 1.248
11 -17.123 0.540 | 1.7725 149,624
12 7.6421 1.428]1.9229([20.884
13 146.838% variable
14 INFINITY | ISIS APERTURE 0.600
15 9.316 ASP 2.611(1.7308|40.500
16 -52.424 ASP 0.750
17 9.726 3.6501.6477|33.841
18 -5.076 0.550(1.9229{20.884
19 116.814 variable
20 -22.586 0.640/1.80611|33.269
21 8.465 1.6381}11.4970|81.608
22 {-7194.674 variable
23 7.937 ASP 2.60011.58311|59.461
24 27.627 ASP variable
25 INFINITY 1.70011.5168|64.198
26 INFINITY 1.120
27 INFINITY 0.500|1.5168 | 64.198
28 INFINITY 0.890

In the zoom lens 3 according to the third
- embodiment, the axial distance (air gap) d8 between the
first lens group GR1 and the second lens group GRZ, the
axial distance (air gap) d13 between the second lens
group GRZ and the iris aperture IR, the axial distance
(air gap) d19 between the third lens group GR3 and the

fourth lens group GR4, the axial distance (air gap) d22
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19 116.814 variable 20 -22.586 0.640 1.8061 33.269 21
8.465 1.638 1.4970 81.608 22 -7194.674 variable 23
7.937 ASP 2.600 1.5831 59.461 24 27.627 ASP vari abl e
25 INFINITY 1.700 1.5168 64.198 26 INFINITY 1.12F0FF0081
INFINITY 0.500 1.5168 64.198 28 INFINITY 0.990 In the
zoom |l ens 3 according to the third enbodinent, the

axi al distance (air gap) d8 between the first |ens
group GR1 and the second | ens group GR2, the axi al

di stancs, (3 d et ween second Le roup
GR2” and thtg{eir r}ﬂgﬂ )atger}%ﬁgeg?%pt 1%ﬁeé’?)ﬂ%alg‘ﬂai g’fgﬁbelgertsai r
gagd ot et e .thifd.;lens group GR3 _an e

f gtgrct)‘%;l ens \égﬁlggh%ﬁ%%%edla%aa (’gedi (gtlﬁng%p?a%“} Egae&)ween
d2g, 31¢;S45P the,fourth | ens g G%( nd
the fifth |g%§‘%gﬁg§%wc§% 5 o oo S Pt R bt
ga@ 4 : fif | e roup_GR5. and .a

pr otaég% \#gqifl;{\’l%fg?o{ﬂ%%' ch'ltzflr%)glee ur’ 8652861‘3%9&1%‘:?58
shoys- aialy dies C i S t . the w de-angl e
end st g&g,%)a%ti tﬁ?grﬁ%%ﬁéat%grle?%%ﬁ) S%Sltﬁt ?J%sjil}eciedzﬁ%dlate

betorean phie tWhde: AN & 8085 848 %.ri]ge-angle end state and

the telescopic end state, and the telescopic end state,

F-numbers FNO, and half angles o of view. 1In Table 8, f

represents the focal length of the entire lens system.

Table 8

f 6.899 112,760 33.696
FNo 3.600 3.717 3.938
w |29.708]16.537 6.252
ds8 0.658 5,508 11.14048
di3 | 11.282 6.433 0.800
dl9 1.390| 3.220 6.948
dz22 8.669 3.859 2.000
dz4 2,000 4,980 3.111

In the zoom lens 3 according to the third
embodiment, the opposite surfaces s5, s6 of the second
lens G3 of the first lens group GR1, the opposite
surfaces sl15, s16 of the positive lens G8 of the third
lens group GR3, and the opposite surfaces 523, 824 of the
positive lens G13 of the fifth lens group GR5 are
aspherical,

Table 9 shows aspherical coefficients A, B, C, D
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the tel escopic end state, and the tel escopic end

state, F-nunbers FNO and half angles w of view In
Table 8, f represents the focal length of the entire
lens system Table 8 f 6.899 12.760 33.696 FNo FHd081
3.717 3.939 co 29.708 16.537 6.252 d8 0.658 5.508
11.14048 di13 11.282 6.433 0.800 d19 1.390 3.220

' 6.948 d22 8.669 3.859 2.000 d24 2.000 4.980 3.111 In
the zoomlens 3 according to the third enbodinent,

t hgro Si syrtac he ond ens f
thgff‘f}%}gt E?tglnsl@g%oug‘lrci%l?%)tﬁ Ioéegsoﬁffgﬁesﬁ% 2 safép
sl t ot d .l ens group
GFg?ﬂ%%(ﬁ?ﬁﬁgﬁgﬁogﬁtgﬁgi?ﬁgces %Xaﬁbi o? t he
positive lens G13 of the fifth Iens group GR5 are

aspherical. Table 9 shows aspherical coefficients A
B,rdp1dP o 32 SO5P0081 of 4th, 6th, 8th, and 10th
orders of the surfaces_and conic-constants in the
nunef 8tal é&anrle 3A Tahle 9B C D
5 |0.E+00 | -4.56E-05 | ~2.26E-07 1.56E-10 1} -7.25E-11
6 [ 0.E+00 | ~2.85E-05|-1.53E-07 | =2.40E-10 | —-6. 69E-11
15| 0.E+00}| 2.49E-04 5.48E-06| 6.95E-10( 2.83E-09
16 0.E4+00| 2.47E-04 4.80E-06|-1.18E-07 1.24E-05
123 [ 0.E+00 | -1.30E-04 | -1.62E~06 | -5.11E-07 9.25E-09
24 | 0.E+00 | 3.74E-04 1.65E-05|-1,96E-06| 4.59E-08
FIG. 10 shows spherical aberration, astigmatism,

and distortion values at the wide~angle end state, FIG.
11 shows spherical aberration, astigmatism, and
distortion values at the intermediate focal point
position between the wide-angle end state and the
telescopic end state, and FIG. 12 shows spherical
aberration, astigmatism, and distortion values at the
telescopic end state, all in the numerical example 3.
With respect to the spherical aberration values, the
vertical axis represents the ratio to the F—nﬁmber at an
open aperture, the horizontal axis defocus, the solid-
line curve spherical aberration values at the d-line, the
- broken-line curve spherical aberration values at the C-
line, and the dot-and-dash-line curve spherical

aberratlon values at the g-line. With respect to the
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si KABCD 5 0.E+00 -4.56E-05 -2. 26E-07 1.56E-10
-7.25E-11 6 0. E+00 -2.85E-05 -1.53E-07 -2.40E- 10
-6.69E-11 15 0. E+00 2. 49E-04 5. 48E-06 6. 95E-10

2.83E-09 16 0.E+00 2.47E-04 4.80E-06 -1.18E-07 SO5P0081
1.24E-09 23 0.E+00 -1.30E-04 -1.62E-06 -5.11E-07
9.25E-09 24 0.E+00 3,79E-04 1.65E-05 -1.96E-06

4.59E-08 FIG 10 shows spherical aberration

astigmatism and distortion values at the w de-angle

crdo el Sopobh, PR SRIELCAL PO e
i nt i ate.focal point iti, t the _, _,
A0St BB Doy BEE D BT v

' | b [ ti ti
S5}, KRN, SRR Bl DL EhoPro Bl R e «

&l et MU INYBELCRL B2 AMRY G 3. VLD LESARCt {0 LS on

spherical aberr n-val ues,

t$nLh o, to. the F-rnumber a .
N N i Rt S SE

apertur é, ori zont axl

CUfue t%%hﬁﬁﬂ:ﬁ%négfr%?ﬂ Qn values at the d-line, the
broken-11ine curve sphericdl aberration values at the

C line, apd the golzand-dash-line curve spherical ) o

aberration values at the g-Tine: . .
?§g§g§§%g§1¥%2§tTQHP{ﬁS&h¥§h$%§ﬁ:E&Ef%%r%&%%gngxagvention.
The zoom lens 4 according to the fourth embodiment
includes a first lens group GR1 having a positive
refractive power, a second lens grbup GRZ having a
negative refractive power, a third lens group GR3 having

a positive refractive power, a fourth lens group GR4
having a negative refractive power, and a fifth lens

group GRS having a positive refractive power, which are
successively arranged in the order from the object side.
The first lens group GR1l includes a first lens G1 which

is a negative lens, a right-angle prism G2 for bending an
optical path through 90°, and a second lens G3, which is

a positive lens} having opposite aspherical surfaces.

The second lens group GR2 includes a negative lens G4 and
a combined lens assembly including a negative lens G5 and

a pogitive lens G6. The third lens group G3 comprises a

- positive lens G7 having opposite aspherical surfaces, and
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I mage height, the horizontal axis focus, the

solid-line curve a sagittal imge plane, and the
broken-line curve a neridional inmage plane. Wth

respect to the distortion values, the vertical ax§®P0081
represents the imge height, and the horizontal axis

% FIG 13 shows a lens arrangenent of a zoomlens
according to a fourth enbodi mrent of the present

invention. The zoomlens 4 according to the fourth

emhodiiBited I1RGIUIGS bl | rf’l’icitﬁﬁ%gg Fll%ﬁs gvgai/ér@?é% and

positive refractive po a sec roup

hayi pgs £ i eqabisv e or ef Fagt £y 6-RP act | Vgr Reth eﬂ,? 1udtes a

group GR3 having a positive refr

| epsmS AP 1G4 2RaXHRY a1 ﬁ'(gg%hn\ée al s%%&krgel&?é/\%rl’o and

and a fifth I ens group GRS havi'ng p03|t ve

r ef I @64 d t4& PWRE, GYhi chrgs eflﬁ}ﬁcaggg g@ {oa;slw%%qudas a

the order fromthe object si ens grou

CRicimicldidasna Eggé&bwnﬁmﬁiu%ﬁg‘ﬁgeﬁéﬁléﬂ}sgﬁéﬂ V&2

l[ens, a right-angle prism& I'ng an O tica

pa&ieﬁrﬂﬂ'ﬁ' Q:Fb@ﬁs@@e a88hé&r 500 %rlfgﬁéﬁeénd ' rg%l%éfﬁve lens

positive [ens, having opposite aspherica

Thes seg@nd rh eNspQF P4 G2 Nh&%huggsfgxggg&ﬁflrgg Z%%ﬁll% is

and a conbined | ens assenbly i1 ncluding a negative

| Qil%p%e@n%méd@@ﬁéﬂ(vfnl Bh 1y r T thiing '1%H§ JEQHP crs3,

G3 conprises a positive |lens G/ having opposit

asphek pabnsugiaces,1and ¢ 34re@25008dng to a Filter is
interposed between a planned image plane IMG and the
fifth lens group GRS5.

The second lens group GR2 and the fourth lens
group GR4 are movable for zooming. FIG. 13 shows the
positions of the lenses at a wide-angle end state. As
the focal length is shifted toward a telescopic end state,
the lenses move as indicated by the arrows.

Table 10 values of the numerical example 4 where
specific numerical values are applied to the zoom lens 4

according to the fourth embodiment.
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a conbined | ens assenbly including a negative |ens G

and
i ncl udes

positive | ens GLO and
| ens group GR5 includes a

a

i ncluding a positive lens Gl2 having opposite
13. Aniris

aspheric

a

surfaces and a negative |ens
aperture IR which is fixed during zoomng is

a positive lens (@. The fourth lens.-group G4

conmbi ned | ens assenbly including a
a negative lens Gl1. The fi¥%F0081

conbi ned | ens assenbly

di sposed

imppdiatedy in front of the third lens group GR3, and
a plane glass plate Q corresponding to a filter is
i ntefpésed bet wedn ASPHBRIEAL i rfage dpl angd | M3 and t he
fifth 1dns yropg |G5. The Second TeNgodT AUBSRe |3 g81
the fourlth{fhengg [group G4 are [movabkgyffor ZOOommy:
FIG 113 |ShgWgrrleg POSTTTONS O 118 hERYES 98568 | 31. 310
wi de a{‘vllﬁ\TE&WT§[ ate. JaN E'll::‘ be?LOI_EU@t h—s—shifted
| b9 1 CH (oL e o 20 4ol R 1157 TEHE 15, 624

et Cxaghl ¢ 4—whEre—sped it Fre2 At i cal vaues——-
grgeabtlisﬁgt 0 he—zoom +ens4 _aclofiY ng-PBR3EHRe 31310
f our I':an'boal___% M35 505P0081! Taht®/9 si rj
ASPHERLCAC18:82F [\i 1 34 026 6 600-90®p3ga8740 3. 421
11 26RO 1 506-427 1.404 [ 1.92286 | 20.884

11 56.650 Variable

12 | INFINITY | IRIS APERTURE 1.200

13 8.322 ASP 1.866 | 1.76802 49,240

14 -11.056 ASP 1.192

15 -11.371 0.500|1.92286 | 20.884

16 11.032 1.88911.48749|70.441

17 -5.713 Variable

18| -14.398 1.558{1.90366 | 31.310

19 -4._.454 0,50011.80420 | 46,503

20 16.660 Variable X

21 10,538 ASP 2.46011.48749 170,441

22 -8.000 0.500(1.92286(20.884

231 -16.390 4.940

24 | INFINITY 1.100]1.51680 | 64.198

25 | INFINITY 0.800

In the zoom lens 4 according to the fourth
embodiment, the axial distance (air gap) dé between the

first lens group GR1l and the second lens group GR2, the

axial distance (air gap) dll between the second lens

group GR3 and the iris apertures IR, the axial distance

(air gap} dl17 between the third lens group GR3 and the

fourth lens group GR4, and the axial distance (air gap)

d20 between the fourth lens group GR4 and the fifth lens
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3 INFINITY 8.000 1.90366 31.310 4 INFINITY 0.200 5

11. 958 ASP 2.426 1.77250 49.624 6 -31.628 ASP

variable 7 -69.801 0.600 1.90366 31.310 8 5.043 1 % 081
9 -10.874 0.500 1.48749 70.441 10 6.427 1.404 1.9%
20.884 11 56.650 Variable 12 INFINITY | RIS APERTURE
1.200 13 8.322 ASP 1.866 1.76802 49.240. 14 -11.056

ASP 1.192 15 -11.371 0.500 1.92286 20.884 16 11.032
1.889 1.48749 70.441 17 -5.713 Variable 18 -14.398

1. 558up. @ﬁ%@héﬂge’s&riia% z8oftPfq 0. 5P, 1k 89420,48. 308.1
20 16. 660 Variabl e 21 10.538 ASP 2. 460 1.48749 70, 441

22di8t806eH. BN LaP22861 2018841 43ix é@ 398 4:340, 4n
INFINITY 1.100 1.51680 64.198 25 | I'NI'TY 0.°800"

t hénvonneditse 4£re00hdiNg ﬁ@sifﬁbﬁ‘E@Hﬂ%eneEHQdeﬁguangle
the axi al distance (air gap) d6 between t

end state and the telescopic end state, and the
telescopic end state, F-numbers FNO, and half angles w of

view. In Table 11, f represents the focal length of the

entire lens system.

Table 11

£ 6.500]13,000(18.655
FNo| 4.120| 4.315] 4.371
@ |[31.56715.933]11.224
deé 0.600| 5.413| 7.550
dllj 7.750| 2.936| 0.800
dl7] 1.268] 3.530} 4.781
d20| 5.886| 3.624| 2.373

In the zoom lens 4 according to the fourth
émquiment, the opposite surfaces s5, s6 of the second
lens G3 of the first lens group GR1, the opposite
surfaces s13, 14 of the positive lens G7 of the third
lens group GR?, and the object-side surface s21 of the
combined lens (Gl2 -~ G13) of the fifth lens group GRS are
aspherical.

Table 12 shows aspherical coefficients A, B, c, D
of 4th, 6th, 8th, and 10th orders of the surfaces and

conic constants in the numerical example 4.
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first lens group GRL and the second | ens group GR2,

the axial distance (air gap) dli between the second

lens group GR3 and the iris apertures IR the axi

di stance (air gap) dl17 between the third | ens grcéﬁ?Poosl
GR3 and the fourth Iens group G4, and the axi al

di stance (air gap) d20 between the fourth | ens group

G4 and the fifth I ens 36 SO5P0081 group GR5 change
during zoom ng. Table 11 shows axial distances (air

gaps) at the wi de-angle end state, an internedi ate

focal point position between the wi de-angle end state

anglabhe txl escopic end state, and the telescopic end
state—F-nunbers ENO and half angles co of view In

Tabl|eel1l £ represehbts the foBal | engthCof the entire
| end_2yks? SMO0TabFe748-$5 6-50808-DPN01 182B55 | FNo9 EAPD
4. 31554, FEFOG 32.887-0%| 9B30dR-B¢ 7 d67H-@0D &, #dB-10
7.580.3 [} IEQ07H01 28 B0 D] 8D03 4106 - 2655 18-030 7, 368-07
d20 |5.4886. E3:.06R¢ 2. BIB-d| t Heo 7ows | enss ge-ancPr d1 derIgs |
tPe fﬁa rd [E+canbezl nEnta4 I he, oppas [ 63 SAHE-aGES—-F 27
of the second

FIG. 14 shows spherical aberration, astigmatism,
and distortion wvalues at the wide-angle end state, FIG.
15 shows spherical aberration, astigmatism, and
distortion values at the intermediate focal point
position between the wide-angle end state and the
telescopic end state, and FIG. 16 shows spherical

.aberration, astigmatism, and distortion values at the
telescopic end state, all in the numerical example 4.
With respect to the spherical aberration values, the
vertical axis represents the ratio to the F-number at an
open aperture, the horizontal axis defocus, the solid-
line curve spherical aberration values at the d-line, the
broken-line curve spherical aberration values at the C- |
line, and the dot-and-dash-line curve spherical
aberration values at the g-line. With respect to the
astigmatism values, the vertical axis represents the
image height, the horizontal axis focus, the solid-line
curve a sagittal image plane, and the broken-line curve a
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lens G3 of the first lens group GR1, the opposite
surfaces sl13, 14 of the positive lens G/ of the third

| ens group GR3, and the object-side surface s21 of the
conmbi ned | ens (Gl2 - Gl13) of the fifth |ens group 30081
are aspherical. Table 12 shows aspherica

coefficients A, B, C, D of 4th, 6th, 8th, and 10th
orders of the surfaces and conic constants in the

nunmeri cal exanple 4. 37 SO5P0081 Table 12 si K A B C

0 wer b bR RO TR 08 B 00
IR AR TR LA A
- a&@ﬁ%ﬁflmﬁl@%ﬁtg§ § ggE,O6 -1.42E-07 FIG 14 shows

spher aberration, astlgnatlsn1 and dlstortlon

I t d L Fl G
gghgsfcgl errat?oﬁgﬁg |Snas Vaéﬁas E?Et?ﬁ§§§ﬂ+nlng
bethosy ths l‘t%n GomShEFa el ol PR <BRAT £ bt o elgare (1

I I b ti
oot gnat.sﬁ?”gﬁg ghstor %%@lééﬁueé g tlﬁ%“ee%%qaaésééefneles
end +34-3h§h @lénanaiggeéﬂﬂ%EEh%aconéng nal ‘formulas.

Table 13
NUMERICAL EXAMPLE [ D1/Fw |D1/Ft | NAL1l | Vdav-vdLl
1 1.7500)0.625[1.923 32.32
2 3.1330(0.448 [ 1.923 41.77
3 2.116210.433(1.923 44,58
4 1.5538[0.541)1.923 28,74

As can be seen from the above tableé (Tables 1
through 13), the zoom lenses according to the numerical
examples 1 through 4 satisfy the conditional formulas (1)
through (4). The zoom lenses are also corrected for the
aberrations in good balance at the wide;angle end state,
the intermediate focal point position between the wide-
-angle end state and the telescopic end state, and the
telescopic end state, as shown in the aberration diagrams.

FIG. 17 shows an image pickup apparatus according
to an embodiment 1 of the present invention.

An image pickup apparatus 10 has a zoom lens 20

and an image sensing device 30 for converting an optical
39



Wth respect to the spherical aberration values, the
vertical axis represents the ratio to the F-nunber at
an open aperture, the horizontal axis defocus, the

solid- line curve spherical aberration values at e FO081
d-line, the broken-lIine curve spherical aberration
values at the C line, and the dot-and-dash-line curve

spherical aberration values at the g-line. Wth
respect to the astigmatismvalues, the vertical axis

rePﬁ&é@ éhéﬂ%%ed' g@hgeﬁégﬁ 144332%0§hE8n£§Je g%trlc

focus,; e sol |d curve a sagit

anglgml br%%nlinaas Qé&'ié!ﬁ@ ée&rl%%%’lgg 1By d' onal

i mge plane. Wth respect 1o the d ny val ues,

trﬁha%ﬁélé3¥r1%XE§aﬁ§&%ﬁ%§%%ﬁﬂ%@% LTREE héﬁggiéfues

hori zontal axis % OWS nuneri ca

o A ?L?%%%@%%I?%&%%E?#@#?ﬁe 200m
Ishow t hdé{aggﬁgfw(gﬁgil%or mu asI %ﬁ%a%% 2%@%&%@%@ 2°

D S0 BN IR, b3, e

0.t423 zboB23eftd: P&icdbrhitRB8 0 tRélrird 338G dibent shown

in FIG. 1 is simplified such that each of the lens groups
except the first lens group'GRl is illustrated as a
single lens. The image pickup apparatus may employ not
only the zoom lens according to the first embodiment, but
also each of the zoom lenses-2 through 4 according to the
second through fourth embodiments, or a zoom lens
according to the present invention which is constructed
differently from the embodiments illustrated in the
specification.

The electric signal generated by the image
sensing device 30 is processed by a video separating
circuit 40 into a focus control signal that is sent to a
control circuit 50 and a video signal that is sent to a
video processing circuit. The signal sent to the video
Processing circuit is processed into a signal suitable
for subsequent processing, and supplied for use in

various processes such as a display process on a display
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As can be seen fromthe above tables (Tables 1

t hrough 13), the zoom | enses according to the

nunerical exanples 1 through 4 satisfy the :
conditional formulas (1) through (4). The zoom | et&gL081
are also corrected for the aberrations in good

bal ance at the w de-angle end state, the internedi ate
focal point position between the wi de- angle end state
and the tel escopic end state, and the telescopic end

Stakfices. §W&ﬂd@ﬁ5h§r§9§§£ alhon i a %dﬁ“.H& IleélLrL]m and a

shows an i nage pi ckdp™ appar at us accor

enbogh 8RN s oPly r%E@sQrSEeé‘t%é% gﬁnﬁpﬂ Lege pi ckup

apparatus 10 has a zoom | en MEge sensi ng

device 30 fid LARYELLLNG- R O i Csaﬁupﬁ? 9370 2Cciontrol

i mge generated by the Z00m 1'ens 2 5-an" e

Si @hal dhe-driBge 285110 i g8 %&DQ‘% éycoahtd:ol signal

photoel ectric transducer such as a

Cofh%ﬁda %\fd ‘B%):tglrl & % l(l%pla%ﬁegégf nll}éetx%rll%lled:

Sem conduct or) devi ce. Zzoorh I'éns nmay i nc

299N AROLANNG, (¢ IR RIERERY LINENTL 0N pddh Lblfone,

the zoom | en accordi ng to t 1 Fst e

sheh itheldentiol Scf‘fdm.lﬂ f5|0eq Epib@é %ﬁ; togﬁng

| ens groups except the first group

R O R
t @dnfteollisr eiri @8P0L] FEBNLs B, 52 to energize actuators 5la,
52a to move the second lens group GR2 and the fourth lens

group GR4 to respective given positions in order to
achieve a focal length based on the zooming command.
Positional information, obtained by sensors 51b, 52b, of
the second lens group GR2 and the fourth lens group GR4
is input to control circuit 50, which refers to the
positional information when it outputs command signals to
the driver circuits 51, 52. Based on the signal from the
video separating circuit 40, the control circuit 50
cheéks a focused state, and controls the fourth lens
group GR4 through the driver circuit 52, for example, in
order to achieve an optimum focused state.

Thé image pickup apparatus 10 described above may

take any of various forms as specific products. For

example, the image pickup apparatus 10 may be applied to
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al so each of the zoomlenses ,2 through 4 according to
the second through fourth enbodi nents, or a zoomlens
according to the present invention which is
constructed differently fromthe enbodi nents S05P0081
illustrated in the specification. The electric signa
generated by the image sensing device 30 is processed
by a video separating circuit 40 into a focus contro
signal that is sent to a control circuit 50 and a

vi deo s% nal, that is sent to a videQ processing

ci P ¢ ;l‘ﬁ'Feloéiisgﬁﬁ{“e’s'%ﬁtllf%ltfq?é‘%iadé’églﬁﬁ%c%@slilng:amerar
circ jt.iﬁ_ptocessed into a signal suitable  for
suBsSH Priées SPRGE2 arfh Supfh @d CeBETas@ it of any of
vari ous. prQcesses.such,as a display process on a

di ‘éapﬁla‘i}léz 19t .ai. 1nput/outys sEydregedrebuding e siediligar
process .on a recordi ng nedium and_a _transm SSign
p#%é%g%:%ﬂ?ogpSEﬁﬁﬁﬂ 15 Heads FPPhdPRBFMMDl TEigidailt
5qu§ %%gglied with control signals froman externa
dEVIEE FoETAh TRECEPREH Y S5 iSGRST2  f BBt a zoom but t on

or the Ii%SP and rforns various gﬁocesses dependi ng
0

on the controf st grats 296" %gwﬁPe, WP e 1EYRPLEOPD

CHFUEIREbE bR St 3,200 10 Sorand Lo,

drd.aYn%E:aCL«flgth e?mp dyssza tsglgggr gjaifdgc 1ula}rt1 %rss a5 }:gbording
medium,

The specific configurations, structures, and
numerical values of various parts illustrated in the
embodiments and numerical examples described above are
given by way of example only for specific_arrangements to
carry out the invention. The technical scope of the
present invention should not be construed restrictively
by those specific configurations, structures, and

numerical wvalues.

Industrial Applicability

The present invention can be used as any.of
various cameras including a digital still camera, a
digital video camera, etc., or a camera unit of any of
various digital input/output devices including a cellular

phone incorporating a camera, a PDA (Personal Digital
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52a to nove the second | ens group GR2 and the fourth
lens group GR4 to respective given positions in order
to achieve a focal |ength based on the zooni ng
command. Positional information, obtained by sensgP&0081
51b, 52b, of the second |lens group GR2 and the fourth
l ens group GR4 is input to control circuit 50, which
refers to the positional information when it outputs
command signals to the driver circuits 51, 52. Based
onakBessignali : M arating circiyt 40,

t he contng CFF%E??E%gl% é%ks a dc%&gd’s %?e#ﬁéﬁu?s a
CoBbs! Ferdd1erorOUELN: heBicn U Q4 SLNEGHOD, 116 dr T ver
circuit 52, for exanple, in order to achrieve an’

opti mum focused state. The inmage pickup apparatus 10
descri bed above nay take any of various fornms as
speci fic products. For exanple, the inage pickup
apparatus 10 may be applied to 41 SO5P0081 any of
various caneras including a digital still canera, a
digital video canera, etc., or a canera unit of any of
various digital input/output devices including a
cellular phone incorporating a canera, a PDA
(Personal Digital Assistant) incorporating a canera,
etc. The zoom |l ens according to the present invention
is applicable to not only a digital canera, but also a
camera which enploys a silver halide filmas a
recordi ng
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medi um The specific configurations, structures, and
numeri cal values of various parts illustrated in the
enbodi ments and nunerical exanpl es described above are
given by way of exanple only for specific arrangenments
to carry out the invention. The technical scope of
the present invention should not be construed

CLEed¥Ei ctively by those specific configurations,
structures, and nunerical values. Industria

Appl i cabi 12 tzodthel redentingneefif ron bams heraged ixedany
.of various caneras including a digital still canera,
upondegothiahg Ak aaner a pebdiiver raf caneinge Wiwergf aany
of various digital input/output devices including a
seebhd| Béns phone iHBANO0 Bahkeddtdve ar@f vacitti RDAower, a
(Personal Digital 42 SO5P0081 Assistant)

thilear PeRat 4 R AR a gbgltla@dr@fﬁ@c@fv@ ,l ans
for use in such a canera or canera unit. CLAI'MS 1.

fAu%@_Hnlé@QZthﬁ\ﬁ Nh A rlyf @35eb§e§v@r9@ﬁide&% plb%& and
zoom ng and having a positive refractive power,

asecepq i@ﬁ@ AP H&%\ﬂn@gaapesgéﬂfé/eré@éga%}e%o%wer

a third Iens group having a positive refractive
wHQ@ﬁrar@-succe551vely arranged in the order from the

object side, wherein at least the second lens group and
the fourth lens group are moved for zooming, wherein

said first lens group comprises at least a first
single lens having a negative refractive power, a
reflective member for bending an optical path through
90°, and one second lens having a positive refractive
power, which are successively arranged in the order from
the object side; and

wherein said zoom lens satisfies the following
conditional formulas (3), (4):

(3) NdLl > 1.75; and

(4) VdAv - VdLl > 15
where
NdLl: the refractive index of the first lens at the d-

line;
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fourth lens group having a negative refractive power,

and a fifth lens group having a positive refractive

power, which are successively arranged in the order

fromthe object side, wherein at |east the second

| ens group and the fourth lens group are noved for

zooning wherein said first |lens group conprises at
vi ng

Si.n e a ne
rac |vé‘£%(e)\/\%umbgr Fef h& 58%%%&%3 o?h%é%&ﬁ’& ‘afnd
tic pat h t hrough . 90, and ope second | ens having a
&@SI CEDE"BUPraTE (Ve CfoMbe BHIDATar 67 oURtedARd yavi hg
arran%ed in the order from the object side; and
AMREE T VEat B TR0 Yo ROWSSt SSPPESUERE £l Hamisrpond lens
condi tional formulas (3 (4): (3) NdL1 > 1.75; and
P4 )thgy AF TS VHERS >90aD \WYsd NELHeTereiped et (AW Liindéx
of the first lens at the d- line; 44 VdL1l: the Abbe
WhgFel SFPrhgeny sthd ewmber pheldnbenchawiny a/dasitiie
average of the Abbe numbers of the | enses having a
meésacityEer ppract swasgmwert sebsbgueatond ldres)second
lens in the first lens group (VdAv is detern ned by
(EVdLi ) i Thhereon Iapr esentgihbetauaberm of, lwerises
having a positive refractive power subsequent to the
ssedong tkasfollowing conditional formulas (1), (2):
{1) 1.0 < D1/Fw < 5.0; and
(2) 0.1 < D1/Ft < 1.0
where
Dl: the entire lens length of the first lens group;
Fw: the focal length of the entire lens system at a wide-
angle end state; and

Ft: the focal length of the entire lens system at a

telescopic end state.

3. The zoom lens according to claim 1, wherein the
third lens group has an iris aperture and is fixed upon
zooming.

4. The zoom lens according to claim 2, wherein
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2. The zoomlens according to claim1, which satisfy
the followi ng conditional formulas (1), (2): (1) 1.0
< D/Fw<5.0; and (2) 0.1 < Dl/Ft < 1.0 where D:
the entire lens length of the first |ens group; Fw
the focal length of the entire |l ens systemat a w de-
angle end state; and Ft: the focal |length of the

ti l.e y tel escopic.end state. 3. The
tg%or% §§ﬁsrﬂ§€§o§%ﬁ? gargaosaca\nai h'T, “RR&rern The 1% hﬁialrxc?o{1

s ._ar has an iris aperture and is fixed upon

%ﬁ?%ﬁzﬁgggﬁg'The zoom | ens according to claim 2,
wherein 45 the third lens group has an iris aperture
and is fixed wupon zoom ng. 5. An image pickup
apparatgs %ongrising,a zoom lens having a plurality
of | ens grolipsP29orP MR AFPETaEGnFPYPRES et 25yPm
changi ng di stances between the lens groups, and a
Lepggbadendi Ageteva tid st Gf dempepEPHgsSanfonpiatuing mage
generated by said zoomlens into an electric signal,
NRFBLEYANE aPAWeB Y | B ddawprilsssnaesi petweéemsthy dgms
fixed upon zoom ng and having a positive refractive
IFEOWEE and a image sensing device for converting an

optical image generated by said zoom lens into an electric

signal, wherein
said zoom lens comprises a first lens group fixed

upon zooming and having a positive refractive power, a

second lens group having a negative refractive power, a

third lens group having a positive refractive power, a

fourth lens group having a negative refractive power, and

a fifth lens group having a positive refractive power,
which are successively arranged in the order from the

object side, wherein at least the second lens group and

the fourth lens group are moved for zooming, and wherein

said first lens group comprises at least a first

single lens having a negative refractive power, a

reflective member for bending an optical path through 90°,

and one second lens having a positive refractive power,

which are successively arranged in the order from the
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second | ens group having a negative refractive power,
a third lens group having a positive refractive
power, a fourth |l ens group having a negative
refractive power, and a fifth |ens group having a
positive refractive power, which are successively
arranged in the order fromthe object side, wherein

C@ﬁéc%aggdgpeaﬁgcond | ens group and the fourth Iens
group are noved for zoom ng, and wherein said first

l ens gr nprises, at least a first single |ens
havi ng %Hﬁgég i%%“fé¥$¥%ﬁi9&5&58m§P?a5?t?%f %ﬁﬁﬁ§%§s the
er. for bending .an optical th through 900, and

O egnaoT L R s 2 I6ai (Ble K&{ 7 acti ve pover.
whi ch are successively arranged in the order fromthe
46 objeé?’sﬁ@%%jﬁhhfﬁﬁeF%F% sai d i mage pi ckup
apparatus satisfies the follow ng conditiona
formul ad®{ 3Y92{ 4) :Vqid) >Nde1 > 1.75; and (4) VdAv -
VdLlI > 15 where NdLI: the refractive index of the
wierst | ens at the d- line; VdLlI: the Abbe number of
the first lens at the d-line; and VdAv: the average
NgfLlt hehabbel mmbiers iofkethefl sheefihavi hens atpadiet idve
refractive power subsequent to the second lens in the
lfnest lens group (VdAv is determined by (zZvdLi)/i
VdL1l: the Abbe number of the first lens at the d-line; and
VdAv: the average of the Abbe numbers of the lenses having
a positive refractive power subsequent to the second lens
in the first lens group (VdAv is determined by ($VdLi)/i
where i represents the number of lenses having a positive
refractive power subsequent to the second lens).

6. The image pickup apparatus according to claim
5, which satisfies the following conditional formulas (1),
{2):

1) 1.0 < D1/Fw < 5.0; and

(2) 0.1 < D1/Ft < 1.0
where

Dl: the entire lens length of the first lens group;

Fw: the focal length of the entire lens system at a wide-
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where i represents the nunber of |enses having a
positive refractive power subsequent to the second

l ens). 6. The inmage pickup apparatus according to
claim 5, which satisfies the follow ng conditiona
formulas (1), (2) (1) 1.0 < Dl/Fw < 5.0; and (2) 0.1
< Dl/Ft < 1.0 where Di: the entire lens |length of the

15t LENn up w. the focal length of the entire

grs gyét%ﬁ${$ a%{de- 47 angle end state; and Ft: the
Cc | en f the entire lens systemat a

telgégoglg gn flﬁ?e enthe Xens system at a

telescopic end state.
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