S05P0081 DESCRI PTI ON ZOOM LENS AND | MAGE PI CKUP
APPARATUS Technical field The present invention
relates to a novel zoom |ens and i nage pickup
apparatus. Mre specifically, the present inventE8hP0081
is concerned with a zoomlens which is conpact and
has a hi gh variabl e magni fyi ng power, suitable for use
in the imging optical systemof a digital

I nput/ out put device such as a digital still camera, a
di gital video canera, a ital capera incorporated
inga cel l ul ar phone, Sﬂg $¥%%¥n%nd an imge pickup
appar at us enpl oyi ng such a zoom | ens. Background Art
In recent years, video canmeras and digital stil

c Loyi l].d-sta [ i.ng device such as
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(Conpl enentary Metal - Oxi de Sem conductor) devices
have been in w despread use. Such inmage pickup

aratus.are quired to achi eve a hi gher image
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Ié&§6¥§F eL%%oﬁg} ﬁygsgg?gngg w1th a zoom ?ens 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 Ccupled Devices) and CMOS (Complementary Metal-
Oxide Semiconductor) devices have been in widespread use.
Such image pickup apparatus are required to achieve a
higher image quality. In particular, digital still
cameras with a large number of pixels need imaging lenses

having an excellent focusing capability compatible with




particul arly needed to neet strong demands for snmaller
i mage sensing devices. In view of the above needs,
zoom | enses disclosed in Japanese Patent Laid-open
No. Hei 8-248318 and Japanese Patent Lai d-open NoQ5P0081
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 |l ens design, by
inserting a prismin an optical system However, the
zoom | enses di scl psed i n Japanese Patent Laj d-open
NoS© %a’éﬁsﬂ%%% s &Pkt entlarEsi BUBpRh CN‘o pixels,
2000-131§i0 are g@§glenat|c inthat it is _difficult
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p%%kﬂégf axis, 1.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. Hel 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 fo 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



-.whereint first |ens

refractive power, making it difficult to make the zoom

l ens smaller. The present invention has been nmade in
view of the above problens. It is an object of the
present invention to provide a zoom | ens which h&g5P0081
good optical performance, is conp,~ct, and has a high
magni fying power, and which is suitable for use in
a.video canera, a digital still camera, a cellular
phone, or the like, and an inage pickup apparatus

eg%%o in% the zoom | ens. Disclosure of Invention To
a H& LBBTED oW (ITCHPS oBAT RIS Lo¥c ZOPEILRE - t 0

tgﬁﬁpres |nvent|on has a first lens group fixed
i A§ =RS %ﬁ% 1&NS0grPTR ity Ehorrem
a .second Iens ro having a negative refractive

poESEsSahagna, T Vegrr&éﬁaﬁawmp%%s|t€1ﬁv@0vable lens

refractlve fourth |l ens group having a

n@grgfﬁipeelflsfvﬁgﬁ% e OHR T 7 ROFeRS B oup
ositive refractive

s E&féggi?%gF yP AT am gekirg thed gf %Jé*?u]ftr 5ﬁ’1 f“ﬁ@e BB? etqom

si,de, eiﬁln at | east the second | ens group and
Sg5BEogH= %rfourth |l ens group are noved for zooning,
ncludes a first single

| ens havi aprﬁ'?egéjﬁt F@é’eggf?’g&?%?eﬁa\/\/@?d‘e a*Reftetidive
er for ing an,optical path t rou h 900, and

n% e%g?v%ﬂgfﬁg€g§nd EEn Hﬁ%ﬂﬂgeﬁ pBE ep¥%ﬁ?%&t|ve
ower,,which are ucce33|ve arranged in the order

T R L R T g

'BégﬁoﬂmaKQQ 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 1like, and

an image pickup apparatus employing the zoom lens.

Disclosure of Invention

To achieve the above object, a zoom lens
according to the present invention has a first lens group
fixed upon zooming and having a positive refractive power,
a sedpnd 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




apparatus according to the present invention includes
a zoomlens having a plurality of |ens groups, for
varying a magnifying power by changi ng distances
between the |l ens groups, and an i mage sensi ng dedgrO081
for converting an optical inage generated by the zoom
lens Into an electric signal, wherein the zoom |l ens
includes a first lens group fixed upon zoom ng and
having a positive refractive power, a second |ens
grﬁgf havi ng.a negative refractive power, a third
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groups, and an image sensing device for converting an
optical image generated by the zoom lens into an electric
signal, wherein the zoom lens includes 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 fpr zooming, and wherein
the first lens group ingludes a first single lens having
a negative refractive power, a reflective member for

bending an optical path through 90°, and at least one
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suppressi ng aberration variations. A zoomlens

‘according to the present invention has a first |ens

group fixed upon zoom ng and having a positive

refractive power, a second lens group having a  S05P0081

negative refractive power, a third | ens group having a

positive refractive, power, a fourth |ens group having

a negative refractive power, and a fifth I ens group

having a positive refractive power, which are

succesi“*]\ezlTe arranged in the order fromthe object
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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 fiffh 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, wherein the first lens group includes
a first single lens having a negatiﬁe refractive power, a
refilective 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.




group having a negative refractive power, and a fifth

- lens group having a positive.refractive power, which
are successively arranged in the order fromthe

obj ect side, wherein at |least the second | ens grdupPo03l
and the fourth |ens group are noved for zoom ng, and
wherein the first 1lens group includes a first single

| ens having a negative refractive power, a reflective
menber for bending an optical path through 90, and at

| east one_second | en havi n ositive refractive
power, whi*Bh*4fee Q&é@ﬁ% g? P r g tRetBe der
fromth ect.side. According to the present
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group having a negative refractive power, and a fifth
lens group having a positive refractive power, which are
successively érranged 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 the first
lens group 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 rgfractive rower, which are
sucéeSSively arranged in the order from:the object side.

According to the present invention, therefore,
since the first lens group includes a first single lens
having a negative refractive power, a reflective member

such as a right-angle prism for bending an optical path




reflective nmenber for making the first | ens group
lower in profile. Mreover, since each of the second
| ens group and the fourth | ens group that are novabl e
has a negative refractive power, the novable | en305P0081
groups can be reduced in size, aberration changes
upon zoom ng can be suppressed, and the zoom | ens can
have a | ower profile and a higher magnifying power at
t he sane time. According to the present invention, t he
satisfies .the conditiona for (1) 1.0 <
Dﬁ °u<g 28" aftd tHe SGiTdH PRENERCY )‘fl 912 <
. : .. D1 represents the entire | ens
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ogupll of the entire lens system is 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 has 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.

According to the present invention, the zoom lens
satisfies the conditional formula (1) 1.0 < D1/Fw < 5.0
and the conditional formula (2) 0.1 < Di/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



| enses having a positive refractive power subsequent
to the second lens). Therefore, the zoom | ens can
well correct chromatic aberration, and can have a
|l ower profile and a higher magnifying power at tRESPO0STL
same time. According to the present invention, the
third lens group has an iris aperture and is fixed
upon zoom ng. Consequently, there is no need for an
actuating device, and hence there is no obstacle to
efforts to make the zoom|lens smaller in size. Brief

De%l?;‘i»%rpet |1&PSoFYBF%‘Wang§ HeaeSEoPiggebteitafi-h EResetore,
t hr.ou shows a .8 S05P0081 .zoom | ens’ accordln% to a
fi v gzé]r?ﬁb&leﬁénFa%f bg e AP SiATeribrranFrel

bei ng a schematic V|§ﬁ%ﬁﬁpmnn a lens arrangenent;

FIG 25 ArdrLEFam Ky 38phEPT2al aberrati on,

astigmatism_and distortion values at a w de-an le end
.state; ?‘6 581“%9 - UiGr RSB h@‘f%}ﬁﬁéﬂfcgﬂm oom lens
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d—line, 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 (3XVdLi)/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 the present invention, the third

lens group has an iris aperture and is fixed upon zooming.
Consequently, there is no need for an actuating device,
and hence there is no obstacle to efforts to make the

zoom lens smaller in sirze.

Brief Description of Drawings

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




zoom | ens according to a second enbodi nent of the
present - invention, FIG 5 being a schematic view
showing a lens arrangenent; FIG 6 is a diagram
showi ng spherical aberration, astigmatism and SO05P0081
di stortion values at a wide-angle end state; FIG 7
i's a diagram show ng spherical aberration,-
astigmatism and distortion values at an internedi ate
focal point position between a wide-angle end st ate
and a .telesco end st ate, 9 SO05P0081 FI G IS a
di%GFarFBRoAF R ‘gjﬂ}ﬂertlocﬁl éB%Fr%Wl?Qﬂ%men&sﬂfgﬁlé?l@ﬁsent
and di tortl s at a tel escopic end state; FIG
lntvsa tRBr ﬁf@hafp%é%ngle ERRIIRYH A /2 seh 8ReWIRT A diAnS
Iens according to a third enbodi ment of the present
i VEATPORS I G 9 bel ng a schematic view showing a

l ens arr 10 i s a diagram showi n ,
spher | cafpg(ger$ atd glaag%mgﬁ%q SZREdPet GRReGRTLON,
val ues at.,a w end state; FIG 11 is a
diasg%g?ﬁ‘éh%w r?d“dszi:}rg:FPEBJro%b‘@rJruﬁsl G, 2 difrgmhiticsmnd
ang }C_ll stortion values at an internediate focal point

Fbn between a wi de- angl e end st ate and a

ram show n

Fl 1
te'eSCOpHﬁg%errz%?éﬁdlagégm 8 ow;ng spﬁgrlcal a erf%tlon,

spheri cal

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
ipvention, 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 distertion values at an intermediate
focal point position between a wide-angle end state and a

telescopic end state;




.astigmatism and distortion values at a tel escopic end
state; FIG 13, together wwth FIGS. 14 through 16,
shows a zoomlens according to a fourth enbodi nent of
the present invention, FIG 13 being a schemati cSUPRAPS1
showng a lens arrangenent; FIG 14 is a diagram

showi ng spherical aberration, astigmatism and

di stortion values at a wi de-angle end state; 10
SO5P0081 FIG 15 is a diagram show ng spheri cal
aberratio astigmati.s and_di stortion values at an
't er modi 408" Fobal® oA BoSPOT LR Het & aberration,
wi de-.angl.e end_state .and.a_telescopic end state; FIG
e B St R T e Bme vRLERS e doReBbit End
asfjigmatism and distortion values at a telescopic end
state; ‘and FIG 17 is a block diagramof a central

por 100 $Eca ] TSR BLSKUR, APDRLE U5 260N, {0l
LRI AL PESL B RS A o
DB ECERIEAYND e 2 B B TPRLETS PEEET Lt
GR1,Lhxed, puaon. £0QT ng and

FIG. 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; FI1G. 13 being a schematic view showing
a lens arrangement;

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

state;
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havi ng . a positive refractive power, a second |ens

group GR2 having a negative refractive power, a third

|l ens group GR3 having a positive refractive power, a
fourth 1|ens group GR4 having a negative refractiSFP0081
power, and a fifth lens group GRS having a positive
refractive power, which are successively arranged in
the order fromthe object side. At |east the second

| ens group GR2 and the 11 SO5P0081 fourth | ens group

ens. o1 oup &Rz At Uhe PPN SFEHG ogr SBpC L. (TR o
RS abP i oA DBANAR Bl PLIVE o B 20 UL
8P her ST Fene o CREVETR 1 QU ORI Bl o e and 2
| ERESEFOe G T iies a first single iens having a
Pendi ng. an SptTeal> phih AEPBUGRY0SS. SHReEtee GRerahdon:
e S Ay S PEROCHT 1 HE OPGer FPom e Shd
-pQ%ggé,g&Q;. Though the reflective nenber preferably

incrudes a right-angle prism it nay be another
r, suc ane m.rror, for. exanple.

fl ' ol
AS desor I DS abodE S RESTT P BRS Ogr Bup RHE Y Tage
I inale. | havi the - ' f ti
panes e e FBR AT ACETARRECtS T Rt

pgksﬁﬂeféyésent 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 lené group GR1 fixed upon zooming and
having a positive refractive 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 GR5 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
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bendi ng the optical path through 90, and at | east one
second |l ens having the positive refractive power.
Therefore, the size of the entire |l ens systemin'the
direction of the optical axis of incident |ight S05P0081
applied to the first lens (front lens) of the first

l ens group GL is reduced (is nade lower in profile)

as nmuch as possible. 12 SO5P0O081 The second | ens group
GR2 having the negative refractive power is disposed

diately behind the first lens group . GRI havin

St dichs PEPYRCERY @Hs0Rer S IThRY AGTY.NG, heSinCe each
osition of the entrance pupil of the entire |ens
QM &€ i%€CRRAe PO I Fhe2BD| BRE GWER FERENGLTHP
possj hl.e . to  redu the size of the reflective nmenber
fo aﬁgafﬁem°Y$§ HonZogPotp #58 q RSP R profi | e.
The zoom.l ens according to. the.present inventjon
SRR Eor ettt S Beyaphe  1OhT GHGHPSC SRt Proreduced
f ar mul.as (1% , é%? :é&é} 1.0 < DI/Fw < 5.0; and (2)
0.1 S5 FEPRF 20" b &PEBF S B SIS h E%8nPFre | ens
l ength of the first |ens.qgrou Fw t he focal | ength
o THRE GHRERt o1 b 9165 FOPB YAt CAThi ReaRgHEVERAPEL S
.and Ft %he‘focal [ aa;h of the eq}ire | ens _system at
a P& Es8ophet iy B9 PRECE oHdi TS REF St 6iMGt a (1)

prescribeéhth .rﬁég% ofrthe ?%tiﬂ?léﬁns geggth q&J} e
First | entPGroup GRECoTTPHE FiocandIagenof the 5110
€ %E%eh5$9§g§¥§&ﬁﬂk§%étQSfFQé%Eve 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 GRI 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 ;efractive power.
'Therefore, the size of the entire lens system in the
directicn 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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angle end state. If the value of D1/Fw is equal to or

|l ess than 1.0, then though the size of the reflective

menber itself which is used in the first | ens group

GRI  is reduced, making the zoomlens lower in SO05P0081

profile, the power of the first lens having the

negative refractive 13 SO5PO081 power in the first

|l ens group GRI is too strong, making it very

difficult to correct the curvature of field and coma
reater than
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(1) 1.0 < D1/Fw < 5.0; and

{2) 0.1 < ﬁl/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

13




shoul d preferably satisfy the foll ow ng conditiona
formulas (3), (4): (3) NdL1 > 1.75; and (4) VdAv -

vdLl > 15 14 SO05P0OM81 where NdL1 represents the
refractive index of the first lens at the d-1ine, SQEROP81
the Abbe nunber of the first lens at the d-line, and
VdA' v the average of the Abbe nunbers of the |enses

- having a positive refractive power subsequent to the
second lens in the first lens group (VdAv is g
det er m ned [vdLi) /i where i_represents the , ;
NHDEE OF FAbsEbr Haity 42008! FRYG S CPraGEFoBdpgRering

sy e et Leme) e condi gl
t by. the first_ single, l havi th
DGOTE Vo F oTRacTHUIS Bwbh/ Pt ot o BRsOF Bt e
i ch t he iti f tiv . If th |

o - DRl of e Mk b varnefiet o6 vanvpy e e the
conditional fornul,a ﬁ%, i.e., is equal to or snaller
t KRM™1-9%° ?Wﬁéﬁeﬁlh? tnt of generated distortion is
ORAET T R e
th | | | [ ' t ' hi gh
RS e Dt JEREES 6 oo Snde b i o o
f 4 ib th t, f chromatic

LBP T Erh IETPEathy TReHA ratiss FHgFEn o The

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 GR1l 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 greaﬁer 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) NAdL1l > 1.75; and

(4) VdAV - VdLl > 15

14



| ens having the negative refractive power in the first

l ens group GR1 which has the positive refractive power
and the |l ens groups having a positive refractive power
15 S05P0081 subsequent to the second lens. |f theS05P0081
value of VdAv VdL1 is equal to or smaller than 15,

the anmount of chromatic aberration generated in the
first lens group CGRlI having the positive refractive
power is so large that it is difficult to correct the

THE R S0 o eP B S CRDS RO b EC GG s 66 CFF rbit S
é“me %%pgé?. oot SR 5B “‘.‘r?u”rﬁ%%%a%‘é‘ et
ar§ B S Lo e DheCrvhie e g o S
et Uk dl%&f%%@&é"'ﬂﬁ?%@% A
e TR e %rhs%{bﬂa%@?ﬁgﬁ%sms%%%‘:e
2 %%%éé’%fﬁe%&%&%%%&éé&%e e W ey bif%%rse%el%ﬁt e
Prgg?%%}%egu%{ 67 co::lt I Veﬁlqulﬁ%%%yfag%‘ée n%odéeﬁ ve
g%ﬁ%gé&ﬁéﬂk ﬂo t%he ent|§e+Lﬁgs system The reflective

! used in group GR1 shoul d
des'rabl%Mkp%b%%gtéohhghfofﬂgyéa(gﬁlﬁggscribes the amount

of distortion generated by the first single lens having

- the negative refractive power in the first lens group GRI1
which has the positive refractive power. If the value of
NdiLl falls outside of the range given by the conditiomal

- 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 reguired refractive power bf the first
lens group GR1l, failing to make the zoom lens smaller in

. size and to give a higher magnifying power to the 2.00m
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

15




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

index 1in the range fromabout 1.8 to 1.9. The hi gher

. the 16 SO05P0081 refractive index, the nore effective
it-is to make the zoomlens snaller in.size and $@PCO81
give a higher magnifying power to the zoomlens. At

| east one of the surfaces of the | enses of the first

| ens group GR1 should desirably be aspherical. This is
because if none of the surfaces of the | enses of the

RO BT PR e B v -
(Y e Bl (7 Gl o L68r FBEE 1 Tood S PEUREI Bhe |
PSSR 60 3! e 0 "SR B
S ISR A .
o goehy ol peL 08 Ok 3 PP Soalr Y By e
of. t@gelgn es q&athe first lens group GRL are

aspherfcal T therr th&Ydt&tortion at the wi de-angle end
fficult to correct the

i ot or 1 ofR LG aEPr B PRRSSLy S SRR 0 R ons

S50488 PLOET AR08 SRETEhed 15,8 SUBR TR il Bins

tBE&Qr'stvégféﬂ? G@%igngs r%éédé% 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 Gerhas 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 & 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




aperture IR should preferably be fixed. Specifically,

17 SO5P0081 the third lens group GR3 has a positive
refractive power, and if the zoomlens has an
actuating device for the iris aperture IR novi n§g0bhe081
third Iens group GR3 and the iris aperture IR would
make an actuating nechanismso large that the entire

| ens system cannot be nade smaller in size. Zoom

| enses according to first through fourth enbodinents

wi || _be described bel ow, and nunerical exanples 1

t hF OG- KfhdrEeE peklre Roney RELEERL VS at idss atroemagﬁpi:h%d
to the enbodi ments will then be described below. FlG

1 BN SES SHELARF aliyeticit 298 5Oz68YS | s ghgecBrENAEYing
to a first enbodi nent of the present invention. The

z G et fiﬁcEB?%|¥EF%o the first enbodi nent

includes a first |ens GR1 having a _positive
refracti véx poGRFL %Pesé’%oﬁ&el éH§f@?%%p°wehé€Pﬁ@Sa°f the

nggﬁtlvigggfractlve power, a third | ens. group

SodFeTR Sh RN Ay 4 BbierLy o GIPRREE A

DD St DD o gegn e (O Lo e o

p% ket SgRAYS! Yoy anasd Ln i, or e

e 8l Lok OB CL UL Ch 5.8 gl Lve Lenss, 2.,

|t e Ry PhE S e ASperTEal S%Vm’/g}tg@eg?lat ELE R
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 GRl 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 GR2Z and the fourth lens group GR4 are moved

for zooming, the third lens group GR3 and an iris

aperture IR should preferably be fixed. Specificaily,
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18 S05P0081 The second | ens group GR2 includes a
negative lens &4 and a positive lens G5. The third
lens group &3 includes a positive |lens G6 having
opposite aspherical surfaces, and a conbined | en§05P0081
assenbly including a negative lens G/ and a positive
lens GB. The fourth Il ens group GR4 includes a

negative lens P. The fifth |l ens group GR5 includes a
positive lens GlO having opposite aspherical surfaces.

iris.apecture IR whjch is fixed, during zoonIng is

ﬁqﬁﬁ? zdrﬁniﬁﬁ?aﬁﬁﬁ%P ﬁggopéstﬁep?ﬁIIIYQ éﬁ§r§FBﬁB Gggier,
and a _pl | as te corresponding .to a filter

i €09 e Fﬁsségo%ef@v@seﬁlaé QF‘aﬁﬁEHa egalgﬁefws‘"—%%dms
the fifth_lLens grou second | ens 0 GR2.
artP SEfRE T PoaJﬁt HRQ pﬂ&eogblega 1E5% GRovin CE37 gAY the iris
zoom.n t he 05|t|ons of the | enses at
- a\ﬁe&égaﬁgffg L Rare s E‘éa‘FJd%%lmeIC@ﬁ&Pﬁmu €5 5irieg
t t el escopi c end t at e, | enses noyv S.

?F\&a Fgﬁ Byt ond = ‘F:I‘%‘Oti%et &g o Pt %eln
'artoms |nd|cate that the | enses nove for zoom ng, and
t R&2br oken-1ine arrows indicate that the Ienses are

fixed durﬁ oom ng. These neanl s of .t he

hol d true %ﬁ%éj?ﬁpsFFégor ing t FBrB%gh %ﬁﬁq

| at Table 1 I f th I I 1
WBEBRaER T v R e et L ”%a ftc i

%gamp?es 1 through 4 where specific numerical values are

applied to 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 GRI1 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.
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505P081 I ens 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 S05P0081
di stance between the ith surface and the (i+1)th

surface fromthe object side, "ni" the refractive
index at the d-line of a nedium having the. ith
surface fromthe object side, "v i" the Abbe nunber

of the nmedium having the ith surface fromthe_  object
siTE SeLRRANL RS H PIaFE2s bRFLBRSS dhdegagpveghens G4 and
aspherical surface. Table 1 siri ASPHERI CALdi niv_ i

19%p PPeative 11999950, gdBerthiyd (lepp group G3 includes a
31 NFI.NI, TY8, 0001, 3731. 310 41 NFI NI TYO. 200

5 K934 XR8Pt ST 246 g 9BROBLYEY ATPRIPFAL| sBFEaces, and
7-12.6 70.%0}1.772549 24 84, 8030. 200 ]

o 886188211952 FHFHBS Y1619 W RG G Asgative lens G7 and
111 NFIL NI TYI S APERTURE1. 200 .

131 POF18RAEP1- A 72&%@. 59U s e gASPp. §RE includes a

1%é%é%%3g'fggg"ééﬁ74%%é59%fth lens group GR5 includes a

positive lens G10 having opposite aspherical surfaces.

An iris aperture IR which is fixed during zooming is
-disﬁosed 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 GR5.

The second lens group GR2 and the fourth lens
group GR4 are movable for zooming. FIG. 1 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. In FIG. 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 alsc 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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158. 5701. 8571. 487570. 441 16-4. 137vari abl e

17-6.5140. 4001. 835042. 984 18- 109. 938vari abl e

1918. 119ASP2. 6311. 487570. 441 20- 6. 664ASP9. 032

211 NFI NI TY1. 1001. 516864. 198 221 NFI NI TYO. 800 20 S05r0081

SO5P0081 In the zoomlens 1 according to the first

enbodi nent, the axial distance (air gap) d6 between

the first lens group GR1 and the second | ens group

GR2, the axial distance (air gap) d10 between the

second _|l ens roup GR3 and the iris aperture IR the

axiss di 8FSREENY aFrCt theofids6 sEpoRigittthe A RS | RFRSent

group . and the fourth lens group GR4, and the

adRacidiSphhely (" JEpFesargsh %\e’é}ht%fﬁéﬁr?ﬁ"me@

group GR4.and the fifth Iens group GRS change during

dﬁgm ﬂr§%¢ etrz1 sHeks 1&Ri ARATEF K fdeyatare 55%)12%

th ge ang éﬁﬂd tate, an_ internediate focal,K point
nSbe wPdehngi e andsd bstaeenabe t He

teIe state and the telescopic_end state,
BEeReSENGE Grid) Rl FusHaTR S TR CPARET I b o

resents the focal |ength of the entlre

|’é'r?§ ' EBF or g & L PED 0D, BBV LE1466 of & medium

having the ith surface from the object side, "vi" the

Abbe number of the medium having the ith surféce 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 8.000]1.9037|31.310
4 | INFINITY 0.200
5 49,940 | ASP 1.712]11.6935}153.201
6 -11.126 | ASP variable _
7 -12.687 0.401|1.7725|49.624
8 4,803 . 0.200 '
9 5.188 0.862)1.922920.880
10|  11.312 variable
11 | INFINITY | IRIS APERTURE 1.200
12 11.118 | ASP 1.173[1.7725 | 49.624
13 ~8.613 | ASP 2.338
14 -5,217 0.400)1.7174}129.501
15 8.570 1.85711.4875| 70,441
16 -4.137 variable
17| -6.514 0.400]1.8350|42.984
18 [ ~109.938 variable
19 18.115 | ASP 2.631(1.4875(70.441
20 -6.664 { ASP 9.032
21 | INFINITY 1.100(1.5168 {64,198
22 | INFINITY 0.800 .
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FNo3. 9954. 3395. 046 w30. 98220. 23511. 078

d60..5003. 9148. 213 d108. 2134. 7990. 500

d160. 7001. 9964. 649 d185. 0453. 7491. 096 21 S05P0081 In

the zoomlens 1 according to the first emnbodi nenf0>P0081
the opposite surfaces s5, s6 of the second |ens G3 of
the first lens group GRL, the opposite surfaces sl2,
s13 of the positive lens G6 of the third I|ens group
GR3, and the opposite surfaces s19, s20 of the

positive lens S10 of the fifth lens group GRS are
aspherical. An aspherical shape is indicated by the

ol on ng gt 90, BRI K 22 20 Y e 1oL

CRbhER AN 1ol ool (Bl os U patits L

P2 T HELH L P LTS EAEP SO e
axial distance (air gap) d10 between the second lens
group GR3 and the iris aperture IR, the axial distance
(air gap) dl6 between the third lems group GR3 and the
fourth lens group GR4, and the axial distance (air gap)
dl8 between the fourth lens group GR4 and the fifth lens
group GR5 change during'zooﬁing. 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| ©.000(16.800
FNo | 3.99%5] 4.339] 5.046
@ |30.982120.235[11.078
dé 0.500| 3.914 | 8.213
dlC| 8.213| 4.799] 0.500
dle| 0.700| 1.996| 4.649
dlg8| 5.045| 3.749| 1.096
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Tabl e 3 shows aspherical coefficients A, B, C, D of
4t h, - 6th, 8th, and 10th orders of the surfaces and
conic constants in the nunerical exanple 1. 22
SO5P0O8B1 Tabl e 3 si KABCD S05P0081
50. E+002. 91E- 05- 7. 93E-07- 5. 78E- 081. 13E- 09
60. E+00- 4. 26E- 05-2. 11E- 06- 7. 83E- 081. 15E- 09
120. E+00- 2. 15E- 046. 96E- 05- 1. 76E- 053. 20E-06
130. E+003. 67E- 048. 94E- 05- 2. 15E- 053. 78E- 06
190.E+00-4.56E—041.20E—05-4.55E—076.49E—10 _
200. E+003175ER9 420w B2 173ECOYdINg Jop thg Fiest2
SQ%*F ﬁgerlcal aberration, astig natlzg} and
IO PSRt val R CRROSIE RiEE2ER7) 2 eri® Sfate FRe9nd
qus aberratjion, astigmatism and distortion, val ues
enshg | HFeFlﬁ%d#JalfSé: 284 gﬁawatGP&os.ttheoﬁPB@ﬁwé%n t he
MAde- nd state and the telescopic end state
arf rréﬁée §hosvas3 éﬁ&eﬁﬁa PRt 5&8 | IGhet CEnPLakbe third

di,stortion values at .the telescoplc end state, al

in
tﬁ?nﬁuﬁ’éPPBa(FR%'xﬁ?& &R, OPRPEH ‘?e‘%ﬁ%fé’ic_etso the 520 of the

her i cal berr tio | ues verti cal aX|s
PBSribifesTote Tid B¢ Fhet EbLEI MARsoPTREBARRS o
aperfure he hori zontal axis def.ocuys, .the solid- |ine
CBRDBEED Rl cdlt QEBPFELTBh ARG St PEREAGET ) P Chthe
o&in |ine curve spherical aberration values at the
RELNY 7Y ot s and- dash- | i ne curve spherica

a aﬁggiégnlyalues at ‘the g-line. Wth respect to the

2 2

y ¢ Z FR—

X = + A 'Y
1+ (1-(1+K)-y*-cH)*

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:lconic constant; and
Ai: aspherical coefficient of ith order.
Table 3 shows aspherical coeffiéients 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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astigmati smval ues, the vertical axis represents the

i mge height, the horizontal axis focus, the

solid-line <curve a sagittal imge plane, and the
broken-line curve a neridional inmage plane. WthS05P0081
respect to the distortion 23 SO5P0081 val ues, the
vertical axis represents the inmge height, and the

hori zontal axis % FIG 5 shows a | ens arrangenent of

a zoomlens according to a second enbodi nent of the
pre@ﬁ invention. The zoomlens 2 according to the

sek énbodi ment  includes a first Iens group GR1

nt
hav{pgla pRsItive arefractive POWET " @FSECO dTegs
gr ofifg Gﬂ%Eﬂ@%'n&.@JE“@QCUWY93E§bﬁ‘Q&RV@EP@@$TET§§E1%§71
| ens O QUR 657 TFVeRU0E [POSHY EVEG T Eh gShiyE POty &g |

f ouryhTiERs oBTOuP gy , My BgFasReagt bye petrathie
it RN SR DM RCH i IO 8 ¥ TN WL
“the fgagggﬁpgrfﬁﬁé v% :3;15?84;65%55255$éqf efs g ot
GR1L£AELBER0 L B JEE- 0L h 2eBABRIEN 25 3B-Qbhatt 9eE-08

: Iens: a right-angie prism & for bending an optica
pat h through 90, a second lens G3 which is a positive

~lens, andreci M rahok@Nsphidei 01 GlbdrSaR1iBAST 4 k¥ Eymd 18R,
havi ng opposite aspherical surfaces. The second |ens

0a0dpd Fo 1 il des uas Negathy vl @NSnghe angosinied Frg, 3
| ens assenbly including a negative I'ens G6 havi ng an

ashiwes | aled ristifoag e abacimgr 1446, ehjceat ssbaei & A ues at
positive lens G/, and a negative lens G3. The third

| ens pitcindBate 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 defecus, 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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i ncludes a positive | ens & having opposite aspherica
surfaces, and a conbi ned | ens assenbly including a
positive | ens @ O having an aspherical surface facing
the 24 S05POB1 object side and a negative | ens GP5SP0081
The fourth lens group G4 includes a negative |ens

Gl2. The fifth lens group GRS includes a positive

| ens GL13 having an aspherical surface facing the

obj ect side, and a conbined |ens assenbly including a
negative lLens Gl4 . and a, positive lens GL5. An iris

aparttite eaﬁFfﬁl?% f4°%Ed FERGRPRGTS 0dif Agads Bripghbsed

gqn%iggéiéégﬁéggﬁgfggﬁ%$§ positgve | ens & having the
PPOSi ces and the conbined | ens

_ gsslenbl y &%OB %%Vg of c}t he third Iéans O%r o_uE Gstr asnd
a plane grass pl V% FPésﬁﬁﬁﬂ??EF‘QQ) fi PPeP +&°

| IeRRTe DECeel 2Pl el LiRos plane LM NG o,

Ll QU LeDS, oS0l ChY 20, TENEBLE 8L oont 1o
b ot s el popl enatn s ol 1

et Dbl oy Tl sl the

gé%gﬁgmé‘lﬁg%e ﬁ?%%tthl%eg%g{én@%gg% iraci: C_I.%rngl 8901}1{9 (ERh3e 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 GRI includes a first lens G1 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, 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 cobject side and a positive
lens G?, and a negative lens G8. The third lens group G3
includes a positive lens G9 having opposite aspherical

surfaces, and a combined lens assembly including a

positive lens G10 having an aspherical surface facing the
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Tabl e 4 siri ASPHERI CALdi niv i 135.5721.0421.922920. 880
215. 4942. 755 31 NFI NI TY15. 0001. 883040. 805

41 NFI NI TYO. 200 552.4731.9411. 497081. 608 6-37.5670. 200

. 743. 201ASP1. 8771. 774243. 686 8- 78. 852ASPvari abl e S05P0081
9-146. 2130. 4501. 883040. 805 1023. 1600. 813

11-22. 887ASPO0. 4501. 772549. 624

1218. 4601. 2671. 922920. 880 13-59. 1340. 380

14-16. 9360. 4501. 487770. 372 1521. 182vari abl e

1312§% FQEEéF%Q éﬁ%%%%%%ﬁég%e&g gzipsﬁégf%bgggh lens

1939. 07 P2. 0001. 584959. 195 )
2GLEPED1 50D, HADRE P Feg7H 9. b0 dar | BFeTifth lens

22-43. 4 .4501. 674253. 546 ,2327. 847vari abl e
zzEff.U’é’egggpb?@  PrPRAALE3 als & lpedavagy an

aspherical surface facing the object side, and a combined
lens assembly including a negative lens Gl14 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 (G10 - 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 GRS.

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 appiied to the zoom lens 2

according to the second embodiment.
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26-11. 5880. 4501. 922920. 8804 2715. 7551. 9441. 772549. 6243
28-19.9621. 692 291 NFI NI TY1. 3301. 516864. 1983
30I NFI NI TYD. 800 In the zoomlens 2 according to the

second enbodinent, the axial distance (air gap) 885P0081

between the first lens group GRI and the second | ens
group GR2, the axial distance (air gap) dl5 between
the second lens group GR2 and the third | ens group
GR3, the axial distance (air gap) d21 between the
third I ens group GR3 26 SO5R0081 and the fourth |ens
gr%%]ﬁl?}&, and the axial distance (air gap) d23

between Ehe TOUrAIbHrRReAEr OUp G an tI;{:@ ARVINN Is
g up G5 } gt o ng—zZoomg: T -~ STHOWS %3
d ;it( ..g?g gaps)—at—therw g]’e % %.2*259) ség* ff“ an
| pEeropgdiate tocal—poetnt——p > ween the
- dol ARBEUL RN state and the +210000chid830H 40 A%
2@2 FlglyLT%-rnpir end st _E280nhers ENO__and hjal f
gles S bf3View In Tablel 5, % Hdpreddnts! e Ga5cal
lleRgt h-37-58hk entire |ens |system0OTable 5|
£1670001%3 G004P. 000 A 3. 6064. 046487738 . 7742 | 43.686
QM83] 6918 3 B064. 96 AB0. 500 ri2024.[125
9 [-146.213 0.450(1.8830| 40.805
10 23.160 0.813
11| -22.887 ASP 0.450 [1.7725| 49.624
12 18.460 1.26711.9229¢ 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| -87.934 ASP 0.600
18 | INFINITY | IRIS APERTURE 1.000
19 39.073 ASP 2.000|1.5849| 59.195
20| -11,150 0.45011.8041| 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 15,755 1.944 [1.7725 49,6243
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) d8 between the
first lens group GR1 and the second lens group GR2, the
axial distance (air gap) d15 between the second lens
group GRZ and the third lens group GR3, the axial

distance (alr gap) d21 between the third lens group GR3
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~d1521.22110. 3010. 596 d2l 4. 05911. 90616. 257
d2313. 1985. 3511. 000 In the zoomlens 2 according to

the second enbodinment, the opposite surfaces s7, s8

of the third lens G4 of the first |lens group GRISO7BR081

object-side surface sll of the conbined | ens assenbly

(G - G7) of the second | ens group GR2, the opposite

surfaces s16, 17 of the positive lens & of the third

| ens group GR3, the object-side surface s19 of the

' d |
%%é”?ﬁ R CREbh; St sﬁiaaﬁe%géosﬁégﬁ%@%&é s5henfe

ger%:?tg:wwezt%eéhz&g T B0,
10
sur g@e%egﬁdgnmgﬁﬁ%&bgﬁngﬁt u?h“%ﬁ%gﬁﬁﬁéflgiféggé%ple

7'5.11&%05’??32?30%%3‘?%@5 6§r1g"ﬁ‘°E’ (2. G6erife-angle end
13- ERoom T GEIIE bt et 7URAE Spgperteen the
1 900E 0091 o 05 =5 o3 o%h% by Fpdlsrate, ana
2 30 R DU S 04T B AR - & JELORT GBE: 0ghe Palf anles

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

the entire lens system.

Table 5

f 6.000[15.000 (42,000
FNo | 3.606| 4.046] 4.128
w 33.691(13.505| 4.967
ds 0.500}111.420(21.125
dib [ 21,221 ]110.301; 0.596
d2l| 4.059]111.906|16.257
d23[13.198| 5.351| 1,000

In the zoom lens 2 according to thé second
embodiment, the opposite surfaces s7, s8 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 s16, 17
of the positive lens G9 of the third lens group GR3, the

. object-side surface s19 of the combined lens assembly

(G10 - G11) of the third lens GR3, and the object-side

27




and

FIG 6 shows spherical aberration, astigmatism
FIG 7

distortion values at the w de-angle end state,
shows. spherical aberration, astignatism and

~distortion values at the internediate focal poinf05P0081

positi on between
tel escopic end state,
aberrati on,
tel escopic end state,
ect to the spher; cal ,
&% FepPBsBrtstivre Leasi 613t of tHhe idlkpéenat
t he, hori zont al

Etifv 8SBpRE F3ial

Wth

vertt

an_o

soft

d-1ine,

SO05P0081 V&

Ay e, ©

the verti cal

dot
at®

val ues

hef GHEC

‘curve a sagitta
curve a neridi onal

LgeP

en
H

erture,

t he

al |

in the

Pgro en-1ine cuyrve spherical

s CafleWe a5NheTd Caandot
e curye sp
¢ Pt St

axis re

heri cal

nuneri cal
aberration val ues,

axi s

aberrati on val ues
aberration 28

resents

F£QClents

def ocus,

the wi de-angle end state and the

and FIG 8 shows spherica
astigmatism and distortion values at the
exanpl e 2.

t he

t he
at the

A,

r r

aberrati on val ues

OrgT et asts grdtrshe and
t he i mage

CORETABFF Zbht dic AEFETEGRbsCX ¥ MRS i d- |ine

i mge pl
i mage

ane,
pl ane.

and the broken-Iine
Wth respect to the

dk&%ggtion val ues, the vertical axis represents the

i ﬁeight, and the horizontal axis % FIG 9 shows

a | ensi arrangement gf a zoom gens [accofdi ng[to ap

t hi r[d7ebodtomNt- 70 3k hee PLESEnE—_ o YERT i PiLgo [TNE ZORM 1

| ens| 3 HECRTEH NG1T7ENSS | DT HeeI®PH HEREE—1JFT USSR 2 1

firstyd POSEOOOTP ¢ 9 Y| Y S0 POSd TYSo 7887 PCs T ¥FE-09

POVET3 ¢ FoSEFSEY 5P WPVPT e 1 T8 8107 | -1.07E-08
17| 0.E+00 | -1.98E~05 | -3,52E~06 | -4.24E-07 | -2.24E-09
19| 0.E+00| 2.99E-04|-1.14E-05| 8.,92E-08|-2.50E-09
24| 0.E+00 1.23E-04 1.84E-06 { -8.22E-08 1.08E-05

FIG. 6 shows spherical aberration, astigmatism,
and distortion values at the wide-angle end state, FIG.
shows spherical aberration, astigmatism, and distortion
values at the iﬁtermediate 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 zepresents the ratio
to the f-number at an oﬁen aperture, the horizontal axis

defocus, the solid-line curve spherical aberration values

at the d-line, the broken-line curve spherical aberration

. 28



negative refractive power, a third | ens group GR3

having a positive refractive power, a fourth |ens

group GR4 having a negative refractive power, and a
fifth lens group GR5 having a positive refracti w5P0081
power, which are successively arranged in the order
fromthe object side. The first lens group GR1

includes a first lens GL which is a negative lens, a
right-angle prism & for bending an optical path

thr ugh 90, a second lens G3, which is a ositive
gugﬁa% nPoPposite a8phehs dat-amdrdess- ?a%%l @irve

th| d | en which is a positive | ens. The second
| GREC T oh P Ra B Ao B rigdtiey @ Tans . GV B P spect

ed | ens 29 SOSPO081' assenbly including a
ngaa%ﬂe ‘f‘“e%%ﬂac‘%%ara %65.qur&%gale?mh%ezflfﬁﬁealts

rou C es a positive l.ens G hav
ES Bs <§ q:ealt guPf ﬁ%@t%&xéscgﬁﬁ%edﬂl‘ee@lld“
assenbl |nclud|n positive | ens GB and a negat.ive
REe e ﬂqéaﬁagvf?ﬁpir%%e GHéas . cradi hie Jofeskcp- Line

conblned | ens cludln a negatlve | ens Gl1
afid™ & p%&%ﬁwowainémﬁ% PIATE f | FiRD h| EREPYFo

cludes a positive _ |lens GL3 having opposite
§ BEgit p&ﬁﬁl&%ésth?\n"?%%a aséﬁﬁgr%gf@é%scﬁfﬁes image
fj durin 00 Sposeg i medi ately before
th% TPHr dN% é géﬁg éﬁﬂsa pl ane glass plate Q

correspo%q o9, 8 filter is |nter$osed bet ween _a

pl anned i'mege pﬁgﬁgsl#i%%ﬂﬁjﬁ?ﬁgn?F tRE 12he ACBupSERS.
TE%%OI f%%dthens glrg dlmen fQUEﬁg é§ggﬁn r%% ention.
The zoom lens 3 according to the third embodiment !
includes a first lens group GR1 having a positive
refractive power,'a second iens 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, @nd 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°, a second lens G3, which is a
positive lens, having opposite aspherical surfaces, and a

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

group GRZ includes a negative lens G5 and a combined lens
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G4, and the fifth lens group GRS are novable for
zoomng. FIG 9 shows the positions of the | enses at
a W de-angle end state. As the focal length is
shifted toward a telescopic end state, the | ense$05PCG081
nove as indicated by the arrows. Table 7 val ues of
t he nunmerical exanple 3 where specific nunerica
val ues are applied to the zoomlens 3 according to the
third enbodi nent. . 30 SO5P0081 Table 7
143. 6280. 8001, 922920. 884 214.1632. 060
3INRPTY1 1R P k0l B 67 IS9P VRl NI Gv(Rrgk 3 positive lens
525, 297ASP2. 2511, 743349. 326 _6- 140. 649ASP0. 100
719 783550601 T A o BWPs 311 nEbYEeT dpirositive lens G8
9-43..3770. 5001, 883040. 805 _107. 6111 248
1P%nﬂzgepsﬁbﬁe AT i5ek 19713999, AE) 9 2oubinggalens
1314 9vari abl e 141 NFI NI TYI SI S APERTUREO. 600

¥poRB Al B R S5667e 61 BBS /9% A0 a75egative lens

G10. The fourth lens group GR4 includeés a combined lens
assembly including a negative lens G11 and a positive
lens GlZ. The fifth lens group GRS includes a positive
lens G13 having opposite aspherical surfaces. An iris
aperture IR which is fisxed 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
arrows.

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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179. 7263. 6501. 647733. 841 18-5.0760. 5501. 922920. 884
19116. 814vari abl e 20-22. 5860. 6401. 806133. 269

218. 4651. 6381. 497081. 608 22-7194. 674vari abl e
237.937ASP2. 6001. 583159. 461 2427.627ASPvari abl e S05P0081
251 NFI NI TY1. 7001. 516864. 198 261 NFI NI TY1. 120

271 NFI NI TYO. 5001. 516864. 198 28I NFI NI TY0. 990 In the
zoom |l ens 3 according to the third enbodinent, the
axi al distance (air gap) d8 between the first |ens

T%tégﬁ(;gl and the second lens group GR2, the axial
(air gap) d13 between the second | ens group

GR2 jand|thessrém pperture TR, the axisab [di SEancero (fa
gap)| #ITY Deiyegdy [Ne ThiTd T'ens grgupeeHs and tne
four[tH CRRr PP GRA, the axigi cil:l]St—;q@ g (@& 9\2533)785
dﬁZ mﬁfﬂ@m tween—the Ig I'E‘IIOI.%HBI gl oup—GR4 allu
t he fth—Ten oup S—andtheaxiat—ot-=st (At
gap) ‘2’12+ bffgﬁééej“? the 'P:SPth Fens _gféo‘%ggca\_u 7%?3 a@'ﬁ6
protiest Yt’ié?gﬁf EPF—-Ehange curzggobﬁcn1%f. 7 b!eOS
shows aV:a!'diu.%nces (air—gaps)—at—th i @gp .335 g
end _Sgt_a,p_e,_"%a:rjé&_mw_af e fod Marﬁﬁbﬂa? positian
betvﬁ%n tfﬁﬁ3M§%J-anglp end. st atle aﬁd5oo 1.8830 | 40.805

10 7.611 1.248

11 =-17.123 0.540 ] 1.7725149.624

12 7.642 | 1.42811.922920.884

13 146.839 variable

14 INFINITY | ISIS APERTURE 0.600

15 9.316 ASP 2.61111.730840.500

16 =-52.424 ASP 0.750

117 9.72¢6 3.650 | 1.6477|33.841

18 -5.076 0.55011.9229(20.884

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 variable

25 INFINITY 1.700|1.5168 | 64.198

26 INFINITY 1.120

27 INFINITY 0.500(1.5168|64.198

28 INFINITY 0.990

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 GR2, the
axial distance (air gap) d13 between the second lens
group GR2 and the iris aperture IR, the axial distance
(air gap) dl9 between the third lens group GR3 and the

fourth lens group GR4, the axial distance {air gap) d22
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the tel escopic end state, and the tel escopic end

state, F-nunbers FNO and half angles co of view 1In

Table 8, f represents the focal length of the entire

| ens system Table 8 f6.89912. 76033. 696 S05P0C81

FNo3. 6003. 7173. 939 w29. 70816. 5376. 252

d80. 6585. 50811. 14048 d1311. 2826. 4330. 800

d191. 3903. 2206. 948 d228. 6693. 8592. 000

d242.0004.9803.111 In the zoomlens 3 according to the

third enbodi nent, the opposite surfaces s5, s6 of the

seR&HEeTy she EgUpEh tlﬁ?élsf Orepr| 6R D UReGRE fthhéens

op osite__surfaces sl15, .s16 of the p05|t|ve | ens GB of
R FR5| 8RS HiomrieRs dishantheldidpeEit e d3fr babween

32 s24 of _the p03|t|ve |l ens G13 of the fifth |ens

griotsp TERENal 8BS EHEY (C8al antap| Brotatdws Adpheri B

co ffICIentS A, B, C, D 32 S05P0081 of 4th, 6th, 8th,
APGELIBF JRT ZASFiKe shrblBed shYComialcBhstamEesin

the nunmeri cal exanple 3. -Table 9 si KABCD

502EF0G2RS beE: e "6e-079l 8680d (statsEaR] intermediate

focal point position between the wide-angle end state and
the telescopic end state, and the telescopic end state,

F-numbers FNQO, and half angles o of view. In Table 8, £

represents the focal length of the entire lens system.

Table 8

f 6.899 | 12.760 33.696
FNo 3.600 3.717 3.939
w |29.708|16.537 6.252
ds 0.658¢t 5,508 |11.14048
dl3|11.282| 6.433 0.800
di9| 1.3%0¢ 3,220 6.948
d22| 8.669| 3.859 2.000
d24 | 2.000)] 4.980 3.111

In the zoom lens 3 according to the third
embodiment, the opposite surfaces 85, 86 of the second
lens G3 of the first lens group GR1l, the opposite
surfaces 515; 516 of the positive lens G8 of the third
-lens group GR3, and the opposite surfaces 523, s24 of the
positive lens G13 of the fifth lens group GRS are
aspherical.

Table 2 shows aspherical coefficients A, B, C, D
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60. E+00- 2. 85E- 05- 1. 53E- 07- 2. 40E- 10- 6. 69E- 11
150. E+002. 49E- 045. 48E- 066. 95E- 102. 83E- 09
160. E+002. 47E- 044. 80E- 06- 1. 18E- 071. 24E- 09
230. E+00- 1. 30E- 04- 1. 62E- 06- 5. 11E- 079. 25E- 09 S05P0081
240. E+003. 74E- 041. 65E- 05- 1. 96E- 064. 59E- 08 FI G 10
shows spherical aberration, astigmatism and
~distortion values at the wide-angle end state, FIG
11 shows spherical aberration, astigmatism and
di stortion. yal ues at the internediate focal poi nt

o%é et Bibnetiiy P P& aRgPET B o sthét SUaRGoEReaNd
telescoplc end state, and FIG 12 shows spherica
abetyt&t FBRS 3%??gﬁhﬁﬁﬁhﬁugﬁﬁlﬁ?%t%ﬁ%qﬂﬁﬁ val ues at the
tel escopic end state, all in the nunerical exanple 3.
Wth respect to the spherical aberration val ues, the

ﬁr%|cal axis represents the ratio to the F-nunber at
a &n aperture the horizontal axis defocus,. the
soli|dsi | 1 ng cufve spheri fal aberrafion yalueg at #he
d-1i[ng, [ bNe+o®l O4ERsE I | CHT ¥&a SPNET 1| CodEARFf LA 3L 11
val yeg b £160 P=2! BEE. o071 L iR T0T F 8P s RSy | LBG SRIVE
‘spher1§:b E@@@ Falh el o2 UES 88— ddTF 8. éﬂﬂ“io‘”é'ﬁgE -09

e | b Otd] 53 prefelPt astd et Fe et 09
bor (2 o on | e SoRTiel L e o TP S 9ioy 19 258-00
sagi L2:14:a :E*tjdg\jc p?:z.ﬁ,?“ a‘%«. '°13%5%°U If*%FbIO:(SIC % 59808

meri di onal image plane. Wth respect to the distortion
“values, the vertical axis represents the inage hei ght,
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
akerration, astigmatism, and distortion wvalues 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-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 sgpherical

aberration values at the g-line. With respect to the
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and the horizontal axis % FIG 13 shows a | ens
arrangenent of a zoomlens according to a fourth

enbodi ment of the present invention. The zoomlens 4
according to the fourth enbodi nent includes a fiBg§prP0081
l ens group GR1 having a positive refractive power, a
second lens group GR2 having a negative refractive
power, a third I ens group GR3 having a positive.
refractive power, a fourth lens group GR4 having a
negative refractive power, and a fifth I ens roup GR5
ha¥¥ Hig™e tH68) VRlees ef thge iorE i paher s iani ety egeats the
successively arranged in the order fromthe object_ .

si e fi5d Ifr sthe it i Bls L GREL P nEP Cities taef ispdidrbhre
GlL which is a negative lens, a right-angle prismQ

f OF*1En& A§IaRtabptTads PIarR-t ARGUERe Joro langeewre a
lens G3, which is a positive |lens, having opposite
a§?ﬁﬁ%Q%9§PlsHP?%%e@%anﬁhe YetbBnae sReit dgrodpeadpstortion

i ncludes a negative lens G4 and a conbined | ens
as&disy Fhe| UeFhbfal fegat roereeert oofthen dmagepheighive

| ens gg. The third | ens group G3 conprises a positive
1 AR ERehROT HEPRPoSHiE Aspherical surfaces, and 34
SO5P0OC81 a_conbi ned | ens_assenbly including a negative
lens G8 ahiC- alpoditisve LR TW-amgrdsndurthal eRdT gkt
G4 includes a conbined | ens assenbly including a i
pGSEFGEnT eh? & EPUR STREdEErTeOf ehBe @ISSaHe FiYferyyion.
l ens group. GRS jncludes a _ conbined | ens assenbly

i ?F@ieugf’ﬂlﬁ %6%34 AGROTOERE €1 2t iy tp S PEEnent

aspheri,cal surfgces and a negative |ens "
1%c§udes a firs ens group éhl 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 afranged in the order from the object side.
The first lens group GR1 includes a first lens G1 which
is a negative lens, a right-angle prism G2 for bending an
optical path through 90°, and é second lens G3, which is
a positive lens, having opposite aspherical surfaces.

The second lens group GRZ includes a negative lens G4 and
a combined lens assembly including a negative lens G5 and ‘.
a positive lens G6. The third lens group G3 comprises a

positive lens G7 having opposite aspherical surfaces, and
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13. An iris aperture IR which is fixed during zoom ng

is disposed immediately in front of the third |lens
group GR3, and a plane glass plate Q corresponding to
afilter is interposed between a planned i mage pf@ne0081
I MG and the fifth lens group GR5. The second | ens

group GR2 and the fourth lens group GR4 are novabl e

for zooming. FIG 13 shows the positions of the | enses

at a wide-angle end state. the focal length is shifted

toward a tel escopic end state, the | enses nove as

i R CReA ety [BRE aFTOWRLY ARSI EAIDT val RRER Vet hens G8 and

nuneri cal exangle 4 where specific nunerical val ues

ar® %9661“1188 L8R8 he° zooa ERYrEh heRdrdiaip G54t hecludes a

founkg gdlnent 35 SO05P0081 Tabl e 10

siT9 R ef@\ﬁd?ﬁﬁﬁb 341938618901 . Y6 dgrs GLO and

211. 2681.,.500_ 31 NFI NI TY8, 0001. 9036631. 310

4|ar\|r§’leﬂlaﬂ‘ﬁezbﬁn%1cll 58A8P2TA5ER  Fems U2 FRS includes a
31..628ASPvari abl e 7- 9. 8010 6001. 9036631, 310

PRt AR 1@8%?7%3756@? B@7AY 7D RRFEtive lens G12

QP 4271. 4041, 92286 884
aving opposite asp erlcal surfaces and a negative lens

13. An iris aperture IR which is fixed during zooming is
disposed immediately in front 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. 13 shows the
positiéns 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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1156. 650Vari abl e 121 NFI NI TYI RI S APERTUREL. 200

138. 322ASP1. 8661. 7680249. 240. 14-11. 056ASP1. 192

15-11. 3710. 5001. 9228620. 884 1611. 0321. 8891. 4874970. 441
17-5.713Vari abl e 18-14. 3981. 5581. 9036631. 310 S05p0081
19-4. 4540. 5001. 8042046. 503 2016. 660Vari abl e

2110. 538ASP2. 4601. 4874970. 441

22-8.0000. 5001. 9228620. 884 23-16. 3904. 940

241 NFI NI TY1. 1001. 5168064. 198 251 NFI NI TY0. 800 I n the
zgﬁ%h!eqi%4 according to the fourth enbodinent, the

axi Si‘stance (air gap) d6 between the first lens

gr oups arg the segem@iicans proupr GRZ| tThe akial
di st pree (g1 ogap) dil betweenttes: §{§22§6 o5 Ok
GR_3 ouéuI Eh; !72 S apCIt:JLCD+ LR, ti“.clawoa ti—stan (:4 L
DA 7y A A AN BT i 3 M g
gap) 2a28NEIFGELh the fourth |ens $riditl GRA_and| the
fifthlensi362=HEP008 A% oup GRS éﬁﬁg Hut 19y | 49. 624
zoonitegl TABHE28 1 showlSBixial | vAmiaddeds (air ghps) at]
t he mi’de- ah§t #knd state, an 0.600 | 1.9036631.310

8 5.043 1.170

9 -10.874 0.500]1.48749]70.441

10| 6.427 1.4041{1.92286|20.884

11 56.650 Variable

12 | INFINITY | TRIS APERTURE 1.200

13 8.322 ASP 1.866|1,76802|49,240.

14 -11.056 ASP 1.192

15 -11.371 0.50011.92286 | 20.884

16 11.032 ' 1.889|(1.,48749 70,441

17 -5.713 ' Variable

18 ~14.398 1.5581.90366 [ 31.310

18 -4.,454 0.500(1.80420(46.503

20 16.660 Variable )

21 10.538 ASP 2.460[1.48749|70.441

22 -8.000 0.500]1.92286 | 20.884

23| =16.3%90 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} d6é between the
first lens group GR1l and the second lens group GRZ, 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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i nternedi ate focal point position between the

w de-angle -end state and the tel escopic end state,

and the telescopic end state, F-nunmbers FNO, and half
angles wof view In Table 11, f represents the £8cgP081
| ength of the entire |lens systen1 Tabl e 11

f6.50013. 00018. 655 FNo4. 1204. 3154. 371

w31. 56715. 93311. 224  d60. 6005. 4137. 550

dII7 7502. 9360. 800 d171.2683.5304. 781

242. 313, h | 4 [ t
Fotrt i rpaten du%‘ﬂég G5508TFe sOPPhEe r%'o oogel”

he: s& f I h
E)p%bs&cr?& sur‘fEL tk% Igl%%e Sggg%lg I've tlatl% t@?eof
h f
iy ?ag %‘%3 ISR BRSSP B St

| T 12
erlcg% coef?#glgéﬁﬂnﬁ %aeﬁd %Pg S Q%Fh 8t h,
a“éje#%c%ﬁzsﬁ@ﬁaeéeze 55 Wl T o
S%ﬁéﬁQD In Table 11, f represents the focal length of the

entire lens system.

. Table 11

f 6.500|13.000| 18,655
FNo 4,120 4.315 4,371
e | 31.567 115,933 111.224
do 0.600| 5.413| 7.550
dll 7.7501 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 55, 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 GR3, and the object-side surface s21 of the
combined lens (Gl2 - G13) of the fifth lens group GRS5 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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50. E+00- 6. 72E- 05- 1. 80E- 061. 42E- 081. 91E- 09
60. E+002. 83E- 06- 1. 96E- 067. 57E- 088. 36E- 10
130. E+00- 1. 87E-047. 34E- 05- 6. 55E-057. 30E- 07
140. E+007. 71E- 048. 91E- 05- 9. 56E- 061. 08E- 06
210. E+00- 2. 78E- 04- 3. 61E- 053. 23E-06- 1. 42E-07 FIG 14

shows spheri cal
di stortion values at the wi de-angle end state,
15 shows spheri cal

aberrati on,

aberrati on,

astigmati sm

an

distortion values at the internedi ate foca
position between the w de-angle end state and the
te&ggfonc end state, and FIG 16 shows spherica

S05P0081

d
FI G

astigmati sm and

poi nt

aberration, astigmatism and distortion values at the
t el esaqgpi ckend statze, al|l inghe nunericcal gxanple 4.
Wth 5 gspesitoct |o-& e rspierd calorpber|r af 140f -val{uas o1ERg9
veryigdio axiod | epresents 1N drabk] TR sHREE{NETEEE-3b
an QReT ARAIOUN L RS g TZ @Ml s3X1 S sYELHEYS 7 B 07
S0} e [T RS 0BT Ve FRIBYTCa. AREhEGtI cFabEYS 1absk e
- ) I I ORI - 19 COT _ < _ b1 _l L]

Va|u2§ é?ﬁﬁﬁg C%ﬂzﬁgcpd néﬁfﬁg ggt g%gggag. Iﬂﬁébcu?zc
spherical - aberration values at the g-line. Wth

respect to the astigmatismvalues, the vertical axis

represent 8ichel4 i stage Behghtical hebdwrdtzZont, absakigsatism,

focus, the solid-line curve a sagittal image plane,
arshdt Hé sbpokerr | Talarssupve the 381 GO5RANL] emr sde0aal FIG.

i mage plane. Wth respect to the distortion values,

t He vépvEcabhaxd el epeesenisnt hestipage iksaj ghtd
distortion values at the intermediate focal point
position between the wide-angle end state and the
?elescopic end state, and FIG. 16 shows spherical
aberration, astigmatism, and distortion wvalues 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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and the horizontal axis % Table 13 shows nunerica
values for determning the conditions according to

- the conditional fornmulas (1) through (4) for the zoom
| enses in the nunerical exanples 1 through 4 ands@®E®81
~show the conditional fornulas. Table 13 NUVERI CAL
EXAMPLEDL/ FwDI / Ft NdL1VdAv- VdLI 11. 75000. 6251. 92332. 32
23.13300. 4481.92341. 77 32.11620. 4331. 92344. 58
41.55380. 5411. 92328. 74 As can be seen fromthe above
tables (Tables | through 13), the zoom | enses .
adtoridilRgat ol paee bmsYs -calithxappitest Ta fbeughsgortion
satisfy the conditional fornmulas (1) through (4). The
zdGhUEEns ERC aY - Rl 0 GFlEeEeRECITIL Hdie dpegrabrbHizt i n
good bal ance at the w de-angle end state, the

| Ay B BPEL T Ul F6ilst posi ti on between the wide
-angle end state and the tel escopic end state, and the
t el escopi €2k i AWWsaduwsabiwr} Valvesaberr defernining
diagrams. FIG 17 shows an inmage pi ckup apparatus
ac&6r BPRELE P A diinento 1ty admdifdesant TpAvekas od.)
An_image pickup apparatus_10 has a zoomlens 20 and
atPrREgR Sthsity tdeyiFeem3bensns denfdet PHEcBRCobtg%agples
39 SO5P0081 i mage generated by the zoomlens 20 into
ant EREQEIR ! AGRAEC TheW| Mg eweidiingadetreaulas.

enpl oy a

Table 13
NUMERICAL EXAMPLE | D1/Fw |D1/Ft | NdL1 | VdAv-vdLl
1 1.7500 [ 0.62511.923 32.32
2 3.1330|0.44811.923 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
aberrationé 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
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phot oel ectric transducer such as a CCD (Charged
Coupl ed Device) or a CMOS (Conpl enentary Met al - Oxi de
Sem conductor) device. The zoom | ens 20 may include a
zoom |l ens according to the present invention. |n $3g0081
17, the zoomlens 1 according to the first enbodi nent
shown in FIG 1 is sinplified such that each of the

| ens groups except the first lens group GR1 is
illustrated as a single lens. The inmge pickup
apparatus may, enpl oy .not only the zoom | ens_according
COTEE PRPEESERDORN IR ZO5T LEBF o Sdttp G ERECEBHm

| enses .2 tg ough 4 according tp the secqnd through

f St Rtenb El?n%ﬁ%e, S&nsén?o%ﬁV+%%§“aYa @n§ to the

PR A LD O SRt oty AL A
e e oRE Rl Betsnengnfe L Bl R, o
et A P R i TR A
THESE REF Sen TO'E O Hed T RPBbOLaT T cult FaG 17,
e R N AT e
G601 B8 31 AR GRS praceueh oihal PRSBY afn ol UimSARES
CSAPPET RIS ACIB0SrS EREP B Wi A Dt Fare A 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 & wvideo signal that is sent to a
video processing circuit. The signal sent to the video
processing circuit is processed into a signal suitable
for subseqguent processing, and supplied for use in

various processes such as a display process on a display
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signals froman external device, such as a contro

signal froma zoombutton or the Iike, and perforns

vari ous processes . depending on the control signals.

For exanple, when the control circuit 50 is suppFPeB0081

with a zoomng command fromthe zoom button, the

control circuit 50 controls driver circuits 51, 52 to

energi ze actuators 5la, 52a to nove the second | ens

group GR2 and the fourth lens group GR4 to respective
itions i.n order to achieve a focal |ength

ba %‘aliost%é%sﬁf-% REARRATACD PoEFEPURAIY Fisrdifiat B, 2
obt ai ned b sensors 51b, 52b, of , the second |ens
or oY TSl Pﬁ%C%%r% 3 &ERETYROGRE B T nput to
i or mat | GRWFERLTYY GUPRUNS. COmant B g S8 33%'@01
s e R SR
cks a focu stat e, .controls t fourth, |lens
oo G B SRGHCE R APy SE KB r O (P Eo CE
artiee RS LA S8 o B
08l 18 LRI B sOBEL L1 € BOEL o
segtbarECEER i HECLPR PP SR
| |nput% Egp g%%lggggﬁhglu&|V%5I%§ZFgﬁ?% 2€ sigmgtors Sla,
' %%grESrﬁL%Qgtﬁé é@@%&%'lénpté& &E”éﬁ%“ degét§Ourth 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
-1s input to control c¢ircuit 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
checks 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.
The 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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Assi stant) incorporating a canmera, etc. The zoom | ens

according to the present invention is applicable to

not only a digital camera, but also a camera which

enpl oys a silver halide filmas a recording nedi 84PC081

The specific configurations, structures, and

numeri cal values of various parts illustrated in the

enbodi ments and nunerical exanpl es described above are

gi ven by way of exanple only for specific arrangenments

to carry out the invention. The technical scope of

t hRRY &feéféﬁtlo}lﬁv‘éﬁﬂﬁ”%ﬂfﬁ dhGdndingt abdl et sédl camera,

restrictively by those specific configurations,

sttt VAfRC RIS cAlCCval BBs2 FRfMRIR gk of any of
_£|Icabl|lty The, present invention can be used as_an
aniomisodd 9 bk r HP W QUi g8V EFeF tclding gapelbular

a digital video canera, etc., or_a camera unit of any

ofPRAFEr LBGSTRPEREHIY it SaHiESEL phit PR v(ReESoPad| DaThErh

cel Iyl ar hone i ncorporating a canera, a PDA

(ﬁEFgéﬁﬁPtgxb?@%ﬁPQEPQ§¥§P908§m%é%4§Féht) i ncor porating

a canera, etc., and also as _a zoomlens for use in
such a cahefaZoim r CGRFEING tOEEpEFEserhl Myention

zaom | e ving a first lens group fixed
%s app fcaaie é% net only a dlg tafacamera, but also a

camera which employs a silver halide film as a recording
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 values.

Industrial Applicability

The preseﬁt invention éan 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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upon zoom ng and having a positive refractive power, a
second | ens group having a negative refractive power,
a third I ens group having a positive refractive
power, a fourth lens group having a negative SG5P0081
refractive power, and a fifth [ens group having a
positive refractive power, which are successively
arranged in the order fromthe object side, wherein
at | east the second lens group and the fourth | ens
group are noyed for zoonming, wherein said first |ens
QPUT SCBREY | SRSOEPTTH SRS PrRECE orfithavitig ALRRGAT e
refracti ve power, a reflective nmenber for bending an
optdCar-¢pat h°t it Bugtt ¥ aRdderd SdstC2Biié2sBRbhd | ens
having a positive refractive power, which are
successively arranged in the order fromthe object
side. 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 < D1l/Ft < 1.0 where
Dit: the entire lens length of the first |ens group; '
Fw. the focal length of the entire | ens systemat a

wi de- angle end state; and 44 SO5P0081 Ft: the foca

| ength of the entire lens systemat a telescopic end
state. 3. The zoom | ens according to claim1, which
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satisfy the followi ng conditional formulas (3), (4):
(3) NdL1 > 1.75; and (4) VdAv - VdL1 > 15 where NdL1:
the refractive index of the first lens at the d- line;
VdLl : the Abbe nunber of the first lens at the d-$95RE081
and VdAv the average of the Abbe nunbers of the

| enses having a positive refractive power subsequent
to the second lens in the first lens group (VdAv is
determined by (E VdLi)/i where i represents the
nunber of |enses having a 03|t|ve refractive power
subsequent to the second | S4. The zoom | ens
according_to_claim.2, mhlch sat

conditi onal fofaut al]sen(%)haveﬁ? % Qlthlcﬂﬁnsi%lfljgg Plgffﬁij
1) Vdév -, vdLl > 1§I . the refractive |ndex
3 PPPLEY | 8 it Hﬂ?eadPOF%Eﬁve\ﬁﬁﬁI39ﬁ%¥eABB%er'
DS Tttt LRI
nses havin osi.tive refractive r,_subsequent
RRE BEe BT Bh OIS P FTT A7 eI e o (MR &
d%%%gghnfgns géouﬁﬂyﬁvkng 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 zcoming, wherein
said first lens group comprises a first single
lens having a negative refractive power, a reflective
member for bending an opticai path through 20°, and at
least one second lens having a positive refractive power,
which aré successively arranged in the order from the
object side.
2. The zoom lens according to claim 1, which
satisfy the following conditional formulas (1), (2):
(1) 1.0 < D1/Fw < 5.0; and
(2) 0.1 < D1/Ft < 1.0
where
bl: 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
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where i represents the nunber of |enses having a
positive refractive power subsequent to the second
lens). 5. The zoomlens according to claim1, wherein
the third lens group has an iris aperture and is $¢5RP81L
upon zoom ng. 6. The zoom |l ens according to claim 2,
wherein the third lens group has an iris aperture and
is fixed wupon zoonming. 7. The zoom | ens according to
claim3, wherein the third lens group has an iris
aperture and is_fixed upon zoomng. 8. The zoomlens
acdor dirfg TPeat| Bt athéPei ANTiRR talis dYBERS 8Foup
has an iris aperture and is fixed upon zoomng. 9. An
i EgE SEPRRGpeRPpradttus conprising a zoom |ens having
a plurality of lens groups, for varying a nmagnifying
power by Shahgf P ERAcBSChBetiRET wﬁapgnér YRbthps,
and a i_nmage sensing device for converting an optica

| FEGeSGEnEha: Bl 195 BOB6bR Pers 19N (8l ectt G
signal ,- wherein 46 SO5PO081 said zoom | ens conprises a
first 1end3yri¥tpt £ Xed”? upBR zoonmi ng and having a
positive refractive_power, second | ens group having
a negativégle cti Liﬁﬁe?? a third lens group

ha ing a positive refractive power, a fourth lens
gWﬁEﬁ havi ng a negative refractive power, and

NdLl: the refractive index of the first lens at the d-
line;
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 (XVdLi)/i
where i represents the number of lenses having a positive
refractive power subsequent to the second lens).

4, The zoom lens according to c¢laim 2, which
‘satisfy the following conditional formulas (3), (4):

(3) NdLLI > 1.75:; and

(4) VdAv - VdL1 > 15
.Where
NdL1L: the refractive index of the first lens at fhe d-
line;

VdLi: the Abbe number of the first lens at the d-line;
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afifth lens group having a positive refractive power,
whi ch are successively arranged in the order fromthe

obj ect side, wherein at |east the second | ens group

and the fourth lens group are noved for zoom ng, Sango081
wherein said first lens group conprises a first single

| ens having a negative refractive power, a reflective
‘menber for bending an optical path through 90', and at

| east one second | ens having a positive refractive

power, which are successively arranged in the order

fr the object side. 47

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 (ZVdLi)/i
where 1 represents the number of lenses having a positive
refractive power subsequent to the second lens).

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

6. The zoom lens according to claim 2, wherein
~the third lens group has an iris aperture and is fixed
upon zooming.

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

8. The zoom lens according to claim 4, wherein
the third lens group has an iris aperture and is fixed

-upon zooming.

9. An image pickup apparatus comprising a zoom
lens having a plurality of lens groups, for varying a
magnifying power by changing distances between the lens
groups, and a image sensing device for converting an
optical image generated by said zoom lens into an

electric signal, wherein
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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 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

ocbject side.
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