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1 DESCRI PTION Zoom Lens and | mage Pi ck-up Apparatus
Usi ng Zoom Lens Technical Field The present invention
relates to a zoom | ens conpadct and adapted for
performng realization of thin structure in a canera
depth direction, which is suitable when used in inmage
pi ck-up optical systemof a digital input/output

equi pnent such as digital still canera or video
canera, etc., and an inggg; i appar at us usi ng
such a zoomlens. This App ?ggghgﬁpclains priority of

Japanese Pat ent [ication No._ 2004-077213, filed on
Zoﬂﬂ?@ﬁ“i@dgme @E “WhipparatusUsimg Zieoing Liensor por at ed
by reference herein. Background Art In recent years,

i mage pi ck-up apparatuses using solid-state image
pi ck-up device such as digital still canera, etc. are

ei.n opyl ari zed. Wth popularization of such
Te&“l)rcg]aflegai || camera, realization of higher picture
quality is required. Particularly, in digital still

caneThelpesi iaveRtiGe rélardieio #oBin rﬁ’coﬁ%&t’and adapted for
phot ographi ng (i magi ng) | enses excellent 1™ | mage

feor mat i on .. performpnce, particularly zoom | enses, o
per{RiTainS, ErhiAtiop: of Gun srlefiedn gguicrsidepth dirgetipaewhich is

having a large nunber of pixels are required. Further,
suitdbde evken used in image pick-up optical system of a digital input/output
equipment such as digital still camera or video camera, etc., and an image
pick-up apparatus using such a zoom lens.

This Application claims priority of Japanese Patent Application No.

2004-077213, filed on March 17, 2004, the entirety of which is incorporated

by reference herein.

Background Art

In recent years, image pick-up apparatuses using solid-state image
pick-up device such as digital still camera, etc. are being popularized. With
popularization of such digital still camera, realization of higher picture quality
is required. Particularly, in digital still camera having a large number of pixels,
etc., photographing (imaging) lenses excellent in image formation
performance, particularly zoom lenses, which comply with solid-state image

pick-up device having a large number of pixels are required. Further, there




2 also exists demands for mniaturization, and
particularly zoomlenses in which realization of thin
structure in the canera depth direction is attained
are required. For exanple, as a zoomlens which is
conpact and is excellent in inmage formation
performance, there conventionally exists a three group
zoom lens consisting of a negative first |ens group,

I A . 1 : p a itive third. .

als BB Aok R in BRI ABHD 4B Parfed Rl Aoty IdishS jp hich

i.n the Japanese Patent Application Laid Open No.
realzzpgion 56 7thén pathidtuee iinnthel nambeea depth odirectiost ésnattained are

di sclosed in this publication, length of the optical
req&iﬁé&.em lens total thickness is |limt as thickness in

the canera depth direction at the tinme of sinking

barrel so that it cannot be said that mniaturization

i n Hos weamaple, depa lzooui rlens ivdrichsisscdmpadteand iOrexicellent in

ot her hand, there is known a zoomlens in which prism

mag oRSERORTA KRR A oyt SPLBRR il zoom

optical axis direction has been further pronoted. For
lensewtm,g abaaegetive ditst lensigrouppapesitiveateeond lens group and
Application Laid OQpen No. 1996-248318 publication,

b3 i = S1ds Sin D, eah.: i n S .

2 pitye Rhirong Krbub 3n i Tor 2GR MR BriGHisdip the

: of a positive first lens_group, a negative second

Japansse IgatmipApahs@aonil\mdt(apem Nen200-360726publicetion, Ire the
fourth I'ens group in order fromthe object side to

- optitHeSRm' #idkIok€d in this publication, length of the optical system lens

total thickness is limit as thickness in the camera depth direction at the time of

sinking barrel so that it cannot be said that miniaturization in the camera depth

direction is sufficient.

On the other hand, there is known a zoom lens in which prism is
inserted between lenses to thereby bend or fold the optical system so that
miniaturization in the optical axis direction has been further promoted. For
example, as described in the Japanese Patent Application Laid Open No.
1996-248318 publication, the optical axis is bent or folded by using prism
within four group zoom lens optical system consisting of a positive first lens
group, a negative second lens group, a positive third lens group and a positive

fourth lens group in order from the object side to thereby realize

miniaturization in the optical axis direction. In the optical system described in




mniaturization in the optical axis direction. In the
optical systemdescribed in 3 this publication, front
(optical) gem (front lens elenent) and reflection
menber are large so that mniaturization is not
sufficient. Disclosure of the Invention Problens to be
sol ved by the invention Exangl e enbodi nents may
provi de a novel zoomlens which can solve problens
t hat conventional zoom | enses have, and an i nage
thisckubphcatipparfesnis(oystical ) yerh (@raolenseglemdn gl dreflection
enbodi nents may provide a zoom | ens conpact and
244 f tal.njng: i.Zat:| hin structure in
' cangélg%gég § |®g€ }%qnhﬁ%aitc llgglehglgfgltci“lﬁﬁvi deo canera
or digital still canera, etc., and an image pick- up
apparatus using such a zoomlens. In accordance with a

Diktlobudsifabt [Aedthm present invention, there is
provided a zoom|lens at |east including, in order from

bj ect, si de first group of optical elenents
I%ﬁ@l% tﬂg})easqq‘é‘?qgﬁtﬂﬁ%ﬂwﬁé‘ﬁﬁgr for bending or folding
the optical axis and having negative refractive power
and a Ex3mple pEbedimeptss amyopravide sbpewel gpa@ kst which can
reflection menber, a second group of optical elenents

$ulvé mRobRER! thie driveafibhMezaWelens@NHave, | dtlan image Rick-up
quantity adjustment menber fixed during nmagnificatio

e

changi n aﬁj ust msTt operation and serving to

R Sﬁ?’g{ﬁtsu& At “Rherein the

Example embodiments may provide a zoom lens compact and
adapted for attaining realization of thin structure in camera depth direction
which is used in video camera or digital still camera, etc., and an image pick-
up apparatus using such a zoom lens.

In accordance with a first aspect of the present invention, there is
provided a zoom lens at least including, in order from an object side, a
first group of optical elements including a reflection member for bending or
folding the optical axis and having negative refractive power and a first
léns disposed on the object side of the reflection member, a second
group of optical elements having negative refractive power, and a light
quantity adjustment member fixed during magnification changing or
adjustment operation and serving to adjust light quantity; wherein the

following conditional formula (1) is satisfied. 0.1<[f1/2|<1.2 (1). In the




foll ow ng conditional formula (1) is satisfied.
0.1<Ifl/f21<1.2 (1). In the 3a above fornmula, fl :

focal length of the first group, f2: focal |ength of

the second group and wherein the follow ng

conditional formula (2) is satisfied. 1.6<Dl2w fw<5

(2). In the above fornula, Di2w a distance at

wi de-angl e end state between the first |lens of the

first group of optical elenents and a second |ens of
ablewe devonla, §ir ofgsablengph bf tie Btstmeons, 2t fiecad damil of drssecond

being directly adjacent the reflection nenber and

i 0afd S onRpan it ; f refhectiqp..
RO o SRIRE TGN folRRPAR, | riihdl ShiBfufacoF s, Wisfied.
ent | system_aj W de-angle end state. In accordance
hﬁt@@@&ﬁﬁa %J)ect of the present invention, there

is provided a zoom | ens conposed, in order froman

obj ect si @etheddbdve forfsilla, D P2V ; @f didRin@ddt ®i®BALR end state

including a reflection nenber for bending or folding

R AR RV R L

reflection menber, a second group of optical elenents
lenwiofg the greciond  goomp , oft apiticad glementsf thpt sexaind lens being
el ements having positive refractive power, and a

diRisit éﬂﬁﬁé’éhtofth@p&#ﬂ@étigﬁeﬂfe%}gﬁ?r hayy ng?@ggﬁiiiﬁéﬁs d.on an

refractive power, erein a quant |

menber for adjusting light quantity is fixed durin
Oﬁ’agﬁlt?isé‘g@ P%rdlé Hﬁﬂ&PHQHdﬁeﬂglﬂm@tth@rﬁr&Sd@n&t Yon ,foca? length of

wherein the followi ng conditional formula (3) is
tisaentiicisggtem at wide-angle end state.

In accordance with a second aspect of the present invention,
there is provided a zoom lens composed, in order from an object side, of a
first group of optical elements including a reflection member for bending or
fqlding the optical axis and having negative refractive power and a first
lens disposed on the object side of the reflection member, a second group
of optical elements having negative power, a third group of optical elements
having positive refractive power, and a fourth group of optical elements
having positive refractive power, wherein a light quantity adjustment
member for adjusting light quantity is fixed during magnification changing or
adjustment operation, wherein the following conditional formula (3) is satisfied.
0.1<{f1/£2{<1.2 (3).

In the above formula, fl: focal length of the first group, f2: focal



0.1<I fI/f21<1.2 (3). In the above formula, fl: focal

l ength of the first group, f2: focal 3b Ilength of the
second group and wherein the follow ng conditional

formula (4) is satisfied. |.6<Di2w fw5 (4). In the

above fornula, Dl2w. a distance at w de-angle end

state between the first lensbof the first group of
optical elenments and a second I|ens of the second

group of optical elenments, the second | ens being

lengte of the sajordegroup had velidreint therfoifewiieg canditibahnfrmula (4) is
di sposed on an opp05|te side of the reflection nenber
sh@sidie 1f b<gb éb%‘pﬁf Qf{ ocal length of the entire

system at w de- ang ‘'state In the exanple

enbodi men the zoom |l ens can conprise, in order

from an o&)‘j‘ tha abovesformuia, 132w eudistanseewati wigleaangle end state
reflection nenber for bending or folding the optical

batweea e it NendoFaht st erbapldfVsp ﬁ@é(leélen?elﬂs ahfCc®econd
group havi ng negative refractlve povver a third group

avi 03|t|v refra and fourth gro
Y il it ebfundt bisheriemiilse the s5ooonghient being
quantity adj ustnent msnber for adjusting |ight

dipeatlyl tadjnsert xthe deflection magmber asndnbeimgnalisgossd on an
adj ust nent operation. The image pick-up apparatus in

r t |
oBSBERE PO A o, B RREAE Bt g o
the entire system at wide-angle end state

In the example embodiments, the zoom lens can comprise, in order

from an object side, a first group including a reflection member for bending

or folding the optical axis and having negative refractive power, a



device for converting an optical inmage formed by the
zoomlens into an electric signal, wherein there is

used, as a zoomlens used in the imge pick- up

apparatus, a zoomlens conprising, in order from an

object side, a first group igsncluding a reflection

menber for bending or folding the optical axis and

havi ng negative refractive power, a second group

havi ng negative refractive power, and a |ight

sqeend igrqupabipvisignesgative mMefactive gabwiwy anthird nergop fliavkg positive
changi ng or adjustnent operation and serving to adjust

. i, | > A o _
opiBive BUREL it G PRSI GRS iy VA nrcn
reflecti,on nmber for hending or folding the optical )
light quagtjty ﬁgﬁqswelﬁtegmhﬁé losfadiestinge igtvanantitysis cldxeil during
group havi ng negative refractive power, a third group

nhaptiifigatpos chantdng ef hafsiientispeatio@nd a fourth group
havi ng positive refractive power, wherein a |ight

ti j.ust { nb f. dj ysti dght . ..
cuant i 1Yo At Il kARt iRt BinlS el s ireoted to
adj ust nent operation. In the zoomlens , the length in

aphangge praki-ule rppeptis esbmprissngliar sodr dens,amdenginesgd pick-up
shortened while maintaining high magnification

deVRRIEAD BTG A0 oA (RIdU ESiniA bl ¢ G1e;
is enpl oyeg tlﬁg sofjo(}gp%gdlmr%%%us eadlbé/omel ggra :P%LS |H%1t0 an
ich the first .and second |ens groups are caused to
elfsiRc signali wheren there S aissduwas 2 zpeus lenshesed ianthegarage pick-
(front optical elenent) and the reflection menmber can
upeapetuted.a teommdeéhs icomprising, in order from an object side, a first
group including a reflection member for bending or folding the optical axis
and having negative refractive power, a second group having negative
refractive power, and a light quantity adjustment member fixed during
magnification changing or adjustment operation and serving to adjust light
quantity, or a zoom lens comprising, in order from an object side, a first group
including a reflection member for bending or folding the optical axis and
having negative refractive power, a second group having negative refractive
power, a third group having positive refractive power, and a fourth group
having positive refractive power, wherein a light quantity adjustment member
for adjusting light quantity is fixed during magnification changing or

adjustment operation.

In the zoom lens , the length in the



since the light quantity adjustnment nenber for

adjusting light quantity is fixed during zoom ng
operation, mrror cylindrical configuration can becone
conpact. In the zoomlens , the length in the incident
optical axis direction can Be greatly reduced while

mai nt ai ni ng hi gh magni fication changeable ratio and

hi gh picture quality, and the optical front gem and

the reflection nmenber can be reduced by the m nus

insadeng @pticgluas idoectidvb can\ber gresilpshorteezl Whilbtmaintaining high
guantity adjustnent nenber for adjusting |ight

A6 L e . . neratio .
FASIAoh SIS i) U5 AT RRRNRIAH Yo A8, i rvlosed
I.n the 'n&ge.pi cr- p apparatus , inage formation
e pocatld gninps Q‘%ar rafi@nt He whielytthe ifirst mad second lens
incident optical axis direction of the zoom | ens

gsaipsnariescaused aedhaee hbgativd eefraditte g)%%}éili MRS EEh@Mbnt gem
the reflection nenber ~ can be reduced, and the mrror

GRS 7 b1 300 B a5 BB daacin,

of the image pick-up apparatus can be realized. 6
sneerheelightopuintien ndjustroenippkinkdr fohadjektingriikhinguarttity is fixed
possible to attain inprovenent in inmage formtion

SO ISR . COEGRTHE ] Become

nerits obtained by exanple enbodi nents will becone
compact.

In the zoom lens, the length in the incident optical axis direction can
be greatly reduced while maintaining high magnification changeable ratio
and high picture quality, and the optical front gem and the reflection
member can be reduced by the minus lead configuration. Moreover, since
the light quantity adjustment member for adjusting light quantity is fixed
during zooming operation, the mirror cylindrical configuration can become
compact.

In the image pick-up apparatus , image formation performance is
- improved, and the length in the incident optical axis direction of the zoom lens
system is reduced so that the front gem diameter and the reflection member
can be reduced, and the mirror cylindrical configuration can become
compact. Accordingly, compact configuration and thin structure of the image

pick-up apparatus can be realized.




nore apparent fromthe enbodi nents which will be given
below wth reference to the attached draw ngs. Brief
Description of the Drawings FIG 1 is a lens

configuration diagramof a first enbodi nrent of a zoom

l ens to which the present ingention is applied. FIG 2

is a lens configuration diagramof a second enbodi nent

of a zoomlens to which the present invention is

applied. FIG 3 is a lens configuration diagramof a

t hi r d Exdsoplemenibaslimantsz asamapphisds dherbby hmakngprie pessible to
invention is applied. FIG 4 is a lens configuration

1 ri o t. I . . 4+
S B b8 S BERAARS, BRI W ugation of
vi ew_show ng various aberrations_at short focal |ength
e depesedanyido camergrpygligielstithcasmeraheiczoom | ens to
whi ch the present invention is applied. FIG 6 is a

vi ew shawtiodl Yadriteusbaiesd @y eRanile | &thBbARAERASCwWiRCBécome
t 7 length of the enbodinent | of the zoomlens to

which the pregsent,invepti,on i s lie FIG.7 i ]
’%%"vvaﬂ?a&ﬁfﬁg% itbaselagefi}laﬂﬁénﬁﬁ&wﬂb By 3??39}? with
end of the embodinent 1 of the zoomlens to which the
neferenot to theeatiched drawapgs. i ed.

Brief Description of the Drawings

FIG. 1 is a lens configuration diagram of a first embodiment of a zoom
lens to which the present invention is applied.

FIG. 2 is a lens configuration diagram of a second embodiment of a
zoom lens to which the present invention is applied.

FIG. 3 is a lens configuration diagram of a third embodiment of a
zoom lens to which the present invention is applied.

FIG. 4 is a lens configuration diagram of a fourth embodiment of a
zoom lens to which the present invention is applied.

FIG. 5 is a view showing various aberrations at short focal length
(distance) end of the embodiment 1 of the zoom lens to which the present
invention is applied.

FIG. 6 1s a view showing various aberrations at intermediate focal



FIG8 is a view showi ng various aberrations at short

focal length end of the enbodi nent 2 of the zoom |l ens

to which the present invention is applied. FIG9 is a

vi ew showi ng various aberrations at internedi ate focal

| ength of the enbodinment 2 of the zoomlens to which

the present invention is applied. FIG 10 is a view

showi ng vari ous aberrations at |ong focal |ength end

of, t enbodi, ment f the zoom | ens .t ich the .
leng&bgﬂﬁ{e sTRbeAmeRt fg% the BPOmAlenE {5 10B§¥1\g Pi¢Seit nvention 1s

showi ng vari ous aberrations at short focal |ength end
app)fedt, he enbodi nent 3 of the zoomlens to which the

present invention is applied. FIG 12 is a view

show ari ous aberrations at .internediate fQc
Toodi A h e Ba Ao abedratistn Al Boahlength end
the present invention is applied. FIG 13 is a view

of giwwhilibdigien®up @belid 2bbaN e tb ORBIdHOEM Prefdi NingRAtién is -

of the enbodi ment 3 of the zoomlens to which the
resent inventionis applied. FIG14 is a view

ap}:@ﬁ: i ng various aberrations at short focal |ength end
of the enbodiment 3 of the zoomlens to which the

predd@. 8 itvernidwnshosving various aberrations at short focal length end
of the embodiment 2 of the zoom lens to which the present invention is
applied.

FIG. 9 is a view showing various aberrations at intermediate focal
length of the embodiment 2 of the zoom lens to which the present invention is
applied.

FIG. 10 is a view showing various aberrations at long focal length end
of the embodiment 2 of the zoom lens to which the present invention is
applied.

FIG. 11 is a view showing various aberrations at short focal length end
of the embodiment 3 of the zoom lens to which the present invention is
applied.

FIG 12 is a view showing various aberrations at intermediate focal
length of the embodiment 3 of the zoom lens to which the present invention is
applied.

FIG. 13 is a view showing various aberrations at long focal length end




applied. FIG 15 is a view show ng vari ous aberrations

at internediate focal Ilength of the enbodi nent 3 of

the zoomlens to which the :ﬁr esent invention is

applied. FIG 16 is a view show ng vari ous aberrations

at long focal length end of the enbodinent 3 of the

zoom lens to which the present invention is applied.

FIG 17 is a view showi ng outline of the configuration

f the present  invention. FIG 18 is _a block diagram

of &ﬁ smbadagenp; T ipfutheappemalans t@ whichhthergresent savention is

invention is applied. Best Mdde for Carrying Qut the
appliggention The first to fourth enbodi ments of a zoom

'ens of the present invention will now be expl ai ned

with reference to FIGS. 1 to 4. FIGS. 1 to 4 are |lens

confil§ud 4tis gngewi shyyving vasipsabergtionsadsherdonal leggtloend

the zoom |l ens systens constituting these first to

o e T et B Bt
2 in

Py optical cross section. Arrows n 0 = 1,
app lﬁgpective | ens configuration diagrans show, in a
nodel form novenents of the j-th lens group (&R),

et CFI& 150RhNEieAP ShaW i vhFiBk tierAlMsCateitersi@iste focal
length of the embodiment 3 of the zoom lens to which the present invention is
applied.

FIG. 16 is a view showing various aberrations at long focal length end
of the embodiment 3 of the zoom lens to which the present invention is
applied.

FIG. 17 is a view showing outline of the configuration of the present
invention.

FIG. 18 is a block diagram of an image pick-up apparatus to which the

present invention is applied.

Best Mode for Carrying Out the Invention

The first to fourth embodiments of a zoom lens of the present
invention will now be explained with reference to FIGS. 1 to 4.

FIGS. 1 to 4 are lens configurations diagrams respectively

corresponding to the zoom lens systems constituting these first to fourth




(a) to telescopic end state (b). Mreover, in
respective lens configuration diagrans, plane to
which ri (I =1, 2, ) is at§ached is the i-th plane
when counted fromthe object surface side. Further,
in respective lens configuration diagrans, | '
i ndi cates i mage surface of inmage pick-up device, CG
i ndi cates cover glass of the i mge pick-up device, and
LPE indicates,low pass filter. As shown in the |ens
em AN SbEAlen B RnEsments ah sidewwelossd grta f) and

first enbodi nent is conposed, in order fromthe object

teleS¢disic chdnaard { eclvoy gngléhl CRRS @b, %oﬁ’g Eﬁsﬂﬁtg’l‘? 2, ) in

second | ens grou a positive third group
GR3, ﬁgli%ht uanti ty, adj ust gent .nmenber f}l, and a
respsstive;lgas confighrationdiagy W, irgeyodel fomanmoyemegts of

GR1 i s conposed of a negative lens, and a rectangul ar

the pith $ond gfomjjg ef. at ebdiiifigidpRraRid fdim Wiﬂé—ahgl@gnd state

he second ens group GR2 i S conposed of a negative

| ens, havi.ng non-spherical surface at the image .
(2) 1 TPleseoRic end ERED)- aﬁé%@oa’@g,i i yesnesHye lepg comfigyration

| ens group GR3 is conposed of a positive | ens having ‘

diagiafss plgné ealwhiehf @qes=al, Hoth is HLRES i§ tHES-thNSageTwhen
a connection lens of the positive lens and a negative

| , 10 nd ositive lens, The_faourth. .l ens group
coupseal | Fomy i SEBSEF SEASE v didtns FHEPFRgIn Tespective lens

non-spherical surface at the object side thereof
conBguyeish idiwrahist d indétiteimageGRE faRdof Make YsitR-Upe device,

group GR4, there are fixed an iris for
CG indicates cover glass of the image pick-up device, and LPF indicates low
pass filter.

As shown in the lens configuration diagram of FIG. 1, the zoom lens
of the first embodiment is composed, in order from the object side, a negative
first lens group GR1, a negative second lens group GR2, a positive third lens
group GR3, a light quantity adjustment member ST1, and a positive fourth
lens group GR4.

The first lens group GR1 is composed of a negative lens, and a
rectangular prism for bending or folding the optical axis by 90°. The second
lens group GR2 is composed of a negative lens. having non-spherical surface
at the image surface side thereof, and a positive lens. The third lens group

GR3 is composed of a positive lens having non-spherical surfaces at both

surface sides thereof, a connection lens of the positive lens and a negative lens,




adjusting light quantity, a ND filter, and a |ight
guantity adjustnent nenber ST1 such as |liquid
crystal, etc. The positi on:l of the first lens group
GRl and the |low pass filt ? LPF are fixed at zoon ng
operation. Moreover, the third |ens group GR3
i ncl udes an aperture limting nenber ST2 for limting
aperture dianeter at the side closest to the object.
The aperture limtin menber ST2 is only required to
and| g ppsitiygdensir e The iﬁﬂgﬁbrlﬁnF&’O‘HX% ts comprised offipesitiveglens
plate, etc. is used for this purpose. In performng
hav @i'ofni-%ﬂie& RAl GhAREENE Qe §H] aty i
tmﬁ% w de-angl e end st ateesﬁgil?m%i%g@%&g?[ Fl%e%v%%rpt eeth1rd
tel escopjic end state shown in (b) of FIG 1, the L
lens; growey (fr) sangt thp Tonrthplens grogpato® 4 rherenars fixedr gmdes for

side thereafter to take a U-turn toward the object
adj®ithfp light qhisidhiardD 'Bns @%P'gﬁi?v pﬁhﬂ@t
‘lobjg%ctlgsi ge arll t he fourt’hgllﬁensll roﬂm édj g ttyﬁl@mber
ves tgward the i mage surface side. Myreqver, actual
Snglﬂéhg%ﬂﬁmdd erystaleetehortrespositiens of dhe)finstdens group Gkl and
zoom | ens system of the first enbodinent is shown in

the fib® pdss férd EPFNe §o&d iag %_@fﬂiﬁg oplerdtitsh. " ﬁdge&ﬁgtthe third

menber is schematically indicated as para

late in _the lens configuratign diagramof FIG 1 R
1en§&rsgndw dpchydes namrapgriurg; Sptieg menaberaSlzafor limiting

configuration as shown in FIG 17. Here, in FIG 17, u

apefuré nihmatc@sat? MsidN 16363t 88 theSobjegt.CaTRE 4 Ui@iiting
surface of the perpendicular prismPR and SR

i ndi i -up..device. It _is to b )
member %aIIZef’sz on ygr%qﬁir(éﬁ £0 limit Iaper’ture dllalsileter. eFor example, light

shielding plate, etc. is used for this purpose.

In performing magnification changing or adjustment operation from
| the wide-angle eﬁd state shown in (a) of FIG. 1 to the telescopic end state
shown in (b) of FIG. 1, the second lens group GR2 moves toward the image
surface side thereafter to take a U-turn toward the object side, and the third
lens group GR3 moves towards the object side and the fourth lens group GR4
slightly moves toward the image surface side.

Moreover, actual arrangement in the shortest focal length state of the
zoom lens system of the first embodiment is shown in FIG 17. While the
configuration of the reflection member is schematically indicated as parallel
flat plate in the lens configuration diagram of FIG. 1, perpendicular prism PR

is disposed as an actual configuration as shown in FIG. 17. Here, in FIG. 17,




noted that such a configuration is simlar also in the
zoom | ens systens of second and third enbodi nents
which will be described |atgr. Further, also in the
zoom | ens system of the fourth enbodi msnt a
reflection mrror Mhaving reflection surface RS is

di sposed at the position of the perpendicular prismPR
in FIG 17. As shown in the |lens configuration di agram

of F1IG 2, the zoom | ens t he secon nbodi ment is
TLCHHﬁésa,Zwmo BT sty ?ésog}deea teg ppflechony surface of the
negative first lens group GRI, a negatlve second | ens

edie $in M¥R] hhd SR tifdxk dte' SiiPa gl - I
erguant }l%a)?%)aréj ust nent msn‘éer cSTIS ang% ﬂéR tf’\‘/’gel fgg'ris %10 be

4. .Th t d
noted Gt sl i, eONGETatioH e TR, A8G) 01T ZpRs fATPRYSSMS of
bendi ng or folding the optical axis by 90. The second

secbadandrthitd ¢eBoldimeMIRPBRA Will Be AeS@ b E1dtENS F’tﬁ’ﬂ‘lé'fgalso in
non spherical surface at the image side thereof, and

postlvelens hethlrd S group _GR3 is conposed .,
the 4o0R Jiis; System Eﬁg%% aasflegtipp gaiEor M having

both surface SI des thereof and a connection | ens of

- reflebgoneaifaty RS @dlspﬁﬁecﬁaﬂﬂﬁqids&‘t@on befige Eﬁﬁ:nfd‘i’éiﬂéﬁpnsm PR
| ens group GR4 is conprised of plastic p03| tive |l ens

. ]ﬂ% 2 non- spherical surfaces at both surface sides
n u Between the third lens group GR3 and the
fourth lens group GR4, there are fixed an iris for

adj us$ shgwh2in thegltins qiodiidurytion d rﬁhi bETFIeNG, #hé Z686M lens
quantity adjustment nmenber ST1 suc
of the second embodiment is composed, in order from the object side, of a
negative first lens group GRI1, a negative second lens group GR2, a positive
third lens group GR3, a light quantity adjustment member ST1, and a positive
fourth lens group GR4. |
The first lens group GRI1 is composed of a negative lens, and a
perpendicular prism PR for bending or folding the optical axis by 90°. The
Second lens group GR2 is composed of a negative lens having non-spherical
-surface at the image side thereof, and a positive lens. The third lens group
GR3 is composed of a positive lens having non-spherical surfaces at both
surface sides thereof, and a connection lens of the positive lens and a negative
lens. The fourth lens group GR4 is comprised of plastic positive lens having

non-spherical surfaces at both surface sides thereof. Between the third lens

group GR3 and the fourth lens group GR4, there are fixed an iris for adjusting




liquid crystal, etc. The positions of the first |ens
group GR1 and the low pass filter LPF are fixed
-during zoom ng operation. Mgreover, the third lens
group GR3 includes an aperture limting nenber ST2 for
limting aperture dianmeter at the side closest to the
object. The aperture limting nenber ST2 1is only
required to limt aperture diameter. For exanple, a

. Light shi ' plate,. etc. is usgd for this, pu se.
light it Bies B e Rt i idigstorent anembBoSE | Suich as
operation from the w de-angle end state shown in (a)

Liquill dri$al ete. t Thet sﬂ%&%ﬁth@@sﬁ!ﬁiﬁgroﬁ?%liﬁd(thb 18% pass
FIG 2, the second | ens group GR2 noves toward the

[ surfac I de thereafter to tak U-turn toward
filtgrn L3}, jaéetftng?cg <Hiripg Z0REipg; PRerafions YigusrNars tieyBgd lens
towards the object side and the fourth | ens group G4

gro@pi GR3 indindes ahoxsertife lnQitin® dernbet TR $oEmifiag aperture
zoom |l ens of the third enbodinent is conposed, in
. order from .the object side, a.,negative first |ens
diagiefiatahe Dide Albsert Gahedtfe | 5 goertire lsiing Member ST2
positive third I ens group GR3, a |ight quantity

is @djusiquied reibet apSfitre AidinateROs ForVéxdmaple! A 1igs shielding
group GR4. The first lens group GRI is conposed of a

eqgati.ve lens, ,and a erpendi cul ar prismPR for

Pla@e%ﬁ?‘ﬁ@“ﬁ?ff‘b‘i @i‘%@u‘fﬂﬁ’égopt ical axis by 90. The second

| ens group GR2 is conposed of a plastic negative |ens

haviIng? rformin) enagraficativd @haﬁgr'ﬁtg e tddjssthient @peiatésn from

thereof, and a positive |lens. The 13
the wide-angle end state shown in (a) of FIG 2 to the telescopic end state
shown in (b) of FIG 2, the second lens group GR2 moves toward the image
surface side thereafter to take a U-turn toward the object side, and the third
lens group GR3 moves towards the object side and the fourth lens group GR4
slightly moves towards the image surface side.

The zoom lens of the third embodiment is composed, in order from
the object side, a negative first lens group GR1, a negative second lens group
GR2, a positive third lens group GR3, a light quantity adjustment member
ST1, and a positive fourth lens group GR4.

The first lens group GR1 is composed of a negative lens, and a
perpendicular prism PR for bending or folding the optical axis by 90°. The

second lens group GR2 is composed of a plastic negative lens having

non-spherical surfaces at both surface sides thereof, and a positive lens. The




third lens group GR3 is conposed of a positive lens, a

connection lens of the positive lens and a negative

| ens, and - a plastic positivg, | ens having

non- spherical surfaces at both surface sides thereof

The fourth Iens group GR4 is conprised of plastic

positive | ens having non-spherical surfaces at both

surface sides thereof. Between the third | ens group

) and the égurth | ens group G4, there are fixed an
third, fegs rgpun pR3tis sgmpagee Quamoasitive lensoe cpnnegtion lans of the

i ght quantity adjustnent nmenber STl such as |iquid

osHiVE! Rins @hd: aThRegaliogi 14i)SaRE NpIdsticSt Phavi

P GRL and the | ow pgss filtelr LPF ar?%i fe&ﬂsgﬁr&; %Sﬁy having
- zoom ng .oper.ation. reoyer, the third lens group GR3
non-fpherieal %facéﬁéitbﬁl\{g JurHaqg ﬁlgieﬁéhgr@pf-sﬁhﬁé%urﬂxﬂm@ow

aperture dianeter at the side closest to the object.
GRIENG @Bfifgrived bf BlAdRIpIHFRR" 1ens2having Moh-SFKeHEA t

[imt the apert?rle digrreter. For exa%‘&?e, ﬁ?ég*%t ds&rPaces 2
_ hi el di ng ,pl ate, et is used .foy this purpose. In
botgeﬁ}lr i fige Soft ¢ dbetaveam ﬁh@@s&ym&?&%@m the fourth

operation from the w de-angle end state shown in (a)

1enlg%&h3§cﬁx4,qhbf@afeeﬁﬁé& aRiifis %gﬁg}lﬁg@ é@gﬁﬁgﬂ%?m filter,

the second | ens group

' surf.ace .side thereafter_to take a WUturn toward
and gilgggv&j%@pt@ adiusgment menaber §T1 w6 a@rlwpd@esstﬁia\ﬁég- The
' toward the object side and the fourth lens group GR4
posiyRS of aher first Nend Wp@g GRI a&ed $hélowwhedsaafiker I IPF bﬁﬁxed |
e

a U-turn toward the object side. The zoom | ens of
duriss Zo0ming Sherston. SMAeBves the third 1958 gotn 'GR3 includes an
aperture limiting member ST2 for limiting aperture diameter at the side
closest to the object. The aperture limiting member ST2 is only required to
limit the aperture diameter. For example, light shielding plate, etc. is used
for this purpose.

In performing magnification changing or adjustment operation from
the wide-angle end state shown in (a) of FIG. 3 to the teleécopic end state
shown i (b) of FIG. 3, the second lens group GR2 moves toward the image
surface side thereafter to take a U-turn toward the object side, and the third
lens group GR3 moves toward the object side and the fourth lens group GR4
moves toward the image surface side thereafter to take a U-turn toward the

object side.

~ The zoom lens of the fourth embodiment is composed, in order from




14 the object side, a negative first |lens group GRI

a negative second lens group GR2, a positive third

l ens group GR3, a light quantity adjustnent nenber

STlI, and a positive fourth Tens group GR4.. The first

l ens group GRI is conposed of a negative lens, and a

reflection mrror Mfor bending or folding the optica

axis by 90. The second lens group GR2 is conposed of
non- spherical surfaces at_ both

a,neqgative | ens. hayin
the ﬁ?ﬂ?‘gééd%i HBeLRE: )élé?t?leaﬁ &raupsaRi; & wegative sqeand knsdggroup
l ens group GR3 is conposed of a positive | ens having

GR29®- posieive Clirds 1 GRPOhNight! ity e

a co%necti on rI engso tgz p%g’l ?lr]\l/%ﬁl @%ﬁgidﬂgﬁs neggtej?%xenber
ens, and.a positive lens. The fourth lens group G4

STLMP%@&%H-YTBHS%BFW &% -havi ng non- spheri cal

surfaces at both surface sides thereof. Bet ween t he

t hi rkhd dhst gery) ard n@%g
there are fi xe%rgmggi ris fl%?(%r%ie{ﬂi hgnérl g tﬂgﬁgr?tﬁs’c )‘/?l,nd a
Jty adjustnent nenber

a ND filter, apd a |ight quant | t
reflegijon yayror M; ﬁ?ﬁi Ee%fhlylgt Qr,f%é@lélg thee optisalt pxiss byt 99he The
~first lens group GR and the |owpass filter LPF are
sectnd ¢ehprdupg GRIDIE BEmpRiRed Hf £ Reg MV RUR havills ﬂdrluj[; géherical

| ens group GR3 includes an aperttre imting “ne

T2 for, Ijmti.ng aperture djiangter at. the side_cl osest
surfEes 8 o uirTat H8C BTl s tosivee i G i lens

only required to limt the aperture dianeter. For
groapaBRBeis torppbssthiofl dpositiveales Bving idnu§fferi@ subfaRes at

purpose. In perform ng magnification changi ng or

djust ment. opgration from . .
both “4utFacl Sided” ereot? a connection lens of the positive lens and a

negative lens, and a positive lens. The fourth lens group GR4 is comprised
of positive lens having non-spherical surfaces at both surface sides thereof.
Between the third lens group GR3 and the fburth lens group GR4, there are
fixed an iris for adjusting light quantity, a ND filter, and a light quantity
adjustment member ST1 such as liquid crystal, etc. The positions of the first
lens group GR! and the low-pass filter LPF are fixed during zooming
operation. Moreover, the third lens group GR3 includes an aperture limiting
member ST2 for limiting aperture diameter at the side closest to the object.
The aperture limiting member ST2 is only required to limit the aperture
diameter. For example, light shielding plate, etc. is used for this purpose.

In performing magnification changing or adjustment operation from

the wide-angle end state shown in (a) of FIG. 4 to the telescopic end state




the wi de-angle end state shown in (a) of FIG4 to the
tel escopic end state 15 shown in (b) of FIG 4, the
second | ens group GR2 m)vesgovvard the i mage surface
side thereafter to take a Ul-turn toward the object
side, and the third 1|ens group GR3 noves towards the
object side and the fourth I ens group GR4 slightly
noves towards the i mage surface side. At the

above-described zoom | enses of the first to fourth
Sho&%é}a@eﬁf EI&'%hé}r“’e SPEORGEI, StPUPLEIR 2 meoiersi tguvanditha image

to bend or fold the optical axis by substantially 90
surRicet side thédeatier @ tAREREU-hint t'&%\Fa‘iBythE?tg e@Pide! ¥nd Qhe third

greatly shorten the length in the in ent " opt I cal
axi s di tion, and to over|ap io({)ti cal ath of object

leny grpip (OGRT MOXssOMargs she phieci sidecand the fuirtinlans group GR4

Accordi ngly, space can be effectively used and

slighttlyi bves EvaRR thain@eMeficelsidd he above- descri bed
zoom | ens, the position of the reflection nmenber is

cau to, be position of the first |.ens grou .

di S%Zg]%%l abpve S%'ilé%g éPB@e@%ﬂS%Of ﬁ@ de QMEW@awnents;

making it possible to attain miniaturization of the
theteTig emplo¥ed! Buch P oA tidsiratso 9o 2R bEFSId M E’g’ﬁt%gl akly by

the zoom | enses of the first to fourth enbodi

t here. is.enployed _the so-called njnus lead .
sube{%mlﬁaxriﬁ g rreflectignigember o %erqbynhavag abiligy dacereatly
the second I ens group to have negative refractive
shopienethe lemgtheinythenmbsidumt idptieab gkl drdc@ione gﬁﬁtaﬁot&eerfdp%ﬁcal
an e

gem (front optical elenent) dianeter
patlrl eg gl‘):feic? 'flgﬁ‘ rr1?16{11'6: vicinity of the reflection surface. Accordingly,
space can be effectively used and miniaturization can be made. In the
above-described zoom lens, the position of the reflection member is caused to
~ be position of the first lens group disposed at the side closest to the object,
thereby making it possible to attain miniaturization of the image pick-up
apparatus using zoom lens.

Moreover, in the zoom lenses of the first to fourth embodiments, there
is employed the so-called minus lead configuration for aliowing the first lens
group and the second lens group to have negative refractive power, thereby
making it possible to reduce the front gem (front optical element) diameter
and the reflection member.

Further, in the zoom lenses of the first to fourth embodiments,

complicated mirror cylindrical configuration is not required, and realization of




Further, in the zoom|enses of the first to fourth

enbodi nents, conplicated mrror cylindrica

configuration is not required, and realization of 16

conpact configuration and thin structure can be

performed. Further, since the |ight quantity

adj ust ment nenber ST1 is di sposed between the third

lens group GR3 and the fourth | ens group G4,

m ni aturjzation cagtgglnost effec%ivel attained. In
compact, GoRIgRRan gndthin sfusture cam be daskersardentyrther, since

since perpendicular prismPR is used as the

her & ! ; iMgr 58§ i
ther ghﬁqﬁmﬁyf‘ﬁijh%elﬁﬁﬂéhi&g Z;Sc'lli"lngi g%?r@tséé HRBwES ﬂ'r&gﬂnrc} lens

prismresults’in reduced s er than physica

spaci of . ordi par ir spacing_in accordance with
erqilpy GRS nd thaefowsth Jens rounsCRdhpanaiatynzation camebe most
when the reflection mrror is used. For this reason,

effedtivdly apagsdddl e to attain optically equival ent
configuration by nore conpact space. Then, the

condjtion desirable to he sati.sfactory.in the zoom .
I engin s@’set AROBR  ARTHSS- lﬂ?n@%‘? piitsg- 6Pu§},\1/ﬂér erpROdiBIeRts, since
| ens system beginning with mnus-mnus as in the

perpendicular fprigrh hPRIDRAGEA! &5 Vhe! rBfefidh 2hifther! tspading in
to be noted that while if respective conditions

expl ai ned bel ow .can be. respectively satisfied hy .
trapSBisSIan, uoueh PUSoishlss dnirsdueed shackg peariorcimacphysical

corresponding thereto, it is a matter of course that a

spaviigh ofl opdinadyp birsprciig ¥ Adcekd fiedivithGesraclivEPhdex of medium
desirable from viewol nts of optical performance

and/or mnj,aturizatio ete. . . . . .
as compared 10 e time w}xen The $eflection mirror is used. For this reason, it

is possible to attain optically equivalent configuration by more compact space.

Then, the condition desirable to be satisfactory in the zoom lens
system of minus'minus-plus-plus, or the zoom lens system beginning with
minus-minus as in the first to fourth embodiments will be explained.

It is to be noted that while if respective conditions explained below
can be respectively satisfiled by themselves, it is possible to attain
actions/effects corresponding thereto, it is é matter of course that a method of
satisfying plural conditions is more desirable from viewpoints of optical
performance and/or miniaturization, etc.

It is desirable to satisfy the following conditional formula or
expression.

0.1 <[f1/£2) < 1.2 - (1)




It is desirable to satisfy the follow ng conditiona
formula or expression. 0.1<Ifl/f21<1.2...(1) 17 In

t he above fornmula, fl: foc |l ength of the first |ens
group f2: focal length of the second | ens group The
conditional formula (1) is a conditional formula for
prescribing focal length ratio between the first |ens
group and the second | ens group. When the foca

| engt h r;&;o beconps equal to lower limt of the
congpt' OVEfIgFHI% (1) or less, focal length of the
first lens group becones short. As a result,

cor rigethed] 1eh i@ﬂtﬁetﬂﬁme@,@%ba ion becones difficult.
When the foca length rati o exceeds the upper limt

of the_conditional fornmula (1), the focal Iength of
t he fgir F’%?aqgﬁ (?aflsthélsﬁﬁ 1S FXOMP ng to increase in
the front gem dianmeter. Thus, mniaturization becones

di f fTleallcondifshal ermatal(1) aat bofitibhgl féreesa%or §8scribing

group becones short. As a result, eccentricity

_ sensitivity of the econd_lens group js al so
fOCﬁﬁi?re%igelaﬁtYw@P%%} ,ﬂ%? &%ISE lefss igrawp theyseeqnd dens group.

followi ng conditional formula (2). 1.6 < Dl2wfw < 5
Whed) thel fodah¢emdthviaitioobéddmes equal to lower limit of the conditional

formula (1) or less, focal length of the first lens group becomes short. As a
result, correction of distortion aberration becomes difficult. When the focal
length ratio exceeds the upper limit of the conditional formula (1), the focal
length of the first group is elongated, leading to increase in the front gem
diameter. Thus, miniaturization becomes difficult, and the focal length of the
second lens group becomes short. As a result, eccentricity sensitivity of the
second lens group is also increased.

Moreover, it is desirable to satisfy the following conditional formula
).

1.6 <Dl12w/fw <5 - (2)

In the above formula,

D12w: spacing from the plane at the side closest to the image of the
lens group of the object side from the reflection member at wide-angle end
state up to plane at the side closest to the object of the second lens group,

fw: focal length of the entire system at wide-angle end state.




D12w. spacing fromthe plane at the side closest to

the image of the |ens group of the object side from

the reflection nenber at w,de-angle end state up to

pl ane at the side closest to the object of the second

| ens group, fw focal length of the entire system at

wi de-angl e end state. 18 The conditional formula (2)

is a conditional fornula for prescribing spacing from

the _pl ane at, the side closest to the inage of the lens

gro eo?"@%éloné jf‘é'@flukﬁ 623 15 arpansationdl| fsemuda for pyescribing

up to the plane at the side closest to the object of
P P ! ¢ (RO BB of PRI BB the

.the.gbject side froqmthe reflection nenber to the
objesitside fromfbedreflecippgngmbes umto ¢y planecat theesidesdosest to

| ens group becones equal to lower limt of the

the eBjtittdfomal sdconiUeas @buﬁf WESS the ﬁg%?ﬁ%‘ﬁorﬁ%rpl%e at the

the group before the™reflection ne econmes t'oo
., strong, . Thus, corre %hon of distortion aberration
side, cloSrat tai IS dmpee o fdlens ogroup of etheopbiasé side from the

reflection nmenber is small, and it also becones
refléétidn ﬁtdxﬁbétotcﬂﬂ‘[@?ﬂﬁlet dtCthe’ SHL QIS4 tdTBRED 8B'ec96fttﬂg second
ot her hand, when the above nentioned spaci nJg I's above

the upper limt of the condjitional formula (2), _
Ien%%@élﬂ%%?qtﬁ tp h@weg 316% Oé“éﬂ% cengiwnakforgauladR) or less,
menber becones weak, |eading to increase of the front
neggtive goaee of the poupBefart tRE réREHBMRRMbelMEtomes too strong.
m niaturization becones difficult. Mreover, In

connectj.on w t.h the configuration of .the first grou
Thug; CORELiON of disto 16n Gberration ecomes d1f%cult. In adgltlone space

- of the reflection member is small, and it also becomes difficult to arrange the
reflection member. On the other hand, when the above mentioned spacing is
above the upper limit of the conditional formula (2), negative power of the
group before the reflection member becomes weak, leading to increase of the
front gem diameter and the reflection member. Thus, miniaturization becomes
difficult.

Moreover, in connection with the configuration of the first group of
the first to third embodiments, in the case where prism is used as reflection
member for bending or folding the optical axis within the zoom lens system, it
is desirable to use nitric material having high refractive index. It is desirable
that the refractive index is 1.7 or more. It is more desirable that the refractive

index is 1.8 or more.




the first to third enbodi nents, in the case where
prismis used as reflection nenber for bending or
folding the optical axis vagﬂ n the zoom | ens system
it is desirable to use nitric material having high
refractive index. It is desirable that the refractive
index is 1.7 or nore. It is nore desirable that the
refractive index is 1.8 or nore. 19 Wen the
refractive in ex,of_tae prismis 1.7 or |ess, .
cont ¥ AE0tNE FCHECUBeIndex éﬁﬁflﬁgm%mil&)d-mgllass@@@m@buuon to
small. Moreover, when the refractive index of the '

conbdct Bdrfighrdtion WHIRL bbbémeehsn! &eB%fg“Jvh&E tRE GRBRtive
close tothe total reflection condition'so that Iight

. uantity . oss . is reduced. This js preferable.

indg,p meﬁnm 1t her mgreathe vedlsctivmcandition bpeemes iclose tg the
or nore, it is possible to further reduce |ight

totall UgdTldction! @8Aditite se0Mhatd Mot gﬂatﬁftgt NSssZ RO TelB&]. This is

. systemused in the image pick-up ns apparatus to

ich the present invention js applied will be L

Pfegiﬁﬁ?]&r E%thﬁﬁ Wheh Ehecfﬁé]@“é%@ mdexsolifhe palennds b&apmaye, it is
of nuneric data and aberration diagrans, etc. The

posSiboti fimtia redhee Aghtqhamigdloas. an exanpl e here
respectively correspond t0 the previously described

fir to fourth enmbodi ments, and | ens configuration,

di aéf%on é&l@ﬂtqfo et ZRom;lpRs sygemopsadninsthsommags, pick-up
(see FIGS. | to 4) respectively show | ens

lensapparatisatc andclothe preérsn AndeNsoe i aghhed willlbe eRpthined in

more concrete terms by taking examples of numeric data and aberration
diagrams, etc.

The embodiments 1 to 4 mentioned as an example here respectively
correspond to the previously described first to fourth embodiments, and lens
configuration diagrams representing the first to fourth embodiments (see FIGS.
1 to 4) respectively show lens configurations of corresponding embodiments 1
to 4. |

In numeric data of respective embodiments, ri (i = 1, 2, ) indicates
curvature of radius (mm) of the i-th plane when counted from the object side,
di (=1, 2, -) indicates the i-th axial spacing (mm) when counted from the
object side, ndi (il= 1, 2, -) indicates refractive index with respect to d line of
the i-th optical element when counted from the object side, and vdi (i = 1, 2,

~+) indicates Abbe number with respect to the d line of the i-th optical element




In nuneric data of respective enbodinents, ri (i = 1,
2, ) indicates curvature of radius (mm) of the i-th

pl ane when count ed fromth% obj ect side, di (i =1,
2, ) indicates the i-th axi aI spacing (m) when
counted fromthe object side, ndi (i =1, 2, )

i ndicates refractive index with respect to d line of

the i-th opti cal el enent when counted fromthe object

si de, 3 vdi = 1, .2, indicates Abbe nunber wth
whensepued mﬂbe@hl‘?ﬁél@@ the i-th optical elenent 20

when counted fromthe object side. l\/breover in the

NuMMbfec,dn A% irtimSRAAhRY g%fiﬁl)sgpac d d&rﬁgla‘f?able) is

is attached indicates varl

d, st (short .focal,6 length, end
attaghid dieaies nETabNR SDAGRELA Wiis-angle -endesst@’@c(ﬂbptt val length

state (long focal length end, T) in zoom ng

endoR¥) at hﬁﬂdlé\@ﬁﬁﬁ’fﬁédmté“ &gﬁ?ﬁ%&?ﬁﬁf n%)FN% désa%fca&ﬁ& state

nunber i'ndi cates foc

al f |cture angle ( ), wherein these
(longafased 16 F‘c Th i ggomung apessiton.dMoyseess, in numeric data,
correspondi ng to respective focal length states (W,

FNé¢.Mndidafes F'\@L'h%\é?ff nidicitEE fa%g]rg gttfﬁ{;ﬁl Lha @'lﬁg&aﬁes half

i ndi cated at non- s face,
. Shape herl surface i.s shape represented

pictyge @Hgf)q 6‘[] S:OW 219 ﬁava o mﬂ;c%temalges; 2t Xpe «amiire wystem
corresponding to respective focal length states (W), (M), (T).

Moreover, in the numeric data, the plane indicated at (ASP) is
non-spherical surface, and the shape of non-spherical surface is shape
represented by the following formula.

[Formula 1]

2

x= G DWAD &

(l.syc

In the above formula, x, y, ¢, £ and Ai are defined as below.

x: distance in the optical axis direction from lens surface summit point
y: height in a direction perpendicular to the optical axis

¢: paraxial curvature at lens summit point

£€: cone constant




I+(1-C y2.C2Y/2 In the above formula, x, y, ¢, ¢ and
Al are defined as below x: distance in the optical
axis direction fromlens sysface summt point y:
.height in a direction perpéndicular to the optical
axis c: paraxial curvature at lens sunmt point cone
constant 21 Ai: i-th non-spherical coefficient
Respecti ve nurreri c val ues and respective conditional
fornul as, for T1 the conditional formula (1)
and‘Atlhé']&@l‘f’&I'QH al cgetHoient 2) of the zoom | enses
shown in the above descri bed enbodinents 1 to 4 are

shoRespBctivd anfrattioWdltdes %’derésgeax@ cond@fiEndlbfriftas for

vari ous aberrations (spherical aberration,

ast.i gmat.i sm and di stortion _aberration jp order fro
detunfig the GridhHenabHEHALA 850 the canditipnahdorsasla (3D of the

the spherical aberration, ratio with respect to

zooaP Bdrises ehbwlt the ﬁbé@é‘-ﬁ@s&[betdh&n%bﬂhﬁéhﬁs 1 %‘dl ﬁ%f?féﬁﬁn in

is taken on the abscissa, wherein the solid |ine
i cate erical aberration at the d line, the
the g‘?@%‘@ﬁ@?ﬂ@h}( i ndi cate spherical aberration at the
line ¢, and S|ngle dotted lines (g) indicate

Sph@IGSaI Sakadr i Ghodt arldude abbﬂahbﬁscﬁﬁﬁeﬁfcal hz&)exratmn
astigmatism the ordinate indicates inage hei ght

aSHERGHER 19 nAEOUIT ARETER G (SIS afor e (%n@; the
embodiments 1 to 4. In the case of the spherical aberration, ratio with respect
to aperture F value is taken on the ordinate, and defocus is taken on the
abscissa, wherein the solid line (d) indicates spherical aberration at the d line,
the broken lines (c) indicate spherical aberration at the line ¢, and single
dotted lines (g) indicate spherical aberration at g line. In the case of the
astigmatism, the ordinate indicates image height (mm), the abscissa indicates
focus, the solid line (DS) indicates image surface of sagittal, and broken lines
(DM) indicate the image surface of meridional. In the case of the distortion
aberration, the ordinate indicates image height (mm), and the abscissa
indicates distortion %. Here, IMG HT indicates image height (mm).

Also apparent from the Table 1, the zoom lenses of the embodiments 1
to 4 satisfy the conditional formula (1) and the conditional formula (2).
Moreover, as shown in the respective aberration diagrams, respective

aberrations are corrected in well-balanced manner at wide-angle end state (W),




(DM indicate the image surface of neridional. In the
case of the distortion aberration, the ordinate

i ndi cates i nage hei ght (mﬂ22 and the absci ssa
indicates distortion % Herée, | M5 HT indicates inage
hei ght (mm). Al so apparent fromthe Table 1, the zoom
| enses of the enbodinents 1 to 4 satisfy the
conditional formula (1) and the conditional fornula

(2).,, Moreover, as shown in the respective aberration
mt %Fﬁs,fﬂﬂiais{?@ga? \)(3/1) ddwegni thes vads-angle eencbtata and the
wel | - bal anced nmanner at wi de-angle end state (W, 22

telesBo el abre, haddhe taRHIPié M]d%%%;@g(gz_t the wi de-angle

end state and the telescopic en e, and the

tel escopic end state (T). <Enbodinent 1> (W-(M-(T)
<Emfa@81f£emg% - 4.15 - 5,17 f=3.69 - 7.02 - 10. 70
co= 38.56-21.79-14.41 d4 = 0.880 - 3.827 ~ 0.880 d8

= 13v8¢2 ~{3% - 1.724 di16= 1.405-7.550-12.510
d17§‘?).251(19v-[)'23. 33 -2.830 d19= 2.151 - 1.040-0.840

m$%@‘,§§‘é F,fo)ﬂagf’“néﬁ%ielrj]ﬂ [ Axi al spaci ng] [ Refractive
f= 3.69~7.02~10.70

w= 38.56~21.79 ~14.41

d4= 0.880 ~3.827 ~ 0.880

d8= 12.829 ~3.737 ~ 1.724

dlé= 1.405~7.550~12.510

di7= 1519 ~2.630 ~2.830

d19= 2.151 ~1.040 ~ 0.840

[Curvature of radius] [Axial spacing] [Refractive index] [Abbe number]

rl =22.595 d1=0.650  nd1=1.88300  vdl =40.805
12 = 8.409 d2=2.300

13 = oo d3=8900 nd2=1.84666  vd2=23.785
r4d =oc d4 = (variable)

r5=81.924 d5=0900  nd3=1.73077 vd3 =40.501

6 = 4.612 (ASP) d6=1410

r7=9.874 d7=2.100 nd4 = 1.84666  vd4 =23.785

18 = 882.961 d8 = (variable)




ri = 22.595 dl
8.409 d2 =
23.785 r4 =
nd3 =
1.410 r7 =
rg

2.300 r3

1. 73077 vd3 =
9.874 d7 =
= 882.961 d8 =
0.100 limting nenber
nd5 1.58313 vd5 =

= 0.650 ndl = 1.88300 vdl =
= ~ d3 = 8.900 nd2 =
d4 = (vari abl
40. 501
2.100 nd4 =
(vari abl e) 23

40. 805
1. 84666 vd2
53 r5 = 81.924 d5 = 0.900

6 = 4.612 (ASP) d6 =

1. 84666 vd4 = 23. 785
ro = Aperture d9 =
riO=5.520 (ASP) dl10 =
59.461 rl1 =-12.931 (ASP) dl1l1= 0.320

r2

2.200

19 T fpertrg. 065 d12d9 2020 nd6 = 1.48749 vd6 = 70. 441
rl13 =-5.047 d13 = 0.600 nd7 =1.64769 vd7 = 33. 841
' V¥ofine2 7 d14=1.145 r15 = 12.000 d15 = 1.411 nd8 =
1.48749 vd8 = 70.441 r16 =-14.666 d16 = (vari abl e)
rl17 = Light quantity d17 = (variable) adjustnent
member
r10 = 5.520 (ASP) d10=2.200 nd5=1.58313 vd5 =59.461
rll =-12.931 (ASP) d11=0.320
r12 =24.065 di2=2220 nd6=1.48749 vd6 = 70.441
r13 =-5.047 d13=0.600 nd7=1.64769 vd7 = 33.841
rl4 =4.327 d14=1.145
rl5=12.000 d15=1411 nd8=1.48749 vd8 = 70.441
rl6 =—14.666 d16 = (variable)
r17 = Light quantity d17 = (variable)
adjustment
member
r18 =-18.906 (ASP) di8=2.000 nd9=1.77377 vd9 =47.200

r19 =-9.058

120 =00

2] =e0

122 = oo

123 =co

d19 = (variable)

d20 =1.530 nd10=1.51680
d21 =0.500
d22 =0. 600 nd11=1.51680

[non-spherical data of the 6-th plane (r6)]

€=1,A4=-0.154426 x10 -2, A6 =—-0.967007 x10 -5,

vd10 = 64.198

vdll = 64.198



menber r18 = -18.906 (ASP) d18 = 2.000 nd9 = 1.77377

vd9 = 47.200 r19 =-9.058 d19 - (variable) r20 = d20

= 1.530 nd10 = 1.51680 vdl Q,= 64.198 r21 d21 = 0.500

r22 d22 = 0.600 ndl | =1.51680 vdl | = 64.198 r23 =

[ non-spherical data of the 6-th plane (r6)] ¢ =1, A4
© = -0.154426 x 10 - 2, A6 = -0.967007 x 10 -5, 24 A8 =

-0.441264 x 10 -5, A10 = 0.125661 x 10 - 6

[_non-ii)heri cal data of the 10-th plane (r10)]
A8 T (41264 11Hb 15xA10-204256614609196 10-4 A8=0. 192625
x 10-5, A10=-0. 101161 x 10-5 [non-spherical data of

no- ii=lny4=- 0. 540695 x
[noxfijgﬁl?}éligizlgﬂagg%%é)}bl%l)]%lanéggljﬂg -0.817608 x 10 - 5, A10

= -0.224752 x 10 - 6 [non-spherical data of the 18-th
el, Aame 0 @ a1 0= 2, A4 =0.4602190800x-40 - 3, A6 =
-0.679555 x 10 - 4, A8-0.872286 x 10-5, A10=-0.361221
A8 * (199862 5P di TR0 22.0.101161 x 10 -5
[non-spherical data of the 11-th plane (r11)]
el=1,A4=-0.540695 x 10 -3, A6 =0.292235 x 10 - 5,
A8=-0.817608 x 10 —5,A10=-0.224752 x 10— 6
[non-spherical data of the 18-th plane (r18)]
el =1,A4=-0.479030 x 10— 3, A6 =—0.679555 x 10— 4,
A8=10.872286 x 10 —-5,A10=-0.361221 x 10-6

<Embodiment 2>

W) ~ ™M -~ (@D

FNo.= 286 ~ 415 ~ 521
f= 571 ~ 1084 ~ 16.54
W= 3224 ~ 1745 ~ 11.52
d4 = 1100 ~ 4350 ~ 0.839
d8 = 15.058 ~ 4456 ~ 1.651
dl4d= 2614 ~ 9973 ~ 16.282
dl5= 3236 ~ 4582 ~ 4.629
dl7= 2594 ~ 1240 ~ 1.200

[Curvature of radius] [Axial spacing] [Refractive index] [Abbe number]




W - (M - (T) FNo. =2.86 - 4.15 - 5.21 f=5.71 -
10.84 - 16.54 W= 32.24 - 17.45 - 11.52 d4 1.100 -
4.350 - 0.839 d8 = 15.058 4.456 1.651 di4 = 2.614
-- 9.973 - 16.282 d15:322r’36- 4.582 - 4.629 d17 =
2.594 - 1.240 - 1.200 [Curvature of radius] [Axial
spaci ng] [Refractive index] [Abbe nurrber] 25 rl =

24.631 dl = 0.700 ndl = 1 88300 vdl = 40.805 r2 =

1% 4 d2 = 2.400 0 = = 10.800 nd2 = 1.84666 vd2
5359 r4 =dbG 94709 (varllébFé)SSi:ﬁ)O: 0zd?3240:805

1. 200 nd3 = 1.80611 vd3 = 40.734 r6 = 8.121 (ASP) d6
12=11.9841 0 = 1342089 40§ = 2.550 nd4 = 1.84666 vd4 =

23.785 r8 = 264.232 d8 = (variable) r9 =Aperture d9
=1. 071 I|mt|n§;

r3 =oo =10.800 nd2 = 1.84666 vd2 =23.785
14 =oo d4 = (variable)
r5=-92.234 d5=1.200 nd3 = 1.80611 vd3 =40.734

16=8.121 (ASP)  d6 = 1.471

r7=13. 080 d7=2.550 nd4=1.84666 vd4 = 23.785
r8 =264.232 d8 = (variable)
19 = Aperture d9 =1.071

limiting

member

r10 = 8.616 (ASP) d10=2.840 nd5=1.48749 vd5 =70.441

r11 =-11.801 (ASP) d11=0.340

112 =15.092 d12=2.907 nd6 =1.72916 vd6 = 54.674
r13=-7318 d13=0.800 nd7=1.59270 vd7 =35.446
rl4 = 4.864 d14 = (variable) |
rl5 =Light d15 = (variable)

quantity

adjustment

member

r16 =-31.547 (ASP) d16=2.100 nd8 =1.52470  vd8=156.236




menber r10 = 8.616 (ASP) dl O = 2.840 nd5 = 1.48749
vds = 70.441 rl1 | =-11.801 (ASP) dl | = 0.340 rl1l2 =
15.092 d12 = 2.907 nd6 = 1.%%916 vdé = 54.674 r13
=-7.318 d13 = 0.800 nd7 = 1.59270 vd7 35.446 rl4 =
4.864 d14 = (variable) r15 =Light di5 (vari abl e)
guantity adjustnent nenber r16 = -31.547 (ASP)
d16=2.100 nd8 = 1.52470 vd8 = 56.236 26 r17-10.101

- (AS T esbyaripe) d18 = 1.900 nd9 =1.51680
17 2312)}1 (ﬁ)ﬁf’ n(‘dm&ide%oo r20=00 d20=0. 700

ndI 0O=1.51680 vdI 0O=64.198 r21 = [non-spherical data of
r18t860 6-t h pl ageg& folpgF! = 4 3609Q,36 1@ 4

A6 = 0. 195535 X 10 75, nPIPE 518882000 %é‘,-“i%o

= 568074 x 10 - [ non-spherical data of the 10-th
rlQpTg?]e (r10)14d19= 0600

120 = oo d20 =0.700 nd10=1.51680 vd10 =64.198
12] =0

[non-spherical data of the 6-th plane (r6)]

el=1, A4=-0.236090x10-3, A6=0.195539x10-5,
A8=-0.240030 x 10-6, Al10=0.568074 x 108§
[non-spherical data of the 10-th plane (r10)]

el=1, A4=-0.810299x10-3, A6=-0.309901 x 10—6,
A8=-0.164625 x 10 -5, Al10=-0.132742%10-8
[non-spherical data of the 11-th plane (r11)]

el=1, Ad4=-— 0..150065 x10-3, A6=0.743678 x 10 5,
A8=-0.226961 x 10-5, Al10=0.404500x 10-7
[non-spherical data of the 16-th plane (r16)]

e=1, A4=-0.209875x%x10-3, A6=-0.202921x 104,
A8=0.765438 x 10—6, A10=10.226804 x 10 -7
[non-spherical data of the 17-th plane (r17)]

e=1, A4 - 0.271556 x 10 -3, A6=-0.317324 x 104,
A8=0.132533 x 10—-5, A10=0.000000 x 1000

<Embodiment 3>




cl =1, A4 =- 0.810299 x 10 - 3, A6 = - 0.309901 x 10
- 6, A8 =- 0.164625 x 10 - 5, Al0 = - 0.132742 x 10 -
8 [non-spherical data of t 11-th plane (rl1)] El =
1, A4 = - 0.150065 x 10 - 3, A6 = 0.743678 x 10 - 5,
A8 = - 0.226961 x 10 - 5, A 10 = 0.404500 x 10 - 7
- [non-spherical data of the 16-th plane (r16)] c=1,
A4=-0.209875 x 10-3, A6=-0.202921 x 10-4, A8=0.765438
x 10-6, Al O=0.226804 x 10-7__[non-spherical data of
the 17(Wd prane17) ]~ c=1(TM=0. 271556 x 10- 3,
A6=-0.317324 x 10-4, A8 = 0. 132533 x 10 - 5, A10 =
FN@ OGOOQCB@ 1009 pg-Embodi m?@tgs’b (M T (T
: .86 -- 4.09 - 5.05 = b. 70 - 10 83 - 16.53
w = 32 %8 - 17.56 - 11.55 d4 = 1.210 -- 4.570 - 1.091
58~

f 48= 12 - WOB32 -~1. 2306.5316 = 1.639 - 8.834 -
15.177 d17 = 1.600 - 4. 137 - 3.761
® = 3226 ~ 17.56 -~ 11.55
d4 = 1210 ~ 4570 ~ 1.091
ds = 14658 ~ 4.102 ~ 1.239
dlé = 1639 ~ 8834 ~ 15.177
dl7 = 1.600 ~ 4137 ~ 3.76l
dl9 = 3777 ~ 1240 ~ 1615

[Curvature of radius] [Axial spacing] [Refractive index] [Abbe number]

rl = 24.599 d1=0.700  ndl =1.88300 vd1=40.805
12 =11.190 d2=2.400

r3=oo d3=10450 nd2=1.84666 vd2=23.785
14 =00 d4 = (variable)

r5=-14.092 (ASP) d5=1.360 nd3=1.52470 vd3=156.236

16 = 12.422 (ASP)  d6 = 1.400

r7 =10.136 d7 =1.880 nd4 = 1.84666  vd4 =23.785
18 = 19.634 d8 = (variable)
19 = Aperture d9 =1.200

limiting

member




d19 = 3.777 1.240 - 1.615 [Curvature of radius] [Axi al
spaci ng] [Refractive index] [Abbe nunmber] rl = 24.599
dl = 0.700 ndl = 1.88300 vdi 40.805 r2 = 11.190 d2
= 2.400 O o d3 = 10. 450 nc§2 1. 84666 vd2 = 23.785
r4 = ~ d4 (variable) r5 = - 14.092 (ASP) d5 = 1.360
nd3 = 1.52470 vd3 = 56.236 r6 = 12.422 (ASP) d6 =

1 400 r7 = 10.136 d7 = 1.880 nd4 = 1.84666 vd4 =

r8 = 634 d8 = (variab erture d9 =
1‘101- igﬁ%q i m t.éﬁo metBeP 28 ndie 1=5£§1100 D=61225%9
nd5 =1.58913 vd5 = 61.253 r11=-99.119 dl 1=0.100 r12 =
r11% 699 0P = Z19470mdfp) = 1. 65844 vd6 = 50.855 r13 =
-11.867 d13 d o 700 47 = 1.71736 vd7 = 20, 501
rl? =7. 244 d14- 1.300 r15 =-43.564 éASP) d15-1. 700 nd8
r12=1.694470 vd8d1:25=62?§é’ - 18d6 =1 865844 ( ASP)dGiTE0-855

(vari abl e)
r13 =-11.867 d13 =0.700 nd7 =1.71736 vd7 =29.501

rl4 =7.244 d14=1.300
r15 =-43.564 (ASP) di15=1.700 nd8 = 1.52470 vd8 = 56.236
rl6=—-18.354 (ASP) d16 = (variable)
r17 =Light . d17 = (variable)
quantity
adjustment
member
r18 =-22.956 (ASP) d18=2.550 nd9 = 1.52470  vd9 =56.236

r19 =—10.989 (ASP) d19 = (variable)

120 = oo d20=1.870 ndl0=1.51680 vd10=64.198
2] =co  d21=0.600

122 = oo d22=0.720  nd11=1.51680 vdi1l=64.198
123 =oco

[non-spherical data of the fifth plane (r5)]
e=1, A4=0.189079 % 10-2, A6=-0.703670 x 10 —4
A8=0.186108 x10-5, Al10=-0.226657 x 10—7

[non-spherical data of the sixth plane (16)]




rl7 = Light d17 = (vari able) quantity adj ust nent .
menber r18 = - 22.956 (ASP) d18 = 2.550 nd9 = 1.52470
vd9 = 56.236 r19 =-10.989 é SP) dl19 = (variable) r20
d20 =1.870 ndl O = 1.51680 vd10 - 64.198 r21 = 00 d21
0.600 r22 = d22 = 0.720 ndl I = 1.51680 vdl 1 -
64.198 r23 = [non-spherical data of the fifth plane
(r5)] c- 1, A4 = 0.189079 x 10 - 2 A6 = -0.703670 x

186108 x 10 - 226657 10
e 1 7 AL 193884 L0 ot aAdi= 0 66608R ol Bind 1 6)] 20
F, =1, A4 = 0. 193344 x 10 - 2, A6 = - 0.666082 x 10 -
A8% 0./4874700x 187430 n {iP= @26%& y(P 462350 x 10 - 7

[non spherical data of the ane (r15)] s =1,
o B i S TS5 10 - & 8 -
[ non-spherical data of the 16-th plane (r16)]
e=1, A4=-0.574999 x 10-3, A6=0.386315x 104,
A8=0.964146 x 10—-6, AlQ0= 0.000000 x 1000
[non-spherical data of the 16-th plane (r16)]
=1, A4=0.195080%10-3, A6=0.465132x 104,
A8 =10.148996 x 10 -5, A10 = 0.000000 = 1000
[non-spherical data of the 18-th plane (r18)]
e=1, A4=-0212753x10-3, A6=0.457906 x 10 -4,
A8=-0.413322x10—-6, A10=0.000000 x 1000
[non-spherical data of the 19-th plane (r19)]
e=1, A4=0.133306 x 103, A6=0.284156x10-4,

A8=0.230880 x 10—-6, A10=0.000000 x 1000

<Embodiment 4>

(W) ~ ™M~ (D
FNo. =2.87 ~ 434 ~ 553
f= 485 ~ 922~ 1407
w= 3829  ~ 2160 ~ 1430
d4= 0780 ~ 4152 ~ 0.780

d8= 16722 ~ 5.627 ~ 2.323




c= 1, A4=0.195080 x 10-3, A6=0.465132 x 10-4, A8
0. 148996 x 10 -5, A1l0 = 0.000000 x 1000
[ non-spherical data of the }8-th plane (r18)] c¢c = 1,
A4 = -0.212753 x 10 - 3, A6 = 0.457906 x 10 - 4, A8 =
-0.413322 x 10 - 6, A 10 = 0.000000 x 1000
[ non-spherical data of the 19-th plane (r19)] E =1, A4
= 0.133306 x 10 - 3, A6 = 0.284156 x 10 - 4, A8 =
0.230880 x 10 - 6, A10 = 0.000000 x 1000 <Enbodi nment
dleys (R48M) (T) PNB66= 2.87 - M.642- 5.53 f= 4.85 -
9.22 - 14.07 w=38.29 - 21.60 - 14.30 d4 = 0.780 -
=15 0.780 d 6.722.- - 2.323 a0 di6=
dr§?24%3?99.966 - ?%7&22 di7 :§L§§%9 - 3.787 - 3.969
d19 = 3.640 - 1.202 - 1.020 [Curvature of radius]
d19 #xi 3640paci ng] [RePRactive indBW [ Abbe nunber] rl =
29.54 dl = 0.850 ndl = 1.88300 vdl = 40.805

[Curvature of radius] [Axial spacing] [Refractive index] [Abbe number]

rl= 29.54 dl =0.850 ndl =1.88300 vdl =40.805
2=11.27 d2 =3.800

13 =00 d3 =12.220

r4 = oo d4 = (variable)

r53=26.237(ASP) d5=1.200 nd2=1.73077 vd2 =40.501

r6=5.980 (ASP)  d6=2.320

r7=12.918 d7=2.740 nd3 = 1.84666  vd3 =23.785
18 =72.468 d8 = (variable)
19 = Aperture d9 =0.130

limiting

member

r10=7.857 (ASP) d10=3.420 nd4 = 1.58313 vd4 = 59.461

rll =-26.882 (ASP) d11=1.200

r12=11.250 d12=2938 nd5 =1.48749 vd5 = 70.441

r13=-6.313 d13 =0.800 nd6 =1.67270 vd6 = 32.171
r14 =5.285 d14=0.913

rl5 = 16.649 d15=1.525 nd7 = 1.48749 vd7 =70.441



r2 = 11.27 d2 = 3.800 r3 = 00 d3 = 12.220 r4 = ~ d4 =
(variable) r5 = 26.237 (ASP) d5 = 1.200 nd2 = 1.73077
vd2 = 40.501 r6 = 5.980 (?@P) dé = 2.320 r7 = 12.918
d7 = 2.740 nd3 = 1.84666 vd3 = 23.785 r8 = 72.468 d8
= (variable) r9 =Aperture d9 0.130 Ilimting nmenber
r 10=7. 857( ASP) d10=3. 420 nd4=1.58313 vd4=59. 461 rl
--26.882 (ASP) dll = 1.200 r12 = 11.250 d12 = 2.938
nd5_=_1.48749 vg5 = 70.441 r13 =-6.313 d13 = 0.800
r16rﬁ632_r-7%667270 ¥ = (yarigble) 1 14=5. 285 d14=0.913 r15 =
16. 649 d15 = 1.525 nd7 = 1.48749 vd7 = 70.441 31 r16
117=E8ht796 d16 qyﬁwaqbgﬁhgk?rl7 = Light d17 =
- (variable) quantity adjustnent

quantity
adjustment
member
r18 =—-47.622 (ASP) d18=1.900 nd8 = 1.77377 vd8 =47.200

r19=-14.003 (ASP) d19 = (variable)

120 =00 . d20 =1.200 nd9 =1.51680 vd9 = 64.198
12] = oo dﬁl =0.600

122 =00 d22 = 0.500 ndl10=1.51680 vd10=64.198
123 =00

[non-spherical data of the fifth plane (r5)]

e=1, A4=-0.199102x10-4, A6=0.120020 x 10 -4,
A8=-0.410454 x 10-6, A10=0.617981 x 10—8
[non-spherical data of the sixth plane (r6)]

e=1, A4=-0.633623x10-3, A6=0.841957 x 10 -5,
A8=-0.719036 x 10—-6, A10=0.414281x10-8
[non-spherical data of the 10-th plane (r10)]

e=1, A4=-0.387456x10-3, A6=0.265755x=10-5,
A8=—-0.858779 x 10-6, Al10=0.215789 x10-9

[non-spherical data of the 11-th plane (r11)]



menber rl1l8 = - 47.622 (ASP) d18 = 1.900 nd8 = 1.77377
vd8 = 47.200 r19 =-14.003 (ASP) 09=(variable) r20 0
d20 = 1.200 nd9 = 1.51680 vg9 = 64.198 r21 = d21
0.600 r22 = oo d22 = 0.500 ndl O = 1.51680 vd1l0 =
64.198 r23 [non-spherical data of the fifth pl ane
(r5)] e= 1, A4=-0.199102 x 10-4, A6=0.120020 x 10-4,
A8=-0.410454 x 10-6, A10=0.617981 x 10-8

[.non- spher ical data of the sixth plane (r6)] E =1, A4

e=d,. $46334230%600*- 1636 A6G- 8H73513x< 1055,

A8=-0.719036 x 10-6, A10=0.414281 x 10-8

dat a 10f 10)] E = 1,
ASLA0D. ‘-850563987%’6 2 ?‘om o 8 e I 5 e
858779 x_ 10 - Al0 = 0.215789 x 10 - 9
[nan?ﬂhﬁélﬁﬁhdt‘rl‘@a‘Pf@&t@'ﬂ'f plame (11S)h plane (rl 1)] 32 E =
1, A4 = - 0.309607 x 10 - 3, A6 = 0.973513 x 10 - 5,

3 0. &K x1f - 5 19 - 7
© f}non gpheﬁgg dat aﬂ)of fhe‘&% 002 ane (rll)b 9'

A8=0.334152 x 10-5, A10=-0.688027 x 10—7

[non-spherical data of the 19-th plane (r19)]

e=1,

A4=-0.183178 x 10-3, A6=-0.185327 x 10—5,

A8=0.954236 x 10 -6, A10=0.000000 x 1000

[Table 1]

Conditional Embodiment | Embodiment | Embodiment | Embodiment
Formula 1 2 3 4

(1) [f1/£2] 0.716 0.997 0.799 0.582
(2)D12w/fw | 3.273 2.504 2.467 3.464

Meanwhile, the zoom lens system of the present invention as

described above can be used in image pick-up apparatuées adapted for

forming object image by the above-mentioned zoom lens to allow image

pick-up device or element such as CCD or silver salt film to receive image of

that object to perform photographic processing, especially digital still camera

or video camera (personal computer as information processing equipment,

telephone and/or mobile telephone, etc.)

The image pick-up apparatus to which the present invention is applied

will be explained below with reference to FIG. 18.

FIG. 18 is a block diagram for explaining the image pick-up apparatus




s= 1, A4=-0.338236 x 10-3, A6=-0.260827 x 10-4, A8 =
0.334152 x 10 - 5, A10 = - 0.688027 x 10 - 7
[ non-spherical data of the -th plane (r19)] c= 1,
A4=-0.183178 x 10-3, A6=-0.185327 x 10-5, A8 =
0.954236 x 10 - 6, A10 = 0.000000 x 1000 [Table 1]
Condi ti onal Enbodi ment Enbodi ment Enbodi nent
Enbodlnent Formula 1 2 3 4 (1) Ifl/f2 0.716 0.997

g@h 582 (2), D12w/ fw 3.273 504 2.467 3.464
ihee preseat z’é‘é’ﬁiltléﬂslssyﬂﬁphﬁdofThlﬁelﬂﬁﬂ@s@mk-up apparatus

i nvention as described above can be used in inage

cornpies) RsadHRATR N FHE. ARRVREN erﬁ%hl{ygélg’Fflﬁethec%ﬁnémt 1, a

by thé above-menti oned’ zoom I ow 1 nage
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phot ogr aphi ¢ processing, especially digital still
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i nformation proceSS|ng equi pnent 5 phone an
| ephone,, et.c.) The imge pick-up_apparatus to
mefRin rﬁ%g oAl wnig ésn%ﬁp@r@tlaypmmé@, A 0D Kbiquid Crystal
expl ai ned beI owwth reference to FIG18. FIG 18 is a
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apparatus 33
to as I/F) 9, wherein a recording medijum 10 is detachably attached.

While it is conceivable that various recording media such as so-called
memory card using semiconductor memory, optical recording medium such as
recordable DVD (Digital Versatile Disk) or recordable CD (Compact Disc),
étc., and/or magnetic disc, etc. may be used as the reéording medium 10,
explanation will be given in this embodiment on the premise that, e.g.,
memory card is used as the recording medium 10.

Further, the camera unit 1 comprises, as shown in FIG. 18, an optical
block 11, a CCD (Charge Coupled Device) 12 as image pick-up device, a
pre-processing circuit 13, a driver 14 for optical block, a driver 15 for CCD,
and a timing generating circuit 16. Here, the optical block 11 comprises lens,
focus mechanism, shutter mechanism, and iris mechanism, etc.

In addition, the control unit 5 is a microcomputer caused to be of the

configuration in which a CPU (Central Processing Unit) 51, a RAM (Random

Access Memory) 52, a flash ROM (Read Only Memory) 53, and a clock




to which the present invention is applied. This image
pi ck-up apparatus conprises, as shown in FIG 18, when
roughly classified, a canerg unit 1, a canera DSP
(Digital Signal Processor) °Z, a SDRAM ( Synchronous
Dynani ¢ Random Access Menory) 3, a nediuminterface
(hereinafter referred to as nediumlI/F) 4, a contro
unit 5, an operation unit 6, a LCD (Liquid Crystal
. Di,splay) controller 7, a LCD 8, and an externa
CIrGUAt %ﬂf akse conaeded dhreugh ¢ system bus 3% ando)is aidaprest &0 thave
a recording nmedium 10 is detachably attached. Wile it
oie r .
G S e (R bRk e Fck- Bp i Audts of tis
o&éjcal recordi ng nmedi um such as recordable DVD
mnb el Versatile Disk) or recordable CD (Conpact
Disc), etc., and/or magnetic disc, etc. may be used
as t . . ) . T Lob .
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card s used . as the recording nmedium 10. Further, the
storgaggetintgimediategieppit sd Progessargatci Mareevarg theyflash ROM 53
optical block 11, a CCD (Charge Coupl ed Device) 12 as
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a.tin%ng ener,atin(t; circuit 16. Here, the optical ]
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mechani sm and iris nechanism etc. In addition, the
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configuration in whicha CPU (Céntral Processi
51,.a RAM (Randpm Access Menory) 52, a flash ROV
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Further, at the time of photographing image, the optical block driver

14 forms, in accordance with control from the control unit 5, such a drive
signal to operate the optical block 11 to deliver the drive signal thus formed to
the optical block 11 to allow the optical block 11 to be operative. At-the
optical block 11, focus mechanism, shutter mechanism and iris mechanism are
controlled in accordance with drive signals from the optical block driver 14 to
take thereinto image of object to offer the image thus taken in to the CCD 12.
The CCD 12 serves to perform photoelectric conversion of image
from the optical block 11 to output the image thus obtained, and becomes
operative in accordance with a drive signal from the CCD driver 15 to take
thereinto image of object from the optical block 11, and to allow image of

object which has been taken in (image information) to be an electric signal on




34 «circuit 54 are connected through a system bus 55,
and is adapted to have ability to control respective
conmponents of the imge pick-up apparatus of this
enbodi nent. Here, the RAM is used mainly as work
area such as tenporary storage of internediate result
of processing, etc. Mreover, the flash ROM53 s
adapted so that various prograns executed at the CPU
ié%_an /.or, data reqU|red for processing, etc. are

the hagiseol tiingsignal fram theotimiogrgemeratiy crcuit dfnbortrolied by
provi ding current date, current day -and current tine,
a G bkety 0 i+l N 0 [

e Ot e I en PR e IRt DAL s JBbERET 1o the
i mage, .the optlcal bl ock driver 14 fornms, in

Pre:uegessaRe 6iralttH 3cont rol from the control unit 5, such
a drive signal to operate the optical block 11 to

del iIﬁGthlst%SFang[? eV §! &ﬂeﬂi&“&?esfcﬁg)gg %&9? o&%%ir?ﬂé G8herating

bl ock 11 owt e optica
. oper tive. f optical block 11, focus mechani sm
circyist d peseriygs Hﬁn #ndiminigs signeh ahich proyidesmt potdetermined
in accordance with drive signals fromthe optical
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er the image thus taken int
rves to erform haqt oel ectri c_conversi on of inage
driver ohy :

F%feéﬂ@l eHN HUse signabiawbe seliverad torthe GCIs12 on the

obt ai ned, and becones operative in accordance with a

bl i et et Yl igheLe el o

al Qf%el g %rgéessmg circuit 13 serves to perform CDS (Correlated
Double Sampling) processing with respect to image information of the electric
signal delivered thereto to maintain S/N ratio to be satisfactory, and to
perform AGC (Automatic Gain Control) processing to control gain to further
perform A/D (Analog/Digital) conversion to form image data caused to be a
digital signal.

The image data caused to be digital signal from the pre-processing
circuit 13 is delivered to the DSP 2. The DSP 2 implements camera signal
processing such as AF (Auto Focus), AE (Auto Exposure) and AWB (Auto
White Balance), etc. to the image data delivered thereto. The image data in
which various adjustments have been performed in this way is caused to

undergo data compression by a predetermined compression system. The

image data thus processed is delivered to the recording medium 10 loaded into




obj ect which has been taken in (inmage information) to
be an electric signal on 35 the basis of timng
signal fromthe timng generating circuit 16
controlled by the control ®nit 5 to deliver the
electric signal thus obtained to the pre-processing
circuit 13. In this exanple, in a manner as descri bed
above, the timng generating circuit 16 serves to
forma timng signal which provides a predetern ned

the imagapick-wr eppaates ofithis embodiheritr duougk systen dus 55 and
unit 5. Moreover, the CCD driver 15 serves to forma
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medif Y13 AR 1 1REofeRd Mot fecdtintd Bl oG filg in 2
circuit 16. The pre-processing circuit 13 serves to

‘manrarfdeseniopbbelwwvr el at ed Doubl e Sanpl i ng) processing
with respect to inage information of the electric
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Control) processing to control gain to further )
the peeording mexionm (b gargei image datavisr ssadnoub fifoon rthe megerding

data caused to be a digital signal. The inage data
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Bal ance), etc. to the image data delivered thereto.
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way is delivered to the DSP2.

The DSP2 performs, with respect to compressed image data which has
been read out from the recording medium 10 and has been delivered through
the medium I/F 4, decompression processing (expansion processing) of that
data compression to deliver the decompressed image data to the LCD
controller 7 through the system bus 55. The LCD controller 7 forms, from the
image data delivered thereto, an image signal to be delivered to the LCD 8 to
deliver the image signal thus formed to the LCD8. Thus, image corresponding
to image data recorded on the recording medium 10 is displayed on the
displéy screen of the LCD 8.

In this case, form of display of image is in accordance with display
processing program recorded in the ROM. Namely, this display processing

program is a program indicating mechanism in which file system which will



. undergo data conpression by a predeterm ned
conpression system The imge data thus processed is
delivered to the recordi ng nedium 10 | oaded into 36
the i mage pick-up appar at u’of this enbodi ment t hr ough
system bus 55 and nediumlI/F 4, and is recorded onto
the recording nmedium 10 as file in a nanner described
bel ow. Further, with respect to the i nage data which
have been recorded on the recording nedium 10, target

be desegbeddateriis reamdedand howm tohrepredumredinmege. nedi um 10

through the nediumI/F 4 in accordance with operation

inp | S e through t .
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control key, etc. The inmage data which has been read
provigted an extesnabBl 9. Iheeiniage pitk-ap appaRSEPmaytess OSRkected to,
perfornms, with respect to conpressed i mage data which
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. deconpression processi ng (expansi on processing) of
imaggadata from therpurseualomputee ito wecordriheddata tuse dekivered onto
i mge data to the LCD controller 7 through the system
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delivered to the LCD 8 to deliver the inage signal
medingy loaderk therewithin nong beTdelivereddgectomad peosuhiah gonmuter,
I mage data recorded on the recording nedium 10 is
etc.di spl ayed on the display screen of the LCD 8.

Further, communication module may be connected to the external I/F
9 to thereby connect the image pick-up apparatus to network, e.g., Internet, etc.
to acquire various image data and/or other information through the network to
record such image data or information Wlth respect to recording medium
loaded therewithin, or data recorded at recording medium loaded therewithin
may be transmitted to the other side serving as target through network.
Further, also with respect to information such as image data, etc.
which is acquired through external personal computer or network and is
recorded at the recording medium, it is a matter of course to read out, in a
manner as described above, such image data or information at the image
pick-up apparatus of this embodiment to reproduce it to display such
* information on the LCD 8 so that user can utilize such information.

It is to be noted that external I/F 9 may be also provided as interface



In this case, formof display of image is in
accordance with display processing programrecorded
in the ROM Nanely, this display processing program
is a programindicating nmectranismin which file system

- which will 37 be described later is recorded, and how
to reproduce i nage. Moreover, in the inage pick-up
apparatus of this enbodinment, there is provided an
external 1/F 9. The imge pick-up apparatus nmay be

for vanmeacleds IBEE @nstitute m% &lectricakand kdectoanips Fagineers) 1394,
through the external I/F 9 to receive supply of inage
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therewithin, or inmage data recorded at recording
by hght wm ¢loattiod waver dNurnblyn thenextberndb I/E 8r mayt be exther mveire or
personal conputer, etc. Further, comrunication nodul e
wir%s%efl%ﬁ@?ct ed to the external I/F 9 to thereby
connect € i mage pick-up apparatus to network, e.g.,
Internet, etc. to acquire various inmage data and/ or
ot hehs istated ahoventbehnmgehpickeup apparatus of thie cmbodinemt can

i mge data or information with respect to recording
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i nformati on such as image data, etc. which is
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matter of course to read out, in a . .
medium to reproduce such image data to utilize it. In addition, the image

pick-up apparatus can receive offer of image data through external personal
computer or network to record the image data thus obtained onto recording
medium loaded therewithin, or to read out such image data to reproduce it.

It should be noted that while CCD is used as the image pick-up device,
CMOS sensor (Complementary Metal-oxide Semiconductor) may be used.

It is to be noted that while the present invention has been described in
accordance with certain preferred embodiments thereof illustrated in the
accompanying drawings and described in detail, it should be understood by
those ordinarily skilled in the art that the invention is not limited to
embodiments, but various modifications, alternative construction or
equivalents can be implemented without departing from the scope and spirit of

the present invention as set forth by appended claims.



manner as descri bed above, such inmage data or

information at the imge pick-up apparatus of this

enbodi ment to reproduce it to display such

i nformati on on the LCD 8 so®t hat user can utilize such

information. It is to be noted that external I/F 9 may

be al so provided as interface 38 for wire such as

| EEE (Institute of Electrical and El ectronics

Engi neers) 1394, USB (Universal Serial Bus), etc.,

and may be provided as wireless interface by |ight or

el ectric wave. Nanely, the external IN 9 may be either

' Iieless interface. As stated above, the
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reproduce it. It should be noted that while CCD is
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[ ted that while the present invention has

o %%ﬁﬁggg%gﬁggg in accordance with certain preferred

enbodi nents thereof illustrated in the



acconpanyi ng drawi ngs and described in detail, it
shoul d be understood by those ordinarily skilled in
the art that the invention is not limted to

enbodi nents, but various nodifications, alternative
construction or equivalents can be inpl enented

W t hout departing fromthe scope and spirit of the
present invention as set fgfth by appended clains. 39
I ndustrial Applicability The zoomlens to which the
present invention has been applied not only can be
used at digital still canmera or video canera, but also
can be used at silver salt canmera by disposing silver
salt filmin place of 5ﬁ£ﬂ4 her, the zoomlens to
whi ch the present inventi been applied can be
used at canera included or externally attached at

1 per domabnciemsiatdeasttintbphingeimortieorfrommdi bljece siie) ankrst
etc. 40 CLAIMS 1 A zoomlens at least including, in
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ts Inc ection ne

ol d optic axj s and having negative
fOI‘ilélgrt @abmﬁf&baﬁlﬁg negativeeHag ractyegeavenande first
obj ect side of the reflection nenber, a second group

coppicnin e b ey sl L gt 1o e o
of (ﬂﬁ%l e ecrﬁéﬁt%'}la%%g q‘len tive fe actnrrrg power, and a light quantity
adjustment member fixed during magnification changing or adjustment
operation and serving to adjust light quantity;

wherein the following conditional formula (1) is satisfied.

0.1<f1/f2]<1.2 (1)

In the above formula,

fl : focal length of the first group

12: focal length of the second group

and wherein the following conditional formula (2) is satisfied.

1.6<D12w/fw<5"(2)

In the above formula,

D12w: a distance at wide-angle end state between the first lens of

the first group of optical elements and a second lens of the second group

of optical elements, the second lens being directly adjacent the reflection



operation and serving to adjust |ight quantity;
wherein the follow ng conditional forrmula (1) is
satisfied. 0.1<Ifl/f2J<1.2 ... (1) In the above
formula, fl : focal length of the first group f2:
focal length of the second group and wherein the
follow ng conditional fornmula (2) is satisfied.
1.6<D12wW fw<5...(2) In theyabove fornmula, D12w a
di stance at wi de-angle end state between the first

ik r 0 i cal. e n and a
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the second | ens being directly adjacent the reflection
to the fixgniges and bei ng di sposed on an opposite side of

the reflection nmenber to the first lens fw: foca
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A zoom | ens conposed, in order from an object side, of

a first group of optical elenments including a

reflection nenber for bending or folding the optica

axi s and havi ng negative refractive power and a first

| ens di sposed on the object side of the reflection

menber, a second group of optical elenents having -

2 NegH LYEmPRAE conthdslh! th SF R Rrsth HP5iEA! siGke8EBR Fist group
of optical elements including a reflection member for bending or foldiﬁg
the optical axis and having negative refractive power and a first lens
disposed on the object side of the reflection member, a second group of
optical elements having negative power, a third group of optical elements

having positive refractive power, and a fourth group of optical elements




having positive refractive power, and a fourth group
of optical elenents 42 having positive refractive
power, wherein a |light quantity adjustnent nmenber for
adjusting light quantity is fixed during
magni fi cati on changi ng or adjustnent operation,
wherein the follow ng conditional forrmula (3) is
satisfied. 0.1<Ifl/f21<1.25.(3) In the above fornul a,
fl: focal length of the first group f2:focal |ength
of the second group and wherein the foll ow ng
conditional formula (4) is satisfied. 1.6<D12w fw<5"

4) In.the above formula, D12w. a di stance at
ha‘éw?& ; ]

qu:

ROFHEY Ceredragtiye poavaset ween the first lens of the
first group of optical elenents and a second | ens of
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being directly adjacent” the reflection

hei n i spased on an.opposijie side of.the reflection
18150 % Bk S8 iEe b G ARRASK phénding or Srisgrenceparaon,
entire systemat w de-angle end state

wherein the following conditional formula (3) is satisfied.

0.I<{fl/f2|<1.2(3)

In the above formula,

fl: focal length of the first group

f2:focal length of the second group

and wherein the following conditional formula (4) is satisfied.
1.6<D12w/fw<5"(4)

In the above formula,

DI12w: a distance at wide-angle end state between the first lens of

the first group of optical elements and a second lens of the second group

of optical elements, the second lens being directly adjacent the reflection

member and being disposed on an opposite side of the reflection member

to the first lens

fw: focal length of the entire system at wide-angle end state




