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to a zoomlens and an inaging device equippeg
therewith, said zoomlens being suitable for the

I magi ng optical systemof digital input and output
devi ces such as digital still caneras and digital

vi deo caneras on accouriciafi datts cgonpact size and

vari abl e power. Background Art Recent years have

wi tnessed the wide diffusion of the imaging devices,
such as digital still caneras, which are equipped
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zoomlens in the direction™ of optical axis by bending

dictihe 10ptided) Systrem Wnt RcaoRhitSHFlits compact size and

variable power.

Background Art

Recent years have witnessed the wide diffusion of the
imaging devices, such as digital still cameras, which are
equipped with a solid-state imaging element. Digital still
cameras are required to have an improved image quality as
they become popular more than before. Particularly, those
digital still cameras equipped with a solid-state imaging

element having a large number of pixels need an imaging

lens, especially a zoom lens, with good image-forming
performance. They are also reguired to be small in size,
and hence there 1s a strong demand for a small-size high-
performance zoom lens. (See Japanese Patent No. 2750775
[Patent document 1]} On the other hand, attempts are being
made to reduce the size of the zoom lens in the direction

of optical axis by bending the optical system with a prism



S04P1236W00 inserted between | enses. (See Japanese
Pat ent Lai d-open No. 248318-1996 [Patent do
Insertion of a prismis a very effective may%pg%ﬁgéé%boo
the lens dianmeter and length (or to reduce the overal
lens size) for the optical system having the positive
refracting power at the object side and the negative
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conventional |ens-shutter canmeras for silver salt
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m énetehses have phesexit pupktlyneafectheciwageto reduce
surface and are arranged in front of the solid- state
thei prgisngliererrent anthe epoébl émri § ot iatliuChe thrmgeerall lens
brlghtness extrenely varies in going fromthe i mge
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brightness extremely varies in going from the image center

tc the image edge.

The object of miniaturization is not fully achieved in
the optical system equipped with a solid-state imaging
element {which 1is disclosed in the patent document 1},
because the optical system employs a negative lens group as
the last lens group which is limited in power. The object
of miniaturization is not fully achieved either in the
optical system disclosed in the patent document 2, which is
designed to reduce the size in the direction of the optical
axis by bending the optical axis with a prism inserted in
the positive-negative-positive-positive zoom type, because
the optical system employs a front lens and a reflecting

member which are large in size.




2 S04P1236W00 Disclosure of the Invention The
present invention was conpleted to address t

above-nmenti oned probl ens. Thus, the present iﬁég&@pgwooo

is directed to a zoomlens and an i mgi ng device
equi pped therewth. The zoomlens is conposed of a
plurality of lens groups arranged at variable
Disidiberval ®fantheh@meenitd oncapabl e of power vari ati on.
Moreover, it contains a reflecting nenber to bend the
opfheabrazest andentschenss gooppstadetchatactesized
inthat the last lens group (counted fromthe object
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{cotinerr Whbehtaeeobseqguent ah | ¥oakhiangedsf koprLhe: obj ect:s
side. The advantage of the present invention is that
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position of

interposed between them, which are sequentially arranged

frem the object side.

In addition, the present invention is directed to a
zoom lens and an imaging device equipped therewith. The
zoom lens is composed of a plurality of lens groups
arranged at variable intervals and hence is capable of

power variation. Moreover, it has the lens groups which

are characterized in that the last lens group (counted from

the object side) has a negative refracting power and

consists of a negative lens group and a positive lens group,

with an air layer interposed between them, which are
sequentially arranged from the object side.

The advantage of the present invention is that the
entire lens system can be miniaturized and the position of
entrance pupil can be placed away from the image plane.

This leads to size reducticon and thickness reduction for
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entrance pupil can be placed away fromthe inmage
plane. This |leads to size reduction and thickness
reduction for 3 SO4P1236W00 the zoom | ens o e’ 6WO00
i magi ng devi ce equi pped therewith. Brief Description
of the Drawmngs Fig. 1 is a diagram show ng the |ens
arrangenent of the zoomlens in the first exanple,
thevdedn i Seradjaist ethd anddieeribes den pfed heshart 1 .
focal length. Fig. 2 is a diagramshow ng the |ens
arrangenment of the zoomlens in the second exanple,
which is adjusted to the end position of the short
BrifefcdiedamigtthiorFiaf, t3d Prawdinagr am showi ng the | ens
arrangenment of the zoomlens in the third exanple,
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focal length. Fig. 4 is a dia%ran1shomﬁng the | ens
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in the first exanpl e experiences when adjusied to the

theercpoienison nof-hithe hlieag ckeeal o, enatibh is adjusted to

the end position of the short focal length.

Fig. 4 is a diagram showing the lens arrangement of
the zoom lens in the fourth example, which is adjusted to
the end position of the short focal length.

Figs. 5A to 5C are diagrams showing the aberrations
which the zoom lens in the first example experiences when
adjusted to the end position of the short focal length.

Figs. 6A to 6C are diagrams showing the aberrations
which the zoom lens in the first example experiences when
adjusted to a position of the intermediate focal length.

Figs. 7A to 7C are diagrams showing the aberrations
which the zoom lens in the first example experiences when
adjusted to the end position of the long focal length.

Figs. 8A to 8C are diagrams showing the aberrations
which the zoom lens in the second example experiences when

acdjusted to the end position of the short focal length.




Figs. 8A to 8C are diagrans show ng thelaberrations
whi ch the zoomlens in the second exanpl e experiences
when adjusted to the end position of the shottFlec&liio00
| ength. 4 S04P1236W00 Figs. 9A to 9C are diagrans
showi ng the aberrations which the zoomlens in the
second exanpl e experiences when adjusted to a
posiysononf tbheci ater Aedhabesf oal: hengtb. ab&gétl&%
to 10C are di agrans show ng the aberrations which t
whiz@omhleenson 1khe second exampke -expeliengss WagRes when
adj usted to the end position of the long focal Iength.
adjmisged 1bAat pokiCiane odi agearns tehowsdingttheoaher nahiyens
whi ch the zoomlens in the third exanpl e experiences
thMQSadP@%téﬁ toCt heceddaposinsi snowfng hehshavd r focabns
| engt Figs. 12A to 12C are di agrans show ng the
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aberrations which the zoomlens int fourt exanpl e
whiexpenkenees WaeH 1ﬁdtH§t331E@.éx@ﬁ?ké'@ﬁp@EléH@es when

internediate focal length. Figs. 16A to 16C are
adjdsagriane shpwsngibhecabereat heBsmediate focal length.

Figs. 13A to 13C are diagrams showing the aberrations
which the zoom lens in the third example experiences when
adjusted to the end position of the long focal length.

Figs. 14A to 14C are diagrams showing the aberrations
which the zoom lens in the fourth example experiences when
adjusted to the end position of the short focal length.

Figs. 15A to 15C are diagrams showing the aberrations

which the zoom lens in the fourth example experiences when

adjusted to a position of the intermediate focal length.

Figs. 16A to 16C are diagrams showing the aberrations
which the zoom lens in the fourth example experiences when

adjusted to the end position of the long focal length.

Best Mode for Carrying Qut the Invention

The invention will be described in more detail with




whi ch the zoomlens in the fourth exanpl e experiences

when adjusted to the end position of the |lo f
| ength. Best Mdde for Carrying Qut the |nve2§%%é¥§#ﬁﬁooo

i nvention will be described in nore detail with 5
S04P1236W00 reference to its preferred enbodi nents.
The zoom |l ens denonstrated in the enbodinents is a

refeompact waneld ntended: r forentsel Wt J .MaginRg devi 0eS s
such as video canmeras and digital still caneras. The
dengreserntt ddvienttilen cxoveristemtz00m 4 enspaictt heet Ype ended

having a plurality of lens groups and varying in
fompower Witlr esponse tdewiardsativam ias ivitdery alasie riget ween
_the lens groups, which conprises a reflecting nenber
dlﬁl@adeﬁfcrltlﬁe GptEEd - axinge passiand  tvetgh cthedvens a zoom
groups and a last |lens group (counted fromthe object
lerg CighitePs dacomsosed o ad ifdg &t VéE NSe A OgiPSup nand
a positive lens group, with an air |ayer interposed
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Into el ectri signa nt I"'ens "according to
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preferably be constructed such that irst 'l ens

whidoURs (R foom the 00ject 3ide)-di$ aShati PRAMYive
and contains said reflecting nenber. Mreover, in the
Lerz0QndigN)s Waaeorai nd 1t Qe presentserbodicieah, thae

| ens groups should preferably be constructed such that
(attdeerged sequentially from the object side). The present
invention also covers an imaging device equipped with an
imaging element which converts the optical image formed by
the zoom lens into electrical signals.

In the zoom lens according to the present embodiment,
the lens groups should preferably be constructed such that
the first lens group (counted from the object side) is
stationary and contains said reflecting member. Moreover,
in the zoom lens according to the present embodiment, the
lens groups should preferably ke constructed such that the
last lens group (counted from the object side) has a
negative refracting power.

In the zoom lens according to the present embodiment,
the negative lens group of the last lens group should
preferably satisfy the condition defined by the inequality

(1) below.




| ast | ens group (counted fromthe object side) has a

negative refracting power. In the zoomlens gﬁf&gﬁ%ﬂ%Fmo
to the present enbodi nent, the negative |en é

the last lens group should preferably satisfy the

condition defined by the inequality (1) below 6

SUMP1236W00 0.9 < Ifa/fw < 1.25 where, fa denotes

the focalgl ength/of|thelnggative lens group in the

| ast | ens group, and fw denotes the focal Iength at
whates Visdeleand.esThend rfequdl ilteongth) ofi wer: akowe idef ilreS

the focal Ilength of the negative lens group in the
grdugstin éise dresup. lensf driveirf,ocald Ifengtdmdts ssimlel €ociian

the lower Iimt of the inequality (1), then it would
LerggIdig jidyl 4% @ord-ect the edge coma and the

chromatic aberration of magnification. |If the foca
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esirable to select one which is nma glass with a
1 £ hirgh aefanactdny@ i N@eX.arger than the upper limit of the
inequality (1}, then the negative lens group has a weak
power which prevents miniaturization.

The zoom lens according to the present invention may
be composed of a plurality of lens groups alone, with the
above-mentioned reflecting member omitited. Incidentally,
in the case where a prism is used as the reflecting member

to bend the optical axis, it is desirable to select one

which 1s made of glass with a high refractive index.

({EXAMPLES)

A description is given below of the examples of the
present invention. Fig. 1 is a diagram showing the lens
arrangement ¢f the zoom lens in the first example. The
arrows in the figure represent the loci along which the
lens groups move in going from the wide end position to the
tele end position. The zoom lens in the first example

consists of a first lens group GR1 (positive), a second
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(EXAMPLES) A description is given below of the

exanpl es of the present invention. Fig. 1

di agram showi ng the I ens arrangenent of the%ggg%gpgﬁgoo

in the first exanple. The arrows in the figure

represent the loci along which the |ens groups nove

in going fromthe wide end position to the tele end
lenposirtdugn GREPhg nzgemilens ian thhedf ilests exanpl er3consi sts

of a first lens group GRL (positive), a second 7
(PoS04RY236 W00 oulrems lgmeug rGRR GRdgdpiowe)iva)t hend keds fth

group GR3 %positive), a fourth lens group G4
Len@pegiotiov RS digdatfivieth whdss greup rGRBIEAegatiaverially

whi ch are arranged sequenti al | fromthe object side.
frofmd b P§ﬁepén§l§@oupT@ﬁlfééﬁ§i§P§Soﬁroapn6§étpvésﬂéﬁ§ of

Gl, .a rectangul.ar prism & Eo bend the_ optjical axis
a TEPdud g@psa%&’aap6§FFPF Yighs PES SRaEng® A&pHefEa
ur.f.ac on.bot h si.des._The second. | en ro GR2,
Opt%&ﬁ&i&%éso B4 o8 gaggvé Fais? %ﬂ?l%;%%ggfg%e&fe%%vﬁiﬁ

aSp%%gi%aﬁogbﬁkﬁ%e%e%% wghagsare cenent ed toget her.

thir ens group i'S a positive lens G7 having

aS@H@rg@@5n§UEéﬁge§reﬂpb@h§_é&ﬁ§§ftgh§f £0Hé§£%1@gslens
& having an

group GR4 consists of a positive Iens

G4,asphegheak esuchacesat shhe ;0bhact 1$kde-andca, Negathvere
| ens (B, which are cenmented together. The fifth I ens

cem@holp tGBBteersi stracofha raegahkvgrbepsc@l0iand Bositive
positive lens AIl, which are cenented together, and a
lengosi’t hwe ingnss@h2rickicisdentakkypn" LBEYN denetes @he
filter, "CG' denotes a cover
fourth lens group GR4 consists of a positive lens G8 having
an aspherical surface at the cbject side and a negative
lens G9, which are cemented together. The fifth lens group
GRS consists of a negative lens Gl0 and a positive lens Gl1,
which are cemented together, and a positive lens G12.
Incidentally, “LPF” denotes a filter, “CG” denotes a cover
glass, and “IMG” denotes the receiving surface of the
imaging element.

Fig. 2 1s a diagram showing the lens arrangement of
the zoom lens in the second example. The arrows in the
figure represent the loci along which the lens groups move
in going from the wide end position to the tele end
position. The zoom lens in the second example consists of
a first lens group GR1l (positive), a second lens group GR2

(negative), a third lens group GR3 (positive), a fourth

lens group GR4 (positive), and a fifth lens group GRS




glass, and "IM3' denotes the receiving surface of the

i mging element. Fig. 2 is a diagram show ng tge | ens
arrangement of the zoomlens in the second exatpte’®W000
The arrows in the figure represent the loci along

whi ch the lens groups move in going fromthe w de end
position to the tele end position. The zoomlens in

(ntéhet seepndviexaiph e CONBASESI Ofeq@ed i 1511 enso@roup GRl
(positive), a second lens group GR2 (negative), a

Sl@@lrdTmenﬁlg$bubeﬁ§E@i¢M§l$RNe®on§u§ﬁ&H§flalﬁgg%&ﬂﬁguaens
GR4 (positive), and a fifth lens group GRS 8
G1 SCHPro36v0olax negath V&) , tahbehd artes argtainged axis through
sequentlally fromthe object side. The first lens
90%gr cUp! ERIPASGIISIVSt 3 edfs & ndgatiinge alspheri@al aurfaces on
rectangular prism@& to bend the optical axis through
bo@%,sﬁﬁ a positive lens G3 having aspheri cal surface?
bot h si de The second | ens group GR2 consists o
a gﬁht@f@qdeﬁﬁnsGﬂrqungﬁgtFﬁésﬁéﬁ§ @5, 2afigoative lens

n t oget her. The
e p(ﬁ;:rrﬁjégenis‘?@gfloeunp g‘g af:)é%qstllr%eve | hiliig are

cAsphelic ac 0 sides. The ourth | ens
c group Gﬁ%ﬁcong{stgﬁb %é¥££|(¥5% ?%? ,ﬁb9081t1ve

lerﬁss@ﬁrﬂé%ﬁlnrf PEES N hot e sides, an Qﬁf %el%t | ve Jens
&@. The fitth lens group G consi st a negatlve

foleds @A apbuA Cﬁ@ﬁ'ddn@é@%@ej o's‘lcc' %ntl%l Ay Gs’ lhEiEr"lng
denotes a filter, "CG' denotes a cover gl ass, and

aspH MG calenates: dde drecRint ng desurface Qlfegta@xﬂeﬂ%lnfég GY.
Th;ﬂgﬁ?ﬁg lens group G5 consists of a negative lens G10 and
a positive lens Gll. Incidentally, “LPF” denotes a filter,
“CG” denctes a cover glass, and “IMG” denotes the receiving
surface of the imaging element.

Fig. 3 is a diagram showing the lens arrangement of
the zcom lens in the third example. The arrows in the
figure represent the loci along which the lens groups move
in going from the wide end position to the tele end
position. The zoom lens in the third example consists of a
first lens group GR1 (positive), a second lens group GR2
{negative}, a third lens group GR3 (positive), a fourth
lens group GRZ (positive), and a fifth lens group GRS
(negative), which are arranged sequentially from the object
side. The first lens group GR1 consists of a negative lens

Gl, a rectangular prism G2 to bend the optical axis through

90°, and a positive lens G3 having aspherical surfaces on




Fig. 3 is a diagramshow ng the :ens ﬁrrangenent ofh
the zoomlens in the third exanple. The arrows_in the
figure represent the loci along which the | end grotpd000
nove in going fromthe wide end position to the tele
end position. The zoomlens in the third exanple
consists of a first lens group GRI (positive), a
boseconged ens group GR2 (negative), a third | ens group
GR3 (positive), a fourth Ilens group GR4 (positive),
andng fdadddnd ersisgioumpCRR2 (Hregalitkehs Whihehadi€e lens
arranged sequentially fromthe object side. The first
G441 ensngaguprGRerconsi standfa paegatied drens 6 ,Quhiach are
rectangul ar prism G to bend the optical axis through
C@Wmi%%§Qﬁ%3§ﬁlv@h@ﬁ@KBimwmn@Qmph@ﬂkmssu@@mﬂ&ve
on S04P1236W00 bot h sides. The second | ens group
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a filter, "CG' denotes a cover gl ass,

Incdenottes. Ihe Tewei \dig s faaqe_mfeﬂ,hecelﬂﬂ%ln%e%l aMedler

glass, and “IMG” denotes the receiving surface of the

imaging element.

Fig. 4 is a diagram showing the lens arrangement of
the zoom lens in the fourth example. The arrows in the
figure represent the loci along which the lens groups move
in going from the wide end position to the tele end
position. The zoom lens in the fourth example consists of
a first lens group GR1 (positive), a second lens group GRZ
(negative), a third lens group GR3 (positive), a fourth
lens group GR4 (positive), and a fifth lens group GRS
(negative), which are arranged sequentially from the object
side. The first lens group GR1 consists of a negative lens
Gl, a rectangular prism G2 to bend the optical axis through
90°, and a positive lens G3 having aspherical surfaces on

both sides.

The second lens group GR2 consists of a negative lens
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Fig. 4 is a diagramshow ng the | ens arrangenent of
the zoomlens in the fourth exanple. The arrows in the
figure represent the loci along which the | endrlauifdico0
nove in going fromthe wide end position to the tele
end position. The zoomlens in the fourth exanple
consists of a first lens group GRL (positive), a

G4 ,seconrddteng group dBR2 annegaldMe)ivea 1thisr del ens :gHouR e
GR3 (positive), a fourth Iens group GR4 (positive),

cemgnd eal fiddetHeans gmeuph@RSl Lemegatiove) CRBNIEEh aak®sitive
arranged sequentially fromthe object side. The first

lerises greoumGREpbensicstls sofr facregathi vethers de€l, a@he
rectangular prism G to bend the optical axis through

foughh afdsa PEsit iGRd Icoms 163 shavi rg pasphériecaknsutBates ing
on both sides. The second | ens group GR2 consists of

an &Sﬁ@&éﬁ% IseR€ aceo aﬁoiﬂ:fw@w;@ sGde andegatievethens

1 and a positive lens &, which are cenented
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at the object side. Incidentally note$s a

“IMGWIU&th.@Gth@em@teivangogakfgb§5§f @HQ 1mb%@%gd§99&@§t
the receiving surface of the inaging el enmen
Tables 1 to 4 below show the specifications of the

zoom lenses in Examples 1 to 4.

Table 1
Table 2
Table 3

Table 4

Symbols in the tables above mean as follows.
F No. : F number

F: focal length

® : half field angle

R 1 radius of curvature

d : distance from one lens surface to next
nd : refractive index for d-line

vd : Abbe’s number
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Tables 1 to 4 bel ow show the specifications ?f t he
zoom l enses in Exanples 1 to 4. Table 1 Tab

Table 3 Table 4 Synbols in the tables above3@§§H7§§WOOO
follows. F No. : F nunber F focal length whalf field
angl e R radius of curvature d distance fromone |ens
surface to next nd : refractive index for d-line vd :

AspAbbelspraunhen bLr3@4R1236w000 ASP @ aspherical
surface The shape of the aspherical surface is defined

Thebyitape offortigl @ sp@leaWcat 2uXFayeC 18AG¥Finks bvscyé. cl
where, x : distance fromthe vertex of the |lens

forswrlfade weasured in the optical axis y : height
measured in the direction perpendicular to the
optical axis

x= Y < +T4 Y

I+4/1=g p?.c?

where,

x : distance from the vertex of the lens surface measured
in the optical axis

y : helght measured in the direction perpendicular to the
optical axis

C ¢ paraxial curvature measured at the lens vertex

€ : conlic constant

A" : the i*® aspherical constant

Table 5 below shows the value of fa/fw in the
inequality (1} given above which is applicable to each of

Examples 1 to 4.

Table 5
Ineguality (1} Example 1 | Example 2 | Example 3 | Example 4
fa/fw 1.045 1.113 G.988 1.157

Figs. 5A to 16C show aberrations observed in Examples.
Figs. 5A to 5C are diagrams of aberrations in Example 1,
with the zoom lens being adjusted to the end position of
the short focal length.

Figs. 6A to 6C are diagrams of aberrations in Example 1,

12




C paraxial curvature neasured at the |lens vertex

conic constant A' the i'"' aspherical constant,  Ta

bel ow shows the value of fa/fwin the |nequ§p| 32@fWOOO
gi ven above which is applicable to each of Exanples 1
to 4. Table 5 Inequality (1) Exanple 1 Exanple 2

Exanple 3 Exanple 4 L fa/fw 1.045 1.113 0.980 1.157

withl G%he 2RO 136G $hawaberiaticons ohsetved iibp Brawpkes.
Figs. 5A to 5C are diagrans of aberrations in Exanple
intkrmanitst« e czdomdrens: .bei ng adj usted to the end
position of the short focal length. Figs. 6A to 6C
Figar.e N agr aifs agfe aberratisons abebEranpbaslin E2ample 1,
S04P1236WO00 with the zoom |l ens being adjusted to a
wWitpoding gwosf lehe Hertner medivatedt dealt hieergh pobiigs on7Af
to 7C are diagrans of aberrations in Exanple 1, wth
th%l%@%ﬁxﬁ%qaénéeﬁéfﬁg adj usted to the end position of
t he Iong focal length. Figs. 8A to 8C are diagrans of
FidgheSPatCoRs B CELAmEIE™s, Ofvmatbﬁrtrﬁélfé‘émlpeﬁ§a6@|lﬁg
dj,usted to.the end position of short foc
Wit ehZors‘)"bsle“éA%te&D@cagﬂélS&.e&g.tgnﬁsf Rberpations o

e zoom |l ens being adjusted to a
th%i%ﬂgﬂton of lthléalzllgtl%ternediate focal Iength.

Figs. 9A to 9C are diagrams of aberrations in Example 2,
with the zoom lens being adjusted to a position of the
intermediate focal length.

Figs. 10A to 10C are diagrams of aberrations in Example 2,
with the zoom lens being adjusted to the end position of
the long focal length.

Figs., 11A to 11C are diagrams of aberrations in Example 3,
with the zoom lens being adjusted tc¢ the end position of
the short focal length.

Figs. 12A to 12C are diagrams of aberrations in Example 3,
with the zoom lens being adjusted to a position of the
intermediate focal length.

Figs. 13A to 13C are diagrams of aberrations in Example 3,
with the zoom lens being adjusted to the end position of
the long focal length.

Figs. 14A to 14C are diagrams of aberrations in Example 4,
with the zoom lens being adjusted to the end position of
the short fcocal length.

Figs. 15A to 15C are diagrams of aberrations in Example 4,
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Figs. 10A to 10C are diagrans of aberrgtions in
Exanple 2, wth the zoom | ens being adjuste
endngosition of the long focal |ength. FlgSQN%%Eig%WOOO
11C are diagrans of aberrations in Exanple 3, wth
the zoom |l ens being adjusted to the end position of
the short focal length. Figs. 12A to 12C are diagrans
witdf @bersadn dnsnd hdExamlE) Bstedmtid 4 he zioom:] ers thei ng
adjusted to a position of the internediate foca
inﬂeemgﬂftatﬁ:i gsacdll3A d@rgytIBC are di agrans of aberrations
in Exanple 3, wth the zoom | ens being adjusted to
Fighe ¥ tptosl;&q orrofdiadi@nony faoalrdtengtsh. LrFilgsmpl4A 4,
to 14C are di agrans of aberrations in Exanple 4, wth
wﬂifhet%o%ﬁ%rﬂsefbﬂemgl%ﬁ@t@cmdo tt%e““@n@qﬁosqotsldl@rw@f of
short focal Figs. 15A to 15C are di agrans
theopl%l't%r %ﬁ%r{‘squﬁehzganpl e 4, 13 S04P1236W)00 with

I b dt osition of the
{he gt g e%%fgﬁga PEOLERLES BB RaBREL LR, e

e} a th the zoom
Dr(leens ei r?g a%t%luste rlﬁ léD el%xndr%c()emotpe&n Valtul‘?ealnéjnéhe

abg@lcsaéa enlt% tt Qfe%g)rc%@ S@%\@ '%glet @%151 % n%a roken
aberration, the |nate regresents the ra

1irRPemnify e q&%et %pxae%%@%s %@t%i%ﬁhﬁ %)m]%r%faﬁcus,
and the solid line, broken [|iné ai i ne

abdepreEsentiuespeet-ivielsyy sphemcCaland g-1ine. 1n the
diagram showing the astigmatism, the ordinate represents
the image height and the abscissa represents the focus, and
the solid line and broken line represent respectively the
sagittal image surface and the meridional image surface.
In the diagram showing the distortion, the ordinate
represents the image height and the abscissa represents the
distortion (%).

The zoom lenses according to the first to fourth
examples satisfy the ineguality (1) as shown in Table 5.
As shown in each diagram of aberration in the Example, each
aberration with the zoom lense being adjusted to the wide
end position, the intermediate position (between the wide
end position and the tele end position), and the tele end
positicn is properly corrected.

The foregoing description is about some preferred
embodiments of the disclosure of the invention and it is

intended that the configurations and structures of all
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aberration due to d-line, c-line, and g-line. In the
di agram showi ng the astignmati sm the ordinat
represents the image hei ght and the absciss:\SMP1236WOOO
represents the focus, and the solid Iine and broken
line represent respectively the sagittal inmage
surface and the neridional inmage surface. In the

ma tdieag rsmvshewl Mg ctfiee réics teatidddme rtthie seirdiln®dke interpreted
represents the i mage height and the absci ssa

as ridpgredentts vichenddinsttorii en 1(is)it iTle szoem.| enses
according to the first to fourth exanples satisfy the
i négaarifeye( 1Fhasrsheenti AnTabkécs. castshbwhefnteathe

. diagram of aberration in the Exanple, each aberration

ITRGARTERE ZddmifesSe Ioeridg dadjsudeedanset handi de  end

. position, the internedi ate position (between the w de

mirgad BASHEGR &id [P F5Te L6RA S6sPEi ORFS aRd FhE=Pel o
end _ position.i.§ properly corrected. The foregoing

CamGLESr iFpET G Gd 2 bgﬁﬁagoﬁénﬁfgferred embodi nents of
the disclosure of the invention and it is intended
that the configurations and structures of all 14

Ind%%%%§6%%q1c%titlﬁgyshom as preferred enbodi nents
' as illustrative and not in a

|'i Mhti RPoRENS8s %@@tgi@ﬁgg EBetHéegggéeA@V§ﬁéé§@ion may
contributes to the inprovenent (in image form ng

be p@pllacamneehodndn 1R Ricat wkizali aavotetheuzaons! gng it
be used for video caneras and digital still canmeras.

stillddustreirals Appl déabitkilt yideo cameras but also to other

imaging devices to be built into mobile phones, personal

computers, and PDA (personal digital assistance).
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The zoom |l ens pertaining to the present invention may
be applicable not only to i magi ng devi ces such as
digital still canmeras and digital video caneras but
also to other inmaging devices to be built into nobile
phones, personal conputers, and PDA (personal digital
assistance). 15 Cains 1. The zoomlens of the type
having a plurality of |ens groups and varying in power
in response to variation in intervals between the

Claims| ens groups, which conprises a reflecting nenber to
bend the optical axis passing through the | ens groups
and a |ast |ens group (counted fromthe object side)

1. WhE €391 I8N 8hipe @8 hafinga plbtpityiol lens eirspyansiuig vingdn eower in response

to vanaﬁkﬁﬁ:htnityrealk Qélﬁfe@rﬁ BiePensrbibsafhiath 60rh;§f)ég§ a'réﬂe@t‘r@Qﬁ%er to bend the

optical g)flsdg sssn%%rp%q q,]t%% rﬂeg‘g%ﬁ%é&% Ie%/ge nltélﬁtaleré%/ %ragé) g:}oh q %?ro#natg? object side)
which i4 emmpogedof segiatief lieesgrohe agba gpgitiverierdedroume dith yn tahdzayer interposed

betweet'» 9%91”(% rbﬁgﬁg (s%aguekﬂﬁéll?vﬂ'onptﬁg ?je!:tf @éeﬁ%heretﬂ' 1}%5he g(:fens Q%LH) of the

notes t focal ative

last le”% Qh'éuﬂ spdifiep dipccop Weﬁﬁ?fhbwt{'/\? teastiyd 1) efpw. f ocal | engt h

at its wde end. 2. The dmag| ©g26evice equi pped with a
where, \F?go%rrﬂ)tlﬁsg hseifhcaa};%\agp %If ﬁwe:j%g?}yﬁie@g{%cl)@gg f trl"?sg %Sﬁp%po%p, and fw denotes
the focal lehgh whitssvitieerween the | ens groups and al so equi pped

with an imaging element to convert the optical inmages

formed by said zoomlens into electrical signals,
2. \WRFEPRI SaYice 2BUPRATHE acoRpIreedwviao palyradigt ¢ Frs wEIR ANd varying
in powetrﬁh kb@b%sb h@v@m:brﬁ:m inRKiak RACkeR th@&insb@dl@s @h®HRo eqwfped with an

imaging é:lem?nt frév%g tR agﬁr%@tggg gcgrs Iegvt{;/ Sﬁ%ﬁ%onb%ggér%o evﬁc rsﬁg signals,
wheremaaldeaopmli%{\,%@pmpmﬁee rag@ftaemﬁgae@mm behr@rﬂne( enticargiednd a last lens group
(counte@ﬁ%%db‘f’éc Had) mféhtlsh&n%k&ﬁff aHeHSve ié’l‘@?l:o%bréné Q%osfmve lens group,

ative |l ens %@ ens ? satl s
with an F‘H YEORGMOseFhP ?‘?‘hféam B ranged P?Pé*aa%”v rgm (“16) objret gifie). wherein the
negativ®leBs grolif éf/tienbstyent g?fﬁ;p\&ﬁl@flés thé dosbRpAtdefnet g tHeaGRjuality (1) below.

| ength of the negativ qr in the last |lens
group, and fwdenotes&9 ﬁ%%Wb ?glength at its wde
where, fariignotg¢pthe focal length of the negative lens group in the last lens group, and fw denotes

the focal length at its wide end.
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