S05P0470 DESCRI PTI ON ZOOM LENS AND | MAGE PI CKUP

- APPARATUS Technical Field This invention relates to a
novel zoom1ens and inage pickup apparatus. Mre
particularly, the present invention relates to %0%9%?50
lens which is suitable for use with a.video canmera o
the three-plate type and so forth and has a high zoom
rati o and besi des can assure a |ong back focus and an
i mage pickup apparatus in which the zoomlens is
‘used. Background Art For recent video caneras, a high
picture dquality is demprdedibegether with the
operability and the nobility, .and in order to
satisfy the demand, al so those inmage pickup elenents
of a small size having a high resolution are

prewRi LENG. AN ORker pnckip tApsara Uy gh perf or mance
zoom | ens which has a high aperture ratio, a snal

size and a light weight and has a high magnification
is demanded strongly. Further, it is preferable to

r eduBRicdheryuiber of conponent |enses and reduce the
-price of such a zoom | ens as described above while a
"hi gh S08P147G@npent osmanele e MBI At AbHeT. zddawa sk, afd
zoom |l ens of a high magnification generally has a

| amgee | ehskuh amplentand adrar gartOtalarly, the present

invention relates to a zoom lens which is suitﬁble for
use with a video camera of the three-plate type and so
forth and has a2 high zoom ratio and besides can assure a
long back focus and an image pickup apparatus in which

the zoom lens is used.

Background Art

For recent video cameras, a high picturé quality is
demanded together with the operability and the mébility,
.and in order to satisfy the demand, also those image
pickup elements of a small size haﬁing a high resolution
are prevailing. Together with this, a high performance
zoom lens which has a high aperture ratio, a small size
and a liéht weight and has a high magnification is
demanded strongly. Further, it is preferable to reduce
rthe number of component lenses and reduce the price of

such a zoom lens as described above while a high
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| ens | ength and besi des requires a great nunber of

| enses’ in order to achieve further strict aberration
correction.. Therefore, a high magnification zoom
lens is-generally liable to be large,, heavy an%05P047O
expensi ve, and nost high nmagnification zoom | enses
are not suitable for video caneras for consuners. As
‘a zoom |l ens used principally for video cameras for
consuners, a four-group inner focus type zoomlens is
adopted popul arly wherein first to fourth [ ens groups
haerzgrpgstd | V€ maiegat hug, positive and positive
refractive powers, respectively, are disposed in order
from t hesahiwet, si deoANtbrdNe MAShl hANGaSh: tihetSeeond
and fourth |l ens groups are novabl e. An application of

t RRnekauUly GhUR 11RRGe fegYSAIMRE-Z0QMd 8NSat e dtotal
three-plate type video canera is disclosed, for

exanBl Eendth JoRAMRSE dePatefbi tad dr QPR tNAumbll of lenses
7-199069 and Japanese Patent Lai d-open No. Hei

6-236383r td fAitdveulrakthdapaness: Rakerbtiah d-opei-dien.
Hei 7- 199069 di scl oses 'a zoom | ens wherein the third

| ehergEoLp, d Sifgdr ARgni Fosa i NWom GeR¥exs| gatterd0 1y

forma light beam into an al nost afocal or rather

diliebyento | heglaa@anhea & 5 ik piisc e, Sahdtdi@di et n

into the fourth lens group while the fourth |length

ghaypi F scdoirdred domomeh B eeatensas suithble Nfor arideo

cenented | ens of a concave |ens and a convex |ens and
cameras for consumers.

As a zoom lens used principally for video cameras
for consumers, a four-group inner focus type zoom lens is
adopted popularly wherein first to fourth lens groups
having positive, negative, positive and positive
refractive powers, respectively, are disposed -in order
from the cobject side and the positions of the second and
fourth lens groups are movable. An application of the
four-group inner focus type zoom lens to a three-plate
type_vidéo camera 1ls disclosed, for example, in Japanese
Patent Laid-open No. Hei 7-19906% and Japanese Patent
'Laid—open No. Hei 6-337353.

In particular, Japanese Patent Lald-open No. Hei 7-
199069 discloses a zoom lens wherein the third lens group

is formed from a single convex lens to form a light beam

into an almost afocal or rather divergent light beam




-anot her convex lens and is configured so as to be
convenient to displace the inmage side principal point
of the fourth |l ens group to the image side, whereby a
long back focus is assured with a small nunber of;zu0.70
conponent | enses. Meanwhile, according to the zoom

| ens disclosed in Japanese Patent Laid-open No. He

6- 337353, the refractive power of the third | ens

group is set lower so that a divergent light flux is
introduced into the fourth 1lens group to nake the
baekchocysi dongRiceqandcbhend ot hens gf #ile the
configured such that the image side principal point

C%BBchbﬁé&B@Hﬂg%%%g towapendNerddge rafdl e£l9es A1 uding
contribute to assurance of the back focus. However ,

it E§m§19&§ci desrfd Jtehat pBH@aé@bﬁérPs l28AS 2 9F Ot x pférfsfﬂalﬂia
correction of chromatic aberration rather excessively

t aneeh&LCEorRANIEnGakhani healmlg G eabBbr ki of.pe It is
consi dered that, since the axial chromatic aberration

| sonfERBOAEE LXliPIBRLY EXsensdeesy dBepauseip£0rIS6id of
of the magnification chromatic aberration is

pen of sRek byl drie gfreupt ol BNS =P sitbe FIRSF&SE 0N 0ok
the axial chromatic aberration by the fourth |ens

gbabR fecs SGORBE4MRe8UPPER SS 6Ghall10 AuRBE H ND N G- @XRERESItY €
by such arrangenent of the materials that the third

| eessg@soup positioned in the proximty of the iris
generates axial chromatic
Meanwhile, according to the zoom lens disclosed in
Japanese Patent Laid-open No. Hel 6-337353, the
refractive power of the third lens group 1is set lowe: S0
that a divergent light flux is introduced into the fourth
lens group to make the back focus longer, and the fourth
lens group is configured such that the image side
principal point cannot be displaced toward the image and
does not contribute to assurance of the back focus.
However, it is considered that the fourth lens group
performs correction of chromatic aberration rather
excessively to correct magnification chrqmatic aberration.
It is considered that, since the axial chromatic
aberration is corrected extremely excessively because
correction of the magnification chromatic aberfation is

performed by the fourth lens group, the correction of the

axial chromatic aberration by the fourth lens group is
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aberration. ‘In a three-plate type video canera, a

| ong back focus for allowing a color separating prism
having a great thickness (having a great length in ,
the axial direction) to be disposed behind the I&1$897¢
Is required. Further, since the spectral -
characteristic of a dichroic mrror for color
~separation has an angl e dependency, it is necessary

to set the exit pupil to a state near to a

tel ecentric state so that a uniform spectra

Chaipeb8Et &t F forlle 2011 BBt 8kHELks DML AR URRAL B2 SdREIt: of
If It istried to inplenent a | ong back focus and a

t elhecentel CaexidnaUpik, thhea 1des @ bokeBgbMed Sin the
liable to increase simlarly to the zoomlens

digsekenedy i Hf Dapanase gBatested al:a-0pnr-Maat Hel
6-337353. Further, in a three-plate type video canera,

siameerathegee 1 mage pickup el enments are used, the price
i ncreases when conpared with a single-plate canera,
and it im ddemeedegiibattfdie dikleeecphate, typony daek
- canera naturally exhibit a high picture quality as is
dewandedof ol owidela colon HégHratfinge prAshhneeind af e
type video canera catches i mages S0520470 individually
okyrthe thicendyd niayiegl argredt RergtandnBthy atiwige
pi ckup el ements and superposes resulting electric
sidgrabsidm) prodiceliapeskarbeiage.thEhekakaseis required.
regi stration adjustnent of adjusting relative
pesrthens afnddehemagectral characteristic of a dichroic.
mirror for color separation has an angle dependency, it
is necessary to set the exit pupil to a state near to a
telecentric state so that a uniform spectral
characteristic may be obtained over an entire screen. If
it is tried to implement a long back focus and a
telecentric exit pupil, then the overall length is liable
to increase similarly to the zoom lens disclosed in
Japanese Patent Laid-open No. Hei 6-337353.
Further, in a three-plate type video camera, since
. three image pickup elements are used, the price increases
when compared with a single-plate camera, and it is
~demanded that the three-plate type video camera naturally
exhibit a high picture quality as is demanded for a model

of a high price.

A three-plate type video camera catches images




pi ckup el ements is significant, and if the

registration adjustnment is not sufficient, then a

col or which the inage pickup subject does not have
appears at a contour portion of the inage or thes05PO47O
i ke. However, even if the registration adjustnent is
performed with a sufficiently .high degree of

accuracy, if the inmage pickup |lens has sone
magni fi cation chromati c aberration, then col or

.offset simlar to that which appears when the

r e@ldst i ahh Oy adh USHeMBRkeb Spi DRt 118 BBPRATS AR B by
degrades the quality of the image. For the picture

quakigtypexpest ekl st BRqt Qﬁﬁ@fﬂﬁse ¥petyhged ectric
canera, it iIs significant that not only the MIF val ue

| siBhghertot ddRata ebibhe:dd gl eTHE@éﬁoﬁé/,peqe\éii@QQation.
camera but also .particularly the magnification
ChugUBthEnBDES ralii@Ring reDifBed @bl lbnsWE heideimzeem

| ens di scl osed in Japanese Patent Laid-open No. He
7pil99069%1déhenitedreeighi fIegtoMdnd iehtasbtégistration
aberration correction is | ow because the third |ens

gedtipstmeth Oriechdy enraisiagt e dsa abdokt whBch the
difficult to correct both of the axial chromatic

SAbEY 791 abes rafdiertande s heotmaghid iappbes ghromdnteur
aberration well. The present invention has been made
| povt£wh O £ Stioh iagkt uat tiod Hikelespowdesk alkorne, igndhét
is a subject of the present invention to provide a
zeopisenst Wn i jcdnmbet is performed with a sufficiently
high degree of accuracy, if the image pickup lens has
some magnification chromatic aberration, then color
.offset similar tec that which appears when the
registration adjustment is insufficient appearé and
degrades the quality of the image. For the picture
qualify-expedted for the three-plate type video camera,
it is sigpificant that not only the MTF wvalue iS'highér
than that of the single-plate type video camera but also
particularly the magnification chromatic aberration is
corrected well. |
With the zoom lens disclosed inrJapanese Patent
Laid-open No. Hei 7-199069, the degree of freedom in_
chromatic aberration correction is low because the\third

lens group is formed from a single lens, and it is

difficult to correct both of the axial chromatic
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formed with a reduced overall length while physically
necessary factors including a | ong back focus for

al | owi ng arrangenent of a col or separating prism
therein and a telecentric property and besi des CBRpoa70
correct various aberrations including the chromatic
aberration to a level suitable for an expensive
three-plate type video canera and which includes a
conparatively small nunber of conponent |enses and an
i mage pi ckup apparatus which uses the zooml ens.
Diapeh-084E n 0dnd MRNHEGA: ENcQF A dhrom@c$8! ¥Set Pt ion
subj ect described above, a zoomlens of the present

| peention includes a first lens group having a
positive refractive power and having a fixed

posi ti onphed pyeeeRd 18R ARGl btBE Madd al} &iew of such
magni fi cation type having a negative refractive power
anRdsithavidg & RRSickisadmvahi e for ivegRi fi sab{t or
variation, a third |lens group having a positive

r eheagteyenPoMBiendidn BaVvhRGvaad 1aX@@doposkhs Oth it &n be
fourth I ens group having a 6 SO5P0470 positive

r ebi-aeli verpanatedarddhaveAgl B ROsithl GRivarpypd fealfigr

adj ustment of a focal position upon magnification
vaetakkony afitb t4pen ihetusing,a digRosadki Rootislefod rom an
obj ect side. Meanwhile, an imge pickup apparatus of

t helopi £gedrdnyeanhioafi Acdk4ldRs @paeafihgnsr IMieridredn
first lens group having a positive refractive power
anaddhavt#Dzcentric property and besides can correct

various aberrations including the chromatic aberration to
a level suitable for an expensive three-plate type video
camera and which includes a éomparatively small number of
compeonent lenses and an image pickup apparatus which uses

the zoom lens.

Disclosure of Invention

In order to solve the subject described abofe, a
zoom lens of the present invention includes a first lens
group having a positive refractive power and having a
fixed position, a second lens group of the variable
magnification type having a negative refractive power and
~having a position movable for magnification variatibn, a
third lens group having a positive refractive power and

having a fixed position and a fourth lens group having a




a fixed position, a second | ens group of the variable
magni fication type having a negative refractive power
and having a position novable for magnification
variation, a- third I ens group having a positive 05P0470
refractive power and having a fixed position an§ a
fourth lens group having a positive refractive power
and having a position variable for adjustnent of a
focal position upon magnification variation and upon
focusing are disposed in order froman object side,
andsap; {oeger pl Gk $6&LE O HaRingKiaNgo NPt BEh ORI iGRl1 e

i mage forned by the zoomlens. Further, in both of

t bl rzogyud @ishiand theokARgS, i CldiP v@BRahAGNSEidd 8 on
first lens group includes a cenmented lens of a first

| @8%1atlod Nehd UPIBnOkcausoRGaAVE d e AR ar§econd ens
inthe formof a convex lens and a third lens in the

f ebHeet @idLONMEXnHRM SCUH |igh! _ehgyua%: RpNe@Xsf 8€ethe
directed to the object side, disposed in order from

t BeeObheCinwdi8onThac18869N4 A QRS 1@heUPLEASI MdeSFidst
fourth lens in the formof a concave | ens and a

- ceamBt @bl nmvahgaafl pbshel @srdarddtevd pORLOAAN frariing
of a biconcave lens and a sixth lens in the formof a
canyexed aiss i tdichposedetbn@r vés fgrompt be ol egdrisde.

The third | ens group includes a two-el enent or three-
ehegenti €NRIH egpkensvifglaAdidightd veeventict 8ns gdwndrhand

formof a biconvex |ens positioned nearest to the
ohpethg Sideiandnanoesight hfdernggniribetion Wafisxion, a
concave | ens
third lens group having a positive refractive power and
having 'a fixed positicn and a fourth lens group having a
positive refractive power and having a position variable

. for adjustment of a focal position upon magnificafion
variation and upon focusing are disposed in order from an
object side, and an image pickup section for picking up
an optical image formed by the zoom lens. Further, in
both of the zoom lens and the image pickup apparatus, the
first lens group includes a cemented lens of a first lens
in the form of a concave lens and a second lens in the
form of a convex lens and a third lens in the form of a

_ ccnve# meniscus lens having arconvex face directed to thé
object side, disposed in order from the object side. The

second lens group includes a fourth lens in the form of a

concave lens and a cemented lens of a fifth lens in the
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"bonded to the seventh lens. The fourth | ens group

i ncludes a cenented | ens of a concave | ens having a
concave face directed to the object side and a convex

| ens and a biconvex |lens, and at |east one face qﬂﬁ%%§7o
two convex lenses in the fourth lens group is forme
from an aspheric face. Further, where fw represents

the focal distance of the entire systemat the

wi de-angl e end state, flll the focal distance of the-
third l.ens group, fIV the. focal distance of the

f @k okeasy tEveHh ¥nst Bea | g8 c1Siid@ sPEhNehP orm of
point of the fourth | ens group, X32 the refractive

pewebnobx t henbondeg osaaesn 0frddie RHBORKEXHSBSE side.
nearest to the object side in the third I ens group and

t heenext r& ONGAY & RPS i (Whedes 032 -EN8menR 7hf I S&-aMer e

n7 is the refractive index_of t he seventh | ens on the
dehihent ddndheed efehact h¥eud e efevieRenei ght hid e on

- the d line, and r32 the radius of curvature of the

beadrdof ag esi @inddie 18avepbhi t e Andat-Beretghtie |&g)%)c,t
vlV the equival ent Abbe nunber where it is assune

t Batiet Bed foUrdyH@NS e85 SOBPOHY G GHOUE kbScantdNd lens
closely contacting type lens group (where 1/. v |IV=

f b¥hbéd (fd1chey sElenthl Lefid 42The 43hrth!| Tedd 43oup 43)

~where f4l is the focal distance of the concave | ens

neacesfied o tdemephje@Cll ek d6f i) dddRafeunths| Ra®igy QUp i N
the air, f42 the focal distance of the convex |ens
ceproted facd i raboed- penthoned caneade hedSaidvbrivea
lens and a biconvex lens, and at least one face of the
two convex lenses in the fourth lens group is formed from
an aspheric face. Further, where fw represents the focal
distance of the entire system at the wide-angle end state,
fITT the ﬁocal distance of the third lens group, fIV the
focal distance of the fourth lens group, HIV'’ the image
side principal point of the fourth lens group, ¢ 32 the
refractive power of the bonded faces of the bicon#ex lens
nearest to the object side in the third lens group and
the next concave lens fwhere¢32 = (nB - n7)/r32 where n7
is the refractive index of the seventh lens on the d line,
n8 the refractive index of the eighth lens on the d line,
and r32 the radius of curvature of the bonded faces of
the seventh lens and the eighth lens), v IV the equivalent

Abbe number where it is assumed that the fpurth lens.
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fourth lens group in the air, 43 the focal. distance

of the biconvex |lens nearest to the image side in the
fourth Ilens group, v 41 the Abbe nunber of the

material -of the concave |lens nearest to the ob#§%50470
side in the fourth lens group, v 42 the Abbe nu

of the material of the convex Iens cenented to the
.concave lens of the fourth Iens group, and v 43 the
Abbe nunber of the material of .the biconvex |ens
nearest to the image side of t he fourth I|ens group),

anRgovpl bk &h@hﬁﬂQHEﬁEQQtc@@@ﬁc@ﬂﬂPQfpﬁh@%ﬁs'&roﬁﬁ (where

assuned that the third lens group is a thin closel y

qu)t@f\trlng_cﬂqus/ %QUQ 4(1")herr @/%Xﬁl b dfohl L h ) (F8 - v\4§| )

(f 32) in the case ereln the third ens

gwgael 541 aid \A@xeelf%amt 4E6PBRtEth ¢ ate Bhchi¥!1dns
fITI{L/(f3I- v31) + 1/(f32- v32) + 1/(f33- v33)1 in

t heares8Seo W eigydhestAbr oh |l ens RYR 18nd group in
three-el enent cenented | ens where f3l is the foca

dicstance, of41 htne cRR¥EXAL SASnOEC T R Hhet @ohliex ObdaCt
side in the third lens .group in the air, f32 the

f eeabndbst ancehofaohe-pencayed RRRI470<hensn catent ed
to the above-nentioned convex lens of the third |ens

greupthnléhe dddup fid3thbeafipcat4dittHcameeadf di dthce of
convex |lens nearest to the imge side in the case

whaeebictheest Higrd heasegt otp dife artdaeeeiate®nthe Fourth
cenented |ens, v31l the Abbe nunmber of the material of

t hengogyexp, | £ns BRAIASe tiRe obj e6é Mdle iial bRethe

third | ens group,

concave lens nearest to the object side in the fourth
lens group, wv42 the Abbe number of the material of the
convex lens cemented te¢ the concave lens of the_fourth
lens group, and ¥ 43 the Abbe number of the material of
the biconvex lens nearest toc the image side of the fourth
lens group), and vIII the equivalent Abbe number where it
is assumed that the third lens group is a thin closely
contacting lens group (where 1/+vIII = fIII{1/(£31-v31)}
+ 1/(f32-v32) in the case—wherein the third lens group iS
a two-element cemented lens but 1/+vIII =
fFITTI{1/(£f31+v31) + 1/{(£32-v32) + 1/(£33-+433)} in the
case wherein the third.lens group is a three-element
cemented lens where £31 is the focal distance of the

convex lens nearest to the object side in the third lens

group in the air, £32 the focal distance of the concave




v32 the Abbe nunber of the material of the concave

lens cenented to the convex lens of the third |lens
group, and v33 the Abbe nunber of the material of the
convex lens nearest to the inage side, the fol
conditional expressions: (1) 7.0 < flll/fw< 10(%%95&)%470
- (2) 0.007 <HV/flIV<0.07 (3) 1.8 < flzl/flIV<3.0
(4) -0.1 <032 <-0.05(5) -0.02 <1/vIV<-0.012 and
(6) 0.03 < 1/vlll < 0.07 are satisfied. Accordingly,
according to the present invention, the degree of

f needoRthon €44 arAtine abBeyEahd 0N GQIJ eehieR 1L edSa%he
and mniaturization is achieved while a long back

f @eUSdl ScASSHFARED iRUEhResi rPotdi afnaMirdicat ugl 28dd QN or
and enhancenent in perfornance are achi eved by 10

SRPRO4LAvax rese RBt-eQt £6f FIRCtinkRPAWBES i ANEhe case
appropriate arrangenent of media. According to the

- PreseBini fiVeNiHion, 18nz0gRbhenss aheheeRedchéhttcdmitted
group having a positive refractive power and having a

fixed, pesiit k@R, rBnECLRRKE ) &S tHkOMRLOFial Ner @l @Bheex
nagnlflcatlon type having a negative
~ lens nearest to the object side in the third lens group,
v 32 the Abbe number of the material of the céncave lens
cemented to.the convex iené of the third lens group, and
v 33 the Abbe number of the material of the convex lens
nearest to the image side, the following conditional
expressions:
(1) 7.0 < fIII/fw < 10.0
(2y 0.007 < HIV'/fIV < 0.07
(3) 1.8 < £III/fIV < 3.0
(4) -0.1 < ¢32 < -0.05
{5) -0.02 < 1/vIV < -0.012
and
{6) 0.03 < 1/vIIT < Q.07
are satiéfied. |
Acceordingly, according to the present invention,
'the'degree of freedom in chromatic aberration correction
‘.increases, and mihiaturizatién is achieved while a long

back focus is assured. Further, both of miniaturization

and enhancement in performance are achieved by
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refractive power and having a position novable for

magni fication variation, a third | ens group having a
~positive refractive power and having a fixed position
and a fourth |ens group having a positive refraq&kﬁ%47o
power and having a position variable for adjustnent

of a focal position upon nmagnification variation and
upon focusing are disposed in order from an object

side, is characterized in that the first |Iens group
includes a cenented lens of a first lens in the form

0far@afQBRAYE of BT R4 i 3 SEEROL | £R5 a’FErEB@ié@é m of a
convex lens and a third l'ens in the formof a convex

mMeR-SaYSméeNSoMded1g.a convex face directed to the
obj ect side, disposed in order fromthe object side,

t hat tf“%éﬁ%%@ﬁﬂg'@BStE%C%H%sén&CHHQ@§t§o$PUJtibdm?ﬂ%n%n
the formof a concave lens and a cenented |lens of a

fivhbhelgns fivdiha dner Brehp ahabiPRCRV81LERS ROk R tive
sixth lens in the formof a convex |ens, disposed in

OhdRErf £ KNE Pjae el x8H0Besitidn,t e sebBhad1benSyGRURE
i ncludes a two-el enent or three-elenent 11 SO5PO470
ceRentgei AIENS nieliddchgian SEMRNHAWiensal Refbeidor m of

a. biconvex | ens positioned nearest to the object side
amdsrast &vghidwdreasd Ratrheg fOrgBAft iancRBeamEe: | 8BNS

bonded to the seventh lens, that the fourth I ens
gmagpi £ NeEd tides varieeient ed tiensd Afend geBGAVIEaTENS a
havi ng a concave face directed to the object side and
apeshvexe | enNraatdvé power and having a fixed position and
a fourth lens group having a positive refractive power
and having a position variable for adjustment of a focal
‘position upon magnification variation and upon focusing
are disposed in order from an object side, is
characterized in that the first lens group includes a
cemented lens of a first lens in the form of a concave
lens and a second lens in the form of a convex lens and a
third lens in the form of a convex meniscus lens having é
convex face directed to the object side, disposed in
~order from the object side, that the second lens group
inciludes a fourth lens in the form of a concave lens and
a cemented lens of a fifth lens in the form of a
biconcave lens and a sixth lens in the form of a convex

‘lens, disposed in order from the object side, that the

third lens group includes a two-element or three-element
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bi convex lens, and at |east one face of the two convex
l enses in the fourth lens group is fornmed from an
aspheric face, and that, where fw represents the foca
di stance of the entire systemat the w de-angle %R%P0470
state, flll the focal distance of the third |ens
group, fl1V the focal distance of the fourth I ens
group, H'V the imge side principal point of the

. fourth lens group, 032 the refractive power of the
bonded faces of the biconvex lens nearest to the
Oblegeh 8k deed itrnﬁuhfﬂhgdal 889 AP UR AN 1t BRe NEXY of a
concave lens (whereO 32 = (n8 - n7) /r32 where n7 is

thechabeactiyve ddex catat Reasemetd tlh%n_%bﬁQCE hei & and
line, n8 the refractive index of the eighth |Iens on

the dibhoe 1e@nd J 32t RErhadk Us hGikVatHsepdddeo
bonded faces of the seventh |l ens and the eighth I ens),

ViMet Bevegtn vad Nt tnAbbensupbercihene bhols BssURG a
that the fourth lens group is a thin closely

ceBhastédidyPad anscdbavd (Meniviligyal ¥YohdMd/ (AL
v4l) + 1/(f42 v42) + 1/(f43 v43) } where f41 is the

f agabcdist @ carOfojBetCoNgavand enschdeR0DERY Tdhdear est
to the object side in the fourth lens group in the

ablicohd@x thend,0cald distanse &fe ttheeComVeKel 8RS convex
cenented to the above-nenti oned concave lens in the .

f 0uhb8s | BScHH Aurith 1B6s agFourd 43 trhembacatodlist ance
~of the biconvex | ens nearest to the image side in the

f agphérid efiscgr @u@, tudt, thieeAblwr nepkeseptstiiee focal
material of the
distance of the entire system at the wide-angle end state,
fIIT the focal distance of the third lens group, fIV the
focal distance of the fourth lens group, HIV' the image
side principal point of the fourth lens group, ¢ 32 the
refractive power of the bonded faces of the bicdnvex lens
hearest to the object side in the third lens group and
the next concave lens (where¢ 32 = (n8 - n7)/r32 where n7
is the refractive index of the seventh lens on the d line,
n8 the refractive index of the eighth lens on the d line,
and r32.the radius of curvature of the bonded faces of
the seventh lens and the eighth lens), v IV the equivalent
Abbe number where it is assumed that the fourth lens
group is a thin closely contacting type lens group (where -
1/vIV = fIV{1l/(£f41-v41) + 1/(£42-v42) + 1/(f43-+v43)}

" where f41 is the focal distance of the concave lens
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concave |l ens nearest to the object side in the fourth

| ens group, v42 the Abbe nunber of the material of the
convex |l ens cenented to the concave lens of the fourth

| ens group, and v 43 the Abbe nunber of the wate%ﬁgpo47o
of the biconvex |lens nearest to the inage side O

fourth Ilens group), and v Il ‘the equival ent Abbe
nunber where it s assuned that the third | ens group
is a thin closely contacting I ens group (where I/ v

L =frief 1/ (f31- v 31) * 1/ (f 32 - v 32) in the

Casaruber b NI @RI sk §BSi QroMd fehrth §¥Rs CLEIRNin
-cenmented lens but I/ v I'IlI flI11(1/ (f3| v3l) ™ +

166381 ry32)2 wrld #f-33- czii(é%@Aﬂcé i he €BEGhELLI N the

third | ens group is a three-elenent cenented |ens

weement3d t8 {He dRealndhel siee Qindhe 16RHVEX H1aNs
nearest to the object side in the third |l ens group in

t Fguakh, 1&32 % s qeakhdi st ancer pfrHdheseancaveral s
cenented to the above-nmentioned convex |ens of the

t Rhedpl e85vaE Ouhd RebPesti fo {133 el aeab dh strance Bfcn
the convex |lens nearest to the inmage side in the case

13e895¢04P, What etRe tAshd RHiunber€BS GROUR ES i1 of the
t hr ee- el ement cenent ed | ens, v31 the Abbe nunber of

t hensateriats ofearhecceavene d:kﬁ_}'laﬁ:ﬂ']%dﬁasint@hé heswaljrect
side in the third Il ens group, Vv32 the Abbe nunber of

thenBegesiE Phot e CHKAVRINLRRS o FCEABM AL AR 1t BE the
convex lens of the third | ens group, and v33 the Abbe
nepheex oferhecai@needato othd heoraiwer ehensf the fourth
lens group, and v 43 the Abbe number of thé material of
the biconvex lens nearest to the image side of the fourth
. lens group), and ¥ III the equivalent Abbe number where it
is assumed.that the third lens group is a thin closely
contacting lens group (where 1/vIII = fITI{1/(£31-v31)}
+ 1/(£32-v32) in the case wherein the third lens group is
a two-element cemented lens but 1/%III =
FIIT{1/(£31-v31) + 1/(£32-v32) + 1/(£33-v33)} in the
case wherein the third lens group is a three-element
cemented lens where £31 is the focal distance of the
éonvex_ lens nearest to the object side in the third lens
group in the air, £32 the foczl distance of the concave
lens cemented to the above-mentioned convex lens of the

third lens group in the air, £33 the focal distance of

the convex lens nearest to the image side in the case
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Il ow ng conditional

nearest to the imge side, t foll
| 10.0 (2) 0.007 <
I

he fo
expressions: (1) 7.0 < flll/fw <
HV /flV<0.07 (3) 1.8 <flll/fIV<3.0 (4 -0.1<
4 32 <-0.05(5) -0.02 <1/v IV < -0.012 and (6) 03470
< 1l/v Ill <0.07 are satisfied. Meanwhile, according
to the present invention, an inmage pickup apparatus
whi ch includes a zoom|lens wherein a first |ens group
‘having a positive refractive power and having a fixed
position, a second |lens group of the wvariable

| makéhﬁaém@mﬁm 183yl 808 NEGal 1Y kbl 8GLL Y &enRWR)
and having a position nbvable for magnification

\iﬁﬁbat 'vofl t@et ﬂ'bf;g dllnﬁlﬂ?” %rc%u nga}ﬂéegrf‘ap%ﬂ tt'h\ée convex

TEf ractive power an I Xed position and

fQ%hEhnéAré§§HQﬂ%%e|%B%egﬁoyﬂa@aﬂiQ%eatH9§atléﬁ% roup,
refracti ve power and having a position variable Tor

adj ystyRNteE AukRCal o Pasid iR e YRON. FBGN fdLRLLAN 1 ens
vari ation and upon focusing are disposed in order

f cefARe@bf £ athSicdBreandeAR 4TRIR tRiCKUPeSECH+ AL ,f Qg
picking up an optical image forned by the zoom | ens,

Y §§"afh%ctﬂs%5'ezﬁgmb@rt&@ttﬂé"%aft'e&%gll &ASthe convex lens

nearest to the image side, the following conditional

expressions:

(1) 7.0 < £IT1I/fw < 10.0
(2) 0.007 < HIV'/fIV < 0.07

{(3) 1.8 < fIII/£fIV < 3.0

(4) -0.1 < ¢32 < -0.05
(5) -0.02 < 1/vIV < -0.012

and

(6) 0.03.< 1/vIII < 0.07
are satisfied.

Meanwhile, according to the present invention, an
image pickup apparatus which includes a zoom lens wherein
a first lens group having a positive refractive power and
having a fixed position, a second lens group of the

* variable magnification type having a negative refractive
power and having a position movable for magnification
variation, a third lens group having a positive

refractive power and having a fixed positicn and a fourth
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group in the zoomlens includes a cenented |lens of a
first lens in the formof a concave |ens and a second
lens in the formof a convex lens and a third lens in
the formof a convex neniscus |lens having a cony §§90470
face directed to the object side, disposed in or
fromthe object side, that the second | ens group
includes a fourth lens in the formof a concave |ens
and a cenented lens of a fifth lens in the formof a

bi concave lens and a sixth lens in the formof a

CQ@HQX%;L_&EE héufr@o%egogntwgefeﬁﬂa%lvehﬁosa@f eedd %adﬁ

that the third | éns group includes a two-elenent or

t Br g8s et ehRnta GemRat edr| £8s.d tididigtgaarosey e dy d:ems
in the formof a biconvex Tens positioned nearest to

tngoﬁbmgfﬁlﬁ&eu%dvam@tgm herd € o'nnfEB§sLQc{; rﬁré)f a

concave I ens bonded to the seventh | ens

f alEbBsé @S Wl irRehUSRSosY Lamniied EﬁHSa@fu@age
concave |ens having a concave face directed to the
Op} ektip Séfleri NG or BN EXg | ENSarARfbrachl CORYEX taR&®d by
and at | east one face of the two convex |lenses in the
f @Hét Podi@MSeryy,0UR chalc SOBPAY QA rf @hERdthé OM AL lens
aspheric face, and that, where fw represents the foca
digsbapCen ofhd hecantkhe §zy<51@1@sata ichRenvideranglss end
state, M the focal distance of the third |ens group,
fEVribeidrocain dhet #ber 6f 4 hevr@uet Nenk emsd H WHTondl V'
the i mage side principal point of the fourth .lens
‘glenp, it i3 then effr actbvespawers ahdat hethongledns in the

form of a convex meniscus lens having a convex face
directed to the object side, disposed in order from the

object side, that the second lens group includes a fourth

lens in the form of a concave lens and a cemented lens of
a fifth lens in the form of a biconcave lens and a sixth
lené.in the form of a convex lens, disposed in order from
the object side, that the third lens group includes a
two-element c¢r three-element cemented lens including a
seventh lens in the form of a biconvex léns positioned
nearest to the object side and an eighth léns in the form
of a concave ieﬁs bonded  -to the seﬁenth lens, that the
fourth lens group includes a cemented lens of a concave
lens having a concave face directed to the object side
and a convex lens and a biconvex lens, and at least one

face of the two convex lenses in the fourth .lens group 1is
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faces of the biconvex |ens nearest to the object side

in the third lens group and the next concave | ens
(where 032 (n8 - n7)/r32 where n7 is the refractive

i ndex of the seventh lens on the d line, n8 theSOSPO47O
refractive index of the eighth lens on the d Iine,

and r32 the radius of curvature of the bonded faces

of the seventh lens and the eighth lens), vIV the

equi val ent Abbe nunber where it is assuned that the
fourth lens group is a thin closely contacting type

| ensr@hoPoh e & cHer ol Yaze f | MA/(HAL Vhdketel/ (f42
v42) + 1/(f4343)} ‘where f41 is the focal distance of

t hepeaneave tedsrear @stthRcd Nor bl @Gl i$kdeybfed & the
fourth lens group in the air, f42 the .foca? di st ance

Ofwitdléeaﬁ?mé’ exnd ensiteenentede o 418 1akA%ean BERE i QNed
concave [ens in the fourth Iens group inthe air, f43 -

t haifracabndli gtanee ral the bbeonversd£Re BeatgsStroldn
the image side in the fourth lens group, v4l the Abbe

nuaber gebup Nep 1t &healim@he t €L ANGANE PJa@NB o NERT 8B L HD
the object side in the fourth I'ens group, v42 the

Alrba rRHNDEk s ﬁwp%gﬁ) e ttheABkeLL a%o@ér tdye 5RN¥EXded

| ens cenente o the <concave lens of the fourth I ens

grradps andci<dbidimvAkRbeensuidereaf ddheneabefiat Hfdd e
bi convex l.ens nearest to the inage side of the fourth

| @R FhOBP)1edNGrGubl ahBeth &M Mal8RcaABbEAY B/ re ¢ 32

where it is assuned that the third lens group is a

t B Nnel oset y/ LINtdeteng?| LHSLIH UHFrEWRere index of the
seventh lens on the d line, n8 the refractive index of
the éighth lens on the d line, and r32 the radius of
éurvature of the bonded faces of the seventh lens and the
eighth lens}), v IV the equivalent Abbe numbér where it is
assumed that the fourth lens group is a thin closely
contacting type lens group {(where 1/vIV =
fIV{1/{f41-v41l) + 1/(£42-v42) + 1/(£f43-v43)} where £41
is the focal distance of the concave lens nearest to the
object side in the fourth lens group in the air, f42 the
focal distance of the convex lens cemented tec the akove-
 mentioned concave lens in the fourth lens group in the
air, f43 the focal distance of the biconvex lens nearest
to the image side in the fourth lens group, v 41 the Abbe

number of the material of the concave lens nearest to the

object side in the fourth lens group, v 42 the Abbe number
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vl =f1i1{1/(f3l v31) } + 1/(f32 v32) in the case
wherein the third lens group is a two-el enent cenented
lens but 1/viltl = fI11{1/(f31 v31) + 1/(f32 v32) +

1/ (f33v33)} in the case wherein the third lens g
is( a three-.element cenented | ens where f31 is téﬁé%047o
focal distance of the convex | ens nearest to the

object side in the third lens group in the air, f32

the focal distance of the concave |ens cenented to

t he above-nenti oned convex |lens of the third | ens

9IQURHE "md A8y AT o ff 3Bt Esmfr@;@aieﬁ 2leBEE8f td NehLonvex
| ens nearest to the image side in the case wherein

”&%nEQ{rédlér‘?é“%fgrt%pfb r@htigk{z‘?fegr%wgﬁe%dc%'ﬁ%” ﬁg Abbe

| ens, v31 the Abbe nunber o feria

ConKeYr| 8Steaast k0 bherobivtlonsiede bhs Ade-dh rd
| ens group, v 32 the Abbe nunber of the material of

the-Concayesi NS, CORBNESG {10 1E: CRRVEX, '%‘9& QfIItIh%he
third | ens group, and v33 fhe Abbe nunbér of

- makak yal en©faddRe neeR¥ e Xwh&ns i\?q_rse%tsshﬁeahﬂléﬁrﬂﬂ% third

side, the follow ng conditional expressions: 17
S@5394590&§Jl§7dotﬁ15|bléééﬂ?:ééhﬂ&ctﬁﬁb @e@@7g€bu%)(where

HV /fIV<0.07 (3) 1.8 <flll/fIV<3.0 (4

<0323 T Q=_ @3165) /18302y 5134 ¥V, &30 P32y apd the case
wherein the third lens group is a two-element cemented
lens but 1/vITT = fITI{1/(£31-v31) + 1/(£32-v32) +
1/(£33-v33)} in the case wherein the third lens group is
a three-element cemented lené where £31 is the focal
distance of the convex lens nearest to the object side in
the third lens group in the air, £32 the focal distance
of the concave lens cemented to the above—mentioﬁed
convex lens of the third lens group in the air; £33 the
focal distance of the convex lens nearest to the image.

" side in the case wherein the third lens group is é three-
element cemented lens, ¥ 31 the Abbe number of the
material of the convex lens nearest to the object side in
the third lens group, v 32 the.Abbe number of the material
of the concave lens cemented to the convex lens of the
third lens group} and v 33 the Abbe number of the'matérial
of the convex lens nearest to the image side, the

following conditional expressions:
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(6) 0.03 < 1/ vlll < 0.07 are satisfied. Accordingly,
according to the present invention, .the zoomlens
makes it possible to insert a color separating prism
into the back focus by weakening the refractivegogg%§70
of the third lens group so that a divergent I|iglt
flux is introduced into the fourth lens group to

el ongate the back focus. Further, the zoom|ens nakes
it possible to performcorrection of the

magni fication chromatic aberration by configuring the

fourth |@nsgpoupesuehet hat; ¢ lee i mage side principa
poi nt cannot be displaced rather near to the imge to

per form gar peghiyon gfviherehy @mati ¢ aberration rather
excessively. Furthernore, the zoomlens achieves both

of m ni@huni zaki eprandgrenhangenent in performnce by
configuring the zoomlens so as. to satisfy the

condi ti ongl -gxpregsions plhsto (6) to make the
refractive power arrangenent and the arrangenent of

the medi@)180SpbPOAT P, appLopsi@i£. According to the
present invention, the first |lens group and the second

| @ag group satisfy the followng conditiona
expressions (7) 1.77 < (nl + n2 + n3)/3 and (8) 1.83
< (n4 + @S bv.08) L3 nhare rlgigsythe refractive index

of the first Ilens at the d line, n2 the refractive
are satisfied.

Accordingly, according to the present invention,
the zoom lens makes it possikble to insert a color
separating prism into the back focus by weakening the
refractive index of the third lens group so that a
divergent light flux is introduced into the fourth lens
group to elongate the back focus. Further, fhe zoom lens
makes it possible to perform correction of the
magﬂification chromatic aberration by configuring the
fourth lens group such that the image side principal
boint cannot be displaced rather near to the image to
perform correction of the chromatic aberration rather
excessively. Furthermore, the zoom lens.achieves both of
miniaturization and enhancement in performance by
configuring the zoom lens so as to satisfy the

conditiconal expressions (1) to (6) to make the refractive

power arrangement and the arrangement of the media
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i ndex of the second lens at the d line, n3 the
refractive index of the third lens at the d line, n4
the refractive index of the fourth lens at the d
line, n5 the refractive index of the fifth IensgﬁsP 470
the d line, and n6 the refractive index of the S|xtﬁ
"lens at the d line. Therefore, further

m niaturization and better aberration correction can

be achi eved. According to the present invention, the
third lens group includes a cenented |ens of a
seywgpbhrigns in the formof a biconvex |ens whose

face on the object side is formed as an aspheric face

and an el ghifyihgnsol Mhd NG-dD 1QheAr CONCAUME MBRLSCYSNS
| ens, disposed in order fromthe object side.

Therabosga tihe degnee1ohsfELdOMAMN s FGOERECEL PTLPng
vari ous aberrations increases further. According to

t kenRL £56M1 1 | WMARLEseBnst 1e) thiTd d eps +groUp ANCidesy
a cenented lens of a seventh lens in the formof a

bijgpnyexs | engnand nan+ehghrh s il tiBecher R ofacBve
concave neni scus | ens whose face on the imge side is

19n86BROA 7hd orived asnana@splierd a ihdgen2disPosetkddtive
order fromthe object side. Therefore, ‘the degree of

f Le@deM f Nthes WdcRelli 08nof 2tvaiHaous 1aherr ai oms refractive
i ncreases further. According to the present invention,

t hadéhi 66 dreNThigroupns Net ugdes A 1tikkeene! eRentefractive

cenented lens of a seventh lens in the formof a

biineax exr | @i, foit thl gbhh 4€Nhd @ line, n5 the refractive
index of the fifth lens at the d line, and né the
refractive index of the sixth lens at the d line.
Therefore, further miniaturization and better aberration
correction can be'achieved;

According to.the present invention, the third lens
group includes a cemented lens of a seventh lens in the
form of a biconvex lens whose face on the object side is
formed as an aspheric face and an eighth lens in the form
of a concave meniscus lens, disposed in order from the
object side. Therefore, the degree of freedom in
correction of various aberrations increases further.

According to the present invention, the third lens
group includes a cemented lens of a seventh lens in the

form of a biconvex lens and an eighth lens in the form of

a concave meniscus lens whose face on the image side is
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the formof a biconcave |lens and a ninth lens in the
form of a biconvex |ens, disposed in order fromthe
obj ect side. Therefore, the degree of freedomin
correction of wvarious aberrations increases furt%besrpomo
Brief Description of Drawings FIG | shows a firs
enbodi nrent of a zoomlens of the present invention
together with FIGS. 2 to 9 and is a view showing a

| ens configuration; FIG 2 shows chromatic aberration
di agrans of a nunerical value working exanple 1 where
P&heH! 86 "an MUPH AR ryabUes; S5&APAL 8dabp ENGn fdHSt
enbodi nent together with FIGS. 3 to 5 and is a view

i ldoystrating, sphecisal, ahel raliea, oaskigdmdd sm and

di stortion aberration at a wi de-angle end state; FIG
3 dosracYiW bt | Hsticakl Bgeshhelb6al: Rbenkati flycher.
astigmati smand distortion aberration at an

i nter nedicadrdihecab PRSidient2QnIRPA0 Lt raS18ns

view illustrating spherical aberration, astigmatism
aeodpst RElhy abehk-akloNeRén® dLICAPNEnENEr SttRnth
"FIG 5 is aviewillustrating |ateral aberration at

8Q¥nef ianchderegamheirght batoh ek Wdder,anal 818Reh StatL,in
internedi ate focal position and tel escopic end state;

FiGe Boshioys AbACCALEGE UéRgYrait OhiatAUNBRE CBA the form

of a biconvex lens, disposed in order from the object

side. Therefore, the degree of freedom in correction of

various aberrations increases further.

Brief Description of Drawings

FIG. 1 shows_a first embodiment of a zoom lens of
the present invention together with FIGS. 2 to 9 and is a
view showing a lens configuration;

FIG. 2 shows chromatic aberration diagrams of a
numerical value working exémple 1 where particular-
numerical values are applied to the first eﬁbodiment
"~ together with FIGS. 3 to 5 and is a view illustrating
- spherical aberration, astigmatiém and distortiocn

aberration at a wide-angle end state;
FIG. 3 is a view illustrating spherical aberration,
astigmatism and distortion aberration at an intermediate

focal position;
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val ue working exanple 2 wherein different particul ar
nuneri cal values fromthose in the nunerical value
~working exanple 1 are applied to the first enbodi nent
together with FIGS. 7 to 9 and is a vi ewillustrastd5|}%47o
spherical aberration, astigmati smand distortion
aberration at a wde-angle end state; FIG 7 is a view.
illustrating spherical aberration, astigmatism and
distortion aberration at an internedi ate focal

position;, FIG 8 is a viewillustrating spherical

aberratipns, astkgaayism and, Qo 9pn AP Al 8k 181,
tel escopic end state; FIG 9 is a viewillustrating

| 3ls@h 8ha 8BDSR FAld QN sRbr 8070 Qbe Ak d 1MRIG thET 981 e &log M€ end
wi de-angl e end state, internediate focal position and
teltgseopi c end state; FIG 10 shows a second

enbodi mrent of a zoomlens of the present invention

togetherrd t B LGS, vidw t01 1haRdihs 21 S0DPMA r@tion at

view showi ng a | ens configuration; FIG 11 shows

algerrati ON hag 3RS gat at NURE R -ankakUendos i g,
exanple 3 wherein particular nunerical .values are

appkkeded Datderm0a0pdsenbodi smntcdiegebBer whd hscddGS.
12 to 14 and is a view illustrating spheri cal

aberrat if,. &sthghatdisdnand i SiagthRd SOeS rheeRcal a

. W de-angl e end. state;
value working example 2 wherein different particular
numerical values from those in the numerical value
working example 1 are appliéd to the first embodiment
together with FIGS. 7 to ¢ and is a view illustrating
spherical aberration, astigmatism and distortion
aberration at a wide-angle end state;

FIG. 7 is a vieﬁ illustrating spherical aberration,
a;tigmatism and distortion aberration at an intermediate
focal position;

FIG. 8§ is a view illustrating spherical aberration,
astigmatism‘and-distortion aberration at a telescopic end
_state;

FIG. 9 is a vieﬁ illustrating lateral aberration at
80% of an image height at the wide—ahgle end state,
intermediate focal position and telescopic end state;

FIG. 10 shows a second embodiment of a zoom lens of

the present invention together with FIGS. 11 to 14 and is
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FIG 12 is a view illustrating spherical aberration,
astigmati smand distortion aberration at an

internediate focal position; FIG 13 is a view
illustrating spherical aberration, astigmatism ar]a,g)5 0470
di stortion aberration at a tel escopic end state; Kel
14 is a viewillustrating |l ateral aberration at 80%

of an inmage height at the w de-angle end state,

internedi ate focal position and tel escopic end state;
and FIG. 15 is a block diagram show ng an enbodi nent

of: vaBul IRGPLR CKURHAPBBREL berofi dihie present

i nvention. Best Mdde for Carrying out the Invention In

the fol Il ng1 thewbeste MO8 F0L i GaLENL NG Winifhe r40QM
| ens and an i mage pickup apparatus of the present

| RUeNLi PPk Shdlesaiihed 3w hbr-& 61 §587168 8 Qrt REmerical
acconmpanyi ng ~ draw ngs. 22 SO05PO470 First, an outline

ofyadueonfi Wl @b ah20oM RN Smposii el £ bed- i Rrith
reference to FIGS. 1 and 10. FIG 1 is a view show ng

arlrens confd gur aldOR s0h Rie?0OMULRAStingCePREENGIL O A
first enbodi nent. The zoom lens 1 is a zoom | ens of

t BBe$0a €abA £h A= @h OMPahd NI st JreGUs b¥Reraffon at a
includes a first lens group G having a positive

r efiiachhy®e: powLrstared;having a fixed position, a

second lens group A1 of the variable nmagnification

type FIG. 12 is a view illustrating spherical aberration,
astigmatism and distortion aberration at an intermediate
focal position;

FIG. 13 is a view illustrating spherical aberration,
astigmatism and distortion aberration at a telescopic end
state;

FIG. 14 is a view illustrating lateral aberration
ét 80% of an image height at the wide-angle end state,
iﬁtermediate focal position and telescopic end state; and

FIG. 15 is. a block diagram showing an embodiment of

an image pickup apparatus of the present invention.

Best Mode for Carrying out the Invention

In the following, the best mode for carrying out a
zoom lens and an image pickup apparatus of the present
invention is described with reference to the accompanying
drawings.
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having a negative refractive power and having a

position variable for magnification variation, a

third lens group G111 having a positive refractive

power and having a fixed position, and a fourth 5%@%470

~group GV having a positive refractive power and
having a position variable for adjustnment of a focal

- position upon nagnification variation and upon

focusing, disposed in order fromthe object side. The

first lens group G is forned froma cenented |ens of

a first ﬂf?E%,LéniBuEfEhJ‘Hf“a@%oﬁf@@ﬁfé%%%nJcﬁn% 3R8m@1ens
second lens L2 in the formof a convex lens and a

thisr dek&PBpd B Wittt hesbeLmof & wavex grai sgus |ens
havi ng a convex face directed to the object side,

di sposed-idl Qr der of ¢.00 8ARIGCaL 18hHEor#138698H of a
lens group A1l includes a fourth lens L4 i'n the form

Oanm §@H§&N%ukﬁﬁ%iﬁ@dp§ &eﬂﬁﬁh¢¢nh%@§m@£ta_ﬁ%%taobﬁns
L5 in the formof a biconcave |l ens and a sixth | ens

LochB ihes 23 AJePA4A9 bermofsa Ganvex rhensyrdis nesed
in order fromthe object side. The third | ens group

Gebkub neypulemda i6eMBAbeda | ensst Afend geY¥BPLET NS gl ai N
the formof a biconvex lens and an eighth lens L8 in

t pesioive ofe BrCANGAVEONERI SCUTIARS a BisPOSEskition, a
order fromthe object side. In a numerical value

WeEKbRE Bxareup deschHf bk latr@hbikhRaface: @ftide type
seventh lens L7 directed to the object side is forned

aBav il & hefdta veage rra ot By WHRIdrC ahdvVAk Wen W Kid¥d tion
exanmpl e 2, : _
variable for magnification variation, a third lens group
GIIT having a positive refractive power and having a
fixed position, and a fourth lens group GIV having a
positive refractive power and having a position variable
for adjusfment of a focal position upon magnification
variation and upon focusing, disposed in order from the
cbject side. The first lens group GI is formed from a
cemented lens of a first lens Ll in the form of a concave
lens and a second lens L2 in the form of a convex lens
and a third lené L3 in the form of a convex meniscus lens
having a convex face directed to the object side,
disposed in order from the object side. The.second lens
group GII includes a fourth lens L4 in the form of a

concave lens and a cemented lens of a fifth lens L5 in

the form of a biconcave lens and a sixth lens L6 in the
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the face of the eighth Iens LS directed to the inage
side is fornmed as an aspheric face. The fourth | ens
group AV includes a cenented Iens of a ninth | ens L9
inthe form of a concave | ens having a concave f 0470
directed to the object side and a tenth lens L10 1'n
the formof a convex Ilens and an eleventh lens L11 in
the formof a biconvex |ens, disposed in order from
~the object side. At least one face of the tenth |ens
L10 or the eleventh lens L11 is fornmed from an

ashel b¢ haesntdd lichst,0a08pH9E&did Nlder iFRcA PNEESY GRlL
val ue working exanple | and a nunerical val ue worKing
exakpl.e 2he ttha rappesit gréda@cesraf ihbeuqsk ey eddid @RS 1ens
are each fornmed froman aspheric face. FIG 10 is a
VicWas Bevkneh & N9, 7CORf kgHr 86PN 0fa 31c2008%! BASs Zind
according to the second enbodi nent. The zoom |ens 2

| $indeZ2@abhl Bass afs tike the- eakk et fOWor@QuPmbANSEus lens,
focus type and includes a first lens group G having a
241505B4 70n pOsddd \feomethacChh Yo @ikl .anth haviiA@ rdcal
fixed position, a second lens group A1 of the

vaalabl forpghy fd:Gaidplenlt ¥pecr ead NGitarnedgati ¥€ce of the
refracti ve power and having a position variable for
magrnihikBal &0 Vardiakic@Bd 8ot thd bdeRS ghadpis Gddmed as
having a positive refractive power and having a fixed
pasi bspherbndfscd.0urt ha | it rgrcaup vel We hayvt ithA example 2,
positive refractive power and having a position
vaheabbee édDrtladjeighrinlent B8 fdicalctpdSitbi Ohe UpHye side
- magni fication : ‘

is formed as an aspheric face. The fourth lens group GIV

“includes a ceménted lens of a ninth lens L9 in the form
of a concave lens having a concave face directed to the
object side and a tenth lens L10 in the form of a convex
lens and an eleventh lens Lli in the form of a biconvex
.lens,_disposed in order from the object side. At least
one face of the tenth lens L10 or the eleventh lens L11
is formed from an aspheric face (it is to be noted that,
in a numerical value working example 1 and a numerical
value working example 2, the opposite faces of the
eleventh lens are each feormed from an aspheric face.

FIG. 10 is a view showing a lens configuration of a
zoom lens 2 according to the second embodiment. The zoom
lens 2 is a zoom lens of the so~qalled foﬁr—group inner

focus type and includes a first lens group GI having a
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variation and upon focusing, disposed in order from
the object side. The first lens group G is forned
froma cenmented lens of a first lens LI in the form

of a concave Iens and a second lens L2 in the fagaRf-q
a convex lens and a third lens L3 in the formof a
convex neniscus |lens having a convex face directed to
the object side, disposed in order fromthe object
side. The second lens group A1 includes a fourth

lens L4 in the formof a concave |lens and a cenented

| s iefiva té&ftdediens pbhekNand NeadigN0frigehl §99CENE, a
lens and a sixth lens L6 in the formof a convex

| ersondi spRSeg-dud Grdebsl £aa vhe Mjealhgnskdeat e type
third I'ens group G Il includes a three-el enent
CeRRihgdal £8gat0fved re@vaBt vk efSwds dnd HhReihgran®isidion
bi convex | ens, an eighth lens L8 in the formof a

. Magenpayerdentqidiaani bhhvhenscildh, B therforan Hfgrup
bi'convex | ens, disposed in order fromthe object side.
2518Q5RATRg Theodsauith kensagt D dohwdri BakUHESimy a
cemented lens of a tenth lens L10 in the formof a
cancadepbensidigviang a feantiaveerdace odior ectedating he

obj ect side and an eleventh lens L11 in the formof a
cpogexilense tnttd vieweblith dedshatilyy anpbbetiof Mfiable
bi convex | ens, disposed in order fromthe object '
sifde. adjusestt aifeaf dceadf podier itirev@bhhmayensi datli cor
the twelfth lens L12 is forned froman aspheric face
( vardanuomerdarchlupeal decust kg nglieganplde i3 order from the
 object side. The first lens group GI is formed from a
cemented lens of a first lens L1 in the form of a concave
lens and a second lens L2 in the form of a convex lens
and a third lens L3 in the form of a convex meniscus lens
having a convex face directed to the object side,
dispcsed in order from the object side. The second lens
group GII includes a fourth lens L4 in the form of a
concave lens and a cemented lens of a fifth lens L5 in
the form of a biconcave lens and a sixth lens Lé in the
form of a convex lens, disposed in order from the object
side. The third lens group GIII includes a three-element
cemented lens of a seventh lens L7 in the form of a
biconvex lens, an eighth lens L8 in the form of a

biconcave lens and a ninth lens L9 in the form of a

biconvex lens, disposed in order from the object side.
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herei nafter described, the opposite faces of the

twelfth .lens L12 are each fornmed from an aspheric
face). It is to be noted that, while, in the
nuneri cal -val ue working exanple 3 hereinafter .SOSPD47O
described, the third lens group dIIl is formed from
three-el enent cenented | ens only of spherical Ienses,
the face nearest to or farthest from the object side

of the third lens group A1l may be .fornmed from an
aspheric face. It is to be noted that, in the zoom

| epgegolirBRdiehs -Adubl GEvSi RaVEE & fde@H: POSI A O 4 Sa
positioned in the proximty of the object side of the

t Rieh@n! e88s At OUR rGthe, fodRdof £UNMca8PAEALT Yy 4 N P
I's di sposed between the fourth |ens group GV and an

| TR@ealer rAdg flarRech thNtRe HRfdct AGYS) anfUid Nelovehith
filter Fis disposed on the object side of the color

sepakatlngiprimemMmTBe 20860+ &NS Ofs LRE Rr€s€Mth lens
i nvention makes it 26 SO5P0470 possible to insert a

caligr ifeprd atd g oF bSBYLEBhPek N Cleishesds DY order
weakeni ng the refractive index of the third |ens

grreup €hé losfedithatida. dimergenic bhghtadd uxr ithe eleventh
introduced into the fourth Iens group GV to elongate
t henbatkl f@cushe thdlEBRr ledheLZ0AW lfoRtefBKES idn _
possible to perform correction of the magnification

chephati€e &hes r@ah annbyer cont ixglniengotRend osk - leerss
group GV such that the inmage side principal point

chnneindet«lt Splsacedetat ke S@BIsilt® faces of the twelfth
lens L12 are each formed from an aspheric face). It iz to
be noted that, while, in the numerical wvalue working
example 3 hereinafter described, the third lens group
GIIT is formed from a three-element cemenfed lens only of
spherical lenses, the face nearest to or farthest from
the object side of the third lens group GIII may be
formed from an aspheric face.

It is to be noted that,_in‘the zoom lenses 1 and 2,
an iris S having a fixed position is positioned in the
proximity of the object side of the third lens group GIII,

and a color separating prism P ié disposed between the
fourth lens group GIV and an image forming plane I {in a
back focus). Further, a filter F is disposed on the

cbject side of the color separating prism P.

The ‘zoom lens of the present invention makes it

26




the image to performcorrection of the chromatic
aberration rather excessively. Furthernore, the zoom

| ens achi eves both of mniaturization and enhancenent
in performance by configuring the zooml|ens so 9470
satisfy the follow ng conditional expressions (

(6) to nake the refractive power arrangenent and the
arrangenent of the nedia appropriate. (1) 7.0 <
flr1/fw<10.0 (2) 0.007 < HV /fIV < 0.07 (3) 1.8 <
flir1/fIv<30 (4) -0.1<032<-0.05¢(5) -0.02 < 1/v

| ¥os5s18180120 {ier@ Q3c851df Yepddatiny BF:¥heI L Whe back

focal distance of the entire systemat the w de-angle

enrdcabab WdaiRBnR@ tlef LEEradocal idisekaneerpf Eﬁﬁ%d lens

third lens group flIV: focal distance of the fourth

| %&auﬁfﬁﬂplFﬂéfthdtﬁﬁgalséggeﬁ%liﬂahﬁaklﬁﬁlDE Pheidfuced
fourth lens group 032: refractive power of the bonded

fages ehel heurth COMEL)yHRRS ciearest1dRydthe R enlcSirdeus.
inthe third |ens group and the next concave |ens

(whetRet ~3zhe AJHh 1eRd) haBeds Whers3ipis thepsefsactive
i ndex of the seventh
correction of the magnification chromatic aberration by
cbnfiguringfthe fourth lens group GIV such that the image
side principal point.cannot ke displaced rather near to
the image to perform correction of the chromatic
aberration rather excessively. Furthermore, the zoom lens
achleves both of miniatuxization and enhancement in
performance by configuring the zoom lens so as to satisfy
the fbllowing ﬁonditional expressions (1) to {(6) to make
the refractive power arrangement and the arrangement of
the media appropriate.
(1) 7.0 < fIiTl/fw < 10.0
(2) 0.007 < HIV'/£IV < 0.07
(3) 1.8 < fITTI/fIV < 3.0
(4) -0.1 < ¢32 < -0.05
(5) -0.02 < 1/vIV < -0.012 .
(6) 0.03 < 1/+vIITI < 0.07
where

fw: focal distance of the entire system at the

wide-angle end state
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lens on the d line, n8 the refractive index of the
eighth lens on the d line, and r32 the radi us of
curvature of the bonded faces of the seventh | ens and
the eighth lens), vIV: equival ent Abbe nunber m@ﬁ{

it is assunmed that the fourth lens group is a th|5%0470
cl osely contacting type lens group (where 1/vlV =
fIV{1/ (f4l va4al) + 1/(f42 v42) + 1/(f43v43)} where f41
is the focal distance of the concave |ens nearest to
the object side in the fourth lens group in the air,

f42 the Agqal rdigtancecHicd g +&RNYEXr& NS LYTALLEd toO
t he above-nenti oned concave lens of the fourth [ens

group irethe rakhl b43cdihe facahe dhakancesof gLﬂb%
bi convex | ens nearest to the image side in't Fburth

| ens gr oy :V4habBes Abes My alOEoiﬁg ofTRURS iR r@h 1lens

the concave | ens nearest to the object side in the
fauetip | ens group, v42 the Abbe nunber of the
materi al of the convex |lens cenented to the above 28

SO05P0470 BRnt : OnedGARC RGekehs Ofe i de@UiEbReLes the
group, and v43 the Abbe nunber of the material of the

bbeebNexx | Biis nReakest tbothdesHymrge ssudeiff tadeciqur th
| ens group), and vlll: equival ent Abbe nunber where

i tehs @ssSwiTRthd hat hbec thhdéLhd ar$s0NQHeré Sd)@zt bi Rng -
closely contacting lens group (where 1/v Il =

fhi7) {232 (WriEke w731}y rhe Béfdabdive 3BHekNof hghe asenth

wherein the third lens group is a two-el enent

cemeated 4rensl huhel/ uBl the fdAdafct/i¢e3iNa8d)oft the eighth
Vlens on the d line, and r32 the radius of curvature of
the bonded faces of the seventh lens and the eighth lens),
v IV: equivalent Abbe number where it is assumed that the
fourth lens g#oup is'a thin closely contacting type lens
group (where 1/vIV = fIV{1/(f4l-v41) + 1/(fd42-v42) +
1/(f43-v43)} where f4l1 is the focal distance of the
concave lens nearest to the cbject side in the fourth
lens group in the air, f42 the focal distance of the
convex lens cemented to the above-mentioned concave lens
of the fourth lens group in the air, f43.the fécal
~distance of the biconvex lens nearest tc the image side
in the fourth lens group, v41 the Abbe number of the
m;terial of the concave lens nearest to the object side
in the fourth lens group, v42 the BAbbe number of the

material of the convex lens cemented to the above-
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1/(f32v32) + 1/(f33v33)} in the case wherein the third

| ens group is a three-elenent cenented | ens where f31

is the focal distance of the convex | ens nearest to
-the object side in the third |lens group in thez%dé 0470
f32 the focal distance of the concave | ens cenen eg

to the above- nentioned convex lens of the third |ens
group in the air, 33 the focal distance of the

convex |lens nearest to the inmage side in the case
wherein the third lens group is a three-el enent

CERBRY ek €AShc ML 11hE éﬁb%é‘uf@%th‘)flehgegrg@ﬁerérﬁl 19513 |

the convex |l ens nearest to the object sidé in

t hined AbBASHEHUID oV tB2 hBeeADDE drurder Lot ohhex U?érﬁaf i al
of the concave |l ens cenented to the above-nenti oned

corvexstens e tikidgehishdel 8RSt B rtaNdeM33gthe AbRe
nunmber of the material of the convex | ens nearest to

t herri MagR: isladenkNabbhe £ag& MBkeknithes tdd G d£R8at the
group is a three-element cemented | ens. 29 SO05P0470

Theieandéhs anadueXpr asshon ¢lds«lef idaasatbeng r Bdiacrog
power of the third lens group G111, and by setting

thenteeal / dirstrancer M {of (418 4 Biyd 1 ens @roup32)Aild the
| onger than the lower Iimt of the conditiona
expeessharerl )thet h@ibdr dens anrdure ifsoudr thokenengitoup
AV for nmaking the back focus | ong can be reduced to
eabRBEEed thanhABRIr alivonr var ifatriron/¢assed by rovenent

of the fourth Ilens group GV. However, if the upper

| i E3pf vBRe + 1/ (£33-v33)} in the case wherein the third
lens group is a three-element cemented lens where £31 is
the focal distance of the convex lens nearest to the
object side in the third lens group in the air, £32 the

" focal distance of the cbncave lens cemented to the above-
mentioned convex lens of the third lens group in the air,
£33 the focal distance of the convex lens nearest to the
image side in the case wherein ﬁhe third lens group is a
three-element cemented lens, v 31 the Abbe number of the
material of the convex lens nearest to the object side in
the third lens group, v 32 the Abbe number of the material
of the concave lens cemented to the above-mentioned
convex lens of the third lens group, and v 33 the Abbe
ﬁumber of the material of the convex lens nearest to the
image side in the case wherein the third lens group is a

three-element cemented lens.
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condi tional expression (1) is exceeded upwardly, then
the light flux incomng to the fourth lens group AV
beconmes ' .rather excessively divergent and the .
aberration variation by the novenent of the fourg&gp
| ens group- AV increases. The conditional expression
(2) is provided to achieve both of mniaturization
and assurance of a long back focus by nmeans of the
fourth lens group AV, and if refractive power
arrangement proximate to retrofocus arrangenent is
adopt ed mherdrde th ol Ne k@S QIRAUR1H YeESneyigued by
itself, then the back focus of the entire system can
bectadetl oagpabdhaghntheni pgal el sfrangecolis, thgs by
fourth lens group AV is small. However, if

MsRic@iHEi 210 | firdiakastpnesedent & andet he:pasithonyQfup
the image side principal point is displaced rather
NEanIt Dondgde tHMPEH0 15Weh aiRleYrsre thhatohher upper
limt of the conditional expression (2) is exceeded
upwatdbyiod hen t Re3B8u8ARPQ4:T O e GRturte 1ehs agtdbye cIv
power is concentrated on the object -side of the

f dott hakens Qreoolacl Yoohik| Boddie420%et re8uceefl tainL ce
power is concentrated on the inmage side, which nakes
caheeebé oratofort hardphethcedueheiaticoBme8ONAF &tk fourth
curvature of field difficult. The conditiona
expnesgionp (@)V.i SHawewndi tiforhenappssal ymin @achheve
both of mniaturization and assurance of a |ong back

f condiwordl angrekkeohs (Df idexceeded upwardly, then the

0470

light flux incoming to the fourth lens group GIV becomes
~rather excessively divergent and the aberration variation
by the movement of the fourth lens group GIV increases.
.The conditional expression (2) is provided to
'achieve both of miniaturization and assurance of a long
back focus by means of the fourth lens group GIV, and if
refractive power arrangementrproximate to retrofocus
arrangement i1s adopted when the fourth lens group GIV is
viewed by itself, then thé back focus of ﬁhe entire
system can be made long although the focal distance of
- the fourth lens group GIV is small. However, if
miniaturization takes precedence and the position of the
image side principal point is dispiaced rather near to
the image to such a degree that the upper limit of the

conditional expression {2) is exceeded upwardly, then the
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conditional expression (2). If the upper limt of the
condi ti onal expression (3) is exceeded upwardly, then
the a light flux incomng to the fourth | ens group

GV beconmes thicker and the back focus can be mage

| onger even if the inmage side principal point of tag470
fourth lens group AV is set rather near to the

- image. However, the fourth |ens group GV does not
exhibit a retrofocus condition, and the overall.

| ength becones long. If the lower limt of the
cordhthonale EXESAI QBwks excesdaddawawandl Yne tdi8ct
the burden on the fourth lens group GV for neking

t hegbask £REUSOUAND 1icREr §28@S, IV 1RBKES positive
.correction of the spherical aberration, conma and
cuerabdt evefpdiead d sdicbhtenttarddercand tihggal side, which
expression (4) is provided to expand a light flux on

t haxbendedré aces RavicRg SpREedatd NV abarehkash] VEROWRIY

in the third lens group A1l to elongate 31 SO05P0470

t herbackré osfistiand perkosm€orrecti on of the spherica
aberration and correction of the Petzval sum |f the

third | ens: goadptGhhal i sxprenfsigur ed) Wi ¢ howorardiong
two .or three lenses, then a | arge nunber of
sakutsoasy byo adhieket bethask ionius,ursphet bkadnd
aberration and Petzval sum described above can be
bakancaticappf eprlicatebycexfsdus widwlveake arffefiss @owhe
wherein the | enses are disposed solely is liable to
sobhéi t{isrom ecgerissiont y2 and Iift the upper limit of the
conditional expression (3) is exceeded upwardly, then the
a light flux incoming to the fourth lens group GIV -
becomes thicker and the back focus can be made longer
even if the image side principal point of the fourth lens
group GIV is set rather near to the image. However, the
fourth lens group GIV does not exhibit a retrofocus
condition, and the overall length becomes long. If the
lower limit of the conditional expression is exceeded
dowhwardly, then the burden on the fourth lens group GIV
for making the back focus long increases, which makes
correction of the spherical aberration, coma and
curvature of field difficult.
‘The conditional expression (4) is provided to

expand a light flux on the bonded faces having a negative

refractive power in the third lens group GIII to elongate
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obliged to take a conplicated counterneasure of
securing the lens group while adjusting the optica
axi s upon assenbly, which sonetinmes makes a cause of
rai sing the production cost. However, if the thi4q$90470
lens group A1l is fornmed froma cenented |ens, en
since it is possible to assenble, at a bondi ng step,
the third Iens group G 1l so that no deviation of the
optical axis may occur using- such an apparatus as a
centering mcroscope. Therefore, a stabilized
PaifeOLEBRC Eo6ad) HR iARIFBRRNESHr &t i@ QW €88t sphdhidA
the third Iens group G 1l has a positive refractive

PeMRirrakt oh SaO SR th Onexpamke apdd-ghll ElMx gentdhy to
make it possible to elongate the back focus readily

anthi rgel £95 g €Al @AtriTON s 988k FYgdd1 QU He8UShBding two
deformation of a spherical aberration curve by

dicspasirag L&esdondedn Eagﬁﬁg@aﬂﬁﬂﬂbﬁiOEEQQHﬁﬂﬁons by
refractive power with the concave face directed

t ovdet the bhadis mempRar shhy¥el ¥yaneayditaho ohhendZretzval
SO5PO470 object within the third lens group A1, If

t Bemuppecribddridbotle tha pendhidronal 2@HROESESH O | Dxiiss .

exceeded upwardly, then the effect of the bonded

f doesvdescs i bath drenei RAbOYEn dEeS Qasess and @bSsposed

result,. the burden for nmaking the back focus | onger

atsoftheyf dDairtiaHlensogeabpe ¥ron ntRasescand gopdit is

aberration correction beconmes difficult. If the |ower

| cilt.gedl tdecad@ndi tbopalcaexpressitermeduirs eXceedadng

downwardly, then the curvature _
the lens group while adjusting the optical axis upon
assembly, which sometimes makes a cause of raising the
production cost. However, if the third lens group GIII is
formed from a cemented lens, then since it is possible to
assemble, at .a bonding step, the third lens group GIII so
that no deviation of the optical axis may occur using
such an apparatus as a centering microscope. Therefore, a
stabilized performance can be implemented at a low cost.
While the third lens group GIII has a positive refractive
power, it is possible to expand a light flux gently to
make it possible to elongate the back focus readily and
perform correction gently without causing deformation of
a spherical aberration curve by disposing the bonded

faces having a negative refractive power with the concave

face directed toward the iris comparatively nearly to the
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of the bonded faces beconmes excessively strong, which

makes working difficult. The conditional expression
. (5) relates to correction principally of the

magni fi cation chromatic aberration and suppressiéHgﬁgz?D
the variation by zoomng, and if separate roles are
assigned to the third lens group A1l and the fourth

l ens group GV such that the fourth lens group GV
having a greater ray height of a principal ray
attaches inportance principally to correction of the
NMegAiebkcat LR ciHomaliig @Qﬁgr%w@ i | er £ hed higd r

l ens group G 1l having a snalTer ray height of a
priiRgicPak tRyY Aok pakbapeiog Hf he:iaxbakeeded
chromatic aberration, then not only the axia

chinarbi ¢, abef rald aFrhut gksend N dmanichibeat 888cribed
chromatic aberration can be corrected effectively in

a hegkl nabatances- R4t kAR Qyes thwieverakl LEPQEh Nbr
range. 33 SO05PO470 1/ vlV represents a reciproca

neERehgt thé heacle gl ephgdbber N eLuMian1 bhsi §roup GIv
assunmed that the fourth ens group AVis a

t iheeeebeseiia drselyeeeht 86k | dtrddiiti onl BRSowYStem | f
the focal distances and the Abbe nunbers of the

| @igEscare. saif shet bated/Mnli¥ B0tABYcbedS@itdrsfl ed,
then when the fourth Iens group GV is considered by

| Exekéssbowoni tiisoRxbhatieachdviRiridaat, i @ReAf thdOcurvature

spectral lines of the F line and the Cline can be

pelf ohgeiloid=d faces becomes excessively strong, which
makes working difficult.

The conditional expression (5) relates to
correction principally of the magnification chromatic
aberration and suppression of the variation by zooming,
and if separate roles are assigned to the third lens
group GIITI and the foﬁrth lens group GIV such that the -
fourth lens group GIV having a greater ray height of a
principal ray.attaches importance principally to
correction of the magnification chromatic aberration
while the third lens group GIII having a smallér ray
height of a principal ray performs bélancing of the axial
chromatic aberration, then not only the axial chromatic
aberration but also the magnification chromafic

aberration can be corrected effectively in a well-

balanced condition over the overall zooming range.
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sati sfied. However, the magnification chromatic
aberration at the wide-angle end state is generated

principally fromthe second |l ens group A1, and there
is a tendency that the magnification of an inag%x%ho470
the g line becones snmaller than that of the d |ine.

In order to correct this, it is necessary to set .1/

v IVin such a manner that correction is perforned

rather excessively so that 1/ v IV may be | ower than
the upper Iimt of the express-ion (5) Since the exit

pupi | is]_ﬁ@%(i E‘Q}?J@esé SeC‘ael}Tercii rggg_gir%}iu-ﬁ{br Y)egh%; t he

position of the fourt l'ens group GV is nove _
ZQQHiRE 1 ehheaNad IaldRR Qhehher 1RO fireat Ltﬁﬁtfﬁlﬁé’r@dx‘%h
e

aberration is suppressed small. However, if _
ackm@mgtbap cOMi {4 QN t@frebhe1 Ead hoilrRs v 8bA¥R-HE NG Ithin
set to an excessive correction condition to sucha
dg@h%esybﬁémtth|Qﬂ@rfbééﬂtdfgtéﬂ@%scﬁﬂg|Ehé”ﬁﬂbe numbers
expression (5) is exceeded downwardly, thenthe 34
SQFPAL01 aRAM Tdcatdensehepaati £ @heLrr gt op eneratedeq,
fromthe second |ens group G 1 increases and it
becereshehl tigedtdurthestabl §stu dial arceonconseguant |y,
the variation of the magnification chromatic

ahesedf| of Ebrditg cFO@RLAJach eSS chhercondi dpsutalal

"expression (6) relates to a balance between the

madhkeki eat tion clrieormkng abhert atiren candbbkhperaximdd is
chromatic aberration of the third lens group Gl
satisfied. However, the magnification chromatic
.aberration at the wide-angle énd state is generated
principally from the second lens group GII, and there is
-a tendency that the magﬁification of an image of the g
line becomes smaller than that of the d line. In order to
correct this, it is ﬁecessary to set 1/vIV in such a
manner that correction is performed rather excessively so
that 1/v IV may be lower than the upper limit of the
expression (5). Since the exit pupil is near to a
telecentric condition, even if the position.of the fourth

lens group GIV is moved by zooming, the wvariation of the

magnification chromatic aberration is suppressed small.

© However, if the achromatic condition of the fourth lens

. group GIV is set to an exXcessive correction condition to
such a degree that the lower limit of the conrditional

expression (5) is exceeded downwardly, then the
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and the fourth lens group GV which forman i nage
formng system Since the magnification chromatic
aberration is corrected by the fourth lens group AV

in accordance with the conditional expression (55)0,5,PO470
rat her excessively corrected axial chromatic

aberration is generated by the fourth Iens group G V.
In order to correct the axial chromatic aberration
while a correction balance of the magnification
chromatic aberration is maintained, it is effective to

CHal@Glrikhe: @Xi &lr&d&%@@ﬁbér@?@ﬁr@td&!&ﬂ%eﬂeéﬂ&n Ofnd he
third lens group G111 which has a small ray height of

a sRicloRal Pahs ?ﬁ1thﬁﬁeﬁﬁﬁﬁeabés'émﬁeﬁ§§é@6ﬁegoobf¥§ed to
a

t he reciproc nunber 1/vlill of the equival ent Ab
NEBeb1WBENa i balsnc@ss Uidtkdfiaindile thLr fat 8NSi 3 Q4P the
A1l .is a two-elenment closely contacting thin | ens

sm@amf@eaaloﬁ hrreenekerenbe 61 968y L£AALICLLAFIAHI N
| ens systemto a value higher than the lower limt of

t heceendetional 35 SO5PO470 expression (6) to set the
‘refractive powers and the nedia of the convex |lens:

and the moncavdikessal eIk qQB)i ReladiLid Rebalance
axial chromatic aberration is increased when conpared
WoklwekbAt thy magiifdeatlenschtdmdtie: wppekatish tandftHe
condi tional expression (6) is exceeded, then

cakhiett ebnomit idhabaxiratichrofedies hedr akheNgPRGONES T

insufficient on the wide angle side or it becones

diffi chet fdwrtsufifdnei gably €OV necitcH Ferfibgni fhded i Wrming
system. Since the magnification chromatic aberration is
corrected by the fourth lens group GIV in accordance with
the conditional expression (5), rather excessively

 'corrected axial chromatic aberration is generated by the
fourth lens group GIV. In order to correct the axial
chromatic aberration‘while a correction balance of the
magnification chromatic aberration is maintained, it is
effective to cqrrect the axial chfomatic aberration by
means of the third lens group GIII which has a small ray
height of a pfincipal ray. Therefore, it is necessary to
set the recipreocal number 1/vIII of the equivaleﬁt Abbe
ﬁumber when it is assumed that the fhird lens group GIII
‘is a two~eleﬁent closely contacting thin lens system or a

three-element closely contacting thin lens system to a

value higher than the lower limit of the conditional
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“chromatic aberration by neans of the fourth | ens group

G V. Further, in order to achieve both of
m niaturization and good aberration correction,
preferably the follow ng conditional expressions #@990470

and (8) are satisfied: (7) 1.77 < (nl + n2 + n3)

(8) 1.83 < (n4. + n5 + n6) /3 where nl: linen2: |inen3:
linend4: refractive index of the first lens at the d
refractive index of the second |lens at the d
refractive index of the third lens at the d

- refaetkyeni Ngex Plsetchenbode Fha dens %bw%?g Fn36the media

SO5PAXA70 |linenb:refractive index of the fifth | ens at

t e dnbi BERGF efdractinve thadexnofvd hersi xhhal gnse&ti dhen
d line. The conditional expression (7) defines a

cemdichi @Re 4:01al @AUCHRE EheLt Pt i drhisekngsse9fed Nthen
first lens group G to achieve mniaturization and

s @lotbRged @i trefiraet byea smﬂgxe OferddNe tenses WHetN 1imit
conpose the first lens group G
of the conditional expression {(6) is exceeded, then
coirection of the axial chromatic aberration becomes
insufficient on the wide angle side or it becomes
difficult to sufficiently correct the magnification
chromatic aberration by means of the fourﬁh lens group
GI.V. |
Further, in order to achieve both of
miniaturization and good aberration correction,
.preferably the following conditional expfessions (7) and
(8) are satisfied:
(7)y 1.77 < {(nl + n2 + n3)/3
(8) 1.83 < (n4 + n5 + n6)/3
where

nl: refractive index of the first lens at the d

line

n2: refractive index of the second lens at the d
line

n3: refractive index of the third lens at the d
line

nd: refractive index of the fourth lens at the d

36




to a high value so that the curvatures of the faces

can be noderated. Where the conditional expression

(7) is satisfied, correction of the spherica
aberration and the coma at the tel escopic end St Al 470
can be easily facilitated. The conditi onal expre33|gﬁ
(8) defines a condition for preventing the Petzvar
sumfromincreasing to the negative side when the
refractive power of the second lens group G1I is

i ncreased to reduce the space for novenent of the
sagead lens group G| to achieve mniaturization. The
curvature of the bonded faces of the fifth lens L5
and the ;g Xt drgosik6 CadebeARILr 2L eght Do LY €L Khe
def ormati on of the spherical aberration of short
wavekengths at the tel escopic end state by setting

the refractive i ndex of the concave | ens which

- CoNPosesne37 re@5RHM 70 t NeSEINE Nk RS Fh O Fdt tBe 4o

noderate the curvatures of the faces to correct the
Paetizyar sum and setting the refractive index of the
convex lens to a high value so that a medi um whose

Abbe nunbey dosidasibol asxResHibhe (75 qesBths 1 doh@ition
foll ow ng, several nunerical value working exanples

exbedieduanp) WG thabli el GkndUBTRIA cak yaluesidds dhdep
zoom | enses 1 and 2 of the present enbodi nent are
desctbbechieve miniaturization and setting the refractive
index of the lenses which compose the first lens group GI
to a high value so that the curvatures of the faces can
be moderated. Where the conditional expression- {7) is
satisfied, correction of the spherical aberﬁatiﬁn and the
coma at the telescopic end state can be easily.
facilitated.
The conditional expression (8) defines a condition
for preventing the Petzvar sum from increasing to the
negative side when the refractive power of the second

lens group GII is increased to reduce the space for.

movement of the second lens greoup GII to achieve

: miniaturization, The curvature of the bonded faces of the

fifth lens L5 and the sixth lens L6 can be moderated to
correct the deformation of the spherical aberration of
short wavelengths at the telescopic end state by setting

the refractive index of the concave lens which composes
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It is to be noted that, in the foll ow ng expression,

"si" represents the ith face as counted fromthe

object side; "ri" the radius of curvature of the ith
face as counted fromthe object side; "di" the 50500470
di stance between the ith face and the i+1th face as
counted fromthe object side; "dF' the thickness of

the filter F;, "dP" the thickness of the color
separating prism "ni" the refractive index of a
material used to formthe ith lens Li at the d Iine;

"ne thechef1acd ;;g‘i%t dpndex 9& hdtfer B @hlkabyPoeti il of

formthe filter the d line; "nP" the refractive
| RgeX rake b heo N8BS &fdA tﬁgeﬁe{s@vilorgnnt fae-ld gekeing the
separating prismat the d line; " t he

nulkercof v hendmt ey aheUsgghd 0 féa{smttoh% h hl @QﬁzeL@o
"v. " the Abbe nunber used to formthe filter F;, and

"tnBt bh@edAbaHusbabpef nthse MatLrdal owsgd $OsSHMM is
the col or 38 SO5PO470 separating prism Meanwhile, an

asphari c shape is defined by Expression 1 mhere t he
depth of the aspheric face is represented by "xi" and

t he helgm11ﬂkﬂ&blﬁ6w£ﬁ&)(Eﬁve&éusnum§r1§@1eﬁﬁﬂkﬁ@o@klng
"H'. "E -- 1" of the aspheric coefficient represents

" ¥xdflptes "emdndifeRS SibpNying i ga A Iduikty hukeliE2) Wa1AsH:o
Val ues in the nurnerical value working exanple 1
the zoom lenses 1 and 2 of the present embodiment are
described.
It is to be noted that, in the following expression,
“si” represents the ith face as counted from the object
side; “ri” the radius of curvature of the ith face as
‘counted from the object side; “di” the distance between
~the ith face and the i+lth face as counted from the
object side; “dF” the thickness of the filter F; “dP” the
thickness of the color separating prism; “ni” the
refractive index of a material used to form the ith lens
.Li at the d line; “nF” the refractive index of the
material used to formfthe filter ¥ at the d line; “nP”
the refractive index of the material used to form the
.coior separating prism at the d line; “vi” the Abbe
number of the material used to form the ith lens Li; “wvF”
the Abbe number used to form the filter F; and “vP” the

Abbe number of the material used to form the color
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- 2r2=9. 059d2=0. 930n2=1. 72916v 2=54.7

wherein particular nunerical values are applied to the

zoom |l ens 1 according to the first enbodi nent shown in
FIG 1 are indicated in Table 1. 39 SO5PO470 Table 1
siridiniv i 1r1=23.921dl =0. 350n1=1. 94568v1=18. 0 S05P0470

3r 3=-30. 993d3=0. 070 4r4=5.538. d4=0. 695n3=1. 83481v
3=42.7 5r5=14. 863d5=vari abl e ‘

- 6r6=18. 151d6=0. 175n4=1. 88300v4=40. 8 7r 7=2. 324d7=0. 534

8r 8=-2.370d8=0. 175n5=1. 88300v 5=40. 8

Orrrd®4dg=Pr 468Nn6=1. 94568v6=18. 0 10r 10= dIChvarlabIe
11rII—|r|sg_€ =0. 594

12r 12=8. 03442 3Q., 688n453n 688934731 12 defined by
13r 13=- 2. 238d13=0. 553n8=1. 88300v8=40. 8

14&&5%esgléﬁ5ﬂ1ﬂheﬂ6“ﬂh%b6§ th of the aspheric face is
15r 15=- 4. 979d15=0. 175n9=1. 94568V9 18.

161e16200d 165 0o p 2441 Ozhad 8RAME OO A-om  the optical axis

. 17r17=-3. 639d17=0. 070

18rs18=3r2 208485 %900, | =4k 48749\WELERE. 4spheric

"19r 19=- 3. 162d19=vari abl e

coefficient represents “X 10 - i~“,

Expression 1

xi = H*fri(1++1-H/i?) + ) AjH

Values in the numerical value working example 1
wherein particular numerical values are applied to the
zoom l@ns-l according to the first embodiment shown in

FIG., 1 are indicated in Table 1.
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Fil teroodF=0. 745nF=1. 51680v F=64.2 _

Pri smoodP=3. 950nP=1. 58913v P=61. 3 COBack focus=0.280
In the zoomlens 1, the face distance d5 between the
first lens group G and the second | ens group (JI S05P0470
‘the face distance dl O between the second | ens grou &

Al and the iris S, the face distance dl4 between the
‘third lens group A1l and the fourth | ens group GV
and the face distance d19 between the fourth | ens

group AV and the filter F are variable during

zaaphRg1 Therefore, nunerical values of the distances
d5, d10, d14 and d19 in 40 SO5PO470 the nunerica

val ue working exanple 1 at the wide-angle end state,
internediate focal position and telescopic end state

sdre i ndi cdtled in| Tabl e 2i oget her wi t h idhe fochl vi
tli st amde23F9nuUnbpdland3angl e of \irdwl(.2ws6degrie@a))is. o
Jabl ¢ -2-50ged 1. DEPoe 48Y. 157 i §GEAGe7Eo1e v 2=54 .7
Bluuus:k t@é&. 3 +&3=2&){5I7’ grees) 571861069648 .
5629836 t4.gO 104 110240349
5141 zds :§§§1 AhRT=0""69 n3=1.83481 v 3=42 .7
5 r5=14.863 db=variable :
6 r6=18.151 |d6=0.175 n4=1.88300 v 4=40.8
7 r7=2.324 d7=0.534
8 r8=-2.370 |d8=0.175 n5=1.88300 v 5=40. 8
9 r9=2.264 d9=0.458 n6=1.94568 v 6=18.0
10 rl0=co dl0=variable
11 ril=iris dl1=0.594 _
12 ri2=8.031 |d12=0.665 n7=1.68893 »7=31.2
13 rl3=-2,238 |d1l3=0.553 ng=1,88300 v 8=40.8
14 rld=-7.435 |dl4= variable
15 rl5=-4,979 |dl5=0.175 n9=1,945¢8 v 9=18.0
16 r16=00 di16=0.524 nl0=1.48749 v10=70.4
17 r17=-3.639 |dl17=0.070
18 rl8=3.120 d18=0.900 nll=1.48749 | 411=70.4
19 ri9=-3,162 |dlS=variable '
Filter | oo dF=0.745 nF=1.51680 v F=64.2
Prism | oo dP=3.950 nP=1.58913 v P=61.,3
oo Back focus=0.280

In the zoom lens 1, the face distance d5 between
the first lens group GI and the second lens group GIi,
the face distance dl0 between the second lens.group GII
and the iris S, the féce diétange dld between the third
lens group GIII and the fourth léns group GIV and the
face distance dl9 between the fourth lens group GIV and
the filter F are variable during éooming. Therefore,

numerical values of the distances d5, d10, d14 and dl9 in
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d190. 5121. 3451. 020 I n the nunmerical val ue working
exanple 1, the face. s12 of the seventh lens L7 on the
obj ect side and the opposite faces s18 ‘and s19 of the
el eventh lens L11 are each forned from an asphegd%PO470
face. Therefore, fourth-, sixth-, eighth- and :
tent h-order aspheric coefficients A4, A6, A8 and Al0

of the faces sl12, s18 and s19 are indicated in Table

3. 41 S05PM470 Table 3 si AAAG6ABAL0

12-0. 1078E- 020. 2648E- 02- 0. 4885E- 020. 2391E- 02
1%h@-ggﬁéﬁ&é&ﬁ(%éi$%3ﬁb9§@n§4é£g%§%%'q'%Q3ggé0§ide—angle
190. 8743E-02 . Aberration diagrans of the nuneri cal '
vahdeswetr k| NthtX¥aRMRkeelrat sl Shown idh EhESceZeldic lhd
particular, FIGS. 2, 3 and 4 indicate the spherica
aberkat £o8, i mstd LRt i aMragnd #i e dq¥thi-enw2bRr £12d | At
the wi de-angle end state, intermediate focal position
apdsteheseopikur@Rg: shat 8ngl& espastldw aby, (a8g-& Gy 5
indicates |lateral aberration at 80% of an inage

hekght. 21t is to be noted that, in the spherica
aberration diagranms and the |lateral aberration

di agrans, a solid line indicates an aberration curve

i (wavelength of 587 6 nnj, a broken line

i ndi cBPe3lan aberratigpgcurve at thggg |ine 9.157
MH\F nuﬁger 1.85 2.10 2.40
2w (degrees) 57.80 10.8 6.48
ab 0.298 3.625 4.300

d1o 4,351 1.024 0.349

d14 1.548 0.715 - 1.040

dlo 0.512 1.345 1.020

In the numerical value working example 1, the face
512 of the seventh lens L7 on the object side and the
opposite faces s18 and s19 of the eleventh lens L1l are
each formed from an aspheric face. Therefore,.fourthw,
sixth-, eighth- and tenth-order aspheric coefficients A4,
.AS, A8 and Al0 of the faces sl2, s18 and sl19 are

indicated in Table 3.
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of 435.8 nm and an alternate |ong and short dash line
i ndi cates an aberration curve at the Cline
(wavel ength of 656.3 nm. Meanwhile, in the
astigmati smdiagrans, a solid line indicates a S05P0470
sagittal inmage plane, and a broken line indicates a
nmeri di onal inmage plane. Now, values in the nunerica

“val ue worki ng exanpl e 42 SO5P0470 2 wherein particul ar
numeri cal values different from those of the

‘nunerical value working exanple 1 are applied to the
zaamnkens 1 according to the first enbodi ment shown

in FIG 1 are indicated in Table 4. Table 4 siridiniv

i 1rl=22.383d1=0.306n1=1.94568v1=18.0

2r2=8 720d2=0_878n2=1_72916v2=54_7 3r3=-28. 336d3=0_068

4r 455,482d4xH. 653nB=1. 83481v3=4PR. 7 asg A10
BrB5=14_158d5-vari-aple
“6r 6214. 458d68R-070n4812 8880045400847 FE20285di 2095002

Q AN O Eed-. QQaNA T —
I'o—=&£. O84ZUOo0—U. L T7TUJTO—1."0000U0UVvV O—=+U. 0O

- 9r 982 | 26BIFEAEA28NF=D.-94588BvB318. ®- 3447E-03 | -0.1030E-03

I0r 1 o¥00di O=variabfe Iirtt=rrisgtt=0-578
12192+6°3B881%= 718n7=1. 64769V|[7=33. 8

Aberration diagrams of.the numerical value working
example 1 are shown in FIGS. 2 to 3. In partiéular, FIGS.
2, 3 and 4 indicate the spherical aberratioh, astigmatism
and distortion aberration at the wide-angle end state,
intermediate focal position and telescopic end state,
respectively, and FIG. 5 indicates lateral aberration at
80% of an image height. It is to be noted that, in the
spherical aberration diagrams and the lateral aberration
diagrams, a solid line indicates an aberration curve at
the d line (wavelength of 587.6 nm), a bioken line
indicates an aberration curve at the g line (wavelength
Qf 435.8 nm) and an alternate long and shorf dash line
indicates an aberration curve at the C line (wavelength
of 656.3 nm). Meanwhile, in the astigmatism diagrams, a
solid line indicates a sagittal image plane, and a broken
liné indicates a meridional image plane.

Now, values in the numerical value working example
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13r13=-1.941d13=0. 408n8=1. 77377v8=47. 2
14r 14=- 8. 501d14=vari abl e

15r 15=-4. 469d15=0. 170n9=1. 94568v9=18. 0
16r 16=110. 433d16=0. 503nl O=1. 48749v10=70. 4
17r 17=-3. 368d17=0. 068

18r 18=3. 619d18=0. 731nl | =1. 58313v11=59. 5
19r 19=- 3. 619dIl 9=vari abl e Fil tercodF=0. 724nF=1. 51680v
F=64. 2 PrisncodP=3. 842nP=1. 58913v P=61. 3 OoBack
focus=0.280 In the zoomlens 1, the face distance d5

bet weeReih Nea 12683 0f ntRer 1L 61vd 8RS A5 0ER- Gt 3, he
second lens group GI, the face distance d10 between

t R@oseCORtLhENTimAieHR- Ghiuadntb g d hkinSiethesface
di.stance d14 between .43 SO5PO470 the third | ens group

Gabbiapd thecHoudh ens 9rosd Vg @Bdchber{Ace

di stance d19 between the fourth lens group GV and

t Repbhlhekt k@ Var Fabl e1 dyrd NghZReWLAdin TREs e Of €,
nunerical values of the face distances.d5, d10, di4
andpdd94in the nunerical val ue working exanple 2 at
the wi de-angle end state, internmediate focal position
and telescopic end state are indicated in Table 5

505P0470

her with the focal distance,  F nunber and angle
Sdf vilew (2% (degkees)).cﬁable 5 ni v i
1 rl=22,383 dl=0.306 nl=1.94568 v1=18.0
2 r2=8.720 d2=0.878 _ n2=1.72916 y2=54.7
3 r3=-28.336 d3=0.068
4 T4=5.482 d4=0.653 n3=1.83481 v 3=42.7
5 r5=14.158 db=variable
6 r6=14.158 d6=0.170 n4=1.88300 v 4=40.8
7 r7=2.255 d7=0.510
8 r8=—2.342 d8=0.170 n5=1.88300 v 5=40.8
9 r9=2.268 d9=0.426 n6=1.954568 v.6=18.0
10 rl{=00 dl0=variable
11 rll=iris dl11=0.578
12 r12=6.308 d12=0.718 n7=1.64769 y 7=33.8
13 r13=-1,941 dl13=0.408 n8=1.77377 v 8§=47.2
14 ri4=-8.501 dld4=variable
15 r15=—-4.469 |d15=0.170 n9=1.94568 v 9=18.0
16 r16=110.433 |dlée=0.503 nl0=1.48749 v10=70.4
17 r17=-3,368 dl7=0.068
18 r18=3.619 dl8=0.731 nli=1.58313 v11=59.,5
19 r19=-3.619 dl9=variable ' '
Filter | co dF=0.724 nkF=1.51680 vF=64.2
Prism | oo dp=3.842 . nP=1.58913 v P=61.3
N Back focus=0.280 -

In the zoom lens 1, the face distance d5 between
the faces of the first lens 'group GI and the second lens
group GII, the face distance dl0 between the second lens

group. GIT and the iris S, the face distance dl4 between
43 '




Focal 1.0005.1829.170 di stance F nunber1.852.102. 40

- 2c(degrees) 56. 2011. 26. 28 d50. 2893. 5124. 247

d104. 3831. 1600. 425 d141. 6130. 8531. 223

d190. 5331. 2930. 923 In the nunerical value working,csq470
exanple 2, the face s14 of the eighth |ens L8 on the
obj ect side and the opposite faces sl18 and s19 of the
el eventh lens L11 are each fornmed from an aspheric
face. Therefore, fourth-, sixth-, eighth- and

tent h-order aspheric coefficients A4, A6, AS and Al0

thhEthiﬁg.eﬁer%l reai8cand $19 ale A reBSPAL Ogroup GIv
indicated in Table Table 6 si AAGASA10

1%n@-ﬂﬁg7£éégxh£§¥%$ééoalgsbé%&%%%ﬂ%ﬁ%?@oﬁ%ﬂﬁEi@ﬁ% group
190. 6274E- 02- 0. 6343E- 04 Aberration di agrans of the

nemer heal tval fie vt I Rge exATHN IR JuadhiggShevnind, FI GS.

6 to 9. In particular, FIGS. 6, 7 and 8 indicate the

SHhGEL ke ADRIKAIQAN, vBSLEGMBEI 8A2 face distances d5, d10,
dl4 and d19 in the numerical value working example 2 at
the wide-angle end state, intermediate focal position and

telescopic end state are indicated in Table 5 together

with the focal distance, F number and angle of view (2

(degrees) ).
Table 5

dfzzzzée 1.000 5.182 9.170
-F number 1.85 2.10 2.40
2w {degrees) 56.20 11.2 6.28
d5 0.289 3.512 : 4.247
dalo 4.383 1.160 0.425
di4d ‘ 1.613 0.853 . 1.223
dlg 0.533 1.293 0.923

In the numerical value working example 2, the face
sl4 of the eighth lens L8 on the object side and the
-opposite faces 518 and s19 of the eleventh lens L1l are
each formed from an aspheric face. Therefore, fourth-,
sixth—-, eighth- and tenth-order aspheric coefficients A4,

A6, A8 and AlQ0 of the faces sl4, sl8 and 519 are

44




and distortion aberration at the w de-angle end state,

i nternmedi ate focal position and tel escopic end state,

respectively, and FIG 9 indicates |ateral aberration

at 80%of an inmage height. It is to be noted thatyssya7¢

the spherical aberration diagrans and the |atera

aberration diagrans, a solid |line indicates an

aberration curve at the d line (wavel ength of. 587.6

nm, a broken line indicates an aberration curve at

the g Iine (wavelength of 435.8 nnm and an alternate

| ongiandeshos trgashel.i ne i ndicates an aberration

curve at the Cline (wavel ength of 656.3 nm.

Mrapnbi be, in the astigmati smdiagrans, a solid line

indicates a sagittal inmage plane, and a broken [line

i ndi cates a neridional inmage plane. 45 S05P0470

= ; n-the numerical val.ue.working

exaﬂp e 3 wherein parti@d ar nume
e

calg val ues arenlg

N+ A + hd coerand
Ilg U oI QCL&UIIU

|
ndi cated ijn Table 7.

bl tn +hhn o | 2 Apn

|JI | .,U U TU11T LU ||| 1 CIIQ Z AaAC

enbdd| mentd 693RoWA | N0 R @ 4EH® 3ar
Tabter 7 siridimiv

irigon, ‘:@676&74@ 885n| 16 Hedd1518. 0

1
LY R R AR | o

5r5=13. 742d5=vari abl e

Aberration diagrams of the numerical value working
example 2 are shown in FIGS. 6 teo 9. In particular, FIGS.
6, 7 and 8 indicate the spherical aberration, astigmatism
and distortion akerration at ﬁhé wide-angle end sfate;
intermediate focal position and telescopic end state,
respectively, and FIG. ¢ indicates lateral aberration at
80% of an image height. It i1s to be noted that, in the
spherical aberration diagrams and the lateral aberration
diagrams, a solid line indicates an aberration curve at
the d line (wavelength of. 587.6 nm), a broken line
indicates an aberration curve at the g line (wavelength .
of 435.8 nm) and an alternate long and short dash line
indicates an aberration curve at the C line (wavelength
of 656.3 nm}). Meanwhile, in the astigmatism diagrams, a
solid line indicates a sagittal image plane, and a broken

- line indicates a meridional image plane.
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6r 6=13. 742d6=. 0. 170n4=1. 88300v4=40.8 7r 7=2. 178d7=0. 497
8r 8=-2.243d8=0. 170n5=1. 88300v 5=40. 8

9r 9=2. 152d9=0. 440n6=1. 94568v6=18. 0 10r1
0=0odl O=variable 11r1l =irisdll=0.576
12r 12=4. 317d12=0. 712n7=1. 64769v7=33. 8
13r13=-2.188d13=0. 170n8=1. 83481v8=42. 7
14r 14=2. 787d14=0. 606n9=1. 70154v9=41. 2
15r 15=- 6. 203d15=vari abl e
16r 16=-5.611d16=0. 170nl O=1. 94568v10=18. 0
17r 17=20m608@k]=Qa4808! 1 F 148 td@w1c40. dalue working
18r 18=-4.097d18=0. 068
196afip Be 54 40HO0.n/ AR 2Eh1 583 B8Wk2=RY. Dalues are applied
20r 20=- 3. 544d20=vari abl e FilteroodF=0. 722nF=1. 51680v
F£64 £Re Pt bSO, 8318PF1n5 89 P50 Lod3d00B86&K i ment

focus=0.280 In the zoom | ens 2,

S05P0470

the face di stance db5

behweanint he: f acesref ihhecitestid erspigroup G and the

second | ens
t tfabsecond | ens 46 SO05P0470 group 4|

group G I,

the face di stance d15 bet ween

the face di stance d10 bet ween
and the iris S,
the third I ens group

A1l and the fourth Iens group GV and the face
di-st-ance—d20betweenthe—fourthlens group
s1 ri di ni vi
1 rl=21.,367 dl1=0.305 ni=1,94568 v1=18.0
2 r2=8.425 d2=0.89%4 n2=1.72916 v 2=54,7
3 r3=-28.253 d3=0.068
4 r4=5.324 d4=0.651 n3=1.83481 v 3=42.7
5 r5=13.742 d5=variable
© re=13.742 d6=0.170 n4=1.88300 v 4=40.8
7 r7=2.178 d7=0.497
8 r8=—2.243 dg=0.170 n5=1.88300 v 5=40.8
9 r89=2.152 dS8=0.440 né6=1.94568 v 6=18.0
10 rl0=0cc dlO0=variable
11 rll=iris dil=0.576
12 rl2=4.317 dl2=0.712 n7=1.64769 v 7=33.8
13 r13=-2.188 dl3=0.170 nB8=1.83481 v 8=42.7
14 rid=2,787 d14=0.606 n9=1.70154 v 0=41.2
15 rl5=-6.203 |dlS5=variable
16 rle=-5.611 dl6=0.170 nl0=1.94568 v10=18.0
17 rl7=20.608 dl17=0.480 nll=1.48749 v11=70.4
18 | r18=—4.097 d18=0.068
19 r19=3.544 d19=0.739 nl2=1.58313 v12=59.5
20 r20=-3.544 d20=variabkle
Filter |oo dF=0,722 nF=1,51680 v F=64.2
Prism | 'dP=3.831 nP=1.58913 v P=61.3
oo Back focus=0.280

In the zoom lens 2,

the face distance d5 between

the faces of the first lens group GI and the second lens

group GII, the face distance d10 between the second lens
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GV and the filter F are variable during zoom ng.
Therefore, nunerical values of the distances d5, di10,
dl15 and d20 in the numerical value working exanple 3
at the w de-angle end state, internedi ate focal805P047O
position and telescopic end state are indicated
"Table 8 together wth the focal distance, F nunber
and angle of view (2w (degrees)). Table 8 Foca
1. 0005. 2429. 160 di stance F nunber 1. 852. 102. 40
2c) (degrees)56. 0011. 06. 26 d50. 3053. 4204. 115
d534up3411 1490. 424 id181 53580 56 Whtance d15 between
d200. 5301. 3230. 952 I n the nunerical val ue worKking
extepkaidd ldoes prpesicrerf asestisel ¥andns20nef gtdig cIv
twelfth [ens L12 are each forned from an aspheric
f ace. thberefordstaouet B20 bstwddh t1Rl gauRthaléns group
tent h- order aspheric coefficients A4, A6, A8 and Al0
ofcI¥henflatkes &ilGeand 228 aseidwiH o:airaehgl Rodi P5PO470
Table 9. Table 9

Therefore, numerical values of the distances d5 dld, dl5

and d20 in the numerical value working example 3 at the
‘wide-angle end state, intermediate focal position and
telescopic end state are indicated in Table 8 together

with the focal distance, F number and angle of view (2o

{degrees) ).
Table 8

df:?ziie 1.000 5,242 - 9.160
F number 1.85 2.10 2.40
20 {degrees) 56,00 11.0 6.26
ds 0.305 . 3.420 4,115
d1o 4,234 1.119 0.424
dis 1.353 0.560 0.931
d20 0.530 1.323 0.952

In the numerical vaiue working example 3, the
opbosite faces 518 and 520 of the twelfth lens L12 are
each formed from an aspheric face. Therefore, fourth-,
sixth-, eighth- and tenth-~order aspheric coefficients A4,

A6, A8 and AlO of the faces s19 and s20 are indicated in

47




|
|

Si AAA6ABAL0 19- 0. 6545E- 020. 5926E- 04

200. 6545E-02- 0. 5926E- 04 Aberration di agranms of the
nuneri cal value working exanple 3 are shown in FIGS.
11 to 14. In particular, FIGS 11, 12 and 13 in@

t he spherical aberration, astigmatismand distortion

~aberration at the wide-angle end state, internedi ate

focal position and tel escopic end state,

respectively, and FIG 14 indicates |atera

aberration at 80% of an inage height. It is to be
nataede that, in the spherical aberration diagrans and
the lateral aberration diagrans, a solid line

| mdbcat es an aberration curve at the d line

(wavel ength of 587.6 nm,. a broken |line indicates an
aberration curve at the g line (wavelength of 435.8

@70

n—and-—analternate long-and short dash |ine
-~ i|ndi.cat es am4 aberrpti on marve thex8 | i ne Al0
wavelength—ef—656-3—am—Meanwhi-+e—a—the
astPgmatld srh458-8gr pn®, 5L &61G4d || i ne i ndi catgs a
sagittal—Tmage ptrane, —and—a brioken—tine i ndicatesa
?Pd'oﬁaﬁS?ﬁ%‘ p| afe 59€8Er@Spondi ng nurerilcal val ues

I'n the nunmerical 48 SO5POA70 val ue WorKi ng exanples T,
2 and 3 of the conditional expressions given

herei nabgve are indjcated in Table 10. Table 10 ,
Nuneri cafrerration diagrams of the numerical value working

example 3 are shown in FIGS. 11 to 14. In particular,

. FIGS. 11, 12 and 13 indicate the spherical aberration,
astigﬁatism and distortion aberration at the wide-angle
end state, intermediate focal position and telescopic end
state, respectively, and FIG. 14 indicates lateral
aberration at 80% of an image height. It is to be noted
that, in the spherical aberration diagrams and the
lateral aberration diagrams, a solid line indicates an
aberration curve at the d line (wavelength of 587.6 nm),
a broken line indicates an aberration curve at the g line
(wgvélength of 435.8 nm) and an alternate long and short
dash line indicates an aberration curve at the C line
(wavelength of €56.3 nm). Meanwhile, in the astigﬁatism
diagrams,-a solid line indicates a sagittal image plane,
and a broken line indicates a meridional image plaﬁe.

Corresponding numerical wvalues in the numerical
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Nureri cal Nuneri cal

val ue val ue val ue exanpl e lexanpl e

2exanpl e 3 fwl. 0001. 0001. 000 fI118.5717.8917. 713

flr11/fws.5717.8917. 713 f1V3.5583. 4933. 524
H V' 0. 0410. 1420. 096 H V' /f1V0. 01150. 04070. 0272

fI11/fTV2.4092. 2592. 189 n71. 688931. 647691. 64769
n81. 883001. 773771. 83481 r 32-2.238-1.941-2. 188
432-0.0867-0. 0650-0. 0855 f41-5. 265-4. 539-4. 649

f 427. 4656. 7147. 056 f43. 3. 3803.2233. 160 v4118. 018.018.0

v4270.470.470.4 v4370. 459.559.5

13810 w015%8n§. Odafdo1®01632f 34d. $102.:316320343i0nal
f32-3.816-3.341-1. 446

expressions given hereinabove are indicated in Table 10.

Table 10
Numerical Numerical Numerical
value value value
example 1 example 2 example 3
“fw 1.000 1.000 1.000
fIII 8.571 7.891 7.713
fIII/fw g§.571 7.891 7.713
£fIV 3.558 3.493 3.524
HIV' 0.041 0.142 0.096
HIVS /fIV 0.0115 0.0407 0.0272
fIIT/EIV 2.409 2.259 2.189
n7 1.68893 1.64769 1.64769
ns 1.88300 1.77377 1.834381
r32 -2.238 -1.%41 -2.188
¢ 32 -0.0867 -0.0650 -(.0855
£41 -5.265 ~-4.53¢8 -4.649
£42 7.465 6.714 7.056
£43 3.380 3.223 3.160
v4l 18.0 18.0 18.0
v 42 70.4 70.4 70.4
v 43 70.4 59.5 59.5
1/v1IVv -0.0158 -0.0171 -0.0163
£31 2.610 2.373 2.343
£32 -3.816 -3.341 -1.44¢6
£33 2.820
v 31 31.2 33.8 33.8
v 32 40.8 47,2 42.7
v 33 41 .2
1/vIT1 0.0502 - 0.0483 0.0389
{(nl+n2+n3) /3 1.83655 1.83655 1.83655
{nd+n5+n6) /3 1.50389 1.90389 1.90389

S05rP0470

As can be recognized from the numerical wvalue

working example 1, numerical value working example 2 and
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f332. 820 v3131. 233.833.8 v3240.847.242.7 v3341.2 1/v
I110.05020. 04830. 0389

(nl +n2+n3)/ 31. 836551. 836551. 83655
(n4+n5+n6)/31. 903891. 903891. 90389 As can be recog}y=Rd g
fromthe nunerical value working exanple 1, nuneri cal
val ue wor ki ng exanple 2 and 49 SO5PO470 nunerica

val ue wor ki ng exanple 3 descri bed above, the zoom

|l enses 1 and 2 according to the present invention
achieve. mniaturization by placing the imge side

phiuheirRak] pehNie Gforkiagl exakbld eNsic@ioiped Yodfe | Nehe
imge side while a function that a |ong back focus -

f @oomi DEREEs NY h L Ql @EcEEPBRGL tNGEHY pSBEBLE EsSREY i
a three- plate type video canera therein and the exit
pepht efie emipiOXidiREE iba bl eTemind &h@omﬂhgéoﬁﬁde '
Further, since the bonded faces having a negative
refriaci pye moer o ehedicsposiedldds ieuphGrd bnshyrigige
Adll, the freedomin design of magnification
abeneathble corfiecttion byathe 1daudakkl gasugroop GV
can be increased significantly to correct various
abespatimnsa iqudlordisegat being gt fsnc akiceBsaehr deatd chree-
aberration well on a high level. Furthernore, further
npheat utyzatviclzcardme nhaticeneit adnd paef extanseii are
proximate to telecentric cohditions. Further, since the
bonded faces having a negative refractive pdwer are
disposed in the third lens group GIII, the freedom in
design of magnification aberration correcticn by the
- fourth lens group GIV can be increased significantly to
correct various aberrations including the magnification
chromatic aberration well on a high level. Furthermore,
further miniaturization and enhancement in performance
are implemented by using a high refractive index glass
material for the first lens group GI and the second lens
group GII.
Further, the zooming ratiec is as high as
approximately 10 times and a brightness of Fl1.8 at the
-Wide—angle end state is achieved; and as can be seen from
the aberration diagrams, various aberrations including

the magnification chromatic aberration are corrected very

well.
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are inplenmented by using a high refractive index gl ass
material for the first lens group A and the second

lens group AI. Further, the zoomng ratio is as high
as approximately 10 tinmes and a brightness of F]SDO%P%Q”O
the wi de-angle end state is achieved, and as can bé -~
seen from the aberration diagrans, various

aberrations including the nagnification chromatic
aberration are corrected very well. .. 50 S05P0470
Furthernore, a cenented lens is disposed efficiently

in the thirdther@BSedr QU@ dec@Ndnthesf @UEddsed ens
group AV which are principal characteristics of the

Peegent ehVEMd Aihd @nachi eves ¥l aft imeder atd NG uhe
.sensitivity to degradation in performance by an error

UP@RAsNBAGHRCE LY §HARGN aceNPAT ek pM 1t Rbhattuhes i ddher the
third lens group A1l and the fourth I ens group AV

apeessgpalmfat idH @caRdhdesPpasadh1as dfndbMbdsal ngitigl e
| enses. FIG 15 shows an enbodi nent of an image pickup

appasat Usi ©f tdidrasent oh NMe PdrFdrmifeel PROE P ddip
apparatus 10 according to the present enbodi nent

i npbtidesnuthangd twhes Eougited dintihdedadswhess iie hGrd
15, a canera section 20, a canera DSP (Digital Signa
Pleaessos)p 3 IITamn3DRAM {Synahnemeugroynany car@andom
Access Menory) 40, a nmediuminterface

separated into ard disposed as individual single lenses.

FIG. 15 shows.an embodiment of an image pickup
“apparatus of the present invention.

The image pickup apparatus 10 according to the
present embodiment includes, where it is roughly divided
as seen in FIG. 15, a camera section 20, a camera DSP
(Digital S$Signal Processor) 30, an SDRAM (Synchronpus
Dynamic Random Access Memory) 40, a medium intefface
(hereinafter referred to as medium I/F) 50, a control
section 60, an operation section 70, an LCD {(Liquid

'Crystal Display) 80, and an external interface
(hereinafter referred to as external I/F) 90. A récording
medium 100 is removably loaded into the image pickup
apparatus 10. |

For the recording medium 100, recording media of

various types such as a sc-called memory card in which a

semiconductor memory is used, an optical recording medium

51




(hereinafter referred to as nediumlI/F) 50, a contro
section 60, an operation section 70, an LCD (Liquid
Crystal Display) 80, and an external interface
(hereinafter referred to as external 1/F) 90. A S05P0470
recording .nmedium 100 is renovably | oaded into the

i mge pickup apparatus 10. For the recordi ng nedi um
100, recording nedia of various types such as a
so-cal led nenory card in which a sem conductor nenory
I's used, an optical recording nedium 51 SO5P0470 such
agudhl §60% dabl & JA¥Re( B8 118 g MelSatddsg:Piskpi OF) &r a
“recordabl e CD (Conpact disk) and a magnetic di sk can

beecdsg81HWEVEIomphA Lt BEsEESHId RE idBnet i £ he: I €S8Nt
enbodi nent, it Is described that, for exanple, a

MREBRY Heedelr$ UhethasidNe ipreehdbRIrR@diAn1@0. The
camera section 20 includes an optical block 21, a CCD

(chBbgemétpl Bd ilRevkeBridedd ©hdd e-f0eQashNg, £indldirty
23, an optical block driver 24, a CCD driver 25, a

t bAka0i genesAldOrhel Fedbid 2y andiisa figoth. The opti cal
bl ock 21 includes a | ens, a focusing nechanism a

shutt er ThrEchRBES Medt Hraphr agen (kes San rahiaRismasd 21,
so forth. For -the lens in the optical block 21, a

z600Th eshaepodupgedt Dedtes )praesent pirBveRbEkiSlich as
the zoomlens 1 or 2 described hereinabove is used.

Attecul treges sepatated bDsck tdigverdipvi, deatcs ol e robs,

R, G and B are fetched, where
a timing generation circuit 26 and so forth. The optical
block 21 includes a lens, a focusing mechanism, a shutter
_ mechanism, a diaphragm (iris} mechanism and so forth. For
the lens in the cptical bleck 21, a zoom lens according
tb the present invention such as the zoom lens 1 or 2
.described hereinabove is used. After images separated for
thé individual colors of R, G and B are fetched, where
the images of the colors are to be superposed with eaéh
other to produce information of a single color image, CCD
22 are provided individually for the colors of R, G and B.

The control section 60 is a microcomputer formed

from a CPU (Central Processing Unit) 61, a RAM (Random
Access Memory) 62, a flash ROM (Read Oniy Memory) 63, a
clock circuit 64 and so forth connected to each otﬁer by

a system bus 65. The control section 60 can control the

" components of the image pilckup apparatus 10 of the
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the i mages of the colors are to be superposed with
each other to produce information of a single color

i mge, CCD 22 are provided individually for the
colors of R G and B. The control section 60 is &,:p0470
m croconputer formed froma CPU (Central Processing
Unit) 61, a RAM (Random Access Menory) 62, a flash
ROM (Read Only Menory) 63, a clock circuit 64 and so
forth connected to each other by a system bus 65. The
control section 60 can control the conponents of the
| YRRt CkHP-@RaAat us 10 of the 52 SO5PO470 present
enbodi nent. The RAM 62 is used principally as a

wor Ki ng eHea&aM @b EQ”@Qé@rﬂﬁ%citp%ng}ga@na'ﬁﬁﬁ{i%/:a@teg
result of processing and so forth. The flash 63
hagrstenglrat16f &itdMak OHS 1 PF O L0 rBey eXesat ed by
the CPU 61, data nec essary for the processing and so
f @ridkesEung hefd sd FRrehockritd rauish B4Mcen KU HLWideehe
year, nonth and day at present, the day of the week
atchpiresfNtadihd e doirlRs 8b I eseutaldpgabhdrosi de,

“the image pickup day and tinme. Then, when an image is

t dalte peekeshmip fdrhenheppréaéssMPenddsbvesrgd. f elrBhar,
driving signal for causing the optical block 21 to

opeeateoakdcitiijild €3 the grovidy thel gRak, techihie and day

~optical block 21 to cause the optical block 21 to

oper atesemdertHhelagontr he ofedihanic pireeht sesd i e GQme
The focusi ng nmechani sm shutter nechanismand iris
at present and can provide the image pickup day and time.

Then, when an image is to be picked up, the optical

. block driver 24 forms a driving signal for causing the

optical biock 21 to operate and supplies the driving
signal to the opticai blogkl21 to cause the optical block
21 to operate under the control of the control section 60.
The focusing mechanism, shutter mechanism and iris
mechanism of the optical block 21 are controlled in
~response to driving signais from the optical bleck driﬁer
24 such that the optical block 21 fetches and provides an
image of a subject to the CCD 22.
| The CCD 22 photoelectrically converts the image
from the optical block 21 and outputs the image after the
conversion. The CCD 22 operates in response to a driving
signal from the CCD driver 25 to fetch the image of the

subject from the optical block 21 and supplies the
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mechani sm of the optical block 21 are controlled in
response to driving signals fromthe optical block
driver 24 such that the optical block 21 fetches and
provi des an imge of a subject to the CCD 22. T@%é?@@?O
22 photoelectrically converts the image fromthe
optical block 21 and outputs the inage after the
conversion. The CCD 22 operates in response to a
driving signal fromthe CCD driver 25 to fetch the

i mage of the subject fromthe optical block 21 and
suRRlhes iMfge GHhag@ORO440nbielshedd MR@es(hYBY€ as an
information) of the subject as an electric signal to

t Reeple1 Br OLHSSI MY GheCPib-gBobASAh ORI rBult M B%based on
signal fromthe timng generation circuit 26
centhfk hgds Pyndherrcanthel + sechd QerQathbni 8itOube 26
noted that, as described herei nabove, the tim ng
geRrarabl Ded Gy GiHd @ kel msettdmaosi gnal s for
.providing predetermned ti m ngs under the control of
the conty als $eChbeoRcbO i, hek, dbber (8 HdA@madbve,
forms a driving signal to be supplied to the CCD 22
basedtonimg ddrEAagishgBakchi®mé i rkismitigi ggneidd 1N for
circuit 26. The pre-processing circuit 23 perforns a
CbSov{ &dtid e it cDadhbae SafiptdNghderoensScdotrédhent the
i mage " information of the electric signal supplied

t kenetrol t L=ctirintedi.N Fiec /Y raki ocat daigaod Sv docwesand
performs an AGC (Automatic Gain Control) process to
cdmtwibhg tdieyrgdi o be supplied to the CCD 22 based on a

timing signal from the timing generation circuit 26.

The pre-processing circuit 23 performs a CDS
{Correlated Double Sampling} process for the image
information of the electric signal supplied thereto to
maintain the S/N ratio at a good value and performs an
AGC (Automatic Gain Control) process fo control the gain

.and further performs A/D (Analog/Digital) conversion to
'fprm image data in the form of a digital signal.

The image data in the form of a digital signal from
the pre-processing circuit 23 are supplied to the camera
DSP.36. The camera DSP 30 performs came;a signal
processes such as AF (Auto Focus), AE (Auto Expesure) and
AWB (Auto White Balance) processes for the image data
supplied thereto. The image data for which such various

adjustments have been performed in this manner are
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and further perforns A/D (Analog/Digital) conversion
to formimge data in the formof a digital signal
- The image data in the formof a digital signal from

the pre-processing circuit 23 are supplied to thes05P0470
canmera DSP 30. The camera DSP 30 perforns canera
~signal processes such as AF (Auto Focus), AE (Auto
Exposure) and AWB (Auto \Wite Bal ance) processes for
the i mage data supplied thereto. The inmage data for
whi ch such various adjustnents have been perforned in
t RichpBBBEE B & R4 rAB2RR4E DL UMY RIFRE rifin8G COSRRINGE i on
with a predeterm ned conpression nethod and supplied
t eelehear 8681 sl MRdicume 4004 @aded d medif i 0B ILoaded in
pi ckup apparatus 10 of the present enbodi nent through
t R eSYHLEM PUSK D a?)@ﬂrbhﬁs megli 44 dHdF 2@ s8A 1t BRbod inke)t
are recorded as a file on the recording nmedium 100 as
heheonaht ehe dogidrb@tds €H) 864 {HRGR daka 1/ FOsD NGt
the image data recorded on the recordi ng medi um 100
ak@eleade Otkcdfdn alshe Eecorsh nthdrediceraldg hedough oo
the mediumI/F 50 in response to an operation i nput
f meMaryses rescepisedibkhl ough the operation section 70
which is formed froma touch panel, control keys and
so forthobiEe neadeodita ohjRClamdabatneeimappld=a to
the canera DSP 30. The canmera DSP 30 perforns, for the

i ragerdad aon nchd hechesmef nedips as9edrdatraad eag: alttom
fromthe recording :

- the recording medium 100 through the medium I/F 50 in

response to an operation input from a user accepted
ﬁhrough the operation section 70 which is formed from a
touch panel, contrel keys and so forth. The read out
object data are supplied to the camera.DSP 30.

The camefa DSP 30 performs, for the image data in
the form of compressed data read out from the recording
medium 100 and supplied through the ]Jmedium I/F 50, a

-_depreséion process (decompression process) and suppiies
_the image data after the depression to an LCD controller
81Ithrough the system bus 65. The LCD controller 81 forms
an image signal to be supplied to the LCD 80 from the

-.imagé data supplied thereto and supplies the imége signal
to the LCD 80. Consequently, an image corresponding to
the image data recorded on the recordiﬁg ﬁedium 100 is

displayed on the display screen of the 1LCD 80.
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medi um 100 and supplied through the JmediumI/F 50, a
depr essi on process (deconpression process) and

supplies the imge data after the depression to an

LCD controller 81 through the system bus 65. Th%q§99470
controller 81 fornms an inage signal to be suppliedto
the LCD 80 fromthe 1inmage data supplied thereto and
supplies the inmage signal to the LCD 80.

Consequently, an inage corresponding to the inmage

data recorded on the recordi ng nmedium 100 is

di spl ayedt an tBepdi sPtay SfeeMe0ki tPEa Gl 8hrmoBs the
SOSP0470 It is to be noted that the displaying form of

t RRagkNBEEr &Y MR a@sglgiﬂﬁsgp&&yea%rﬁ e$8bHPaRr QM HBed
recorded in the ROM In short, the display processing

PRAJERE RSMA TR OH6AH) rHeR eseplidpticidindReharbama a
file system . hereinafter described is recorded and in

Whab g FBR Nesp Bl edtTRGE 1 h Swh &P Ihied smFHr Ehes | s§em
i mage pi ckup apparatus 10 according to the present

enbedi ANt et MIMEEScaNi Xt &ENMed fRd99n dhat Smanner an
possi ble to connect the inage pickup apparatus 10, for

eXxmapEeis teembaexkarnal personal conputer through the
external I/F 90 to receive supply of inage data from

the permaitakrsotpet Biadnchilc&oer dppieatnds Gatarabng to

the recording nmedium 100 | oaded in the inmage pickup

appar ptelsentl GmbAldsfieht 1iScDOSS kire ek@esupp! y/F EOE It is

data recorded on the recording nedium 100 | oaded in

t beskfmape fo clotPect the image pickup apparatus 10, for
example, to an external personal computer through the
external I/F 90 to receive supply of image data from the
personal computer and record the image data on the
recording medium 100 loaded in the image pickup apparatus
10. Also it is possible to supply image data recorded on
the recording medium 100 loaded in the image pickup
“apparatus 10 to the external personal computer or the
like through the external I/F 90.

| Further, if a communication module is connected to

thé external I/F 90, then it is possible to connect the
image pickup apparatus 10 tb a network such as, for
example} to the Internet to acguire various image data or
some other information through the network and record fhe

-acquired image data or information on the recording

medium 100 loaded in the image pickup apparatus 10 or
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apparatus 10 to the external personal conputer or the

i ke through the external 1/F 90. Further, if a

conmuni cation nodule is connected to the external 1/F
90, then it is possible to connect the inage pi%%%@0470
apparatus 10 to a network' such as, for exanple, 10

the Internet to acquire various inmge data or sone

ot her information through the networkand record the
acquired i mage data or information on the recording
~medi um 100 | oaded in the inmage pickup apparatus 10 or

56 rofsRd 18 id arsidrhcdaba fREOFLRE QRgt REAL &I ®H NGaded
medi um 100 | oaded in the inmge pickup apparatus 10 to

aAnORheCimARPqsidkep Baph¥aths oughd B8 BBY YO Kepposite
Further, also information such as inage data acquired

t haeughtt heuaxtreenaktpgrgonal conputer or the. network
and recorded on the recording nedium can be read out

and reprragueed, by1sbeih g fRicekdRcRPPAr aldde efatkhe
present enbodi nent and di spl ayed on the LCD 80 as

desgtii bed ahaugyhs@hthakiéhea USRIrseaR1UtbhpZeet & the
information. It is to be noted that it is possible to

phevidek e rexdoensal oh/ thdOrdtforalitgl Rel DRl dAC B Uehd
as |EEE (Institute' of Electrical and El ectronics

Eagineed SpeckdM:icedndy USRe (1dH gee S alkupebbphrBS9 oFF the

provide the external |I/F 90 as a radio interface by

| bgbtedt dr@tidimenveandldisplayed on the LCD 80 as
described above so that the user can utilize the
information.

It is to be noted that it is possible to provide
the external I/F 90 as a wire interface such as IEEE
{Institute of Electrical and Electronics Engineers) 1394
and USB {Universal Serial-Bus) or provide the external

"I/F 90 as a radio interface by light or radio ﬁaves. In
 other words, the external I/F 20 may be any of wire and
radio interfaces.

In this manner, the image pickup apparatus 10
éccording to the present embodiment can pick up an image
of a subject and reéord the image on the recording medium
100 loaded in the image pickup apparatus 10. Further, the
image pickup apparatus 10 can read out image data

recorded on the recording medium 100 and reproduce and

utilize the image data. Further, the image pickup
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ot her words, the external 1/F 90 may be any of wre
and radio interfaces. In this manner, the inmge

pi ckup apparatus 10 according to the present

enbodi nent can pick up an image of a subject andycrg479
"record the inmage on the recordi ng nedium 100 Ioaé@

in the i mage pi ckup apparatus 10. Further, the inmage
pi ckup apparatus 10 can read out image data recorded
on the recordi ng nmedi um 100 and reproduce and utilize
the i mage data. Further, the inmage pickup 57 SO5PM470
appahaktss 100 Celh nRCRIVE PFOVISIAN o iEBECqH8E achrough
through the external personal conputer or the network

aftel €60EHnal N IMGEe d8ihPuodr tdie HHRCOEdIBYK NBEh LB HIQ
| oaded in the imge pickup apparatus 10 or read out

artel epagEULLd ey thBRgecHRAd Bng Ideditint Q0bE1894EH trhathe
while a CCD uhit is used as the inmage pickup section

ofimbhe bi®EEs RigHeuptappanastsrddl HArsehtibedp2OYE®: the

this does not signify that the inmage pickup neans of

t Reabyangecpi ckup apparatus of the present invention

islimted to a CCDunit. In addition to a. CCD wunit,

al so a QMOGs( Conpkentrddrohakt ahi Qi decenircanductuieey as

I mage pickup device and other image pickup devices

atBeusesge lgidiaid echeiant € thatirpakt beukap shepesus 10

structures and nunerical values of the conponents of

t Hescribed above, this does not signify that the image
pickup means of the image pickup apparatus of the present
invention is limited teo a CCD unit. In addition to a CCD
unit, also a CMOS (Complementary Metal-Oxide
Semiconductor) image pickup device and other image pickup
devices are used.

It is to be noted that particulaf shapes,
structures and numerical values of the components of the
embodiments and the numerical value working examples
described above indicate a mere example in carrying out

the invention, and the technical scope of the preéent

invention shall not be interpreted restrictively by them.

Industrial Applicability
A zoom lens according to the present invention is
suitably applied where a long back focus is required in

order to insert a color separating prism into a back
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- enbodi rents and the nunerical val ue working exanpl es
descri bed above indicate a nere exanple in carrying

out the invention, and the technical scope of the
present  invention shall not be interpreted 0520470
restrictively by them Industrial Applicability zoom

| ens according to the present invention is suitably
appl i ed where a | ong back focus is required in order

to insert a color separating prisminto a back 58
SOSP0470 focus or the Iike, and can achi eve a high

MagRuEl 6t L0 1AM anhi G8n PEEA IFBNCE 1Whi Radn SABddtion
size while assuring a |ong back focus.” Further, the

Z Qe[ laeﬂ;saghspéﬁﬁaﬁf@ln)ﬁe Apphi £dspart isGulaghyit oaf?surln a
three-plate type video canmera 59 S05P0470 CLAIMS 1

zooiyl askWheked n auttkst, lens z%aumeH§Vi§1%1ﬁtab1y
positive refractive power and having a fixed position,
a appee8Adph LiSc 1 HQUR €b hhenvadimhie rReRi {idad i Qhera.
type having a negative refractive power and having a
position novable for magnification variation, a third
| ens group having a positive refractive power and
having a fixed position and a fourth |ens group
havi ng a positive: refractive power and having a
position variable for adjustnent of a focal position
upon magni fication : ' ' '
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variation and upon focusing are disposed in order from
an object side, wherein: said first | ens group
includes a cenented lens of a first lens in the form
of a concave lens and a second lens in the formQfc 470
convex lens and a third lens in the formof a convex
nmeni scus | ens having a convex face .directed to the

obj ect side, disposed in order fromthe object side;
said second | ens group includes a fourth lens in the
formof a concave lens and a cenented lens of a fifth
lens in the formof a bicofcawe | ens and a sixth | ens
in the formof a convex |ens, disposed in order from
the objectastden Saidwhiirednl @nsigEOURNNGHUABSh@ving a
two-el ement or 60 SO5P0470 three-el ement cenented | ens

| pelsudifg fesemantR beRsri fnd ther iy B ofxadbhsonviesh, a

| ens positioned nearest to the object side and an
eisghbhd| B&Ss | FrduRe offOEAR OFa i £OINE aegnilkrenst bemdeghd o

said seventh lens; said fourth Iens group includes a
capptihgda | efgatifve @egoacaiee | @i Mandngaditene s fraces
directed to the object side and a convex l'ens and a
breoawex fensaguidiaktibeasiriongdnca ehitdeldwd group
convex |l enses i.n said fourth .lens group is forned
f haniag aspheirtiicvef ae€raatntivéd heoWedd laodi hgv oo tf ol
expressions (1), (2), (3),
position and a fourth lens group having a positive
refractive power and having a position variable for
adjustment of a focal position upon magnification
variation and upon focusing are disposed in order from an
object side, wherein:
said first lens group includes a cemented lens of a
first lens in the form of a concave lens and a second
lens in the form of a convex lens and a third lens in the
form of a convex meniscus lens having a convex face
directed to the object.side, disposed in order from the
object side;
said second lens group includes a fourth lens in
the form of a concave lens and a cemented lens of a fifth
lens in the form of a biconcave lens and a sixth lens in
the form of a convex lens, disposed in oxrder from the

object side;

said third lens greoup includes a two-element or
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(4), (5) and (6) are satisfied: (1) 7.0 < flll/fw <
10.0 (2).0.007 < HV/fIV<0.07 (3) 1.8 < flll/f
< 3.0 (4) -0.1<032<-0.05¢(5) -0.02 <1/vlV <

-0.012 (6) 0.03 < 1/11l1 < 0.07 where fw focal <,500470
di stance of the entire systemat the w de-angle en
state flll: focal distance of said.third | ens group

fl1V: focal distance of said fourth lens group HV:

i mage side principal point of said fourth |ens group

61 SO5P0470 X32: refractive power of the bonded faces

oft hirBe-c P& AONY &erl LN dNCRASSInd il %bBQGEn§EdféAJ‘1n
said third |ens group and the next ‘concave |ens

(wWher €oPm32r = & onved) AERZS MHEIE dhéd sehbBst e{as agié ve

i ndex of said seventh lens on the d line, n8 t

refhaeti ¥yead nodex Hf «5ahen ebghtih @RS repnt be 4 J:drﬂ:eave
and r32 the radius of = curvature of the bonded faces

ofiesai Hos@yenid J-ArS sakdntBai&hLi ghth lens) viV: _
equi val ent Abbe nunber where it is assuned that said

fourth lens goouphi Seds tdiduLlioseliMe §0At AGhdMi&d lens of

IV

a concave lens having a concave face directed to the
object side and a convex lens and a biconvex lens, and at
least one face of the two convex lenses in said fourth
lens group is formed from an aspheric face; and
the following conditional expressions (1), (2), (3),
{(4), (5) and (6) are satisfied:
(1) 7.0 < fI11/£fw < 10.0
(2) 0.007 < HIV'/fIV < 0.07
(3) 1.8 < fIII/fIV < 3.0
(4) -0.1 < ¢$32 < -0.05
{5) -0.02 < 1/41IVv < =0.012
(6) 0.03 < 1/v»III < 0.07
where
fw: focal distance of the entire system at thg
wide-angie end state
fIII: focal distance of said third lens group
fIV: focal distance of said fourth lens group
HIV’:'image side principal point of said fourth

lens group
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type lens group (where 1/viV = f1V{1/ (f41 41) + 1/
(f42 v 42) + 1/(f43- v 43) } where f4l is the foca
.di stance of the concave | ens nearest to the object
side in said fourth lens group in the air, f42 ER%PO470
focal distance of the convex |lens cenented to the
above- nentioned concave lens in said fourth | ens
group in the air, f43 the focal distance of the

bi convex | ens nearest to the image side in said
fourth lens group, v4l the Abbe nunber of the

mat eri al .t DCANE t bj,ec
side in gg?d ?gaf?h |en§k§%§ug?a€§§ ?%é?%kgggce%uﬁgeéhe
ofbitBavaRt e&halnfrakhe t60nNEXoh AN GaRRNE8dsS Og thieird
concave lens of said fourth I ens group, and v43 the

AbRe s ?HH@ﬁraﬁl{ t_tﬂée n@&&?&&ﬁ‘éa@é l,te!}f% hieapYesd engng -
to de of d

near es ~the i mage si said fourth I'ens group)

6275020 4ReMd 117 iequhual-entalbbe nwibear o Whes £ idedehith
assuned that said third lens group is a thin closely

C0BhachhNghe .d GNSiegr Q9PLhdhes &-aldth viel indek! bF {dd:id f 31 -
v3l) + 1/ (f 32 - v 32) 1 in the case wherein said
tBigHthensngraURheSd aih¥p-hen It thenepkeds | ens but
Uv 1l =frri{l/ (f31- v31) + 1/(f32- v 32) + 1/
(E83vawiddd lof ntHeh®ona@aserakes ajm ssdidd skhbhnth | BaAs gmaup
is a three-element cenented |ens where f3l is the

f saal digtwnceraf) the convex |lens nearest to the
object side in said third lens group in the air, f32

the foca) rdi séqance:1@htt RBHLEOREYEr where it is assumed
that said fourth lens group is a thin closely contacting
type lens group (where 1/vIV = fIV{1/(£41-v41) +
1/(f42-+v42) + 1/(£43-v43)} where £f41 is the focal
distance of the concave lens nearest to the object side
in said fourth lens group in the air, 42 the focal
distance of the convex lens cemented to the above-
mentioned concave lens in said fourth lens group in the
ailr, f43 the focal distanée of the biconvex lens nearest
té the image sidé in said fourth lens gfoup, v 41 the Abbe

number of the material.of the concave lens nearest to the
cbject side in said fourth lens gfoup, v 42 the Abbe
number of the material of the convex lens cemented to the
concave lens of said fourth lens.group, and v 43 the BAbke

number of the material of the biconvex lens nearést to 7

the image side of said fourth lens group)
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| ens cenented to the above-nentioned convex |ens of
said third lens group in the air, f33 the foca

di stance of the convex lens nearest to the inmage side
in the case wherein said third lens group is a 5050470
three-el ement cenented |ens, v 31 the Abbe nunber “of
the material of the convex Iens nearest to the object
side in said third |l ens group, v32 the Abbe nunber of
the material of the concave lens cenented to the

convex lens of said third I ens group, and v33 the

Abbe nunp%&IOfe& f%gﬁgﬂ%wﬁﬂbeogﬁﬁﬂgrqaﬂy ik?@% asaumed

nearest to the I mage sSi de In case erelrn sal

t hinag sheastQlaup dns drbipees el ermint &%&amyegoﬂl@a&ﬁg
The zoom | ens according to claim1, wherein sa

firsis h?Bﬁpghﬂ%ﬂxQHQnﬁfiﬁ-SﬁﬁﬁﬁQIUQ@§19%QHH §at|sfy
the fol'l owi ng conditional expressions (7) and (8):

63 /30870470 (Thnl (AL Syt B3k LR1LH) oS3 fo'(lpélis

+ n5 + n6)/3 where nl: refractive index of said firs
| engwat ol Beekh |daRMELelLAGtbYE 1 nplexrol said second

lens at the d linen3:refractive index of said third

leng1al /(P81 dvBh)Ne 1/(£32.v32) + 1/(£33-v33)} in the
case wherein said third lens group is a three-element
cemented lens where £31 is the focal distance cof the
convex lens neafest to the object side in said third lens
group in the air, £32 the focal distance of the concave
lens cemented to the above—mentionéd convex lens of said
third lens group in the air, £33 the focal distance of
the convex lens nearest to the image side in the case
wherein said third lens group is a three-element cemented
lens, v 31 the Abbe number of the material of the convex
lens nearest to the object side in said third lens group,
v 32 the Abbe number of the material of the concave léns
cemented to the convex lens of said third lens group, and
¥ 33 the Abbe number of the material of the convex lens
nearest to the image side in the case wherein said third
lens group is a three-element cemented lens.

2. The zcoom lens acceocrding to claim 1, wherein

said first lens group and said second lens group satisfy

~the following conditional expressions (7) and (8):
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n4: refractive index of said fourth lens at the d line
n5: refractive index of said fifth lens at the d |
‘nen6:refractive index of said sixth lens at the d :
line. 3. The zoom | ens according to claiml1, Whe&ﬁﬁ@o47o
said third I ens group includes a cenented | ens of” 4@
seventh lens in the formof a biconvex | ens whose face
on the object side is formed as an aspheric face and

an eighth lens in the formof a concave | ens,

di sposed in order fromthe object side. 4. The zoom

I ens accppding7t @ ¢hai M2y mheneisn said third Iens
group includes a cenented lens of a seventh lens in

the formef 1aghi conyex|ens, whose face on 64 SO5PO470
the object -side is forned as an aspheric face and an
eighth lens in the formof a concave |ens, disposed in
order fromthe object side. 5. The zoom | ens according
to claimik reeLeifveshde:d A daliangi geouReiNGUdes a
cenented lens of a seventh lens in the formof a
biiggavex lens and an eighth lens in the formof a.
concave neni scus | ens whose face on the inmage side is
formed ap.ancaspheive fads: oH $P@8eHetdng Ordey At @M d
t he obj ect side.

line

n3: refractive index of said thifd lens at the d
line

nd: refractive index of saild fourth lens at the d
line

n5: refractive index of said fifth lens at the d
_lihe

né: refractive index of said sixth lens at the d

line.

| 3. The zoom lens aﬁcording to claim 1, wherein
said third lens group includes a cemented lens of a
seventh lens in the form of a bicconvex lens whose face on
the object side is formed as an aspﬁeric face and an
gighth lens in the form of a concave lens, disposed in
order from the object side. |

4., The zoom lens according to.claim 2, wherein

said third lens group includes a cemented lens of a

. seventh lens in the form of a biconvex lens whose face on
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6. The zoom |l ens according to claim?2, wherein said

third lens group includes a cenented | ens of a

seventh lens in the formof a biconvex |ens and an

. eighth lens in the formof a concave meniscus | eRsScg47¢
- whose face on the image side is forned as an asphéric

face, disposed in order fromthe object side. 7. The

zoom l'ens according to claim1, wherein said third

| ens group includes a three-element cenmented |ens of

a seventh lens in the formof a biconvex |ens, an

ekHEtBb?@@@ diid e frerk@fad 4 GepReavec! ease alh an
ni nt h ens in the formof a biconvex |ens, disposed

| BighelRr1edd oM the @BiRChHs Sd d@nBveThenz00Mm 4dked in
according to claim 2, wherein said third | ens group

| Behydesran ttHLegkerensidagenented lens of a seventh
lens in the formof.a biconvex | ens, an 65 S05P0470

ei ghth I®ensthe idwn flenY abcarBi€PnNEAva diens, aRledein
“ninth lens in the formof a biconvex |ens, disposed

| Baadetiird Nemst ke o0p) eatlsddte.a LembRtEABYENPISKUP
apparatus which includes a zoom |ens wherein a first

| gBSegt®URMAVINNGha POSktidN e Uiklohaeki Venposed aAN@ighth
having a fixed position, a second I|ens group of the
vaehable tmgidrncatti ancéyperdadnigecas Degatuivese face on
~refractive power and having a position novable for -
magai fhapd isdnlevdsi @8birndd s tdn dohenscgracy, hidgigead in
ordex from the object side.

6. The zoom lens according to claim 2, wherein
said third lens group includes a cemented lens of a

-seventh lens in the form of a biconvex lens and an eighth
lens in the form of a concave meniscus lens whose face on
the image side is formed as an aspheric face, disposed'in
order from the object side.

7. The zoom iens according to claim 1, wherein
said third lens group includes a three-element cemented
lens of a seventh lens in the form of a biconvex lens, an
eighth lens in the form of a biconcave lens and a ninth
lens in. the form of a biconvex lens, disposed in order

“from the object side.

8. The zoom lens according to claim 2, wherein

said third lens group includes a three-element cemented

lens of a seventh lens in the form of .a biconvex lens, an-

65




positive refractive power and having a fixed position
and a fourth lens group having a positive refractive
power .and having a position variable for adjustnent

of a focal position upon magnification variationapds7qg
upon focusing are disposed in order from an object
side, and an inmage pickup section for picking up an
optical inmage formed by said zoomlens, wherein: said
first lens group in said zoomlens includes a

cenented lens of a first lens in the formof a concave

| @aghandl énseaonthe ¢asmi 8 the f B0k 2ea9N¥eX 4 Nnitn
and a third lens in the formof a convex neni scus

| eBsshayi fige aroGPEEX Hassnh+ eER] WshhE=@bierder
side, disposed in order. fromthe object side; said

seegndth&nsp PHaupiigacl udes a fourth lens in the form
of a concave lens and a cenmented lens of a fifth 66

SO05P047® | ens imaddigifeim abparbteoOnaad liaasuass @ zoom
sixth lens in the formof a convex |ens, disposed in

ondas fnereimes fbjseCless dpiogainhvtifigr  beast Preoup
includes a two-elenment or three-elenment cenented | ens
| refudttve exanthdl Rasing a thieeoprsotian pi£oruend
| ens positioned nearest to the object side and an
eilght hgtens oM thkevhelabDd madgiofdave ichedgpdandadad a
said seventh lens; said fourth Iens group includes a
camgat btk | enSraaftive power and having a position movable
for magnification wvariation, a third lens group having a
positive refractive power and having a fixed position and
a fourth lens group having a positive refractive power
and having a position variable for adjustment of a focal
position upon magnification wvariation and upon focusing
are disposed in order from an object side, and an image
pickup section for picking up an optical image formed by
said zoom lens, wherein:
said first lens group in said zoom lens includes a
cemented lens of a first lens in the form of a concave
lens and a second lens in the form of a convex lens and a
third lens in the form of a convex meniscus lens having a
convex face directed to the cbiject side, disposed in
order from the object side;

sald second lens group includes a fourth lens in

the form of a concave lens and a cemented lens of a fifth
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a concave | ens having a concave face directed to the

obj ect side and a convex |ens and a bi convex |ens, and
at | east one face of the two convex lenses in said
fourth lens group is formed froman aspheric fa 590470
and the follow ng conditional expressions (1), (

(3), (4), (5 and (6) are satisfied: (1) 7.0 <
flri1/fw<10.0 (2) 0.007 < HV /fIV < 0.07 (3) 1.8 <
fI11/flv<3.0 (4 -0.1<032<-0.05¢(5) -0.02 < 1/v
IV <-0.012 (6) 0.03 < 1/vlll < 0.07 where fw foca

diighanes ohe t gL E%%M@ﬁ@é‘%@?léﬂ@ awadg- §D.Q*J;1§ ]_eé}% in
state 67 SObP0470 flll: focal distance of said third

| @Rs @beMPor fd borfa&ah oAb st @G Lfa S@i drhigpr hod ans
group HV : inmage side principal point of said fourth

IgﬁgegﬁogdeBZ refractive power of the bonded faces
of the biconvex |lens nearest to the object side in

sai d thigfiqg k@RSl o8d Hehd RRcnaxksCoONGRY-Q 1Rt or
(where 32 = (n8 - n7)/r32 where n7 is the refractive

| pde¥eof 1 smditk sRYRAthd Lens mbltdaﬁn@ ki BeveEh tiehs in
refractive index of said
the form of a biconvex lens positioned nearest to the
object side ‘and an eighth lens in the fofm of a concavé'
.lens bonded to said seventh iéns;
said fourth lens group includes a cemented lens of
a concave lens having a concave face directed to the
" object side and a convex lens and a biconvex lens, and at
least one face of the two convex lenses in said fourth
lens group is formed from an aspheric face; and
the following conditional expressions (1), 2y, (3),
(4, (5) and (6) aré satisfied: |
(1) 7.0 < fIII/fw < 10.0
{2) 0.007 < HiV’/fIV < 0.067
(3) 1.8 < fITII/£fIV < 3.0
(4) -0.1 < ¢32 < -0.05
(5) -0.02 < 1/vIV < -0.012
(6) 0.03 < 1/%IIT < 0.07
where .

fw: focal distance of the entire system at the

- wide—-angle end state
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eighth Iens on the d Iine, and r32 the radius of

~ curvature of the bonded faces of said seventh | ens and
"said eighth lens) vlV: equival ent Abbe nunber where it
is assuned that said fourth lens group is a th| 05P0470
closely contacting type |lens group (where 1/ I

fIV{1/ (f41 v 41) + 1/ (f42 v 42) + 1/ (f43 v 43) }
where f41 is the focal distance of the concave | ens
nearest to the object side in said fourth |ens group

in the air, f42 the focal distance of the convex |ens

cement eder1a :t kecabowest MY inedi60RgayYe 18IS griupal d
fourth lens group in the air, f43 the focal distance

of the himanvexaheasstaaesls shadt heuiMRge S d_,@ouﬁ
said fourth lens group, v4l the Abbe nunber of the

mat er i alumaf .t hgageNsaye Jransip@ar gsint oot i OBpaeth
side in said fourth | ens group, v42 the Abbe 68

SQeRe4qdPomsinber of the naterial of the convex |ens
cenented to the concave |lens of said fourth | ens

group, apg2vadethetARRepoRdiber Oie i JTal enbal &F dhe

bi convex | ens nearest to the inage side of said

f picbhvéensergy ouprevt| to it sAbbeinusdel uMiede
it is assunmed that said third lens group is a thin

chesel yr&ahtat ithg nkeBSceHuie: (\Wher @whkéry bisk = finkl4
f1/ (f 3131) +1/ (f 32 - v 32) 1in the case
Whep er B2 saidk e hi7r dsl ens georyriise dnter- ef eswid seventh
cenented lens but 1/v Il =
lens on the d line, nB the refractive index of said
eighth lens on the d line, and r32 the radius of
éurvature of the bonded faces of said seventh lens and
said eighth lens)

vIV: equivalent Abbe number where it 1s assumed
that said fourth lens group is a thin cloéely contacting
type lens group (where 1/+vIV = fIV{1/(f4l-v41) +
1/(f42-vd42) + 1/(£f43-v43)} where f4l is the focal
distance of the concavé lens nearest to the object side
in said fourth lens group in the aix, £42 the focal
distance of the convex lens cemented to the above-
mentioned concave lens in saild fourth lens group in the
air, f£43 the focal distance of the biconvex lens nearest
to the image side in said fourth lens group, v 41 the Abbe

number of the material of the concave lens nearest to the

object side in said fourth lens group, v42 the Abbe
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fr1111/(f31- v3l) + 1/(f32- v32) + 1/(f33- v33) ) in

the case wherein said third lens group is a

three-el ement cenented |l ens where f3l is the foca

di stance of the convex |lens nearest to the Obje%h590470
side in said third lens group in the air, f32 the

focal distance of the concave I|lens cenented to the
above-nmentioned convex lens of said third |ens group
inthe air, f33 the focal distance of the convex |ens
nearest to the imge side in the case wherein said

t hivkel-eps Eﬁénﬂhéé%ialtBEG€58|éHH¥Hk QemBNLteHont &NSho Khe
31 the Abbe number of the material of the convex |ens

nerestet Ped e OAG £8ldenT NeS@ifLddd, " dnkieNS19HRUP aLLe
v32 the Abbe nunber of the material of the concave

| eRsbeeeBNtRd 2 drhi81CoRVEN: | BNSorRfexSabHst hid£khd RS
group, and v33 the Abbe nunber of the material of the

Cepvexmh8Ss: eyreshilorbhech "B Yrdephn the case
wherein said third 69 SO5P0470 lens group is a

three-el grent coneniRGd @Bpe AQmbdhaHdROG tPhSKEPsumed
apparatus according to claim 9, wherein said first

| eRatgEaup ks aletssgeons 1ens QioUpR188bl ¢f Yot ting
foll ow ng conditional expressions (7) and (8): (7)

11éhs<gtBhp Hwhere N3N Br1 B)e1k183/<£604+8105++ n6) /3
where 1 ine

1/(£32+-v32)} in the case wherein said third lens group .is
a two-element cemented lens but 1/vIII =
fIII{l/(fBl-vBl) + 1/{£f32-+32) + 1/{(£f33-+433)} in the
case wherein said third lens group is a three-element
‘cemented lens where £31 is the focal distance of the
convex lens nearest to the object side in said third lens
group in the air, £32 the focal distance of the concave
iens cemented teo the abbve—mentioned convex lens of said
.third lens group in.the air, £33 the focal distance of
the convex lens nearest to the image side in the case
wherein saiq third lens group is a three-element cemented
_lens, v 31 the Abbe number of the material of the convex
.lens nearest to the object side in said third lens group,
ﬁ32 the Abbg number of the material of the concave lens
cemented to the convex lens of said third lens group, and
v 33 the Abbe number of the material of the convex lens

nearest to the image side in the case wherein said third
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line 1inelinelineline. nl: refractive index of

said first lens at the d n2: refractive i ndex of said
second lens at the d n.3: refractive index of said
third lens at the d n4: refractive index of sai% 5P0470
fourth lens at the d n5: refractive index of sai

~fifth lens at the d n6: refractive i ndex of said

sixth lens at the d .70

lens group is a three-element cemented.lens.
10. The image pickup apparatus according tec claim
9, wherein said first lens group and said second lens
group satisfy the following conditicnal expressions (7)
~and (8):
(7) 1.77 < (nl + n2 + n3)/3

{8) 1.83 < (n4 + n5 + n6)/3_

where
nl: refractive index of said first lens at the d

- 1ine
n2: refractive index of said secend lens at the d

line
n3: refractive index of said third lens at the d

line
né: refractive index of said fourth lens at the 4

line
n5: refractive index of said fifth lens at the d

line
n6: refractive index of said sixth lens at the d

line.
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