DESCRI PTI ON  ZOOM LENS AND | MAGE PI CKUP APPARATUS
Technical Field This invention relates to a novel zoom
lens and inmage pickup apparatus. Mre particularly,
the present invention relates to a zoomlens which is
suitable for use with a. video canera of the
three-plate type and so forth and has a high zoom
ratio and besides can assure a |ong back focus and an
i mage pickup apparatus in which the zoomlens is
used. Background Art For recent video canmeras, a high
picture quality is denanded together with the

| : operabi lity and the nobi L}, % in order to

P ~satisfy the demand, also those i'nmage pickup elenments

5 ' of a small size haV|ng a high resolution are
prevailing. Together with this, a hlghtperfornﬁgff

z hih&se ratio, a sl :
s?ggndgﬁgsgﬁFPgﬁt me?ﬁﬁ?ﬁghd has asﬁlgh magni fication
I s demanded strongly. Further, it is preferable to
reduce the nunber of conponent | enses and reduce the
prmeetn@talsHgdr @ zoom |l ens as described above mhlle a
hi gh

This invention relates to a novel zaom lehs and

image pickup apparatus. More particularly, the present

invention relates to a zoom lens which is suifable for
use with a video camera of the three-plate type and so
forth and has a high zoom ratio and besides can assure a
long_back fdpué and an image ?ickup apparatus in which'’

the zoom lens is used.

Backgrbund Art
For recent video cameras, a high picture quality is

demanded together with the operability and the mobilify,

e

-and in order to satisfy the demand, also those imége
pickup elements of a sméll size having a high resolution
-are prevailing. Together with this, a high.performance
zoom lens which hashq high aperture ratio, a small size
and a liéht weight and has a high Magnification is
demanded strongly. Further, it is preferabie to reduce
lthe number of éomponent lenses and reduce the price of

such a zoom lens as described above while a high
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performance is naintained. However, a zoomlens of a
hi gh magnification generally has a large |Iens

di aneter and a large total |Ilens |Iength and besides
requires a great nunber of lenses in order to achieve

further strict aberration correction. Therefore, a

hi gh magnification zoomlens is generally liable to
be | arge, heavy and expensive, and nost high

magni ficati on zoom | enses are not suitable for video
caneras for consuners. As a zoom |l ens used principally
for video caneras for consunmers, a four-group inner

f LB YR Z Q@M 8RS sk Seqadopt ed popul arly wherein
first to fourth I ens groups having positive,

negat i veowResk! i ye, s RO Ve nigh! A Me RAYRLS.
respectively, are disposed in ordef ftromthe object

sg&eeand |f haspashhigas: ofs therkacendnpand 1fou tidans

groups are novable. "An application of the four-group

| naved feaitdh bYBCLEO0MR L BRSO EheeaR! Alifbet VPR 1enses
video canera is disclosed, for exanple, in Japanese

Pt esdtadiaitd apanede. rifeindr 189069 apdrJapanese.Ratanton.
Lai d-open No. Hei 6-337353. In particular, Japanese

Peti it drdl, da0pegh Neaghief i Jat ik99063mdh 865 058 Sgeh &AMy,
| ens wherein the third lens group is fornmed froma
siidple cenvexihegs, tiwedwf M ldx@hhsheam and most high
magnification zoom lenses are not suitable for video
cameras for consumers.

As a zoom lens used principally for video cameras
for consumers, a four-group inner focus type zoom lens is
adoptéd'popularly wherein first to fourth lens groups

having positive, negative, positive and positive

refractive powers, respectively, are disposed in order

from the object 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 video camera is disclosed, for example, in Japanese

‘Patent Laid~open No. Hei 7-199069 and Japanese Patent

'Laid-open No. Hei 6-337353.

In particulaf, Japanese Patent Laid-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
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into an al nost afocal or rather divergent |ight beam 2
which is introduced into the fourth |l ens group while
the fourth length group is fornmed fromthree | enses
including a cenented lens of a concave lens and a
convex | ens and another convex lens and is configured
so as to be convenient to displace the i nage side
principal point of the fourth lens group to the inmage
si de, whereby a long back focus is assured with a
smal | nunber of conmponent 1 | enses. Meanwhil e,
according to the zoom |l ens disclosed in Japanese

Pahenh %é CE%I iHeb Bnd3¢3esn tl%%smé?ta[lgcm‘l%fe the

power o ens group is set

dk%@EQﬁ”ﬁeﬂ#éﬂ“gﬂUu$x %Sfbpﬁ ?dﬂﬁﬁg QHFQ% Egﬁsggugﬁghudlng

| ens group to nake the back focus | onger

fgua&ﬁenw@sle%ow . Sc%ﬁeébguiéﬁjs%%?d“ t %Ev[égeléf??ga‘?nd

side principal point cannot be displaced toward

| ERgeL &R oHR8S 109l GART £ bubgrify A3 uance«gfy,
back focus. However, it 1 s considered that the fourth

| eBsvEh Db tnﬁrdfl%qgcgm'—_ﬁ@cm% of; S RFBEE Bal point of
aberration rather excessively to correct

MBEAI FHEALH QRrENGRERbLI €0aPRE I Ald-sidel - LkBeEOBSi der ity
that, since the axial chromatic

back focus is assured with a small number of component
. lepses.

Meanwhile,‘according to the zoom lens disclesed in
Japanese Patent Laid-open No. Hei 6-337353, the
refractive power of the third lens group is set lpwér SO
thét a divergent light flux is introduced into the fourth
lens group to make the back focus longer, and the fourth
1éns group is configﬁred such.that,the image side

- principal point cannot be displaced-towafdlthe image and
does not contribute to éssurance.of the back focus.
“However, it is coﬁsidered that the fourth lens group
pérforms correction of chromatic aberration rather
excessively to correct magnification chromatic aberration.
Itfis:considered that, since the axial chromatic
'aberfation is corrected extremely excessively because
correction of thé magnification chromatic aberfation-is
performed by the fourth lens group, the correction of the

‘axial chromatic aberration by the fourth lens group is



aberration is corrected extrenely excessively because.
correction of the magnification chromatic aberration
is performed by the fourth I ens group, the correction
of the axial chromatic aberration by the fourth |ens
group is 3 suppressed from becom ng excessive by such
arrangenent of the materials that the third I ens
group positioned in the proximty of the iris
generates axial chromatic aberration. 1In a
three-plate type video canera, a |long back focus for
allowing a color separating prismhaving a great

t Qﬁﬁﬁ@%%c{ [%%ggggeogﬁﬁggeg%ig% g)gt pscﬁxgﬂangemem of

di r'ecti I SpOsS enses 1s

r@ﬂgir{a 2 ri 14 LRSE, b nEﬁiE@elé&eégg?xgt ﬁg%[ﬁf&?&! St Ghe

of irolc mrror for color s as an

apgbei Henendensy, s s %gn@f X b0 REL A PE. Xt

pupil to a state near a telecentric stafe so that
aqpii forsmspectral  characteristic nmay be obtai ned
over an entire screen. If it is tried to inplenent a

long bagk fogHSeansh & e UQ)HRCEALEL oSN La PUPlon t BERK
the overall length is |lidable to increase simlarly to

tREc2O OB @Ng odifgl 9S8 b slARANGRE Fal SRtLdAi gy gpen
No. Hei 6-337353. "Further, in a three-plate type video
CaRgd @, tiBldk9@ss (having a great length in the axial
direction) to be dispoéed behind the lenses is required.
Further, since the spectral characteristic of a dichroic
‘mirrorrfor color separation has an angle dependency, it
is nedessazj to set the exit pﬁpil to a state near to a
telecentriq state so that a‘ﬁniform spectral
characteristic may be obtained over an entire screen. If
:it is tried to implement a loné'back focus and a
telecentric exit pupil, then the overall length.is liakle
té increase similarly to the zoom lens disclosed in
'Japanése‘?aﬁent'Laid¥open No. Hei 6-337353.

Further, in a three-plate typé video éamera, since
three image pickup_elements are used, the price inéreases
when compared With a single-plate camera, and it is
demanded‘that the three—platé type. video camera naturally
exhibit a high picturerquality as_ié demanded for a model
of a high price.

A three-plate type video camera catches images
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three i mage pi ckup el enents are used, the price

i ncreases when conpared with a single-plate canera,
and it is demanded that the three-plate type video
canera naturally exhibit a high picture quality as is
demanded for ‘a nodel of a high price. A three-plate
type video canera catches images 4 individually of
the three primary colors of R G and B by inage

pi ckup el ements and superposes resulting electric
signals to produce a color image. Therefore,

regi stration adjustnment of adjusting relative

p@ﬁjﬂ{.r?&?aplfy tdre t!hgatgﬁregi ﬁgﬂgaﬁ?}} B ALS io% R, Gtarlldé' B by

significant,” and 1f e registration adjusthen

n@ﬁaﬁéfﬁiéﬂéﬂ“ele%@%@saaﬁel§ﬂpé¥£d§%stQ@suhgﬁﬂg Q1 EKUR

subj éct” does not have appears at a contour ortion of

t BeghiBge Olpddiick! ke Howenss e.ev?ﬂeféf%ggi registration
registration adjustnment is pertormed wth a

sa&iﬁgﬁmwf Righsdegh e Pit ARE WA Y4 ohb . LRCLIBYR e
pi ckup | ens has “sone magnification chromatic

aperkad | Obmddt@n 160L9ENn1 I E58t, Sl har the Lhats Wi Chhn

appears when the registration adjustnment is

| Bayh§tkd BNt ARRRAL S £ ANLi e ITANSS ot RB1GWALL I I Ofnd he
image.. For the picture quality: expected for the

t hngge b Adid RO j¥EEeQosaMBS B hdve bppsheBi £t CANodthalr
not only the MIF val ue is higher _
‘lportion of the image or the like. However, even if the
,‘registration adjustment is perforﬁed with a sufficiently
'-high degree of accuracy, if the image ﬁickup lens has
some magnification chromatic aberration, then color
.offset similér to that which appears when ﬁhe
registration adjustment is insufficient appears and
degrades the quality of:the image. qu the‘picture
qualifytexpeéted for the three-plate type video camera,
»iﬁ is sigpificant that not only the MTF wvalue iS'highér
~than that of the singleuplate type video camera but aléo
--pa:ticﬁlarly the magnification chrbmatic aberration is
corrected'well.
.With the zoom lens disclosed in-Japanese Patent
Laid;open No. Hei 7-199069, the degree of freedom inr
~.chromatic aberration correction is low because thé.third .
leﬁs gréup is formed from a‘singlerlens, and it is

difficult to correct both of the axial chromatic’
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than that of the single-plate type video canera but
also particularly the magnification chromatic
aberration is corrected well. Wth the zoom | ens

di scl osed in Japanese Patent Laid-open No. He
7-199069, the degree of freedomin chromatic
aberration correction is | ow because the third Iens
group is forned froma single lens, and it is
difficult to correct both of the axial chromatic 5
aberration and the magnification chromatic aberration
wel | . Enbodi nents of the present invention seek to

abcRaAMh 881 e m%mﬂc@ﬁ& WbmatiE Merrfién Imed with a
reduced overall |ength while physically necessary

f acﬁrﬂﬁédihf%?{s%?*tﬂ@ Bre?erlt ?1[&%11881? ?eeﬁ(qg E)%o\];igé %%lotl)tgvi“el%gw ich can
arrangenent of a color separafing prismtherein and a
el ecentric ,propert nd, besi des ¢ correct _various ..
be pnEd SRR Qe enst wials Raically Beessasy fasfors icfuding
| evel suitable for an expensive three-plate type video
a long bask, focp dorlopng peanggmentola pelar sapatasing psisml therein and a
nunber of conponent | enses and an inmage pickup
teleagipae apraperphiank bewdest ban zoamret endouDiabetratioms einefuding the
Invention 6 According to a first aspect of the present

chrémha dbefration Al RyvEISuREBY e paRore thiteqSatwigieiidecdcamera
first lens group having a positive refractive power

and@ﬂﬁdhﬁ%hﬂ@f@cBhﬁ%ﬁPVQ §hﬁh9ﬁmﬁ%r§?§ el Rn s AHB aBfimage
the variable magnitication type havi a negative

. fractjve wer and havi ng a position novable for

picklp arPiralul Syl Gsse P28 B i 1 g
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| ens group having a positive refractive power and
having a fixed position and a fourth 1|ens group
having a positive refractive power and having a
position variable for adjustnent of a focal position
upon magni fication variation and upon focusing are

di sposed in order from an object side, wherein: said
first lens group includes a cenented lens of a first
lens in the formof a concave |lens and a second | ens
in the formof a convex lens and a third lens in the
formof a convex neniscus |ens having a convex face
dir ' j j [ r.

¢ he ok Yo hd R RS o IAC fregfl IRRAECh, o8 E Ploy AR z0om
fourth lens,in the formof a _.concave |ens and .a .

e Sty S A i R poHSE Fue PORR B Gping o fixcd
bi concave ] ens and a_sixth |ens in_the formof a .
PosHigRy @xseraisleny igeppslathievasiabler mpgnificatioa typg bayingageegative

said third lens group includes a two-elenent or
refra¢tiveepaya raad thayimgen pesitiore novieble | fod magnificstéve narfatioans third

in the formof a biconvex |ens positioned nearest to
lend freup hpeng a posicivardraativep@idrand iasingr fixted dositioh@ahd a fourth

concave | ens bonded to said seventh lens; said fourth
lenth BRMpIRLAAL hNSdsHARSTeRaGREPIRE ahERivilk eﬁg&ﬁﬁ&r@‘(ﬁﬁb‘tﬁ@sfor

avi ng a concave face directed to the object side and

. . A . .an .

s PGTEPY focef B A bt b YA g F0RbigRlte
group is fornmed froman aspheric face; and the
foll owi ng conditional expressions (1), (2), (3), (4),
(5) and (6) are satisfied: (1) 7.0<f |I/fw<10.0 (2)
0.007 < HV [/ fIV<0.07 (3) 1.8<flI/flV<3.0 (4)
-0.1 <e32<-0.05 (5) -0.02 <1./ viV<-0.012 (6) 0.03
< 1 /vlll<0.07



where fw. focal distance of the entire systemat the
w de-angle end state .8 flll: focal distance of said
third lens group flV: focal distance of said fourth

| ens group HI V' : image side principal point of said
fourth lens group 0 32: refractive power of the bonded
faces of the biconvex |lens nearest to the object side
in said third Il ens group and the next concave | ens
(where o0 32 = (n8 -n7) / r32 where n7 is the
refractive index of said seventh Iens on the d Iine,
n8 the refractive index of said eighth lens on the d

L8, i-a f a
bR8 s Bflef Tont 36 JiiR ag wEEHALHE gﬁt‘f‘h’% oty e o
vial en r wher IS assu t hat ,sai d
Cen%e%ﬁerdt oy 8%%%53393 i e o, Pﬁaaoagaé'ﬁ SRR e It the
gr oup [ vivV =flVv{l [/ (f41 v4l1l) + 1/
fOﬂ(lfO 2 Cow% lens frnd; f(llfféslens\méble forgyrfracconyex @emfi@mfie%lpavmg 2
di stance of the concave |l ens nearest to the object
congex éace rirselied 16 dher objedtenide, gispoged im erder fom, the ohjecheide; said
focal distance of the convex |lens cenented to the

secahiolers gronp imhelds e dowdviens Gnibe iforns of SlcdrRavd lent 8iba cemented
group in the air, f43 the focal distance of the

lenDbLH BARNACRASHE LHHESE atb@coht!@va 18RI 511@5 dfth 1dhs 3R form of a
fourth lens group, v4l the Abbe nunber of the materi (f

con%x fgﬁ? ?d%%&*’ fn (l_)raglsfroﬁefﬁg %@}etck Qldgb i Eﬁr ; S[grf%%{) Iﬁgcludes a

ens group, e nu
ns ce ted to e con
t““?i erial .of the convex c n %q

e o dpereleight fencatrd lepginstu luding ayseygath lens iRgRG form of a

. hunber of the material of the biconvex |ens nearest to
bicanpex jenp gesitienedeanegresktei the phiget 1id¢ andsaryeighth)lens) injthe form of a
equi val ent Abbe nunber where it is assuned that said

contavi dehs|bendedytoomapl seventh lens; 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
Jens group is formed from an aspheric face; and the following conditional
expressions (1), (2), (3), (4), (5) and (6) are satisfied:

(1) 7.0<flll/ fw < 10.0

(2) 0.007 <HIV'/ IV < 0.07

(3) 1.8 <flII/fIV <3.0

(4) -0.1 <932 <-0.05

{5)-0.02 <1/vIV<-0,012

(6)0.03 < 1/ vIII < 0.07

where

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



a thin closely contacting | ens group where 1/ vIll =

forrr {1/ (f31 v31) + 1/ (02 v32) } in the case
wherein said third | ens group is a two-el ement
cenented lens but 1/ 9 Al fill {1 / (f31 v31) +

1/ (02 v32) + 1/ (133 v33)} in the case wherein
said third lens group is a three-el enent cenented
| ens where f31 is the focal distance of the convex
| ens nearest to the object side in said third I ens
group in the air, 132 the focal distance of the
concave |l ens cenented to the above-nenti oned convex

| eng10focalsRdtshdeVrstd HGRPIEE £48p inthe air, f33 the
focal di stance of the conveX Iens nearest to the

S g tﬁ?g%h& (wQ&Sggﬁgmﬁ?ﬁ%gb%ngald third |l ens group

ee-e emen Cenen v31l the Abbe nunber

éﬁ? traterl of ttl1e con ﬁ nearest to the

Obj é‘%?é?%l point &5 B4 t he Abbe
nunber of the naterlal of the concave |lens cenented
t o % P& refesiize powigs obthedwinded fiiceof tha bigpnuermlens neareg 3o the
t he Abbe nunmber of the material of the convex |ens

objeve side o1t saidthitidensergep anditheinext fumcaaslenselieet p 38ai @8 -n7) /
third lens group is a three-elenment cenented | ens,

r32 Wigrein? Rathe fefiastivel RIASx HFOIARI 3BEnBRIs GEERNd 111%13118 the
group satisfy the foll owing conditional expressions

refrﬁc@ve x 08 Xaill g%hg'l IZ:K%H he'lfﬁﬁbg zléu?rﬂ(tﬁl radlus f curvature of the

. 83<( n4+n5+n ractive |n of id

ns. ,at e active i ndex of sal d
bonéee({:%ﬁe é;?]lg SSYe”Elhlsena a‘F‘F??éd F ractive i ndex of
salg third lens at the d I|ne nd: refractive i ndex of
saiviVs e yalent d¥hbe pumbep where i és assemed ghat seid ifowrth kasgroup

~of said fifth lens at the d line
is a thin closely contacting type lens group (where I/ vIV = fIV {I/ (f41 = 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, f42 the focal distance of
the convex lens cemented to the above-mentioned concave lens in said fourth lens
group in the air, f43 the focal distance of the biconvex lens nearest to the image side
in said fourth lens group, v41 the Abbe number of the material of the concave lens
nearest to the object side in said fourth lens group, v42 the Abbe number of the
material of the convex lens cemented to the concave lens of said fourth lens group,
and v43 the Abbe number of the material of the biconvex lens nearest to the image
side of said fourth lens group)

VIIIL: equivalent Abbe number where it is assumed that said third lens group is
a thin closely contacting lens group where 1/ vIII = fIII {1/ (31 « v31) + 1/ (32 «

v32) } in the case wherein said third lens group is a two-element cemented lens but 1/



n6é: refractive index of said sixth lens at the d |ine.
10 According to enbodi nents of the present invention,
the degree of freedomin chromatic aberration
correction can increase, and mniaturization my be
achieved while a | ong back focus may be assured.
Further, both of mniaturization and enhancenent in
performance may be achi eved by arrangenent of
refractive powers and appropriate arrangenent of
medi a. 11 According to a second aspect of the present
invention, there is provided an inmage pickup

vII& RN ' + 8 £ n i
S e g Baa D) NG T an I & Blokate ihlySin said
. ' i It nd.l en Iy of , th

i B 1 WP SpTeht Corp e RERR Ryl gl g 8bfince of
refractive power .and .havipg a i.tion novable for

the GERYY lops PR o IRWER S8 KT EnEgHp thile HG G2 the
positive refractive power and having a fixed position

focg]histangeorfr th cprenve densipsmeated ity the pbietmensioned captaxyiens of
power and having a position variable for adjustnment of

saicethirdders grow ini the aipia thevfgali distamte afithe esrivak ilens nemdst to the
upon focusing are disposed in order from an object

imagé dide in GRCtaswheREEsaR hirdNeriasbiPR 4 BfeePdl&iliéR Getndd lens,
optical inmage formed by said zoom |ens, wherein: said

v3l }‘thé %ﬁobl? %gﬁlbgllf Qtie & $17 £qﬂv%£ ?er#s Nehides e Sﬁjeégégéi&éj in

ens o rst Iens in the formof a concave

. ApRd. a, second | ens,in,t,he formof .a copnvex lL.ens and
soid{ it 1oRE Ot \BRethp G PURb LG 4 REMEL of e seitive dens
having a convex face . directed to the_object side,
cemgpted 4& the Gonvesy lgay of saihihinddensygrepp, apd 483 theapbbesaunbeg of the
l ens group includes a fourth lens in the formof a
materigl cd\\the cemvexdank neacestreén thediniaga sidsf inlfie case wherein said third

lens group is a three-element cemented lens, wherein said first lens group and said
second lens group satisfy the following conditional expressions (7) and (8) :
(7Y L.L77<{(nl+n2+n3)/3
(8) 1.83<(nd+n5+n6)/3
where
nl: refractive index of said first lens at the d line
n2: refractive index of said second lens at the d line
n3: refractive index of said third lens at the d line
n4: refractive index of said fourth lens at the d line
n5: refractive index of said fifth lens at the d liné

n6: refractive index of said sixth lens at the d line.
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afifth lens in the formof a biconcave |lens and a
sixth lens in the formof a convex |ens, disposed in
order fromthe object side; said third | ens group
includes a two- elenent or three-elenment cenmented |ens
including a seventh lens in the formof a biconvex

| ens positioned nearest to the object side and an
eighth lens in the formof a concave | ens bonded to
said seventh lens; said fourth Iens group includes a
cenented |ens of a concave |ens having a concave face
directed to the object side and a convex Ilens and a

bi cQRMRin %‘%nb?(gglretﬁﬁ JfeRs Ere%lﬁ 11%@&:?1%0 f1:hE NEabWBf BREYE in

| enses i n said group is orne rom an

t he | owi ng con
chr%iigt? < g@e?%‘%@ﬁ ?&go(nzjtan trlgfease( zﬁn IPgbl drglﬁaa%(ag)my ge achieved
.at| 0<f / fw<10. 0
- wh Ckfaf%wo f(@fSPr%Lf |er$hﬂz3bqjh qfpeyjniagrization gnd
32 < -O 05 (11) -0.02 <1/ vlV < -0.012 (12) 0.03 <
enhpricepent in performangremey fos; achisyed byli stangensens foftrafradtivei poavers
system at the w de-angle end state fill: foca
anddpptoanate aobngaaht bfimedial ens group fV: focal distance
of said fourth lens group HV : image side principa
point of said fourth lens group o 32: refractive power
of the bonded faces of the biconvex |ens nearest to
the object side in said third | ens group and the next
concave lens (where 0 32 = ( n8 -n7 ) 13
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/ r32 where n7 is the refractive index of said seventh
lens on the d line, n8 the refractive index of said
eighth lens on the d line, and r32 the radius of
curvature of the bonded faces of said seventh |ens
and said eighth lens) vIV: equival ent Abbe nunber
where it is assuned that said fourth lens group is a
thin closely contacting type lens group (where | / vIV
=fiIv {1l [/ (f41 v41) + 1| [ (f42 v42) + | [ (f43
v43) } where f41 is the focal distance of the concave

l ens nearest to the object side in said fourth I ens

9r ONBeorfing 16 aBddcond 4pekt egt HRAGS qgeretig ?rovided an

convex | eRs cenenteg to ?EEQ Ove- menti ofied condave
- ' ' th | in,th [ f43 th .
g % Bl M e At o it gt 1l having

inmpge side in said foyurth |ens group, v4l the Abbe
a PO FeTBFIYH ROV it bving athH‘ég JOREgTe? PeseRd Igpsagwep of ghe
the object side in said fourth | ens group, v42 the
varigblganagpification tynenkavingaa aegative offrackee powerand kaving a position
cenented to the concave |l ens of said fourth | ens
mogbtaufor magnificadisn tvadatihe thirdlens gfoup havimgt £ positivofefidogve
bi convex | ens nearest to the image side of said
povfepuhd halihs fated E@s)iticﬁl hnd £forthak@NdroAP RBVIRY APBSItHIW iR ctive
it is assunmed that said third lens group Ts a thin

| ont i I . / = A
Ll e R L
N SRR A TR SRS 05 B e

(133 v33)}in the case wherein said third |lens group
andjag igage PEELR| ek 108 digkinS BP a8 reptigpleimage Formed byigaid zoom
focal distance of the convex |ens nearest to the
lensp wihersin: saidefiish lenaigdourhinr shid eosm dJemsuipcludes heemented IGR of a
the focal distance of the concave | ens cenented to
firsttlags iahby foriiedtta @nesveclonyad 4 &Rendiens sit@d thith o alcBRvex lens

group in the air, 133 the focal distance of the convex
and h8REd 8358 e foBntd?8 cokfex 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
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i mage side in the case wherein said third | ens group
is a three-elenent cenented |l ens, v31 the Abbe nunber
of the material of the convex |ens nearest to the
object side in said third | ens group, v32 the Abbe
nunber of the material of the concave | ens cenented
to the convex lens of said third | ens group, and v33

t he Abbe nunber of the material of the convex |ens
nearest to the imge side in the case wherein said
third lens group is a three-elenent cenented | ens,
wherein said first lens group and said second, |ens

a f(ﬁf?}f)}ég% gtﬂ(ﬂgftf)ﬁ? t%g:lglgiﬂc% fé? Eﬂ)c{]g sh&tﬁ) gl?ld /1§ gl&r%%? oclfr]as%)nvex
6
ten, (PR AR bR ST U, 3?48 {5 a%%}éfr i E{}i’érﬁ@es?atﬁess 3itgro-

second Ien% at the d || refractive index
elegit P fhroeeipBeRt cemanied lony Fw@dlma sexeth densy i ﬂwa@;zmocff a
.said fourth lens at the d line n5: refractive index
bicesfves d¢ng ropitiched reageshto tiawbitet side andan cigbftrlgnt invibe ffordesf a
of said sixth lens at the d line. 15 According to

coneaviedensnentdsd of sdifheeyentislend; shidveith dohs grbi inckaded £6&mented
can make it possible to insert a color separating

lenPéft SEBricAiDichNBaRAE K chREYS FRY dRek8N ALk SHg&t sfd%faﬁla%tdo}ﬁex
i ndex of the third |l ens group so that a divergent

o A L AR AL, GBS e
lensn%gﬁ[? %sl fgggcledzﬁo LoLS L9 %?tfior o 8 q‘[ rfgﬁg)\lwv?nng C%fnd%tljg)l‘lal expressions
(1), ), (3), (4), (5) and (6) are satisfied:
(7) 7.0 <fII1/ fw < 10.0
(8) 0.007 <HIV'/{IV<0. 07
(9) 1.8 < Il / fIV < 3.0
(10)-0.1<832<-0.05
(11)-0.02 <1/vIV <-0.012
(12)0.03 < 1/ vIII < 0.07
where
fw: focal distance of the entire system at the wide-angle 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 groﬁp
o 32: refractive power of the bonded faces of the biconvex lens nearest to the

object side in said third lens group and the next concave lens (where ¢ 32 = (n8 -n7 )
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aberration by configuring the fourth I ens group such
that the image side principal point cannot be

di spl aced rather near to the imge to perform
correction of the chromatic aberration rather
excessively. Furthernore, the zoom |l ens can achieve
both of mniaturization and enhancenent in
performance by configuring the zoomlens so as to
satisfy the conditional expressions (1) to (6) to nake
the refractive power arrangenent and the arrangenent
of the nedia 17 appropriate. According to enbodi nents

/ 3 %vlﬁ[*ee ﬁ? N hd YEHAOD indel o § éaﬁ(? tsc eﬁﬁf &rs Q)lﬁpth%ncij 1{n8 €18 the

second | ens group may satlsfy

| ons {7 77 .< .

e %of’%@%s“’%*ﬁif'e IR the %gyevang zéh&ﬁgaw et of fhe
refracti ndex th first lens at the d line, n2

bonfiﬁ‘ﬁatcé??é/ﬁ@{d q;geqthge@,gagg syif @1gbdtlsA® | ens at the d |ine,
n3 the refractive index of the third lens at the d
| i MdV: pauivlentrAdshcammites whetgeit iphssuhed fthairseid foertk lemtgroup
the d line, n5 the refractive index of the fifth | ens

is adhintchesely dontweting e iénstdroup eilicre TV vEV = ideX] /aff4x hedl) +1/
sixth lens at the d line. Therefore, further

(F42m Rt HNi/Z@3 OR4aNY JiRkS €41 lsaﬁl%%ééllcﬁﬁa&féwf%&'c%ﬁcmnens

be achi eved. According to enbodi ments the present

near'eE'tVtS Qﬁé 8!5} ctlshife § thf oliBR ?Ehng réb’l% ﬁ[ﬂ}ﬂ? ﬁirnfllg?[ﬁng g(%%al distance of

enent ed ens o seven

b i convex |ens on_the object_ side i or
the JRERIRE FRLe e e e BGHER CPEALE 159 dh el Bricns
a . concave neni scus | ens, dlsposed |n order fromthe
groupyinghe aigj #3 thefecabdisiance ofiteduennaex lens neateidoihe image side
correction of various aberrations can increase

in sdidrfotmth lendgrougivil tho Ablrb mdinbent§ thef matedalpsfothe ”bncave lens
invention, the third lens group may i nclude a

ncargﬂnt@nﬁlecbﬂ[]@iﬂ&‘sldéf indsa8® FQUHH 148 NSroly) ¥42etheOABBO huber of the
i convex lens and an ei ghth

material of the convex lens cemented to the concave lens of said fourth lens group,
and v43 the Abbe number of the material of the biconvex lens nearest to the image
side of said fourth lens group)

| VIIL: equivalent Abbe number where it is assumed that said third lens group is
a thin closely contacting lens group (where 1/ vIII = fIIT {1/ (31 » v31) + 1/ (f32 «
v32) } in the case wherein said third lens group is a two-element cemented fens but 1 /
vIII = {1 { 1/ (31 » v31) + 1/ {f32 « v32) + 1/ (£33 » v33)}in the case wherein said
third lens group is a three-element cemented lens where f31 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 lens cemented to the above-mentioned convex lens of

said third lens group in the air, f33 the focal distance of the convex lens nearest to the
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lens in the formof a concave neniscus | ens whose face

on the imuge side is 18 fornmed as an aspheric face,

di sposed in order fromthe object side. Therefore, the

degree of freedomin correction of various aberrations

can increase further. According to enbodi nents of the

present invention, the third I ens group may include a

three-el ement cenented lens of a seventh lens in the

formof a biconvex Ilens, an eighth lens in the form

of a biconcave lens and a ninth lens in the formof a

bi convex | ens, disposed in order fromthe object side.
imd5E4i &S BtBe cABWHIRGH 88d Aird fh€8LAPY4 Qﬂﬁ&f—él%kh&%ufépted lens,

vari ous aberrations can increase further. 19 Brie

it i | h first . cl

V3 IE AR tiibcPbe HoBAORE ('t otaRIBaBate! Rlibncpisst side in

. efher with EILGS. to 9 and s, a view showi ng a
saiq e @%‘ﬁf%ra% a‘ﬁzoeﬁﬁe Brle namBRo ok o it ol b e ens

di agrans of a nunerical value working exanple 1 where
cemegtedite thegonyerdons ehsaid thivdklensagroupnmmddd thoAbhe mpmpertof the

enbodi ment together with FIGS. 3 to 5 and is a view
matetidlusft tha tcbmexslplenéarest tatler mmtgeide msthe gasd whereirasadd third

di stortion aberration at a wide-angle end state; FIG
lens3gro@ip ds ¥ i.@veéctdlét&rdtr@irieRted PR i Hepdin M8 i8¢ 1eA$ group and said

astigmati smand distortion aberration at an

e SRl UGS b A,
diStffff?P<?Eﬁlﬁfﬁkg?/§t a telescopic end state;
(8)1.83 <(n4 +n5 +n6)/ 3
where
nl: refractive index of said first lens at the d line
n2: refractive index of said second lens at the d line
n3: refractive index of said third lens at the d line
n4: refractive index of said fourth lens at the d line

nS: 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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FIG 5is aviewillustrating | ateral aberration at
80% of an imge height at the w de-angle end state,
internmedi ate focal position and tel escopic end state;
FIG 6 shows aberration diagranms of a nunerical value
wor ki ng exanple 2 wherein different particul ar

nuneri cal values fromthose in the nunerical value
wor ki ng exanple 1 are applied to the first enbodi nent
together with FIGS. 7 to 9 and is a view illustrating
spherical aberration, astigmatismand distortion
aberration at a wde-angle end state; FIG 7 is a view

|| N&dordih e POBRAR o f ARSI E RN Rentidis Eﬂe%?\gr{:lgﬁ adnake it

distortion aberration at an i nternedi ate

1iion.  Fl ] . Vi I l.Lustrati spherical .
oSSR 1o e il sighuftinkl iinl g SIp N FoGEL Y afeping the
a telescopi n state; FIG 9.is a view illustrating
rof G dde BRidR oub 05t @ iyerssm bEmgrie Mo dued o
wi de-angl e end state, internediate focal position and
the feurislenperoup el elomgate thebagk foenss Houthen thezem lens can make it

enbodi mrent of a zoomlens of the present invention
possiblged perform tdrrdeliG®of the magnification chremafid
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a view show ng a lens configuration; FIG 11 shows
aberration diagrans of a nunerical value working
exanpl e 3 wherein particular nunerical values are
applied to the second enbodi nent together with FIGS.

12 to 14 and is a view illustrating spherical
aberration, astigmatismand distortion aberration at a
wi de-angle end. state; FIG 12 is a view illustrating

spherical aberration, astigmatismand distortion
aberration at an internediate focal position; FIG 13
is aviewillustrating spherical aberration,

abefatibd tdoﬁﬂkﬁ'ﬂ% ieStopfh 291\5}.' g#b%? th Whatdhe grn]td & %n%lpal

end ate 14 |s ustratln t eral

b n 0 e. ht at

poif} %ﬁ%{n“g dl%‘ﬁ% gt R e & §$eg % SRR Gorerigp ghdre

teles e tate,_ nd_Fl G is a bl ock diagram
fﬁ)ge?r (CREFTEIV F%lr»hqlwa&e thsi z9emp eap pat aghigyedroth

the present i nvention. Best Mdde for Carrying out the

of migiad¥nizagian phd enantenemin pgrfompnch @ytconﬁsmngat%e capmylengso
out a zoomlens and an i mage pickup apparatus of the

as tor sdiefyt thei conelitidnah ekpreshisasr (Ipad (6) tth malke tenadfrativd pewer
acconpanyi ng draw ngs.

arrangement and the arrangement of the media
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22 First, an outline of a configuration of a zoom | ens
is described with reference to FIGS. 1 and 10. FIG 1
is a view showing a | ens configuration of a zoomlens
1 according to a first enbodi nent. The zoom lens 1 is
a zoomlens of the so-called four-group inner focus
type and includes a first lens group G having a
positive refractive power and having a fixed position,
a second lens group A1 of the variable magnification
type having a negative refractive power and having a
position variable for magnification variation, a
mmﬂdyﬂ@% lens group QAI1l having a positive refractive
power and having a fixed position, and a fourth | ens

ro itive refr
Do Boldilfs REVBS on R Paeseﬁt&PV%Eﬁ%asﬁ‘%fﬁftV@?s ﬁmf—‘Bé‘&fl the
t|on upon nagni i,ation and upo
Se“?ftsﬁiﬁgﬁ gyup g*?aéfpsaggi{a} tF% &3 Pg P‘P tignag eXpIpysis (a bd7 <7(nd *
first lens group G is forned froma cenented | ens of
n2 {n$) + Zend sl .83 <i(pd tad + 0bh dfwherenhisathe refrastive ardgx 2f the
second lens L2 in the formof a convex lens and a

firstt lens at the ddire3n? thet fefrattbrenindéx af therseeondntend sicttis dl lars n3 the
havi ng a convex face directed to the object side,

refralitiP asRe Jf thehHe erls 2@ el dne) Rit 8d refrabtfre A& SBROMhirth Iens

lens group G| includes a fourth lens L4 in the form
at tHfd e, nS the refractive index of the fifth lens at the d line, and n6 the refractive
index of the sixth lens at the d line. Therefore, further miniaturization and better
aberration correction can be achieved.

According to embodiments the present invention, the third lens group may
include 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 can increase further.

According to embodiments of the present invention, the third lens group may

include 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

18




concave lens and a cenented lens of a fifth lens L5 in
the formof a biconcave lens and a sixth lens L6 in
the 23 formof a convex |ens, disposed in order from
the object side. The third lens group G111 includes a
cenmented lens of a seventh lens L7 in the formof a
bi convex lens and an eighth lens L8 in the formof a
concave neniscus lens, disposed in order fromthe
object side. In a nunerical value working exanple 1
described later, the face of the seventh lens L7
directed to the object side is forned as an aspheric

forf8 Gs ahnasﬁhéﬁmﬁfclecéﬂspdfséh Yk og@érkiir&ﬁ dtﬁtéo of sidle. Tfl&@foaeé the

face of the eighth [ens L8 directe he 1 mage si

' i1 face. The fourth |en roup
degge p AR PR ARAU ol HErraf IS ekt R 7

the form of a,cqQncave ns having a concave_ face

di r AGEBHng &0 RS ’6%‘“&%?‘1 & geesgtnventions e tbid 190s group may
_ the formof a convex .lens and an eleventh [ ens LI
include taflraeclemertt egmsntedrivrskof h saesntiiiens dn dhie formppfierbiconvex

fromthe object side. At |east one face of the tenth
len$, ensightl) lams it tiee folmwefrat bicdrease Lenk and @ ffinthrie fhrthenf@m of a

aspheric face (it is to be noted that, in a nunerica

bicotBlek et Ididpdge R RI florANBe BHAHIRIdCC alTheNAdrd e tHeOAddrT of
exanple 2, the opposite faces of the eleventh |ens

frecdbfh i8 368 eIt alib X IRRAGRNEH iforfRS Rurther.
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FIG 10 is a view showing a | ens configuration of a
zoom |l ens 2 according to the second enbodi nent. The
zoom lens 2 is a zoomlens of the so-called
four-group inner focus type and includes a first |ens
group G having a 24 positive refractive power and
having a fixed position, a second lens group G 1 of
the variable magnification type having a negative
refracti ve power and having a position variable for
magni fication variation, a third lens group dII
having a positive refractive power and having a fixed

Bri®0Séschipfion 8MOradidg@urth lens group GV having a
positive refractive power and haV|ng a position

varggbl e Jv%r aaiﬂlsyﬁﬁapﬁﬁ&eﬁf %’oo 18R5 Hh% %sg:%g inygntion

rmgn |ca Ion variation an OCUS

obj ect S|de The fi lens group

togeleriltf Bl S S KRS el spriewstan | dna 1

in the formof a concave |lens and a second lens L2 in

t hef orkshopvsachupmetis aberrrtion iggrams Hifrainwmercal yalue working

formof a convex neniscus |ens having a convex face
exanhiplee & t where atthvalapbjuecdricsl dapes diesgmdied tontherfitelr ethbadiment

the object side. The second lens group A1l includes a
togdterwith FEGRS 3L 3 4hdlifQ Viél ih@traing %ﬂﬁﬁ@é&%b%ﬁﬁl?onaﬁﬁlﬁnausm

cenented lens of a fifth lens L5 in the form of

and RiEQB6R YBert R0 aPRVife-Dgd bhd &35, L6 i n the
~ FIG. 3 is a view illustrating spherical aberration, astigmatism and distortion

aberration at an intermediate focal position;
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formof a convex |ens, disposed in order fromthe
object side. The third lens group GIIl includes a
three-element cenented |lens of a seventh lens L7 in
the formof a biconvex lens, an eighth lens L8 in the
formof a biconcave Iens and a ninth lens L9 in the
formof a biconvex lens, disposed in order fromthe
obj ect side. 25 The fourth |l ens group GV includes a
cenented lens of a tenth lens L10 in the formof a
concave |lens having a concave face directed to the

- object side and an eleventh lens LIl in the formof a

convex lre s @ngsaatyngtﬂlﬂd§%§atE$ 'gﬂhé{gbgiyggéyké%ion,
bi convex | ens, disposed in order rom t he object

shéei gt 18ashqonestacei o dhe Llevwenth 5l 808 Lddn L cna
the twelfth lens L12 is forned froman aspheric Tace
(kPage nuneri cal val ue working exanple 3 hereinafter

~described, the opposite faces of the twelfth .lens

L12 arereachsf s ned, fdpmansashRenhC1 4881 dderd$ci®n at
be noted that, while, in the nunerical value working
exedd © ah hekgenabighe desciided.ad-Raqtbi £4q! epscgr oup
G111l is forned froma three-element cenmented | ens only

of ntpheriiatal rbensegesihiord agR RRALBSLEEE Okdfaridest

.from the object side of the third lens group Gl may

be foreed.fe6osmess agRhekits cha@@agrams of a numerical
value working example 2 wherein different particular
‘numerical values from those in the numerical value
workiﬁg example 1 are appliéd to the first embodiment
together with FIGS. 7 to 9 and is a view illustrating
sphérical aberration, astigmatism.and distortion
aberration at a wide—~angle end state;

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

FIG. 8 is a view illuétrating spherical aberration,
astigmatism‘and~disﬁortion aberration at a telescopic end
state;

FIG. 9 is a vie@'illustrating lateral aberration at
80% of an image height at the wide—ahéle 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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It is to be noted that, in the zoomlenses 1 and 2,
an.iris S having a fixed position is positioned in the
proximty of the object side of the third | ens group
Adl1ll, and a color separating prismP is disposed
between the fourth Iens group GV and an image
formng plane | (in a back focus) Further, a filter F
i s disposed on the object side of the color separating
prismP. The zoom |l ens of the present invention nmakes
it 26 possible to insert a color separating prism
into the back focus by weakening the refractive index
ofa. thewt Bhedihens 1410 Wbr@iblhraseibhat a divergent
light flux is i-ntroduced into the fourth [ ens group
GV to earmngadtie shiwsbapkriacusn YIRS ot BengROM ca1
| ens makes it possible to perform correction of the
nmegnuki gatkdng CAH0pld G abereahi PArBYcu GONfgidyiRg 1t he
fourth lens group AV such that the inage side o
priancepabrpoapl Ganet the desphaceihsRialt MeAeth@r with
the image to performcorrection of the chromatic
abécBat Lonts athemexeess vieky i 1 Fust her iy ephdie cagom
| ens achi eves both of mniaturization and enhancenent
| abepeat bommance: dynaadri gubi 89st et Zaomyeans tsonastt 8
satisfy the followi ng conditional expressions (1) to
(B8)ldeoampke entdhestragfer;acti ve power arrangenent and the
arrangenent of

FIG. 12 is a view illustrating spherical aberration, -

astigmatism-ahd distortion aberration at an intermediate
focal position:;
VFIG. 13 is’a view illustrating spherical aberration,
astigmatism and.distortioﬁ éberration at a teleécopic end
fstate;. |
FIG..14 is & view iliustrating lateral aberration
ét 80% of an image height at the wide-angle end state,
intermediate 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‘Carryipg out the Invention

In the following, thg best mode for carrying out a
zoom lens and an image pickup apparatus of the present
invention- is described with-reférence to the aécompanying

drawings.
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the nmedia appropriate. (1) 7.0 < flll/fw< 10.0 (2)
0.007 < HV /fIV <0.07 (3) 1.8 < flll/fIV<.3.0 (4)
-0.1 <032<-0.05(5) -0.02<1I/vIiV<-0.012 (6)

0.03 < 1/ vlil < 0.07 wiere fw focal distance of the
entire systemat the wde-angle end state 27 flll:
focal distance of the third lens group flIV: foca
di stance of the fourth lens group H V' : image side
princi pal point of the fourth lens group 032:
refractive power of the bonded faces of the biconvex
| ens nearest to the object side in the third |ens
group andriste aaxbutbﬁmavafkemﬁmﬁwbg&atﬁaﬂ & (& ocom lens
n7)/r32 where n7 is the refractive index of the
sévedescrieas wirtht refdrbhoe, ta& tde refanactove index
of the eighth Ilens on the d line, and r32 the radius
of curvatlgrelofst aevhondediages dbntheoseventdrilensft a
and the eighth lens), vIV: equival ent Abbe nunber :
waepe ieng sl asswmddnghad &hBirst embodiment. The zoom
“lens 1 is a zoom lens of the so-called four-grbup inner
chus type and includes a first lens group GI having a
positive refractive power and having a fixed positibn, a
second lens group GII of the variable magnification type
having a negative refractive power and having a position
_Variable for magnification variation, a third lens group
GIII 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 adjustment of a focal position upon magnification
variation and upon focusing, disposed in 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 tolthe 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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fourth lens group is a thin closely contacting type
l ens: group (where 1/ vIiV = fIV{1/(f4lval) + 1/(f42-
v42) + 1/(f43v43)} where f41 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 cenented to the above-nenti oned
concave lens of the fourth lens group in the air, f43
the focal distance of the biconvex | ens nearest to
. the image side in the fourth lens group, v41l the Abbe
nunber of the material of the concave | ens nearest to

-t ierAbhecs sboeey iTbdshedf QupEhg! BRSe IR, H42REh
Abbe nunber of the naterlgl of the convex | e%sIe Sbject

cefEst edried driedahene gﬁo‘g@r&wpeﬁc@%@@vs &@fﬂéné&fd tRGs
fourth I ens group, and v4 t he Abbe nunber of

metesi abvehith ey eonyex chengorRedF sty RS '_LQHQ
side of the fourth lens group), and vlll: eqU|vaIent

Abheengibtier Lahene iih kseassumedr thalodi&e WRhEdchENBens,
group is a thin closely contacting l.ens group (where

1hubbpbsed fin |dddelf From3the obiddf 32-ae32ini A Abgricase
wherein the third lens group 1s a two-el enéent

ceabut ewotiensy dambl eVl descfiddd W31V tBL) Fdce of the
[/ (f32v32) + 1/(f33v 33) } in the case wherein the

thevdnthehangﬁdumlmscﬁeﬁht@etﬁéGﬂﬁﬂ&nﬁ%ﬁﬁ@tQg E8Afed as
where f3l is
an aspheric face. In a numerical value working example 2,
the face of the eighth lens L8 directed to the image side
is formed as an asphefic face. The fourfh lens group GIV
includes a‘ceménted lens of a ninth lens L9 in thé form
. of a concave leﬁs havihg a concave‘face‘directed to the
pbject side and a tenth lens L10 in the form of a convex
.lens and an eleventh lensILli in ﬁhe form of a biconvex
lens,rdisposed in order from the object side. At‘least
one.face of the tenth lens L10 or the eleventh lens L1l
'islformed from an aspheric face (it is tp be noted that,
in a numeriéa;.value WOrking example 1 and a numerical
value working example 2, the opposite faces of the
.e;eventh lens are each formed from an aspheric face.
FIG. ;Q is a view showing a lens configuration of a
zoom lené 2 according to the second embodiment. The zoom

lens 2 is a zoom lens of the so-called foﬁr—group inner

focus type and includes a first lens group GI having a
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R

the focal distance of the convex | ens nearest to the

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

the focal distance of the concave |ens cenented to

t he above- nentioned convex lens of the third |ens
group in the air, f33 the focal distance of the
convex |l ens nearest to the imge side in the case
wherein the third lens group is a three-el enent
cenented lens, v 31 the Abbe nunber of the materia

of the convex |lens nearest to the object side in the
third lens group, v 32 the Abbe nunber of the materi al
obotheicencafimdtdne pement efddt Rathey aboye=aepbl 0nesh,
convex lens of the third | ens group, and v33 the Abbe
nerbendoietsheymaireciadl oaf thhevaoiude s iN@as€5én type
the. image side in the case wherein the third | ens
gheupng sa aneddirioe- ekeranticenedited drenhav2AgTheposition
condi tional expression (1). defines the refractive
puneiabie tfree tdsignd flieasignoupr@dilgn,and thy rdSeéts ngroup
the focal distance M of the third lens group 4l

| 6A§Erhanany teh@dsowere| raftaotithewmerdahidohating a
expression (1), the burden on the fourth | ens group
GExed qposvekiany ®hd batkuftgusedongouanche kediwed t 0
enhance the aberration variation caused by novenent
oposhelourdfiracténs peeep $hd/. havowey er positide wppemble
limt of the '

- for adjustment of a focal position upon magnlflcatlon

variation and upon focusing, disposed in order from the

 object 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 lens L3 in the form of a convex meniscus lens
having a convex face directed to_the ébject 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 cementéd”lens.of a fifth lens L5 in
the form of a biconcave"léns and a sixth lens L6 in the
lform of a'convex lens, disposed in order from the object
sidg. The third lens group GIII includes a three-element
cémented lens of a seventh léns 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

bigonvex lens, disposed in order from the object side.
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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 fourth

| ens group GV 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
arrangenment proximate to retrofocus arrangenent is
adopt ed when the fourth lens group AV is viewed by

| Toel fouttien die datle Gagusnoludbde LiddtSySELEM 8N,
‘be made | ong al though the focal distance of the

f aenth Lens Wroum GhY ifsramakl a dHovemer 1dnks having a
m niaturization takes precedence and the position of

t kenchragease dii erdteei pal thei sbjést diisel agadahatDebenth
near to the inmage to such a degree that the upper

| Lent biltire tiloorfdirin efah expresSidds (A bStexteedelens
upwardly, then the 30 negative refractive power is
cbheentrtitediom tdfe aobjieotvesi tengf dik@oskauihholess
group AV while the positive refractive power is
cénomnthatdd ot tshelei. neige sdade, ondi €hce OBKkE% eleventh
correction of the spherical aberration, coma and
clevatute of theeltdedifEhi tehs . LiTheisc dodinedoabm an
expression (3) is a condition

aspheric face (in a numerical value working example 3
hereinafter described, the opposite faces of the twelfth
lens L12 are each formed from an aspheric face). It is to
be noted that, while, in the numerical'value working
example 3 hereinafter described, the third lens group
GIII is formed from a three-element cemented 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 GIITI,
and a color separating prism P is 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

“object side of the color separating prism P.

The zoom lens of the present invention makes it
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necessary to achieve both of mniaturization and
assurance of a long back focus which are effects of

the conditional expression (2). If the upper limt of
the conditional expression (3) is exceeded upwardly,
then the a light flux incomng to the fourth |ens
group GV becones thicker and the back focus can be
made | onger even if the inmage side principal point of
the fourth lens group GV is set rather near to the

i mage. However, the fourth Ilens group GV does not
exhibit a retrofocus condition, and the overal

| poagsibbecoseindditga kbibheschoneridd Mlisaf ihh8 the back
condi ti-onal expression is exceeded downwardly, then

t hechsirise nwaikddiegf auet Bekeast gFOUMIAY off @heMBKiRE 1ens
the back focus |ong increases, which nakes correction

offrtlge Gpherdcahazbar Have 8fen€ OBy E1GUN At UE @o8ficed

field difficult. The conditional expression (4) is.
piove delte t foumparchsa drioght clivuxcoribhgabendesd dasesrocus.
having a negative refractive power in the third |ens
gFeuph«d | Ithe zedoongate Bakéhei basksSinaus tangdepesiAr m
correction of the spherical aberration and correction
ofortectHetrz el tdiemuabhifheatidn rehdens igr abpréhtlon oy

~configured without bonding two or three | enses, then

actrf gpmiunbéheoffosobht lams dwoup GIV such that the image
side priﬁcipal point'cannot be displaced father near to
the image to perform correction of the chromatic
‘aberration rather excessively._ Furthermore,'tﬁe éoom‘lens
échieves both of miniaturization and enhancement in
performance by configuring the zoom lens so as to satisfy
ﬁhe fbllowing'conditional expressions (1) to (6) to make
the refractive power ar;angement‘and.tﬁe arrangement of
the'media'appropriate;
(L) 7.0 < £fITII/fw < 10.0
{2) 0.007 < HIV'/£fIV < o.d7
(3) 1.8 < fIII/fIV < 3.0
t4) -0.1 < ¢32 < -0.05 |
(5) =0.02 < 1/¥IV < -0.012
(6) 0.03 < 1/¥III < 0.07
where
fw: focal distance of the entire system at the

wide-angle end state
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whi ch the back focus, spherical aberration and Petzval
sum descri bed above can be bal anced appropriately

exi st. However, a lens group wherein the | enses are
di sposed solely is liable to suffer fromeccentricity
and it is obliged to take a conplicated

count erneasure of securing the lens group while
adjusting the optical axis upon assenbly, which
soneti nes makes a cause of raising the production
cost. However, if the third lens group GIl is forned
froma cenented lens, then since it is possible to
assenbl &r1at @obandiigkSia oft Rt Rhkdal £8Ss af: 4 G 1
so that no deviation of the optical axis may occur
using <avh @B8cappai SidifcadS @ tERNESLEDE [Ge QBCARE.
Therefore, a stabilized perfornmance can be

i npl enentred : aimagd o LOPrin Mpallepbhgtt Hf rehd emsi3ouRns
A1l has a positive refractive power, it is possible
tgraypand a light flux gently to mneke it possible to
el ongate the back focus.readily and perform -

corr ect igo3e gerdinadmikBogbweausE Ngh&laf idmt irfaReaf o rathe
spherical aberration curve by di sposing the bonded
faibem vy ilegsannegast veo refs agdiase pawer im the theird
concave face directed toward the iris conparatively
neard yyrompt hed32hebheet wbddive tihest hivheréepsgeoyps -
Gll. If the upper |imt of the conditional

‘expr/es¥i ohef4d) niisigxceededfractive index of the seventh

lens on the d line, n§ the refractive index of the eighth
iens on the d line, and r32 the radiﬁs'of curvature of

the bonded faces of the éeventh lens and the eighth lens),
v1IV: equivélent Bbbe number where it is assumed that the
fou;th lens group is.a thin closely contacting type lens

group (where 1/vIV = £IV{1l/(f41-v41) + 1/(fd42-v42) +

‘1/(f43-v43)} where f4l 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 to the above-mentioned concave lens

- of the fourth lens group in the air, £43 the focal

distance of the biconvex lens nearest to the image side

in the fourth lené group, v4l 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 of the

material off the conﬁex lens cemented to the above-
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upwardly, then the effect of the bonded faces

descri bed hereinabove decreases, and as a result, the
burden for making the back focus |longer at the fourth
l ens group AV increases and good aberration
correction beconmes difficult. If the lower limt of
the conditional expression (4) is exceeded
downwardly, then the curvature of the bonded faces
becones excessively strong, which nmakes worKking
difficult. The conditional expression (5) relates to
correction principally of the magnification chromatic

aREhE Bdh QD AN SUPRERSSLAN O 6 ARIAL QQOQ%! and va3
zooming, and if separate roles are assigne

t bhe dabENSun@eeUR tGEht RBdethgl fURER LeRSnEERUDE V
such that the fourth Iens group AV having a greater

rayahed ghio ahea impgkneigal of hatAACheS 1LAPOLESNSE, and
principally to correction of the magnification

chrmmat kguabgleat | Mbe WiinR -t Reet-bi £ 4 l§r§%§ﬂﬂga3tﬁ5klthe

having a smaller ray height of a principal ray

peinfof Merkalgabapngsoh thtn axiddelClibaRBEL tn@besn atd up
then not only the axial chromatic aberration but also

t henawrgni f+ cat i-onsChr Qatd3q - «aPey § at 19 £82N %) in the
corrected effectively in a well- balanced condition
ovagge tiieraier ahk zhonii nDenang®upd3ds a two-element
cemented lens but 1/vIIT = £IXI{1/(f31-v31) +
1/(£32-v32) + 1/(£33-%33)} in the case wherein the third
leps 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 cbncavé 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 fhe third lens group is a
three-element cemented lens; v 31 thé Abbe number of the
material of the convex lens nearest to the object side in
thg third lens group, ﬂ132 the Abbe number of the material
of the concave lens cemented to the above-mentioned
rCORVQX‘lénS of thé third lens group, aﬂd 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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1/vlV represents a reciprocal nunber to. the

equi val ent Abbe nunber when it is assuned that the
fourth lens group GV is a three-elenent closely
contacting thin lens system |f the focal distances
and the Abbe nunbers of the |lenses are set so that
1/v IV = 0 may be satisfied, then when the fourth

l ens group GV is considered by itself, a condition
that achromati zation of two spectral lines of the F
line and the Cline can be perforned is satisfied.
However, the magnification chromatic aberration at

the wi detangbadendost Bt Sxmhise ARSI attleddeﬁgh@gl Pad 1y
fromthe second lens group A1, and there is a

t eadeacyitd atoudie oragnkf taatd Ofe 0 %%dgT%QQIOf ahde@
| irne becones smaller than that of t In order

t et EDg et tRicR] il skSnBECEFBArYe theS @i 1AV h ¥nk Ny SUgh
a manner that correction is performnmed rather

exrCessiusier Shart hak 1bwelk Viimye her loweichhani bher
upper Iimt of the expression (5). Since the exit

pepbtedsidrearit,o the bekeeents i the andirtthonensvenohs die
position of the fourth Iens group GV is noved by

zbormimgkirtdheheabiaaki 68c0f 1hey dBONS ireaticen €bromtde
“aberration is suppressed small. However, if the

athe oxtet e tdend ivhir@at 06n t deuaindyh doeRmendr 68PLKR Edis-th
set to an excessive correction condition to such a
dbgleegzidwm Qive. Howered,i mift tbk tppeeonthit @lthe
conditional expression (1) is exceeded upwardly, then the
light flux incoming to the fourth lens group GIV becomes
‘ratner excessively divergent-and the aberration variation
- by the movement of the fourth lens group GIV increases.
The conditional expreSSion (2} 1is provided to
r'achieve both of miniaturization and assurance of a long
‘back foous by means of the fourth lens group.GIV, and if
refractive power arrangementrproximate to retrofocus
arrangement is adopted when the fourth lens group GIV is
viewed by 1tself then the back focus of the entire
system can be made long although the focal distance of
- the fourth lens group GIVris small. However, if
‘miniaturization takes precedence and the posrtion 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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expression (5) is exceeded downwardly, then the 34
magni fi cation chromatic aberrati on generated fromthe.
second lens group A1 increases and it becones obliged
to establish a balance. Consequently, the variation
of the magnification chromatic aberration during
zoom ng increases. The conditional expression (6)
relates to a balance between the magnification

- chromatic aberration and the axial chromatic
-aberration of the third lens group A1l and the.
fourth lens .group GV which forman image form ng
sysyeti v nefrddia vieRgbivk i Cas | @h SdHMRlUC cabens ath Ak«
is corrected by the fourth lens group AV in

astde dancenen idurthheeasngdibi®nalv eXanesshenpbSltive

rat her excessively corrected axial chromatic
abefrattire ippwganasatetchbytideed fourdnk LRB§e 05 08P, @M.ch.
In order to correct the axial chromatic aberration
whakes ac@orawdtdnop thahansghof i ddie abeagaicf bept @ and
chromatic aberration is maintained, it is effective
tourvrtwot dihEiatdablichionmati ¢ aberrati on by neans of
the third lens group A1l which has a small ray ‘
hei ght Gheacpndnti@al reypreblapeaf QBE, ista iGdEEassary

to set the reciprocal nunber |/wll of the equival ent
Abbeessanmbdo webneve bstlasstimecthiathat zhbeoh hardl | ens
group Gl

assurance of a long back focus which are effects of the
conditional expression (2). If the upper limit of the
‘conditional expression (3) is exceeded upwardl&} then the
a light flux incpming 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, thé
- fourth lens group GIV does not exhibit a retrofocus
condition, and the overall length becoﬁes long. If the
lower liﬁit of the conditional expression is ekéeeded
‘downwardly, then the burden on the fourth lens group GIV
- for making the back focus long increases, which makes
correction of the sbherical aberration, coma and
curvétufelof field difficult. |
‘The conditional ekpression (4) is prévided 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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is a two-elenent closely contacting thin |lens system
or a three-elenent closely contacting thin |ens
systemto a value higher than the lower limt of the
condi tional 35 expression (6) to set the refractive

‘powers and the media of the convex |lens and the

concave lens in a direction in which the axi al .

chromatic aberration is increased when conpared with

that by a single lens. If the upper Iimt of the

condi tional expression (6) is exceeded, then

correction of the axial chromatic aberration becones

I nsef back efdcon dnde patrderangber st thinOlof tthBeePRBEical

difficult to sufficiently correct the magnification

chbematttomberd atdrarchyoneanstiod pdefxQuisih.| ens @{eourl
G V. Further, in order to achieve both of
nthmadul@msugnmmpamdlgomd abefiqitan wiahoett beAding two
preferably the follow ng conditional expressions (7)

and tii8ye arensat,i sheada {(dygd. Midlbey RIf soldtiond) b

(8 1.83 < (n4'+ n5 + n6)/3 where nl: refractive

| Hoésh othe Headli Motubenspheridwel thbddmion and Petzval
sum described above can be balanced appropriately exist.
However, a lens group wherein the lenses are disposed
solely is liable to suffer from eccentricity and it is
obliged to take a complicated countermeasure of SEcuring
the lens group while adjusting the optical axisrupon
assembly, which sometimes makes a cause of raiéing 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 ﬁsing
such an apparatus as a centering microscope. Therefore, a
stabilized'performande 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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n2: refractive index of the second lens at the d Iine
n3: refractive index of the third lens at the d 1|ine
nd: refractive index of the fourth lens at the d 36
line n5: refractive index of the fifth lens at the d
line n6: refractive index of the sixth lens at the d
line. The conditional expression (7) defines a-
condition for reducing the total thickness of the
first lens group G to achieve miniaturization and
setting the refractive index of the | enses which
conpose the first lens group G to a high value so

t bat etbhewCthMAtyHee S hafdt henkagesugamrrbe pderat §gher

Wiere. the conditional expression (7) is satisfied,
caimectodncid ddiriisphesicakpabsesiat | on and dbeedeamm

at the tel escopic end state can be easily .

f apwhidht edkheftheheordifticanaf exdressian =3k sdabkpespad
condition for preventing the Petzvar sumfrom

i hereaisingrd alddreaseegakhieasi derahian: t kg eli-achi ¥ér
power of the second- :
making the back focus longer at the fourth lens group GIV
increases and good aberratioﬁ correction becomes
difficult. If the lower limit of the conditional
expression (4) is exceeded downwardly, then the curvature
of the bonded faces becomes excessively strong, which
makes ﬁorking difficult,

The conditional exbression {3) 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 GIII and the fourth 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 smaller ray
height of a principal ray performs balancing of the axial
chromatic aberration, then not only the axial chromatic
aberration but also the magnification chromatic

aberration can be corrected effectively in a well-

balanced condition over the overall zooming range.
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lens group G1 is increased to reduce the space for:
movenent of the second lens group G 1 to achieve

m ni aturizati on. The curvature of the bonded faces of
the fifth lens L5 and the sixth lens L6 can be
noderated to correct the deformation of the spherica
aberration of short wavel engths at the tel escopic end
state by setting the refractive index of the concave
| ens whi ch conposes 37 the second lens group A1l to.
noderate the curvatures of the faces to correct the
Pet zvar sum and setting the refractive index of the

‘convex h@ﬂﬁIyor@pf@éghﬁ@ﬂé“%éﬂagfgggﬁ ﬁﬁ%%%iu?%W$ﬁie

Abbe nunber is as |ow as possible 1s

f eblhowa Dgnt SRS Alumbereiheal i val 86 Wk NG na8X 8R! BSurth
enbodi ed appl ying particular nunerical values to the

zoens| gnses drwands 2 ehrtbeepefsent cRINROG) Rk 28E€ng thin
described. It is to be noted that, in the foll ow ng

expnessyoem. " Sit" thepreseNt&i thedesh ahacenasasmintgfhers
fromthe object side; "ri" the radius of curvature of

the thé faceasrLount 8d LA 100 19DLeEt nsidse sflis'sfied,:
the di stance between the ith face and the i +lth face

athenwited fireomdutehobiast gsbae; eI WR's thasthbekaess of
the filter F, "dP" the _ _
~itself, a condition that achromatization of two spectral
 lines of the F liné,énd the C line can be performed is
satisfied. However, the magnificaﬁion chfomatic
aberration at the wi&e—angle end state is generated
‘principally from the éecbnd lens group GII, and there is
a_tendency that the mégﬁification of an image of the g
line becomes smaller than thét of the d line. .In order to
correcf this, it is ﬁecessary to set 1/vIV in such a
manner that,correction is-perfofmed rather excessively so
that 1/v 1V may be lower than the upper limit of the
expression (5).--SinCe'the exit pupil is near to é
ﬁelecehtric condition, even 1f the position.of the fourth
lens group GIV is moved by zooming, the variation of the

magnification chromatic aberration is suppressed small.

. However, if the achromatic cohdition of the fourth lens

group GIV is set to an excessive correction condition to
such a degree that the lower limit of the conditional

exXpression (5) is exceeded downwardly, then the
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t hi ckness of the color separating prism "ni" the
refractive index of a material used to formthe ith
lens Li at the d line; "nF" the refractive index of
the material used to formthe filter F at the d |ine;
"nP* the refractive index of the naterial used to

formthe color separating prismat-the d line; " v i”
the Abbe nunber of the material used to formthe ith
lens Li; "v F* the Abbe nunber used to formthe

filter F, and "v P" the Abbe nunber of the materia
used to formthe color 38 separating prism Manwhile,

aRagBpheth i shale dns tdef bR Y o XU RS SIey %r@@eEﬁe_"
the depth of the aspheric face is Tepresented by "Xxi

‘asdcbhe hehghirduomrtrtheneptisal A%l Sit !kn%__croﬁl@-ge§ﬁf£§gd to
by "H'. "E - 1" of the aspheric coefficient

r epEEBENIS a X%allnrel,"  cEAIURRSIAN, 1 thb=FEFi€dh of the
1-HzZ/rig)+ZAjH Values in the nunerical val ue working

emaﬁﬁifﬁ&achﬁkﬁmﬁmﬁﬂﬂEi§Bé§fa@ﬂﬂ?Qﬁﬁﬁth%BHﬁ§n§re
applied to the zoomlens 1 according to the first
eirhodés®sd. shown in FIG 1 are indicated in Table 1
39 ‘ :
The conditional expression (6) relates to a balance
between the magnification chromatic aberration aﬁd the
axial chromatic aberration of the third léns éioup GIII
and the fourth lens group GIV which form an image forming
system. Since the'ﬁagnification chromatic aberration is
Cofrected Ey the fourth lens group GIV in accordance with
the conditional ex?ression (5),.rather excessively
corrected axial chromatic aberration is generated by the
fourth lens group GIV. 1In order to correct the axial
chromatic abérration‘while a.correction balance of the
magnification chromatic aberration is maintained, it is
effective‘to cqrrect the axial chromatic aberration by
~means of the‘third.lens group GIII which'has a small ray.
height of a principal ray.. Therefore, it ié necessary to
set the reciprocal number 1/vIII of the equivaleﬁt Aﬁbe
number Whén it is assumed that the third‘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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Table 1 si ri di ni v i 1 r1=23.921 dl =0. 350

" nl=1.94568 v1=18.0 2 r2=9.059 d2=0.930 n2=1.72916
v2=54.7 3 r3=-30.993 d3=0.070 4 r4=5.538 d4=0. 695
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 v6=18.0 10 rl O=

dl O=variable 11 rll=iris dll=0.594 12 r12=8. 031

d12=0. 665 n7=1.68893 v7=31.2. 13 r13=-2.238 d13=0.553
n8=1. 88300 v8=40.8 14 r14=-7.435 d14= vari able 15

r daprds 9ch dib=c148tN9R4. Qéﬁﬁﬁc&ﬁng%errg6aﬁé6tﬂé media
dl'6=0.524 nl10=1.48749 v 10=70.4 17 r17=-3.63

A&7 =0h®7dbrkfes 1853. 220 d48=00200:d1lenl. 4§7Q9di/réé-t'17c91 4n
19 r19=-3.162 dl19=variable Filter oo dF=0.

NkELcH 1680 ax ik64hZ2omBPE i 6 Naeer #R53053Q@ Eﬂﬁcie §§e9c]c 3vben
Ecg;ﬁsied with that by a single lens. If the upper limit
¢f the conditional expreésion (6) is exceeded, then |
'coﬁrection of the axial Chfomatic aberration_becomes
insufficient on the wide angle side or it becomes
difficult to sufficiently correct the magnification
chromatic aberratidn by means of the fourﬁh lens group
GI&. | |
Further, in order to échiéve'both of
miniaturization'and good aberration éortection,
- preferably the following conditional expressions (7) and
{8) afe satisfied: |
(7) .77 < {(nl + n2 + n3) /3
(8) 1.83 < (n4 + nS5 + 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
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m Back focus=0.280 In the zoomlens 1, the face
distance d5 between the first lens group G and the
second lens group G I, the face distance dl O between
the second lens group G1 and the iris S, the face

di stance d14 between the third lens group G111 and
the fourth Iens group GV and the face distance d19
between the fourth Iens group GV and the filter F
are variable during zoom ng. Therefore, numerical

val ues of the distances d5 dl O dl4 and d19 in 40 the
nurerical value working exanple 1 at the w de-angle
emdnstate,. internediate focal position and tel escopic
end state are indicated in Table 2 together with the
focal disst arCeactinenheieand angl €i6thview (@Wthe d
(degrees)). Table 2 Focal 1.000 5.484 9.157 distance
Flhoeber 1.85 2.10 2.40 2w(degrees) 57.80 10.9 6.48
d5 0.298 3.625 4.300 d10 4.351 1.024 0.349 di14 1.548
~0.715 10@40redt8cOivd 2irda3dfl tB20sixth lens at the d
-line.

The conditicnal expression (7) defines a condition
for reducing the total thickness of the first lens group
GI to achieve 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 aberration 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 group GII to achieve
miniaturizationi 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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In the nunerical value working exanple 1, the face

s1l2 of the seventh Iens L7 on the object side and the
opposite faces s18 and-s19 of the eleventh |lens LI

are each forned froman aspheric face. Therefore,
fourth-, sixth-, eighth- and tenth-order aspheric
coefficients A4, A6, A8 and A10 of the faces sl1l2, s18
and s19 are indicated in Table 3. 41 Table 3 si A4 A6
A8 A10 12 -0.1078E-02 0.2648E-02 -0.4885E-02
0.2391E-02 18 -0.8364E-02 -0. 3433E-03 0. 3447E-03

- -0.1030E-03 19 0.8743E-02 Aberration diagrans of the

nuner seadny aléne WebkbngI T examd g vh Rl @ nehewdvhPuFL SSh¢
2to 5. In particular, FIGS. 2, 3 and 4 indicate the

spherfaads aecbatreen, tAST PGIBEd S BurdReddsst 0k i Ofhe
aberration at the wde-angle end state, internediate

f pestaqrOsiet iio@eandft eheSEOPIdx EthsStat 8, high value so
respectively, and FIG.- 5 indicates |ateral aberration

athaB8(refdiam whage hebghiumbdr iis e bewnakegdotfidie ik
the spherical aberration diagranms and the |ateral :
abeedation diagrans, a solid line indicates an
aberration curve at the d Iine (wavel ength of 587.6

nm, a Prokea felowing, several numerical value working
éxamples embodied applYing particulér numerical values to
_ the zbom lenses 1 and 2 of the present embodiment are
described.

| It is to be noted that, in the followiﬁg expreésionf

- “si” represents the ith face aé counted from the objeét
side; “ri” the radius of curvature Of_the'ith féce as
‘counted from the object side; “di“ the &istance between
the ith face and the i+lth face as counted from the
objébt side; “dF” the thicknesé of the filter F; “de” thé
thickness of the color separating prism; “ﬁi” the
iefractivé index of a'material used to fofm the ith lens
Li at the d line; “nF” the refractive index of the
material used to form-the filter F at the d line; “npP”
the refractive.index of the matérial.usedlto form the
coior-separating prism at the d line; “y i the Abbe
nunber 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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i ndi cates an aberration curve at the g line

(wavel ength of 435.8 nm and an alternate | ong and
short dash Iine indicates an aberration curve at the
Cline (wavelength of 656.3 nn). Meanwhile, in the
astigmatismdiagrans, a solid line indicates a
sagittal image plane, and a broken 1line indicates a
nmeri di onal i mge plane. Now, values in the nunerica
val ue wor ki ng exanple 42 2 wherein particul ar
nunmerical values different from those of the

numeri cal val ue working exanple 1 are applied to the

. zoeparansnd pecsrding to the first enbodi ment shown

in FIG 1 are indicated in Table 4. Table 4 si ri d

ni v i MddrieA2.12383 56l 20p806; 8l 531294568 k518 10py2
r2=8.720 d2=0.878 n2=1. 72916 v2=54.7 3 r3:-28.§36

d2xPre68idn I #=thadf? tH-Qeb?d B3=1n8348IhdB3rb%ate Is
r5=14. 158 d5=variable 6 r6=14. 158 d6=0. 170 n4=1. 88300

VéeéﬂegenﬂedﬂéﬂﬂgaS’dﬂﬁﬂt&bohgiﬁﬁE'ﬁréﬂajﬂg_ thf@1 axis
n5=1. 88300 v 5=40.8 9 r9=2.268 d9=0.426 n6=1. 94568
vi6=i8pBbesented by “H”. “E - i” of the aspheric
coefficient repreéeﬁts “X 10 - 4i-.
Expression 1
Xi = H2/ri(1+ /1 - H*/ri? ) + > AR
Values in the numerical value working example 1
wherein particular numerical values are applied to the

zqom_lens 1 according to the first embodiment shown in

FIG. 1 are indicated in Table 1.
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10 r10=w dl -O=variable 11 rll=iris dll=0.578 12
r12=6. 308 d12=0. 718 n7=1.64769 v7=33.8 13 r13=-1.941
d13=0. 408 n8=1. 77377 v8=47.2 14 r14=-8.501

dl 4=vari abl e 15 r15=-4. 469 d15=0. 170 n9=1. 94568
v9=18.0 16 rl 6=110.433 d16=0.503 nl 0=1. 48749 vlI O=70. 4
17 r1 7=-3.368 d17=0.068 18 r18=3.619 d18=0.731
nll1=1.58313 vI[=59.5 19 r19=-3.619 d19=vari abl e
Filter oo dF=0.724 nF=1.51680 v F=64.2 Prismco
dP=3. 842 nP=1.58913 v P=61.3 co Back focus=0.280 In
the zoomlens 1, the face di stance d5 between the
fasiese af the first lens group G and the second |ens

S

group G I, the face distance dl O between the second
lens group.d@!| and the iris S, the face distance dl14
th‘vA en 43 Lhe h!rd !Q S nrnlm Gll _and the aurth
Stens| group*a V__and the $ace di stlance di9 bet ween the
¥ our } BL¥2hs 3 oupdi€® MB%hd the fillnlerl.P4anse val habklig . o
duri hgzzoomang. [hesefage, nuneri Gal=1V.3loues of L5 7
jace Qj&ﬁjﬁ(@:ﬁg d15d3'% %70 di4d—and [d19—n—thenurert+cal
yVal U, Yot K Ti eXet & ot n3=1.83481 v 3=42 .7
5 r5=14.863 d5=variable
6 r6=18.151 d6=0.175 n4=1.88300 v 4=40.8
7 r7=2.324 d7=0.534 5
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 rlQ=00 dl0=variable
i1~ rll=iris dll=0.594 . : ,
12 rl2=8.031 dl2=0.665 n7=1.68893 v 7=31.2.
13 r13=-2.238 d13=0.553 n8=1.88300 v B8=40.8
14 r1l4=-7.435 | dl4= variable
15 rl5=-4,979 |[d15=0.175 n9=1.94568 v 9=18.0
16 rl6=ca d16=0.524 nl0=1.48749 v10=70.4
17 ri7=-3.639 |dl7=0.070 '
18 r18=3.120 |d18=0.3900 nll=1.48749 | 4 11=70.4
18 rl9=-3.162 | dl9=variable K
Filter |oo dF=0.745 - nF=1.51680 v F=G4,2
Prism |} oo dP=3. 950 nP=1.58913 v P=61.3
0o Back focus=0.280 '

In the zoom lens-i,

the face distance d5 between

the first lene group GI and the second lens group GII,

the face distance di0 between the second lens group GII

and the iris S,

the face dlstance dl4 between the thlrd

lens group GIIT and the fourth lens group GIV and the

face distance d19 between the fourth lens group GIV and

the filter F are variable during zooming.

numerical values of the distances d5,
40

Therefore,

d10, dl4 and d19 in




the wi de-angle end state, internediate focal position:
and telescopic end state are indicated in Table 5
together wth the focal distance, F nunber and angle
of view (2co (degrees)). Table 5 Focal distance
1.000 5.182 9.170 F nunber 1.85 2.10 2.40 20(degrees)
56.20 11.2 6.28 d5 0.289 3.512 4.247 dl O 4.383 1.160
0.425 di14 1.613 0.853 1.223 d19 0.533 1.293 0.923 In
the nunerical value working exanple 2, the face sl4
of the eighth Iens L8 on the object side and the
opposite faces s18 and s19 of the eleventh | ens Li

aree aarbriesech fUdMakiagPReahS1Eaceatr T 6fi@ktangle
fourth-, sixth-, eighth- and tenth-order aspheric

ceabf beaeaf sifdermeAiiatAS rand1 Ab0s of i dD& 0GRS c3L8pis18ng
and s19 are 44 indicated in Table 6. Table 6 si A4 A6

A8tAL8 are indicated in Table 2 together with the focal

distance, F number and angle of view (2w (degrees)).

Table 2

d;gﬁ?iie ' 1.000 . 5.4984 9.157
F number 1.85 2.10 2.40
2a (degrees) 57.80 10.9 6.48

ds 0.298 © 3.625 4.300
di0 4.351 1.024 0.349
di4 ' 1.548 0.715 . 1.040
 di9 0.512 1.345 1.020

Ip the numerical value working example 1, the face
s12 of the seventh lens L7 on. the object side and the -
ppposite faces s18 and s19 of the eleventh lens L1l are
each formed from an asﬁheric ﬁace. Therefore, fourth-,

"sixth-, eighth- and tenth-order asphéric coeffipients Ad,
'.AG’ AB and AlQ of the faces 512, sl18 and s19 are

indicated in Table 3.
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14 -0.4697E-03 0. 2044E-03 18 -0.6274E-02 0. 6343E-04
19 0.6274E-02 -0. 6343E-04 Aberration diagrans of the
nuneri cal value working exanple 2 are shown in FIGS.
6 to 9. In particular, FIGS. 6, 7 and 8 indicate the
spherical aberration, astigmatism and distortion
aberration at the w de-angle end state, internediate
focal position and tel escopic end state,

respectively, and FIG 9 indicates |ateral aberration
at 80%of an image height. It is to be noted that, in
the spherical aberration diagrans and the | atera
ahgsrati on 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

t he line-(wavelength of 435 8 nm and an alternate
| anig land sh@gt dash i neg i ndi dat es amg aberrati omig
eurve-at—the—CtHnAe—(wavelengtH—of-666-3—+4n)

rvéaﬂmh'r-pew?aEf@% ast |2gﬂ@tﬂ—@m di agr a9B5E-802 S oI0| d3l9ruae02

i rdi dIBSdbdlll rmage—piarfe, ai"lG'abi‘u efn—Hnhe
i nd caf@38§6ﬁ%T@%|oh8+3§§ﬁaé3 ||arfe.3445EFQBt herQ . V&1 Aed3

: thed?ggﬁrlc [ Vial'ue Wor Ki ng {"exanpt e 3 Wjerein
1P [ | 1er‘i dal values arg applied to|the zoom

l ens 2 according to the second enbodi nent

 Aberration diagrams of the nuﬁeriéal value wquihg
example 1 are showﬁ.in'FIGS. 2 to 5. In partiéular,‘FIGS.
2, 3 and 4 indicate thé spherical abérratioh; astigmatism
‘énd distortion éber:ation at the wide-angle end state,
intermediate focal positiéﬁ'and telescopic end state,
respectively, and FIG. 5 indicates lateral'abefration at
80% of an image height. It is to be noted that, in the
;pherical aberration diagrams and the lateral aberration
diagrams,.a solid line indicates an aberration curve-at
the d-line (wavelength of 58?.6 nm}, a broken line |
indicates an aberrat}on curve.at the g line (Waveiength
' qf 435.8 nm)} and an altérnate long and shorf dash line
indi;ates an aberration curve at the C line (wavelength
of 656.3 ﬁmj. Meanwhile, in the astigmatism diagrams, a
solid tine indicates é saéittal image plane, and a broken
line indicates a-ﬁeridional image plane.

Now, values in the numerical value working example
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shown in FIG 10 are indicated in Table 7. Table 7 s

ri di ni v.i

1 rl=21.367 di

=0. 305 nl1=1. 94568 v1=18.0

2 2 r2=8.425 d2=0.894 n2=1.72916 v2=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=vari able 6 r6=13. 742 d6=0.170 n4=1. 88300
v4=40.8 7 r7=2.178 d7=0.497 8 r8=-2.243 d8=0.170
n5=1.-88300 v5=40.8 9 r9=2.152 d9=0. 440 n6=1. 94568 v
6=18.0 10 r10=00 dl O=variable 11 rll=iris dll=0.576
12 r12=4. 317 d12=0.712 n7=1.64769 v7=33.8 13
r13=-2.188 d13=0.170 n8=1.83481 v8=42.7 14 r14=2.787

db4wﬂe§gﬁnn§aﬂtﬂ35%%% %u%eélcgl Jélﬁéé
d15=vari able 16 r16=-5.611 d16=0.170 n

vVierek8. Br ﬂﬂérﬁd&é%lc%ﬁSv@l&éowégglﬁgle
18 r18=-4. 997 d18=0.068 19 r19=3.544 di

8559,

f%f%932§6§rom

ékg:70;4'

N1gpli88318 M2=R™md 128 120ze3r iy d20TYRM rable

embodiment shown in FIG.

1 are indicated in Table 4.

Table 4
si ri di ni vi
1 r1=22,383 d1=0.306 nl=1,94568 v1=18.0
2 r2=8.720 d2=0.878 n2=1.72916 v 2=54.7
3 r3=-28,336 d3=0.068
4 r4=5.482 d4=0.653 n3=1.83481 v 3=42.7
5 r5=14.,158 db=variable
6 r6=14.158 de=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 do=0.426 n6=1.94568 v.6=18.0
10 rl0=00 dl0=variable
11 rll=iris dl1=0.578
12 r12=6,308 d12=0.718 n7=1.64769 v 7=33.8
13 ri3=-1.941 d1320.408‘ n8=1.77377 v 8=47.2
14 rl4=-8.501 dld=variable
15 rl5=-4,469 d15=0.170 n9=1.94568 v 9=18.0
16 rl6=110.433 |dl16=0.503 nl0=1.48749 v10=70.4
17 r17=-3.368 dl17=0.068
18 r1l8=3.619 dig=0.731 nll=1.58313 v11=59.5
19 rl9=-3.619 - | dlS=variable -
Filter | co dF=O.724 nF=1.51680 | yF=64.2
Prism | oo dpP=3.842 nP=1,58913 v P=61.3
o oo Back focus=0.280

In the zoom lens 1,

the face disténce d5 between

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

group GII,

the face distance d10 between the second lens

group. GII and the iris S, the face distance dl14 between
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."w.__‘/‘

Filter as dF=0.722 nF=1.51680 v F=64.2 Prism o0

dP=3. 831 nP=1.58913 v P=61.3 Back focus=0.280 In the
zoom lens 2, the face distance d5 between the faces
of the first lens group G and the second | ens group
G 1, the face distance dl O between the second | ens 46
group A1l and the iris S. the face distance dl15
between the third lens group All.and the fourth | ens
group AV and the face di stance d20 between the
fourth lens group AV and the filter F are variable
duri ng zooning Therefore, nunerical val ues of the
digLtapg 1 nd_ d2 t he nunerical /
Tk REEy S g?“? Brat e Seth bt 188G, §Roud 4
| pLgrardi f s escopi ¢ end_state
are |nd|cigaiéezeclcﬂ(‘S ? h%b é& er éaﬁ %%% é ?88§|9r°“P
disy anee cfe MUTREY @nd fo V ees))
Table 8 Fo§5I %60 5§n9%§¥§%_ éh§$%%2

éTﬁ%@fJ& Zn@ner%%qeggiﬁﬁgg ég Qgel%age dggtaxgéeso &’@5 dlg,

dl4 and d19 in the numerical value worklng example 2 at
the wide-angle end state, intermediate focél position and
telescopic enﬁ state are indicated in Table 5 tégether
with the focal distance, ¥ number and angle of view (2w

{degrees)).

Table 5

d;:zziée | 1.000 ~ 5.182 9.170

F number 1.85 2.10 ' 2{40
20 (degrees) 156.20 11.2 . 6.28
ds 0.289 . 3.512 4.247

d1o 4.383 1.160 0.425

di4a 1.613 0.853 . 1.223

dlo 0.533 1 1.203 0.923

Ih'the numerical value working example 2, the face
514 of the eighth lens L8 on the object side and the
-opposite faces'518 and 519 of the eleventh lens L1l are
each formed from an éspheric face. Therefore, fourth-,
sixth~, eighth- and tenth-order aspheric coefficients A4,

A6, A8 and Al0 of the faces sl4, s18 and s19 .are
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dlO 4.234 1.119 0.424 di5 1.353 0.560 0.931 d20
0.530 1.323 0.952 In the nunerical value

wor ki ng. exanple 3, the opposite faces s19 and s20 of
the twelfth lens L12 are each fornmed from an aspheric
face. Therefore, fourth-, sixth-, eighth- and

tent h-order aspheric coefficients A4, A6, AS and Al0
of the faces s19 and s20 are indicated in 47 Table 9.
Table 9 si A4 A6 A8 A10 19 -0.6545E-02 0.5926E-04 20
0. 6545E-02 0. 5926E-04 Aberration di agrams of the
numeri cal value working exanple .3 are shown in FIGS.
1in0cdidag |1 Paifilcyl ar,  FIGS. 11, 12 and 13 indicate
t he spherical aberration, astigmatismand distortion
abgriatgon at the wide-angle end state, internediate
focal position and telescopic end state, '
respectively, and FIG 14 indicates |atera

erration _at 80%of an inmage height. |t is to be

naodied thatasin thle sphedd cal aberratggon di agr anspagd -
he i Lal ne

l-ateral-—aberr -] solid |i

TTC S CcT—T

nidi clat-8s48a7E-03 0.2044E~03

18 | -0.6274E-02 0.6343E-04"

18 0.6274E-02 -0.6343E-04

Aberration diagrams of the numerical value working
':exémple 2 are shown in FIGS. 6 to 9. 1In barticular, FIGS.
6, 7 and 8 indicate the spherical aberration, astigmétism
and distortiqh aberration at ﬁhe wide-angle end sfate;
intermediate fé;al position and telescopic end state,
. respéctively, anleIG..9 indicates latéral aberration at
.SO% of an image height. It is to be noted that, in the
‘épherical aberration diagrams and the.lateral aberration
diagrams, a solid line indicates an éberration 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 hm) and anAalternate long and short dash line
‘indicates.an aberration dprve at theVC line (wavelength
of 656.3 nm). Meanwhile, in the as‘t‘igm'atism diagrams, a
solid line indicates a sagittal image plane, and a broken

- line indicates a meridional image plane.
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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 nm and an alternate

| ong and short dash |ine indicates an aberration
curve at the Cline (wavelength of 656.3 nm ,
Meanwhile, in the astigmatism diagranms, a solid |line
indicates a sagittal inage plane, and a broken line

i ndi cates a neridional inmage plane. Corresponding
nunerical values in the nunerical 48 value working
exanples 1, 2 and 3 of the conditional expressions

gi ven hergidihove.anesi ndi gat edidr-ifahl €,10e wa%iﬂﬁﬁlo

Nurmeri cal Numerical Nunerical value val ue val ue

exaiRbee 13 eyl 8, 2-8%a0Rh §r3nfide 1: 800 41009 1,809,151 ied
fII1 8.571 7.891 7.713 fill/fw 8: 571 7,891 7 713 FTy

3£858h3. 49 1 &2d 2 HVor8iQ41:9. dd2 L Q%% eHthA&éM%

0.0115 0.0407 0.0272 flll1/flV 2.409 2.259 2.189 n7
sﬁ8§ﬂ31ﬂ-ﬁﬂ?ﬁ%&ﬂd@%7@8dlcated in Table 7.
Table 7
si ri di ni vi
1 r1=21.367" d1=0.305 nl=1.94568 v1=18.0
2 r2=8.425 dz2=0.,894 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 rb=13,742 db=variable
6 r6=13,742 d6=0.170 nd4=1.88300 v 4=40.8
7 r7=2.178 37=0.497 |
8 r8=-2.243 d8=0.170 n5=1.,88300 v 5=40.8
9 r9=2_.152 d9=0.440 _ n6=1.,94568 v 6=18.0
10 r10=00 dl0=variable
11 rll=iris d11=0.576
12 rl2=4_,317 di12=0.712 'n7=1.64769 v 7=33.8
13 rl3=-2.188 d13=0.170 n8=1.83481 v 8=42.7
14 rl4=2.787 dl4=0.606 n9=1.70154 v 9=41.2
© 15 r15=-6.203" [dl5=variable
le rl6=-5.611 d16=0.170 nl0=1.94568 v10=18.0
17 rl7=20.608 dl17=0.480 nill=1,48749 v11=70.4
18 r18=-4.097 d18=0.068
19 rl9=3.544 d19=0.739 nl2=1.58313 v12=59,5
20 r20=-3.544 d20=variable o
Filter | oo dF=0.722 nF=1.51680 v F=64.2
Prism | oo _ 'dP=3.831 nP=1.58913 v P=61.3
o -1 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 dl0 between the second lens

46




i

n8 1.88300 1.77377 1.83481 r32 -2.238 -1.941 -2.188

0 32 -0.0867 -0.0650 -0.0855 f41 -5.265 -4.539 -4.649
f42 7.465 6.714 7.056 f43. 3.380 3.223 3.160 v41
18.0 18.0 18.0 wv42 70.4 70.4 70.4 v43 70.4 59.5 59.5
1/vliV -0.0158 -0.0171 -0.0163 31 2.610 2.373 2.343
f32 -3.816 -3.341 -1.446 {33 2.820 v 3l 31.2 33.8
33.8 v32 40.8 47.2 42.7 v33 41.2 1/ v 111 0.0502
0.0483 0.0389 (nl+n2+n3)/3 1.83655 1.83655 1.83655
(n4+n5+n6)/3 1.90389 1.90389 1.90389 As can be

recogni zed fromthe nunerical value working exanple

©gFBUBREL £alnd/ Ae WALKGAG RXAERLE B AN ccldn BUBBEIEA
val ue” wor ki ng exanpl e descri ove
the third lens group GIII and the fourth lens group GIV
-and the face distance d2ﬁ between the fourth lens group
GIV and the filter F are variable during zooming.
Therefore, numerical values of the distances d5, dig, di15
and d20 in the numerical value working example 3 at the
‘wide—angle end state, infermediate focal position and-

telescopic end state are indic¢ated in Table 8 together

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

‘(degrees)).
Table 8
d;zziize 1.000 - 5.242 - i 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
d1s | 1.353 | 0.560 0.931
d20 0.530 1.323 | 0.952

In the numerical value working.example 3, the
opbosite faces s19 and s20'qf the twelfth lenslez are
each formed from an éspherid face. Therefore, fourth-,
‘sixthQ, eighth—'énd_tenth—order aspheric coefficients A4,

" A6, A8 and Al0 of the faces 519 and s20 are indicated in
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zoom |l enses 1 and 2 according to the present invention
achi eve miniaturization by placing the i mage side
principal point of the fourth Iens group GV on the
image side while a function that a | ong back focus
for inserting a color separating prismnecessary for a
three- plate type video canera therein and the exit
pupil are proximte to telecentric conditions.
Further, since the bonded faces having a negative
refractive power are disposed in the third | ens group
G111, the freedomin design of magnification '
apgryatd on correction by the fourth lens group GV
can be increased significantly to correct various,
apgtyatd ons including the magnification chromati.c
aberration well on a high level. Furthernore, further
m ni aturi zati on and enhancenent in performance are

Loplemented by using a high refractive index glass

med.erfi al fogg the flirst Ixgns grqup G aand the secangd,

ens |l group G 1. RBurther the Zoomng ratio] is as

hiigh |aso. appsexd gt & \59b@E-omes and a bri ghtness of
-1 (0]

At wida tanal d t At~ 1o aAarnhi Avyad and ac
t att €

+hp o.on <
(o3 L5 i A > LA B TSt —o—act Tt VvVt —ant —ao

céﬁlbe Gt SE-0ih |t he. aB26E-e4 gn di agrans, yari-ous

aberratitons Tnctuding—the magni-fcat+on—chtonatiec

- aberration are corrected very well.

Aberration diagrams of the numerical value working
example 3 are shown in FIGS. 11 to 14. 1In particplar,
FIG5. 11, 12 and 13 indicate the spherical aberfation,
astigmatism and distortion aberration at the wide-angle
end state, intermediate focal position and telescopic end
staﬁe, respectively, and FIG. 14 indicates lateral
'aberration at 80% of an image height. It is to be-noted
that, in the spherical aberration &iaérams and the
lateral aberration diagrams, a solid line indicates an
aberfetiOn curve at the d line (wavelength of 587.6 nm)L
a broken line indicates an aberration curve at the g line
(wevelength of 435.8 nm) and an alternate long and short-
dash line indicatesran aberration curve at the C line
'(wavelength of 656.3 nm}. Meanwhile, in the astigﬁatism
diagrams,'a solid line indicates'a sagittal image plane,
and a broken line indicates a meridional image piaﬁe.

Corresponding numerical wvalues in the numerical
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- 50 Furthernore, a cenented lens is disposed
efficiently in the third lens group AI1l and the
fourth Ilens group GV which are principal
characteristics of the present invention to achieve a
role of noderating the sensitivity to degradation in
performance by an error upon manufacture when
conpared with that where the third l|ens group GII
and the fourth lens group GV are separated into and
di sposed as individual single lenses. FIG 15 shows an
enbodi ment of an inage pickup apparatus of the

%s%&twaml%t e%gm 1be 1*@9%&1 CR U %B@af:eé&s_t}%er ]

according to resent ‘e odlnent inc
I X &Hﬁglg ive I in : ]Egg\jr
s%c%?%% 20, ﬁ'ggﬁeggg%ﬁégbéﬁfg?#gl ggﬁggdP%%cessé?fo'

30, PRAM (Synchronous Dynami ¢ Random Access
Menory) 40, a nediuminterface (hereinafter referred
to as nediumI/F) 50, a control section 60, an

peration_section 70, an LCD (Liquid.  Crystal Display)
BO, and an ext eNnmerigakrflaclumghéeal naf t Hnmeefezk ed
o as external |/Fple®. A recovding nedi unvdbdeis
I enovabl v | oadedxiempbethe |i negemplekip | appanates3 10.
For th&srecordi nglpeddum 100, LeB0oddi ng nedialdod
fIIX 8.571 7.891 7.713
fFIIT/fw 8.571 7.891 7.713
fIV 3.558 3.493 3.524
HIV' 0.041 0.142 - 0.096
HIV' /£IV 0.0115 0.0407 0.0272
£IIT/fIV . 2.409 2.259 2.189
n7 1.68893 1.64769 1.64769
ng 1.88300 1.77377 1.83481
r32 -2.238 -1.941 -2.188
¢ 32 -0.0867 - -0.0650 -0.3855
£41 ~5,265 ~4.539 -4.649
42 7.465 6.714 7.056
£43 3.380 3.223 3.1e0
v 4l 18.0 - 18.0 18.0
v 42 S 70.4 70.4 70.4
v 43 70.4 59.5 '59.5
1/v IV -0.0158 ~-0.0171 . -0.0163
£31 2.610 2.373 2.343
£32 —3.816 -3.341 - =1.446
£33 - 2.820
v 3l 31.2 33.8 - 33.8
v32° 40.8 47.2 42.7
v 33 E 41.2
1/ﬁ»III 0.0502 --0.,0483 0.0389
(nl+n2+n3) /3 1.83655 1.83655 1.838655
(n4+n5+n6) /3 1.90389 1.90389 1.90389

As can be recognized from the numerical value

o working example 1, numerical value working example 2 and
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vari ous types such as a so-called nenory card in which
a sem conductor nenory is used, an optical recording
medi um 51 such as a recordable DVD (Digital Versatile
Di sk) or a recordable CD (Conpact disk) and a
magneti c. disk can be wused. However, in the
description of the present enbodinent, it is described
that, for exanple, a nmenory card is used as the
recordi ng nmedi um 100. The canera section 20 includes
an optical block 21, a.CCD (Charge Coupl ed Device)

22, a pre-processing circuit 23, an optical bl ock

e 24, valggqqgﬁlvﬁ é%mgl% <] %ggrgﬁgéf 0D the

circuit 26 and so for _ > optica ock 21
TN des s@s! €Ngng 3 FACUSIANG, %@bsgkegeﬁguiﬁ&%%ﬁ%%?

.mechani sm a diaphragm (i'ris) mechanism and so

FQihi dvenligRs chii 106 aptd e el Rioek cal, 1 8.300M hens

according to the present” i'nvention such as the zoom

|l pal 2oidesst i figd Mﬁwq%\éegikéug%ﬂv&tt%{e éma'ge

i mges - separated for the individual colors of

andicB i el 8t ehigds i whanfut tha dngpaaskokothe £olors are
- to be superposed with each othér to produce :

| HQRRG0R 861 &r SdHeH 2 tGHP i RIRe c L r $2F @F € three-
provi ded individually for the colors of R~ G and B.

Hieteortbel v5864 i Qb ithedr TInC LABORRNL 8% £ %;[E?ﬂ drleom
a CPU (Central Processing Unit) 61, a RAM (Random
" proximate to tglecentric conditions. 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
foﬁrth lens group GIV can be increaséd significantly to
correct various,aberrations iﬁcluding the magnification
.chromatic aberration well on a high level. Furthermore,
~ further miniaturization and enhancement in performance
are iﬁplemented by using a high refractive index glass
ﬁaterial for the first lehs g£Qup.GI and the Secondriens
group GII;
Further,ithe zooming ratio is as high as
approximately 10 times and a brightness of F1.8 at the
-wide-angle end‘state is achieved;'and as can be seen fkom
the abérration diagrams, various aberrations includiﬁg
fhe magnification ;hromatic aberration are corrected very

well.
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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 inmge pickup apparatus
10 of the 52 present enbodinment. The RAM 62 is used
principally as a working area for tenporarily storing
an internediate result of processing and so forth.
The flash ROM 63 has stored therein various prograns
to be executed by the CPU 61, data necessary for the
processing and so forth. Further, the clock circuit

64 can @qlg%ggmgpg ygaéemg;p%ch 1%'?1‘!; 43y 43 Bete time

present t he at present a

| agf@{%@rmlmqh GAR RRO¥ide.1 he fcg(g%ﬁkxcgﬁe @ﬁx f‘&S’rth

when an 1 nage IS

0Péﬂ1§3éronﬂi Qak Wi KT 224 ,tipm&ﬁaldrah@ g;t&:geekcéoa;f the

causing the optical block 21 to operate and suppl i

t Bfe S Vi e rdi @Rk ot 9ch DEvOPS | C&le ??%d@l‘a‘:@n?%&

the optical block 21 to operate un the cont

'tgﬁhéiﬁﬂﬁﬂﬂy'&%ﬁhb%ﬂa@gtloﬁhfhfﬁé%%ﬂﬂ%&ncgeﬁ aph SN ror
shutter nmechanismand iris mechanismof the optica

bhiO6HK sk B 1608t LAkhedohPard £SPARS @ H? GhE¥ENBhe third
signals fromthe optical block driver 24 such that
thenopjrdhd drrackndlihst ehestrandry QUUBSGcRD are
separated into and diséosed as individual single lenses.

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

The image pickup apﬁaratus 10 according to the
present embodiment includes, where it is roughly divided
as seen in FIG. 15, a camera section 20, a camera QSP
(Digital Sighal-Erocessor) 30, an SDRAM (Synchronpus
Dynamic Random Access Memory) 40, a ﬁedium intefface
thereinafter 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 
(hgreinéfter réferred to as external I/F} 90. A recording
‘medium 100 is remqvably loaded into the image pickup
apparatus 10. |

For the récording medium 100, recording media of
various types such as a so—cailed,memory card in which a

- semiconductor memory is used, an optical recording medium
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i mage of a subject to the CCD 22. The CCD 22

phot oel ectrically converts the image fromthe optica
bl ock 21 and outputs the inmage after the conversion.
The CCD 22 operates in response to a driving signa
fromthe CCD driver 25 to fetch the inmage of the
subject fromthe optical block 21 and supplies the 53
fetched i mage (image information) of the subject as an
electric signal to. the pre-processing circuit 23

~based on a timng signal fromthe timng generation

circuit 26 controlled by, the control section 60. It

| Sudip e noked gl Bp d&;g#é%eld da%gwﬂg%ek J}T

timng generation circult orns tiImng si gna

pf@afaﬂiame%%d%sww@ddfg@ur %nql%f ngggﬁcgféﬁ Oéa%e

the H control section 60 river

f 4P, aao%{;&nglele{galdets%&gtieﬁpbk?@'hé %J&%&CD 22

based on a timng signal timng generation

Cdritsdlitme2®, The RN §o Pk ORASSIHG I oY Lx23p pPE ffas)frﬁenoary
CDS (Correlated Doubl e Sanpl i ng) 'process fofr th

| smmge 1d Rfseumaki efe 0£eé&ejﬁlﬁe%terdlcamsngaal suppl i ed
thereto to maintain the SSINratio at a good val ue and

per f or Mrancafia (AR o gﬁb@ug@Qtéﬁﬂapﬂy%%ﬁeﬁioEQ 21,
control the gain and further perforns A'D
(Mmq/caae@babbuﬁpéWQﬁéh% 1 @2, a pre-processing
‘circuit 23, an optical block driver 24, a CCD driver 25,
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 optical block 21, a zoom lens according

to the present invention such as the zoom lens 1 or 2
described hereinabove is used. After images separated for
the indiwvidual colors of R, G and B are fetched, where

the images of the colors are to be superposed w1th each

- other to produce information of a single color image, ccb

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 (Reéd Only:Memory) 63, a

clock circuit 64 and so forth connected to each other,by

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

‘components of the'imagefpickup_apparatus_lO'of the
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formimage 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 the canera
DSP 30. The canera DSP 30 perforns canera signa
processes such as AF (Auto Focus), AE (Auto Exposure)
and AWB (Auto White Bal ance) processes for the inmage
data supplied thereto.. The image data for which such
various adjustnments have been perforned in this-
manner are 54 conpressed in accordance with a
predeterm ned conpression nethod and supplied to the

reeoLding P 00 loaded in the imge pickup
é%paratusngggg g?%e present enbodi ment through the

system a [ I/ so.t . I
recor de?ﬂgsﬁng ??ei%ﬁlét% #emgélg)iaggyngsdi %%}Olrd%%%gﬁeg
her i he j e ' t ng
e P e Peas ald b T He ReRsra! neoast: 2 100
Lob&ad tarlr 9B rhben! eaeldicig spedbym 190, 4 hrouah
the mediumI/F 50'in response to an operation 1 nput
ff@é@@irus,earri%%egksgraﬁ@r@&% teﬂfec%FE%ﬁaB%roBhé ech oy ,70
which is formed froma touch panel, conirol keys and

S@afOridbesEaey 8¢ ot p%@ﬁirgﬁta%da@% sYPPhI eGtRher,

the canera DSP 30. The canmera DSP 30. perforns, for

thige i RY& Ak@uiR 64 can provide the year, month and day

at present, the day of the week at present and the time
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 block 21 to operate and supplies the driving
signal to the optical block 21 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 bleock 21 are controlled in

‘response to driving signals‘from the optical block driver

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‘Zl and outputs the imége after the
conversion. The CCDh. 22 opeﬁates 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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the formof conpressed data read out fromthe
recording nedium 100 and supplied through the ]nmedi um
I/F 50, a depression process (deconpression process)
and supplies the inmage data after the depression to
an LCD controller 81 through the system bus 65. The
LCD controller 81 forns an inmage signal to be,
supplied to the LCD 80 fromthe inage data supplied
thereto and supplies the inmage signal to the LCD 80.
Consequently, an inmage corresponding to the inmage
data recorded on the recordi ng nedium 100 is

di t ISP screen .of the L 80.. 55 It
ESPUE LR S PR B R et B TR Tl
c t I spl pLocessin rQgr.am.reco d_i
A T L P T R e e R
pL o r Nt.| L. - NEC isma fj y.st
PAOBLAMS SALERTNLA 0 W IESMANLAM A £ L
8o { FRGGd %yf,%ngoggﬁgg% UL, gohe Tmage pi ckup

~apparatus 10-accor e present enbodi nent

. inClUdeﬁtaﬂse§$qgé“ﬂo%gdzeﬂgt,lgsiées%¥¥§% lH%ﬂQRnaPove,
connect the image pickup apparatus 10, tor exanp e,I
t , qe ' i nut ' ‘ A%
@ /ity RahapgEsonal lcafmpdl & fggﬁgueﬁirﬁetﬁﬁ QN r

I/F 90 to réceive supply of 1nmage data 0

PS# SN o QFRUEEE rAlFed CCH N GnbERIER AL LT Y the

D

control section 60. Further, the CCD driver 25 forms a
driving signal to be supplied to the CCD 22 based on a
timing signal from the timing generation circuit 26.

The preuprocessing circuit 23 performs a-CDS‘
(Correiated Double Sampliﬁg) process for the image
cinformation of the electric signal supplied thereto to
maintain the S/N ratio at a good value and performs an
'AGC (Automatic Gain Control) process-to.control the gain
~and further performs A/D (Analog/Digital) conversion to
'férm image data in tﬁe fofm 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 Sd, The camera DSP 30 performs camera signal
proéesses such as AF (Auto Eocus),;AE (Auto EXpésure) and
AWB_(Auto White Balance) processes fof the image data

supplied thereto. The image data for which such various

adjustments have been performed in this manner are
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recordi ng nmedi um 100 | oaded in the inmage pickup
apparatus 10. Also it is possible to supply inage
data recorded on the recording nedium 100 | oaded in
the i'mage pickup apparatus 10 to the externa

personal conputer or the |Iike through the externa

I/F 90. Further, if a conmunication nodule is
connected to the external I/F 90, then it is possible

to connect the image pickup apparatus 10 to a network

such as, for exanple, to the Internet to acquire
various image data or sone other infornation t hr ough

tESmB§£¥§HA§1&M¥éc%§ﬁgﬁgetafthQ§ é&g{ &4 é Pés ion
rrg%um fdjg&ﬁo eﬁP ?‘I

information on the recording

| RRORLH! SR ARRALAL US %Qe% o84 ﬁ%@dauﬁa&@orfsg&&@dm

on the recording nedlun1100 oade I mage

PLakUPy EHfHHﬁ% %%p%@a@ﬂsop¢35f QRP O3 nePBEbYdiment
through he net wor Further, also information such as
| gRISuGRfhe AGAREHuENEQUGRY thE, e BlRR /REEF0DR! that
conputer or the network and recorded on the recording

Megl M £AN- L& RRd 250Ut rand &epiRd %%rgxnt;hﬁeaﬂ&geloo
pi ckup apparatus. of the present enbodi nent and

disphayed, o drhgckePiBfqas described above so that

the user can utilize the information.

Object image data from among the image data
recorded on the recording medium 100 are read out from
the recording medium iOO through the medium I/F 50 in
response to an operafion input from a user accepted
fhrough fhe operation section 70 which is formed from a
,touéh panel, céntrol keys and so forth. Thé read out
object data are supplied to the camera DSP 30.

The camefa DSP 30‘performs,'for the image data in
the form of éompréssed data read out from the recording
medium 100 and supplied through the ]medium I/F 50, a
depreséion prbcess'(decoﬁpreséion proéess} ana suppiies_
the image data after the depression to an LCD pontrollér
81 through the systém bus 65. The LCD controller 81 qums.
an image signal to be supplied to ﬁhe LCD 80 f%om thé 
image data supplied_theretoiand supplies.thé imége signal
to the LCD 80. ConSequéntly, an image corresponding to
the image data recorded on the recordiﬁg ﬁediﬁm 100 is

displayed on the display screen of the LCD 80.
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It is to be noted that it is possible to provide the
external I/F 90 as a wire interface such as | EEE

(Institute of Electrical and El ectroni cs Engi neers)

1394 and USB (Universal Serial Bus) or provide the
external |/F 90 as a radio interface by |light or
radi o waves. In other words, the external I/F 90 may
be any of wire and radio interfaces. In this nmanner,
the i mage pi ckup. apparatus 10 according to the
present enbodi nent can pick up an inmage of a subject
and record the inage on the recordi ng nmedium 100

| oaded ip {herd MBYe, A LKUR APRALALYS, 103 d,”fég%t[ g)ft hee

i mage pi ckup apparatus 10 can read out 1nage

r Ry dedneo ke heg oh di g yedi 4uns100 apd L eRk oducs. and

utilize the image data. Further, the’image pickup 57
appail geml0 £ANSHESE] Vc@leordq_\éF)_SLh9in£cé Al Ryram is a
through the external personal conmputer or the network
avbdree0kdpriBent MRGe: Hafth O hdRni 8HOLdENYe NP R 100

| oaded in the. image pickup apparatus 10 or read out

HukJiepreducaebheintaegs dHAddd ahd 1A PBRaPhfthdhah

while a CCD unit is used as ‘the inage pickup section

afmddre ilsmrggrpheksp. apparatus 10 descri bed above,
this does not signify that the inage

Further, the image pickup apparatus 10 according to
the present embodiment includes an external I/F 90. It is
possible to connect.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 thg 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

.the external I/F 90,‘then it is possible to connect the

- image pickup apparatus 10 to a network‘such-as; for

example, to the Internet to acquire wvarious image data ox

some other information through the network and recoxd the

~acquired image data or information on the recording

medium 100 loaded in the image pickup apparatus 10 or
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pi ckup neans of the image pickup apparatus of the
present . invention is |limted to a CCD unit. In
addition to a CCD wunit, also a CMOS (Conpl enent ary
Met al - Oxi de  Semi conduct or) i mge pickup device and

ot her image pickup devices are used. It is to be
noted that particul ar shapes, structures and

nuneri cal values of the conponents of the enbodinents
and the nunerical val ue working exanpl es described
above indicate a nmere exanple in carrying out the
invention, and the technical scope of the present -

i 'E\éﬁﬂ&ﬁli){‘ shal | - notr 28 bRt 8RBT eLegr§ A3 rn{leJ.u}ﬁeh)éObyoaded
them Industrial Applicability A zoomlens accordi ng

t Ont BBe PLRSEN i NN ELPArhSus SHbt 8D M, appldLed o p{asgft@

| ong back focus is required in order to’inser

CBh oty SERAS RN NhPlHeIMo-RL 0 @ back 58 focus or the
I1ke, and can achieve a high magnification and a high

per f or manGe nakt haassMih ko sh#e Wid 8 rassutha eadaéaong
back focus. Further the zoomlens is suita

aﬁ@hhﬁﬂecﬂ’&fﬁ:&cﬁi&l’ﬁrﬂb&é tatarhbl ese Pl M £l tab%u\@eqeer the
canera. 59 CLAIM5S 1. A zoom |l ens wherein a first lens
'gﬁéﬂﬁaﬁﬁvaﬂﬂlﬁbdﬂ%ﬂeﬁ'%ﬁ Eﬁgr§§é¢ﬁ§3ﬂ§MM%alum can be read
~out and reproducéd by thelimagelpickup apparatus. of the-
present embodiment and displayed 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
7 the external I/F 90 as a wire intérface such as IEEE
_(Instiﬁﬁte‘of Electrical’and Electronics Engineers) 1394
and USB (Univeréal Serial-qu) 6r provide the external
"I/F 90 as a radio interface by light or radio waves; In
| other words, the external I/F 90 may be any of.wire and
radio interfaces.

In this manner, the image pickup apparatus 10
acéording to the present embodiment.can pick up an image
| éf a subject énd reéord the image on the recording medium
100 loadedlin the image pickup apparatus 10. Further, the

iﬁage pickup apparatus 10 can read out image data
‘recorded on the recording medium lOOqand reproduce and

utilize the image data. Further, the image pickup
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and having a fixed position, a second |ens group of
the variable magnification type having a negative
refractive power and having a position novable for
magni fication variation, a third |lens group having a
positive refractive power and having a fixed position
and a fourth | ens group having a positive refractive
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 wherein: . said first lens group i ncl udes a

é%%é Q%ﬁcgg @eggi§éc#{%93§fkn f&égb é% throu h
concave  ens and a secon ens 1 n the a conv
lans anda.d 1%@@55&95@ & Smd e r f&r P n@tgewegfnd pecord

nmeni scus | ens havi ng a convex face directed to

o:meecltmasjed%atadbﬁpeﬁsdré&mﬂfg QM ﬁ@oOPbg&éd Slrpleche

said second | ens group includes a fourth lens In

| f ofdgof 1%]&1%”%@16§rl3€9§ 1@k Q:mttegnhegépf)éd@cé Itfhteh

lens in the formof a biconcave |lens and a“sixth | ens
| thadd@ftar.m of a convex |ens, disposed in order from
the object side; said third | ens group includes a

t wo- el eent sofo Ly afs@lemat  canented tE@SunidGlsudshe as
a seventh lens in the formof a biconvex |ens

Pasi tireRed p1eansstetOidier it ainasicds: aRds alh el gty 10

lens in the formof a concave | ens bonded to said

sey@itilbed eRSveSathif QBdd NS igHa¥R LASEUERS Brage
cenmented |l ens of a concave |lens having a concave face

d 1aaiethelatst BE bk ethadd 48 AN AppARUENs| RSt @ sent
bi convex |l ens, and at 60 | east one face of the two

- commant dloenses 1ifi sad ded QuUrddp ureRs gr@Uudis ifeer ®eda ccp
froman aspheric face; and the foll ow ng conditiona
exrpirts s $i1@Rs a( &hios ( 2omd Bmer(tdlry (Braandx{8y are
Semiconductor) image pickup device and other image pickup
devices are used.

It ié 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 exanple in carrying-outr

the invention, and the technical scope of the preéent

invention shall not be interpreted restrictively by them.

Imdustrial Applicability
A zoom lens according to the present invention is
suitably applied-Where a long back feocus is required in

order to insert a color separating prism into a béck
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satisfied: (1)7.0<fill /fw10.0 (2) 0.007 < HV [ flV
< 0.07 (3) 1.8<fill /flV<3.0 (4) -0.1 <0 32 < -0.05
(5) -0.02 <1/ v IV <-0.012 (6) 0.03 < 1/ viii <
0.07 where fw focal distance of the entire system at

the wi de-angle end state fill: focal distance of said
third I ens group fV: focal distance of said fourth
l ens group HHV : image side principal point of said

fourth Iens group o 32: refractive power of the bonded
faces of the biconvex | ens nearest to the object side
in said third Il ens group and the next concave | ens

(whels 9r3en&s J(.ﬂ&e Oy chan' %éiﬁ!‘%@{:ear}?l o gﬁéff.cation

refractive i ndex of said se ens I ne

N8ntihg nigh féﬁtfaﬁarﬁ@em% sakfa £ gﬂée Iw%@&ieogsg@ﬁr&ﬂg a

line, andr he radi us of curvature of the bonded

faceg Bicraid-severhbrhens and Sahd1ehghth LenshvlV:
equi val ent Abbe number where it is assuned that said

fappibebeps- & QURiriiyS t8 hhiAr&d a
Ieﬁg groﬁ%§?mhere Ixf viVv = fl IE%%&@‘%?F@ 3%%QQ+&%§@&§
61 (f42 v42) + 1/ (f43 v43) } where Al is the foca
di stance of the concave lens nearest to the object
side in said fourth lens group in the air, f42 the
focal distance of the convex |lens cenented. to the
above-nenti oned concave lens in said fourth | ens
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group in the air, f43 the focal distance of the

bi convex | ens nearest to the inage side in said

fourth lens group, v4l the Abbe nunber of the naterial

of the concave lens nearest to the object side in

said fourth | ens group, v42 the Abbe nunber of the

materi al of the convex |lens cenented to the concave

| ens of said fourth | ens group, and v43 the Abbe

nunber of the material of the biconvex |ens nearest to

the image side of said fourth |l ens group) vill:

equi val ent Abbe nunber where it is assuned that said
CLAiMS | ens group is a thin closely contacting | ens

group (where 1/ Al =f Il {I / (01 wv3l) + 1/ (02
v32) } in the case wherein said third Iens group s a
two-el ement cenented lens but 1/ wvill = fill /

(311 W3hbni e&? ﬁhél%ﬁfae fi)? i@ns grclt(p(ﬁa%ﬁ‘igh ]go%ityer}efrgx?w%q)%ﬁrer

wher ei n ‘sal
nent e re f3l s the fo nce Q
and GRS fan Praipict 80 o e o Bt hRoRfertirtiag vpe
lens group in the air, f32 the -focal distance of the
havingn Begative efractive Rewer aul hawing p givaiting movshisofor srgaification
lens of said third |lens group in the air, 33 the
variato| a Hiisk kns grop having empeeitive eofactiva pesier taod thaeing a fixed
i mage side in the case wherein said third | ens group

posit®naaridn deurttl IR NiroGe Mavingth bedifive rofibtivéd PoRleband liabkk a
of the material of the convex | ens nearest to the

posRfoh8fatiabled6r éd]ustﬁ@htdott Didcdl p&itdo irJ]e Tord C;gi\}‘lpmﬁ%lﬁﬁcattf%ﬁ V%I.Pigﬁo

nunmber of the material of t cenent e

upo{i %éuh %gcagg b Xosleg onf 01%f T églﬁlaatneor% 931 Slﬁ r.oup, and v33

&t “Convex | ens
near es the i mage side in th cas erein s
tht r G AdeRS P gena cRmgEd ] Sote oo by gﬁ&" of a
wherein said first |ens group and said second |ens
congasulens ard 8 fsgcondderisoin| thaitemn ebadionvenkens expedbisd dens in the
(7) and (8) (7) 1.77 <(nl +n2+n3) / 3
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 order from the object side;
said third lens group includes a two-element or three-element cemented lens
including a seventh lens in the form of a biconvex lens positioned nearest to the
object side and an eighth lens in the form of a concave lens bonded to said seventh
lens;

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
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(8) 1.83 < (n4 +n5 +n6) / 3 where nl: refractive

i ndex of said first lens at the d line n2: refractive
i ndex of said second lens at the d line n3:
refractive index of said third lens at the d line n4:
refractive index of said fourth lens at the d |ine

n5: refractive index of said fifth lens at the d |ine
n6: refractive index of said sixth lens at the d |ine.
2. The zoom lens according to claim1, wherein said
third I ens group includes a cenented |ens of a
seventh lens in the formof a biconvex | ens whose face

leaftont ece ¢ftheeko Sbfkeexi 18nded iiBld dSuré. |@sphelp & forted &0th an
an eighth lens in the formof a concave |ens,

aspHékP@88Gniin order fromthe object side. 3. The zoom
I'ens according to claim1, wherein said third | ens

Phe Pt RSHASE coRaffERT"PERe R G Brofdh rhiel Mha' B

f.orm of a concave neni scus | ens whose face on the
saflﬁ‘[ﬁé!é side is formed as an aspheric face, disposed in
order fromthe object side. 63 4. The zoom | ens
accof B R <tfBI fwmicrh00 wherein said third [ ens group
includes a three-elenent cenented | ens of a seventh
| ens (2)r).@0%e< HOVM BV <a0.B7 convex | ens, an eighth | ens
in the formof a biconcave lens and a ninth lens in

t he {Dring affirp/ Avcopypex |ens, disposed in order from
the object side. 5. An inmage pickup apparatus which

i ncl yhes 1a- g99M hgas wherein a first lens group
havi a positive refractive power and having a fixed

POsi 14)08102% PRFRPS 515
(6) 0.03 < 1/ VvIII < 0.07

where

fw: focal distance of the entire system at the wide-angle 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

@ 32: refractive power of the bonded faces of the biconvex lens nearest to the
object side in said third lens group and the next concave lens (where o 32 = (n8 -n7)
/ 132 where n7 is the refractive index of said seventh lens on the d line, n8 the
refractive index of said eighth lens on the d line, and r32 the radius of curvature of
the bonded faces of said seventh lens and said eighth lens)

vIV: equivalent Abbe number where it is assumed that said fourth lens group

is a thin closely contacting type lens group (where I/vIV =fIV {I/ {41 s v41)} +1/
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group of the variable magnification type having a
negative refractive power and having a position
novabl e for magnification variation, a third |lens
group having a positive refractive power and having a
fixed position and a fourth | ens group having a
positive refractive power and having a position
vari abl e for adjustnent of a focal position upon
magni fi cation variation and upon focusing are di sposed
in order from an object side, and an i mage pickup
section for picking up an optical inage forned by
(faBaivd2y eam (B8RS, v4shervhdre fBRIiftHe foshl diSRBCOLPHR dodcHRl Rns
zoom |l ens 1 ncludes a cenented lens of a first lens in

neaga@tof e agﬁ& adé ?d’ﬁ)u}tﬁgélgaé}tgﬁ%rgﬁﬁ%%ﬂd fA25MS f&&; Hﬁ?anc? of

ormo convex | ens an ens I'nthetormo

convex_ neni sc l.ens, havi ng. a convex face directe
the o ket FEREREY oy MR el Bstfbonnd BPEe @i i B ns
side; said second | ens group .includes a fourth lens in
grogih i thg @ik, &3 'iecf%??é distance RE therhiconyex dersricarest toribe gnage side
~ fifth lens in the formof a biconcave |lens and a sixth
in spighipurth lensegropprvhil ohe Atbemumbel efighe uiatepiek efithierconcaterlens
fromthe object side; said third | ens group includes a

neategOtoetlenabjbctagidd b eid efoen®nénscgmap) e4l Hensbbé&§4umber of the
including a seventh lens in the formof a biconvex

matk®4 RRS CohRRAENNEM &R {oOhE RBncRRI 1S ofSdaStE fRE RS group,
eighth Iens in the formof a concave | ens bonded to

: | _ L ) . _
and 3453 qh? gﬁ&%? tnl;.llmbelfe 8¢ theslﬁﬁtgnglo(#‘fr ﬁ’lg blglcgo\?l?%)g 'ieglg %g%%gﬂat@gﬁg ér%a e

cenen €ns of "a concave I'ens
s Bk B o5t L end 2 conver | ens and 2

gﬁ@fﬁgﬁg&?&? Plfbgg ;;L%ﬁ%\%ﬁgrtem ilsears]ssurr?e[dotlfllgt sia?d ‘Ih(i)rrdqgr?s ;ri)glgn is
a thin closely contacting lens group (where 1/ vIII = fIII {1/ (31 » v31) +1/ ({32 «
v32) } in the case wherein said third lens group is a two-element cemented lens but 1/
VIIT = fIIT {1/ (f31 » v31) + 1/ {f32 * v32) + I/(33 - v33)}in the case wherein said
third lens group is a three-element cemented lens where £31 is the fécal 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 lens cemented to the above-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 said third lens group is a three-element cemented lens,
v31 the Abbe number of the material of the convex lens nearest to the object side in
said third lens group, v32 the Abbe number of the material of the concave lens

cemented to the convex lens of said third lens group, and v33 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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the follow ng conditional expressions (1), (2), (3),
(4), (5 and (6) are satisfied: (1) 7.0 <flll / fw«<
10.0 (2) 007 < HHV /flIV < 0. 07 (3) 1.8<flll/flV<3

(4) -0. 1 <r 32 <-0. 05(5) -0.02 <1/ vliV<-0.012
(6) 0,03 <1/ vlll <0.07 where fw focal distance
of the entire systemat the wide-angle end state fllI:
focal distance of said third lens group fV: foca
di stance of said fourth lens group HV : inage side
principal point of said fourth I ens group o 32:
refractive power of the bonded faces of the biconvex

len$ graipnie ar thsde-dl emeitecen@hjeddens ivileerdin saidi first ink Grdu@nsnd said
group and the next concave |lens (where e 32 = (n8 -n7)

secbnd RAs E&%pm@srfyﬂﬁ?foimﬁlg%oﬁ&iﬁbﬁate&y&séi&q;e@ ofa @yt d
I I 8 the

sevent ens on the d line, n refractive i ndex

of i i ght.h the d line, and r32 the radius
of THITTE f00n FRD PP

rvature o nded faces of said seventh | ens
and [ [ h_Ien I V: equival ent Abbe nunber
V\hquzal'rﬁ ?é‘g‘{;%éﬁrfﬁagzﬁgt said fourth lens group is a
thin closely contacting type lens group (where | / vIV
wheref | v/ {1 /| (f41 wv41) + 1 [ (f42 v42) + 1 | (f43

v43) } where f41 is the focal distance of the concave
| ensnl: mefeacéive index phisnid st d&ins ot the dilmesai d fourth | ens
group in the air, f42 the focal distance of

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

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

n4: refractive index of said fourth lens at the d line

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

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

2. The zoom lens according to claim 1, wherein said 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

lens, disposed in order from the object side.

3. The zoom lens according to claim 1, 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.

63



the convex |l ens cenented to the above-nenti oned
concave lens in said fourth lens group in the air,
f43 the focal distance of the biconvex | ens nearest to
the image side in said fourth lens group, A the Abbe
nunber of the material of the concave lens nearest to
the object side in said fourth |Iens group, v42 the
Abbe nunber of the material of the convex |ens
cenented to the concave lens of said fourth | ens
group, and v43 the Abbe nunber of the material of the
bi convex | ens nearest to the inage side of said

f oud.t IThe eoam demswpgoriinkslto clitily aherin AhbirdleidairowhiicRides
it is assuned that said third lens group is a thin

a tHRbOSIB¥nCOMREdd REs '0? ﬁssegérﬁ’l'ﬂ IPen(sVi‘HQﬁ@ formd of\k |b1confvé)£ herk) an
/[ (f31 v31) + 1/ in the case wherein

ﬁu&Tt I;&ﬁeg\q i 2 g&gﬁe,éleg% gefpa Sk@ﬁ@& if ﬁ{%‘%ﬁ@g Al a%%%nxex
n,the. case wherein said th|rd | ens
lensgf‘bﬂﬂé eﬁé“%@ﬁ%%@%‘?@ﬁf’é’ﬁ‘i“@%ﬁ\em ed | ens where 131 is
the focal distance of the convex | ens nearest to the
object side in said third lens group in the air, f32
the focal distance of the concave |ens cenented to
t héb. anupagemickuprappacibrsvebich entudes a zeandenshiliateinan@rst lens
group in the air, f33 the focal distance of the convex

grokehsving arppsitive fefiditive Powerag® havife al fixddsRRHE aWoedrdi 1ens
said third l'ens group is a three-elenent cenented

grot2 B8 the \(fgﬁaﬂlg %aﬁﬁ%aﬁkﬂﬂqﬁﬁ % E p aﬂefr%tnfsﬁ?cg}wer and

COHVGX ens Nearest to t e in sal ird
eri al

e t t the
havm angSI Lo é)vgglg r#é {%agnﬁic f %V%ag{?&( aecgﬁ@ lg}s gug havmg a
th| rd. | ens and v33 the Abbe nunper, of the .
posifie selyasfive poy Fand dryee 3 e ResiioBsn edowm lsnsggurdiaying 2
in the case wherein said third lens group is a
positing aefredtivamower andriaxing e positinh etadable sar ddjfuismaant lofres focal
group and said second, lens group satisfy the
positioh upoh ngpgaifindiion Oﬂ&&ti@)@ﬂ@ﬁ&hdﬁ@uir@ ar@ndispo8¢d 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
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 order from the object side;

said third lens group includes a two-element or three-element cemented lens
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(7) .77 < (nl +n2 +n3) / 3 (8 1.83 < (n4 + n5 +
n6é) / 3 where nl: refractive index of said first |ens
at the d line n2: refractive index of said second
lens at the d line n3: refractive index of said third
lens at the d line n4: refractive index of said
fourth lens at the d line nb5: refractive index of
said fifth lens at the d line n6: refractive index of
said sixth lens at the d line. 67

including a seventh lens in the form of a biconvex lens positioned nearest to the
object side and an eighth lens in the form of a concave lens bonded to said seventh
lens;

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), (2), (3), (4), (5) and (6) are
satisfied:

(1) 7.0 <l / fw < 10.0

(2) 007 < HIV' IV < 0. 07

(B)1L8<{Ill/fIV<3

{4)-0.1<932<-0.05

(5) -0.02 <1/vIV<-0.012

(6) 0.03 < 1 / VI < 0.07
where

fw: focal distance of the entire system at the wide-angle 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

o 32: refractive power of the bonded faces of the biconvex lens nearest to the

object side in said third lens group and the next concave lens (where ¢ 32 = (n8 -n7) /
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r32 where n7 is the refractive index of said seventh lens oﬁ the d line, n8 the
refractive index of said eighth lens on the d line, and 132 the radius of curvature of the
bonded faces of said seventh lens and said eighth lens)

vIV: equivalent Abbe number where it is assumed that said fourth lens
group is a thin closely contacting type lens group (where I/ vIV = fIV {I/ (f41 = v41)
+ 1/ (f42 » v42) + 1/ (f43 » v43) } where 41 is the focal distance of the concave lens
nearest to the object side in said fourth lens group in the air, f42 the focal distance of
the convex lens cemented to thé above-mentioned concave lens in said fourth lens
group in the air, f43 the focal distance of the biconvex lens nearest to the image side
in said fourth lens group, v41 the Abbe number of the material of the concave lens
nearest to the object side in said fourth lens group, v42 the Abbe number of the
material of the convex lens cemented to the concave lens of said fourth lens group,
and v43 the Abbe number of the material of the biconvex lens nearest to the image
side of said fourth lens group)

VIII: equivalent Abbe number where it is assumed that said third lens group is
a thin closely contacting lens group (where 1 / vIIL = fIIl {1/ (f31 *v31) +1/ (32 «
v32) } in the case wherein said third lens group is a two-element cemented lens but 1/
VIIL = f1IT {1/ (f31 *« v31) + 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 of
the convex lens nearest to the object side in said third lens group in the air, £32 the
focal distance of the concave lens cemented to the above-mentioned convex lens of

said third lens group in the air, 33 the focal distance of the convex lens nearest to the
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image side in the case wherein said third lens group is a three-element cemented lens,
v31 the Abbe number of the material of the convex lens hearest to the object side in
said third lens group, v32 the Abbe number of the material of the concave lens
cemented to the convex lens of said third lens group, and v33 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, wherein said first lens group and said
second, Ieps group satisfy the following conditional expressions (7) and (8):
(7)1.77<(nl +n2 +n3)/3
8)1.83 < (n4 + nS +n6)/ 3
where
nl: refractive index of said first lens at the d line
n2: refractive index of said second lens .at the d line
n3: refractive index of said third lens at the d line
n4: refractive index of said fourth lens at the d 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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