; e3eU NU 6TNFJ DESCRI PTION  ZOOM LENS AND METHOD FOR MANUFACTURI NG THE
SAME 5 TECHNI CAL FI ELD The present invention relates to a aV| ng
a high magnification, a conpact size, |ow cost and high pe ’M ﬁtm ﬁ&d
suitably for a video canera, and to a nmethod for manufactu 10
BACKGROUND ART Conventionally, as a zoom Lens used for a vi deo*iédifera, a
zoom |l ens | conposed of four groups of lenses is known, as can be seen in
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m niaturization. However, since a glass aspherical |ens needs to be forned

by a nvol di ng net hod at a hl,gh tenperature, an expensive netal nold has a
short IlQet%#’eC for a glass aspherical lens is about three
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In addition, JP4(1992)-104114A (hereinafter referred to as a
conventional example 1) discloses a zoom lens composed of four groups of
lenses as described above in which one glass aspherical lens is used for the
third lens group and the fourth lens group respectively mainly for the

J 25  purpose of miniaturization. However, since a glass aspherical lens needs to
be formed by a molding method at a high temperature, an expensive metal
mold has a short lifetime, and the cost for a glass aspherical lens is about
three times as high as for a glass spherical lens.

Furthermore, JP9(1997)-311272A (hereinafter referred to as a
30 conventional example 2) uses a plastic lens for cost reduction. However, a
plastic lens has a large coefficient of linear expansion and is also susceptible
to a temperature change, so that its performance with respect to an image
pickup device with a large number of pixels is not sufficient. Moreover, due

to its low refractive index, a plastic lens is not suitable for miniaturization.
35 Furthermore, JP11(1999)-194273A (hereinafter referred to as a
conventional example 3) proposes a method for manufacturing a zoom lens at
low cost by replacing the glass aspherical lens in the third lens group of the



tenperature change as in the conventional exanple 2. As described above, a
gl ass aspherical lens used for mniaturizing a 5 zoomlens for a video
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fourth lens groups being disposed from an object side in this order, wherein
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According to this configuration, when the refracting power of each
lens group is enhanced for miniaturization, the refracting power needed
therefor can be provided to the side of the glass spherical lens. Moreover,
the plastic lenses provide aspherical surfaces needed for correcting aberration

35 that increases particularly in the latter groups (the third group, the fourth
group). Thus, by combining the glass spherical lens with the plastic
aspherical lens, the effects of fluctuations in the refractive index or




By -weakeni ng the refracting power of the plastic aspherical |ens used 15
for the third lens group as well as for the fourth lens group in such a
manner, the effects of fluctuations in the refractive index or deformation
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5 .changes can be reduced, so that a zoomlens that is | ess susceptible to
the use environnment and has a conpact size and hi gh performance can be
obtained at |ow cost. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a view
showi ng the configuration of a zoomlens in a first enbodi mrent of the

present invention. FIG 2 illustrates abefiration properties at a w de-angle
end of the zoomlens in the first enbodi nent of the present invention. 10
FIG 3 illustrates aberration properties at an intermedi ate position of the
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positi vkd According to the manufacturing method of the present invention,
when both the zoom lens of the present invention mentioned above and a
zoom lens other than this type (for example, a conventional zoom lens
composed of four groups using positive glass aspherical lenses for the third
group and the fourth group) are to be manufactured, components (lenses or

20 lens barrels) other than the third lens group and the fourth lens group can be
shared partially or entirely, so that a zoom lens having a compact size and
high performance can be manufactured at low cost using fewer metal molds
or with less capital investment. For example, since it becomes possible to
provide a zoom lens that is suited for a high number of pixels in an image

25 pickup device at low cost, it is particularly effective for conforming to
merchandise lines of a video camera.

In the above-mentioned manufacturing method, it is preferable that
the plastic aspherical lens in the third lens group and the plastic aspherical
lens in the fourth lens group satisfy the following conditional expressions:

30 fw/ | f3p | <0.02
fw/ | fap | <0.02
where fw is a focal length of an entire system at a wide-angle end, f3p is a
focal length of the plastic aspherical lens in the third group, and f4p is a focal
length of the plastic aspherical lens in the fourth group.
35 By weakening the refracting power of the plastic aspherical lens used
for the third lens group as well as for the fourth lens group, the effects of
fluctuations in the refractive index or deformation caused by temperature



35-refracting power as a whole, which is fixed to a |l ens barrel not shown
in the drawing. Both lenses LI and L2 are gl ass spherical |enses having a
positive refracting power. The second |lens group 2 includes a lens L3 and a
| ens L4 6 conmposed of two | enses bonded together and has a negative
refracting power as a whole, which is novable along an optical axis 10 and
provided with a function of varying magnification (zoomng). Both | enses L3
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35 where x ks an { tical ,di reg{il on ?#‘s a di %t.ance froman optical axis,
and r is a 19Rf TG secnpd sabodipren of the presentdprention, s face. Aspheri cal
coefficients K, A, B, C, D and E of the respective surfaces are al so shown
in Table 1. C?R‘ -@fV’% 6r 146.666d 11.000 n
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filter etc. of an image pickup device are disposed from an object side (left side
in the drawing) in this order. The first lens group 1 includes a lens L1
composed of two lenses bonded together and a lens L2 and has a positive
35 refracting power as a whole, which is fixed to a lens barrel not shown in the
drawing. Both lenses L1 and L2 are glass spherical lenses having a positive
refracting power. The second lens group 2 includes a lens 1.3 and a lens 14
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aspheri C)al.l legg%%t Egh%g&%%‘r d eens(,ﬁ %lﬁaé%,galgdf#ggqilos tgé f%ggllp%rg%fgtlﬁtof
the pl asBi c shepmein the drawing.7 The thirdflenstgronprisiggeanposed of lanses dd #nd 4
bt 8t el epharolnd AR uithe hIEnalie pofil ah bl REAT M BRE4ROTHE 19hs AN
£ shows a fdagrel B ehoym AR ha drawine eﬁfw Penshbfisisan #lags rﬂiéwermaé lops
; hows F? g azgiazil@% a\@c%\iﬁ\'/:é lﬁeﬁrh&iﬁ@ h)ewie@,ﬁein@bbé iaid D6 ss afgtlhkﬂi&l abphéehlilenk! G
to Q -line,,an sho a i ne. Fur rnore, i;n e
"1 ustrat i ofheofoUrE Iens eroliy 4 & wdes aa@%?g?ﬂ%’i“fiang"d’é gga‘%‘?@‘}l’%ﬁé o Baue
a neri dl@nalensesdwnsledrtegetleramd bas hamgativermefratmg power aani whelepivhich
aberrations; ' : r | '
foal | sed by s SEEbleRlohbul GBhichPRLA TRARE Mollicd R RRAD SAMIDD! Eledting
as in the pKé@Eﬂ‘tn nidestiahons Ty 2aBm ilage | plane gesulimg oABai earinegn
be real i zed ngdgnifioationt or fdiangkegmi e, objycts disthAe.t NEhbi laits AN is L gldstiens
groups and thehl en arrels glgee sed.in. t he ,convenpti.o L zopml ens conPosed
of four gr 03'82 8’flc§ espsgesana@s i%l?ﬁ B@dlsagog}g§s SR e’r“ﬁ%f f SnBaYW@ ERIY SR
fourth l&ns refractingwiowert hén ddkF. ilg plasticomspdieridad lgnsesene hatbhed.ment,  at
least two kinds ofzogp CFalan Qﬁovggir& ﬁ%ﬂggggp{‘éﬁ%fﬁnﬁ? ot 1éns %}%

owil

manuf acturin acility, b@r over, depe ng . “he nunber

pixels in t ﬁgn{)ﬂ%geerm Exuln a‘ablecl_a 1J; 195 aresnestivelinghay azashis eheuevatyree

conbi ned cagnhsacheledst R faRPGERred @hi(fa@g @vi’ﬁﬁ”‘llfsa&% larsﬁflﬁﬁlﬁéps@ﬁﬁbé,%n&m
can . he realized w ess

| nvest mont - CRIGenE MoRER Eaduis & oREFe REATSEIoREe cBRPFGEH SutiarDsla
zoom | €23 ad@or.d iregadod)ivfébj Ehdvo di ﬁ!inkné?ssocﬁf ddvh lens oerdn airvlistamoe; nTha2zoom
B
di sposed onVih¥2si derespegiivelsragfiop i amabbe nhmherawiths peferency todhaedlingns
L8. The confiaghrhinerical BEbsdrifsidis th6 Refleshonding Saibedintdddntiny from
Embodi ment %‘he 3&]%0% Q{edeci%mgg Srder. Furthermore, f shows a focal length of an entire

) 25 system, and F/ shows an F number.

In the drawing, air distances d5, d10, d15 and d20 are variable and
also show each focal length f at a wideangle end, an intermediate position
and a telephoto end and the above-mentioned variable air distances at the
respective moments.

30 In addition, the shape of each aspherical surface for the plastic
aspherical lens L6 (r14, r15) and that for the plastic aspherical lens L7 (r16,
r17) are expressed by the following equation:

x=(h2/1)/Q+@-®+1 h2/r2)1/? 4+ Ah* + Bhé + Chs + Dh10 +
Ehi2

35 where x is an optical direction, h is a distance from an optical axis, and ris a
radius of curvature of a reference spherical surface. Aspherical coefficients
K, A, B, C, D and E of the respective surfaces are also shown in Table 1.



35.nmenbers having the same functions as those in FIG 1 have been given the
sane reference nunerals, and the redundant expl anations thereof are
omtted. 10 The foll owi ng Table 2 shows exanples of values for the zoom

| ens in Enbodi nent 2. The various nmarks etc. in Table 2 have the sane
nmeaning as in Table 1. 5 Table 2 f = 3.767- 73.4 F/1.66 - F/3.24 rl 10 r2
r3r4r5r6 15r7 r8r9 r10 r11 20 r12 r13 r14* r15* r16 25 r17 r18 r19*
r20* r21 30 r22 45.883d 11.000 n 11.84666v 123.823.833d 25.450 n 21.60311v
260. 6-1 35. 640d 30. 15020. 326d 43. 000 n 3ta18041v 360. 353. 370d

Svari abl e31. 633d 60. 700 n 41.80610! 40. 8 d 9-8.099d 80. 700
5\{%'23165 554. 76. 455d 92?400%%317%@%%&/ 9713-8%'577?3-562 "
625. 4193. 733d10vari abl edi aphr agnd110. 858. 287d122. 900 n 71. 48749v

770. 234. 473qQ130. 5483, Z..447d141. 5Q0 n 9176V

856. 717. 412§1§vari a%‘fz’é’% 207di§8. 7001&3’%0@1.]%366&1'6%@6@5. 407d433. 10878
n101. 69680vYd55. 6- 583848d180. 10B- 30.8480%1912500 1.60311 v 2 60.6
n111. 49176v}156. 7-.291 84bg20varg gbl eQpggg4. 000 n121.51633v1264. 200 11
vari abl e spacj ngf dhd10d15d203; 76 0. 70020. 8818. 8094, 00028. 2

o 505 2963 4430, 5893555 4 o6l 4051 B00A0 B9s SbEERARer 1 cal¥ Boef 6%Bent s
of surface 14K - 7. 88828 4.36U83 X viialdd0 B - 9. 6935|2 X 1?f-5c 4. 602f73 X
10 -6D - 1.55699 x ~=F 2.08018 x -9 15 as i coeffi.cien 0
surface 15 E .300A6.J‘8§‘§’92 X 1(5%38- 01?‘19107‘15 X %gf’é@@. 19769 & 10 4"3?0 D-
7.9088216 1@ 7 ~E7. 776800x 10 -DB725 2.529

r8 -8.332 ds 0.700 n5 1.72916 vb 54.7
.?’ r9 6.609 d9 2.400 n6 1.80518 v 6 25.4
r10 -23125.990 d10  variable’
rll diaphragm dll 0.85
15 ri12 7.738 di2 2900 n7 1.48749 v 7 70.2
rl3 24.598 d13  0.511 |
rl4* 15.888 di4 1.500 n8 1.49176 v 8 56.7
r15* '15.830 d15s variable
r16* 30.888 d16 1.500 n9 1.49176 v9 56.7
20 r17* 29.841 di7  0.100
rl8 10.967 di8 0.700 nl0 1.84666 v10 23.8
rl9 5.498 d19 3.100 nl1 1.69680 vll 55.6
r20 -35.300 d20  variable
r21 o d21 4.000 nl2 1.51633 v12 64.2
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30- 35 aspherical coefficients of surface 19 K5.019A0. 0BO. 0CO. 0DO. OEOQ. O
aspherical coefficients of surface 20K- 10.054A1.19933 x 10 -2B1.24795 x 10
-3C 2.47896 x 10 -4D1.63710 x 10 -5E~ - 3.76317 x 10 -~ 12 In the
present exanple, the refracting power of the plastic aspherical lens is
defined by the foll ow ng equations: fw/ 8 f3p ~=0.003 5 fw/ ~ f4p ~ =
0.001 FIG 6 to FIG 8 illustrate aberrations at a w de-angle end, at an
internedi ate position and at a tel ephoto end of this zoom | ens

respecti vel Warfdifte Bpadinget c. in the drawings are the sane as those in FIG

2to FIG 4. Ehe zoom | ena in the pr(ﬁ%ent enbodi t is abl e% achi eve
excel l ent 10 optical perf ?mance wth™a |low | ev f aberrat(i1 simlar to
t hat of Enbodi.7@®nt 1. FuiOté8 nore, &0.838 Enbodi méh803, for ekl e, by

sharing the n compaRefo rrerrbers5aﬁ8t hose usq:?zé? the cogygational zoom
| ens conposed "of four groups of glassés, the manufacturing facility can be

shared, 85 S@-9hat the @%86Tan be rdddied, and ¥0.088i ety of 2.88Pchandi se

i nes can be realized. The enbodi nents descri bed above are all used
strictly with the intention of ,clarifying the technical contents of the
present i nvaTPLRERCAHE ﬁ%nb?‘é%‘%*ﬁ?a‘fen ntion is not to be considered as
being limt& to suehl1@pecific 20 exanples. For exanple, the material used
for the plastic Ie_\r}igaohﬂgt -£xanpl es was pol ynet hyl nethacryl ate (PMVA)
(for exanpl & "ACR nut actured by M tsubishi Rayon Co., Ltd.,

"SUM PEXO ndhuf act-ut.888bY xSlhi4 ono Chemical Co., Ltd.), but other than this
material, itois al s B9g3i,bg-¢0 use a polycarbonate resin (PC) (for

exanpl e, "PANLI TE" ggngfﬁctu gzd by 25 Teijin Chemcals Ltd., "I1UPILON
manuf act ured’ by M Bpdhx gi neering-Plastics Corporation, a cyclic

ol efin pol yi®er (for388958/-10“¥EONEX" manuf actured by Zeon Corporati on,
"ARTON' manufactured by JSR Corporation, "APEL" manufactured by Mt sui

Chem cals, Inc.), a styrenic resin (for exanple, "ESTYLENE M5' manufactured
by N ppdd StasphegoalGivefficiantstef surface. 35 a pol ystyrene resin (PS) (for
exanpl e, "D STYRENBg7manufactured by Dai ni ppon Ink and Chenical s

| ncor por at ef, a | ow %roscogi c acrylic (for exanple, "OPTOREZ" ’

manuf act ur ed* by Hit3v§§>9 Bret¥chl Co., Ltd., "ACRYPET W100" manuf actured by
M t subi shi Bayon Co3,23280.,) 10r4the |i ke. 35 For exanple, when a

pol ycar bonat g resin i s,used, heat resistance and deformation due to
noi sture absorpti onzg)?éhﬁ@ erfoved conpared to using pol ynet hyl

met hacr 0 at & ( PMVR) 2.89658 b0 "exanpl e, when a cyclic olefin polyner is

used, heat mesistanggodd . 10 -9

aspherical coefficients of surface 16
-7.144

0.0

0.0

0.0

0.0

0.0

N

25

Ho oWk N

30
aspherical coefficients of surface 17

-4.300

8.96200 x 10 73

1.93390 x 10 76

2.16390 x 10 76

1.35340 x 10 78
- 7.60800 x 10 710
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deformati on due to noi sture absorption can be inproved considerably w thout
deteriorating dispersion. For exanple, when a styrenic resin or a

pol ystyrene resin (PS) is used, 5 the | ens can be created inexpensively.
For exanple, when a | ow hygroscopic acrylic is used, deformation due to

noi sture absorption can be inproved. Furtﬁerrmre, when a pol ycarbonate
resin is used, it is desirable to formthe outer dianeter of a lens to
becone sufficiently larger than the lens 10 effective diameter in order to
i nprove stress st Mai thenawseht examiple, thegefmctify powet bLthoplastier asphelrival

plastic leng_in.t | roup and.the plastic lens in the fourth
| ens group ﬁ%{l/é] se@e%@%?tgg?@&mg%%%q P¥aterials or the same resin
mat erial . Moreovedw /i | f3md Q908 ned by referring to the exanpl es of using

glass 1 ~ spheric foenoihe first lens group and the second | ens
group, but aspher?{ga4 Frgﬁiese'r(r)g} be used for the first |lens group and/or

the secoPd [VeReredwoiss foraklangthof anseniave sutematsewideangieend, Bp isans
glr3 oup ?_nd/ orfoéMQeﬁggpcsﬁieegEasﬁ& Qd héﬁcﬁflgﬁgmnﬁa ﬂ‘HIértHri]ﬁi gﬁg@gﬁ,sﬁg{ f(;ip?n ]
aperrati ons .an S or . us,, ne es | | | u |
STt orene vas PaoRal ettt of teRtachis peBhRERT lepmirin Sk BRR Rl oD 4 e of
this invention, addG. h2 tpr EE@ntd ilhwdrdteoabérrationbeati at wide-ahgle enda abraad
ven! ' ‘ abeiral o !
bositi ve 1 eiitadidte oGO Al £ RpHBIS dnd of M3 ob Bl Soll RBLAAVERD
negat i vE0r eflRdtkG-gte HlGe 4 hghows afoeablangthofqraentipe systienndf/sshoves an F

provi dfd W tﬂhfmwbéwa@idi ]gz&) Cgho;«asr ﬂw&.fwr&fhe%ﬁ.gnrnﬁﬁéﬁhis ‘leixeki%ﬁfoé&{)e%@ti@?%i 29
a positive refracti e_tha i xed a .
positive r efﬁ‘é%qrﬁf‘?é{]g%rwt ﬁa{]o TF‘sIt"?Sm aﬁ‘l gh%’%r?g éﬁn%pﬁpéaﬁség‘i"gsﬁgﬁ ne.
provi ded wi tHuréhérmetei, dn thie dhrsteatiomgof hstigmatisans SEhd®san shgitod hage

resulting f ' LT | 0g an obj ect distance, the
first, secoi’%ﬁ%ﬁalrr%edpg% é(;hrrtl%ﬁ eog{s&;_%lﬁlggggﬁ%é?ng di sposed from an obj ect
side i nl®his ordeAs ihelearfrome theger dlusnationsof abetratiens, arceHent optigabup

bot h i ncl ud@epfolmaRRsi Wittt 1658 SEhetPAEHH C@ln KN Sedhted %%iﬂtﬁnﬁ?@hfr%lﬁéé

o 2 ToSohSRAL £ SRRl stallete A e RO eRet o
| ens group sati sf {Thelwoho léronim the piskeit @dabodiment sandisrealized at low cost,
for example, by sharing the first and second lens groups and the lens barrels
20 used in the conventional zoom lens composed of four groups of glasses as
described above, and replacing the third and fourth lens groups with the
configuration of the present embodiment, at least two kinds of zoom lenses
can be manufactured while sharing the manufacturing facility. Moreover,
depending on a change in the number of pixels in the image pickup device of
) 25  avideo camera, zoom lenses to be combined can be selected appropriately and
manufactured more easily, so that a variety of merchandise lines can be
realized with less capital investment.
Embodiment 2
FIG. 5 is a view showing the configuration of a zoom lens according to
30 Embodiment 2 of the present invention. The zoom lens in the present
embodiment differs from the zoom lens in Embodiment 1 in that the plastic
aspherical lens L7 in the fourth lens group 4 is disposed on the side of an -
image plane of the glass spherical bonded lens L8. The configuration other
than this aspect is the same as that in Embodiment 1, and the component
35 members having the same functions as those in FIG. 1 have been given the
same reference numerals, and the redundant explanations thereof are
omitted.



20.fw/ ~ f3p ~<0.02 fw/ ~ f4p ( < 0.02 where fwis a focal |ength of an
entire systemat a wide-angle end, f3p is a focal length of the plastic
aspherical lens in the third group, and f4p is a focal length of the
pl'astic aspherical lens in the fourth group. 25 3. The zoom | ens accordi ng
toclaim1 or 2, wherein the third | ens dﬂgup conprises a doubl et conposed
of a positive glass spherical lens and a plastic aspherical |ens disposed
froman object side in this order. 4. A nmethod for manufacturing a zoom

Ihens conpri sing a’ItHél folllo\vang '1%1'9@%@@@;;@&&@5 bhvhRitS i@i-Qh@ z{o@lﬁpwﬂsm%ﬁ: y
avl n a 0 S S eri.ca ens, an | Ca ens |1 e
halna%at Potimbofatsttos “RAR - fus Mirh Sl Sl ThGl & KBS e PRapifE

construct edaeﬁnd‘a]bile it lens group having a positive refracting force that
is fixed, a second |lens group having a negative refracting force that is
novabl e al ong an optical axis and provided with a 35 function of varying
magni fic&dtion, a third |l ens group having a positive refracting force that
is fixed, and a fourth Iens group havi mggepositive refracting force that

i s novabl e al ong an optical axi rovid 15 function of
correcting fluctuations of az iﬁé eréne rggua% ﬁagf%m varying

magni fi cation or changing an object distance, the first, second, thi rd and
fourth | ens_groups i di spgsgd fr n obj ect in thls ord

The method f manu?i??grl ng gﬁoom e fv:)or dllrm%i‘%‘6 claim 4 whg ?n the
pl asti cl&isphérical 28883in thd Zhird. 4@15 ng2 oup 1a60Blhe pl ast2c afighéri cal

| ens in theyfourt bydengoar oupdsgatl s 5(]1e fol | ow ng condi ti onal
expressions: fw/ % {3 ~<0a‘f % 02 where_ fwigs f ocal
| engt h of ak dent | rez‘é\? em at 4 wi d (\gﬁgl & #@%9415 a E fodal I@rﬁgth of
the plasti cr@spherlsat?ﬂbens i d8he whariabl@r oup, and f4p is a focal length
of the pl astl asph | en n urt gr

s naa nor Ay A rEL RS R il—‘il’ NonD 00 Al ABOSH0 - o it 408
\- Achj nxsnied_Z] ca] caBO3z] ca] cd]Ta] c528 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

Joal oa] cal oqlgal cal anlg] oal calgal eeioiass W i6ie  +ov 50 5e7S M.

r <t <v<z<}xshidd_2z] ca]®4pea] caj éa‘] ca] @A) 88 ca] dJRU & a] ca] ¢ ca] (?Q‘éa] calc
aj ca] cal ca] eacal cahgaghBaal ca] dabca] galiadia <??A9AAAAAABBBCACI |, L/ LLLLLLLNMUM

qun wr nhcx]f} caj égﬁq:lg]a@g} caj (‘}A]lca] ((,)afﬁa] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca]
ca] ca] c2 ca}t2] ca] ca& 28F ca] cajdd] caRc3000QpR1 RRRESEX 4T H\\ \ \ R\ aaa;70.2
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@0% & ()- 140 & 17-47dsro10Mte (LA 2 ) - 56.7
100\ & ()- )Fﬁ*" 10%R402- @ "t d150% Vériabld 6=t "' 10%J\ I\ & ()-510% & ()-10% &
(-1 100 & {d-2E 75807V S10%L& (700 no  1.84666 vo 238
’ 25 rl7 5.407 d17 3.100 nl0 1.69680 v10 55.6
rl8 -56.378 d18 0.100
r19* -30.888 d19 1.500 nll 1.49176 v1l 56.7
r20* -29.841 d20  variable
r2l1 0 d21 4000 nl2 1.51633 v12 64.2
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aspherical coefficients of surface 14
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-4.36433 x 10 73
~9.69352 x 10 75
4.60273 x 10 76
- 1.55699 x 10 7
2.08018 x 10 ™
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15  aspherical coefficients of surface 15
3.300
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- 7.90882 x 10 77
7.77467 x 10 ™
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aspherical coefficients of surface 19
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1. A zoom lens, comprising:
a first lens group having a positive refracting force that is fixed;
5 a second lens group having a negative refracting force that is movable
along an optical axis and provided with a function of varying magnification;
a third lens group having a positive refracting force that is fixed; and
a fourth lens group having a positive refracting force that is movable
along an optical axis and provided with a function of correcting fluctuations of
10 animage plane resulting from varying magnification or changing an object
distance,
the first, second, third and fourth lens groups being disposed from an
object side in this order,
wherein the third lens group and the fourth lens group both include a
15 positive glass spherical lens and a plastic aspherical lens.

2. The zoom lens according to claim 1, wherein the plastic aspherical
lens in the third lens group and the plastic aspherical lens in the fourth lens
group satisfy the following conditional expressions:

20 fw/ | f3p | <0.02
fw/ | f4p | <0.02
where fw is a focal length of an entire system at a wide-angle end, f3p is a
focal length of the plastic aspherical lens in the third group, and f4p is a focal
length of the plastic aspherical lens in the fourth group.
25
3. The zoom lens according to claim 1 or 2, wherein the third lens group
comprises a doublet composed of a positive glass spherical lens and a plastic
aspherical lens disposed from an object side in this order.
4. A method for manufacturing a zoom lens comprising a third lens
30 group and a fourth lens group respectively having a positive glass spherical
lens and a plastic aspherical lens while using at least one or more lenses or
lens barrels of a zoom lens that is constructed of a first lens group having a
positive refracting force that is fixed, a second lens group having a negative
refracting force that is movable along an optical axis and provided with a
35 function of varying magnification, a third lens group having a positive
refracting force that is fixed, and a fourth lens group having a positive
refracting force that is movable along an optical axis and provided with a
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5 ¥ The method for manufacturing a zoom lens according to claim 4,
wherein the plastic aspherical lens in the third lens group and the plastic
aspherical lens in the fourth lens group satisfy the following conditional
expressions:

fw/ | £3p | <0.02
10 fw/ | fap | <0.02
where fw is a focal length of an entire system at a wide-angle end, f3p is a
/ focal length of the plastic aspherical lens in the third group, and f4p is a focal
length of the plastic aspherical lens in the fourth group.



