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the The lens L6 is a negatM/e f&M scus. 524 i Nvention set forth as well as
t hose made The FVD is 158. =514 apparent fromthe

foregoing descriptidks are 80 The present LBvention ptaid@es #ehses with
efficiently &tained. Wi I§1°m§¥5§19§ed enbogi - novabl e objectives while
mai ntai.ning a corn- mentsgpf-#4ke invention have .been set forth 60
pensating lens in fixed relation to the fihm for purpwses ofs.disclosure,
modi fication to the plane. RME4.5¢6hi s arrangenent where the power disclased
enbodi nents 8 the i nventlprﬂn?ﬁneof t he coﬁgénsatl ng lens is essentially

zero well as other enbodinenis thereof may occur 85 or negative, the |ens

will deliver optiNJWWhe indext d1QefRactfoliiahd §glisi the t RAERAEE the ARQb0k ROledst eifltQimes 70,
per f ormance fr ofbbe nfumbert vy to cl oser di st ancts ovaghERUed thy| lansersincluding the ended

77 5 corrector. In this instance at
to-cover all 5(25 Tﬁ EpF(afc:ﬁ':(%‘r een emenaséﬁf an L6 o the EFL o the correctfgﬁgqbﬁﬁgtg m}? S
which do not “YeBBLL v P3G Ganl s Q06 ek LOF AR THEY posTtivefpover
scope thereof. Beashpmgwes ihficty podve872 ﬁmsar sn@eheréub\athelnm Sf &ﬁScemctoaMuy 75.
zero. The powerabpys 9 dachey] | - act:(ﬁﬁgl corcecth \HAJnIy\Be %SA?VMWNHS‘I‘& magnitude of the
ing 1s

90 purposes s %f& ,s*%l‘;b?%" R UHET 0BG R, s beAeintt ADlelly of e
equi val ent f tal heRE$ 16 is 2 negative meniscus. inventicn set fcrth as well as those made

The FVD is 158.00 mms. apparent from the foregeing description are 80

The present invention provides lenses with efficiently attained. While preferred embodi-
movable objectives while maintaining a com- ments of the invention have been set- forth
60 pensating lens in fixed relation to the film for purposes of disclosure, modification to-the:
plane. With this arrangement where the power discicsed embodiments of the invention as
of the compensating lens is essentially zero well as other embodiments thereof may cccur 85
or negative, the lens will deliver optimum to these skilled in the art. Accordingly, the -
performance from infinity” to closer distances appended claims are intended to cover all
65 heretofore obtainable. embodiments which do not depart from the
The corrector lens may have positive power scope thereof.
so long as its power is so small that it is .
essentially zero. The power is for ail practical WHAT WE CLAIM IS:— 90
purposes is esgentially zero when the focal 1. A lens having an equivalent focal length
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refraction and Vd is the doubl et
nunber .

of The back focal
mm The space between | ens el ements L5 .and
varies between 1. 16 *»m and 15. 82 mm
f/3.0 lens for focustng from infinity to 1688. nm or
image frame canera 15 about twel
- singhesneniscus 16 _The data on

is + 1195 mm

L3t

5 [err]

The corrector

one-hal f focal.
Qut_66.4 inches s

is the index of

10 Abbe
el ements L5 and L6 are
l ength of -the lens is 39.92 positive and negative power.
The FVD'is 130.017 mms. 5 L6
Figure 5 illustrates a 200 mm
or a 24 mmferr]36 nm
| engt hs or

5 L‘ISI ng .a

! BN Mhe e ] raction - and- 'V i
TABLE b 17§ BT B S 50"

The- corrector elements L.5- and: I'6 are- of

LiskEisf Q8@ Angth of the copgector

. Axi al "Di_smmrkgge--.igahgngmloﬁ t}:le lenst Rl?gngs pcsqi_tliveﬁa‘?% 'I}eggg% Wen’ Surfaces - [err]
. [er r] RJE—;% AR % enl?ﬁ‘ﬂe%ens emens an ‘The ..-15.9 X 0' o 1eas: - .
1. 568;3 for ‘f’gzﬁﬁg o '::EI; ﬁoﬁ%ésﬁr%@ %@gﬁﬁlﬁgaﬁaéa mfl;lam?gjcamer# 15 11.3
- 1. 51680 about tletvelanRicnd-Rilf GBalblexthfhis 302 using: a single-meniscus L6: Rbhe-ditbdh-fhid L3
. 4.13 - about 664 inchet 80518 25. 5 Réeng s spgmAgTale Wy= - 1567. 0 35 L4
- 5.61 The- effectivey fosgilength of thepeprmgetang—_ 54 70 5.24 RO= -38.14 L5
1.85 - 171270 7 433,49 v 1 R10= - 157.93
R11=71.98 L6 - . 200 mm £/3:0 (Figure 5) 2. O . 1.57957
53. 7 R12=47. 56 45 o Axial Distance ' " 77.5 FilmPl ane

Nd is the i nd@% of refPdEstion a4 e@Syiers t he M4 engt hYof the corrector is

at

overal |
is 77,55 ‘corrector.

bet ween el enents LR3asel3d46
between 3.2 # and 15.0 nm for

2372 mm or Gene®4RA*ABt he EFL of.

| east ei g?;;l t | mRl=5p82%luhe nunbgzr(i' :
EFL af* the Jer i ncludi n4me T
]

he corrector w ||

only 4e -positive wigp-tHxggsragni tude5'4of the The effective focal

‘“the correcto#s focusing travel
7 -240.4 mm
the The lens L6 i_sl{’;}:n_egg.;%ve meni E&s.
t hosessmade The FVD I's 158.

- R6=64.06

0 mrs.

561

t he

he bak¥8%ocal®flength of the |ens
s instancg attention is invited 50 nm The space
to the EFL of the corrector of Figure 3. varies
Bable 11). ¥58888si ng+Bet ween infinity and
75, about ‘93 inches.

| engt h- of
i.s @a8 a prinmarigogidncerdhs 55 el enent
t _may thus be seen that the objects of
invention set forth as well

1.80518appassnt fromthe

i's

as

foregoi ng descri ptiR8r-a1g0 80 The present ‘invention provides | enses wi th

.efficiently atta

i ned. I
mai nt.ai ni ng Q‘SCOm'qgr?e'\r'/l{&s“of the .inugntion have;pgen g8 forth 60

e prefer@4 embodi - novabl e objectives while-

pensadoi ng | ens in fRwed-1se$zation to the film for purposes of disclosure,

nodi fication to the
enbodi nents Qf

?'%s

EI ane. Wth thi% arrangenment where the power
t he BA7éhts on as. of 2'Ed”|_e corrpenslz_as%ﬁg | gns is essentially -

di scl osed

zero well as otherrigahpsy ments thereof may ocCur ' 85 oOf "negative, the lens
~wi || 4beliver optinmum to those ski¥Ased in the art. Accordingly, the
performance from i AR to closer distances appended clains are intended

to cover 1ql.ls th65ind odi_ nent s

whi ch doysbbasiepar t

Q_%f erf of.ore

- 55

mm. The space between elements LS and L6

varies between 3.2 mm and 15.0 mm for

focusing between infinity and 2372 mm or
about 93 inches. . .

The effective -foecal length- of the corrector-
element is —240.4 mm. _

The lens L6 is a negative meniscus.

The FVD is 158.00 mms,

The present invention' provides lense_s.with :
" movable - objectives while maintaining a com-

pensating lens in fixed relation to the film
plasie. With: this arrangement where the power
of the ‘compensating -lens is essentially zero

"~ or negative, the lens will deliver optimum

65

performance from infinity to closer distances

-heretofore obtainable.

The corrector lens may have positive power
so leng as its power is so small that it is
essentially zero. The power is for all practical
purposes is essentially zero when the focal

chiBec®) I6 M Insthrld@ bitehfion iS invited
‘to the EFL of the corrector of Figure 3.
(Table IT). -

Generally, the EFL of the corrector will
only be positive when the magnitude of the
focusing travel is not a primary concern.

‘It may thus be seen that the cbjects of the

invention set forth as. well as those made -

apparent from- the foregoing description are

efficiently attained. While preferred embodi-

ments of the invention have been- set- forth

for-purposes- of. disclosure; modification-to-the-

disclcsed’ embodiments of the invention: as’
well as other embodiments thereof may cccur

to: those- skilled in' the art: Accordingly, the ™

appended- claims are- intended to- cover all
embodiments which do. not depart from the
scope thereof.

WHAT WE CLAIM IS:—
1. A lens having an equivalent focal length

tainable. . . . .. enb _
oSl S O FB R N LG el e e g e SRRV TCLC
scope t heTeoback $ooalllagl «shd ks PORST
50

5

85



essentially zero. The power is for all practical VWHAT WVE CLAIM | S: -

90 purposes is essentially zero when the focal 1. Alens having an

equi val ent focal length greater than its front vortex distance when and
the conpensating lens is an air spaced focused to_infinity, said lens
conprising a doublet. housing, a plurality of lens elenments coaxially

5. Alens according to claim4 wherein the - !mmmlu E’Em“! housr ng,
means for noving equival ent focal |ength of the C idlens
el enments axigally in fixed relation to '4‘3?10'5 over *ei @ht times greater

t han the fesd —ler PR : 3 -3 al
| ength of the. @neasxathhn 9 ot vorte AisAMSHRG e@hth@ctmﬁpebanﬁgeraﬁs slaﬁrmn il D0
fixed 6. A Ifa;uasd ao:o:mﬁndy, :dtbnscbrmpmn& whéo@let he relation to sar how ng,
sai d corrpensatrh WE‘ leng glementsscopxial Q@ﬁﬁ’&éﬂ

Servi ng Lo cpr FRMECR A ‘fﬁ@%’; érzgtorrrﬁ ST s A

i mage si de. 10foc@<taﬁi Jeii¥P @ Rbryperidany loml if s enSqtiv&lelﬁ: famel edgfhCof Soverall leds. A b®NS
accordi ng to clheysing belwtﬂepaed rlrnsaleluenﬁs mAﬁ!teéns Gadcbmsdacwgdmwocdlmm whewhtbe e sai d

f‘@‘ﬁ’gﬂ hav
rmvabl e l ens e G118 ServIn tO ccrr ﬁlon e 0 oI~ 1ts ncave aCeﬁ’(%?#lecﬁn}sgﬁ r's Of
negative POWRI axis im cgrﬁ mig tclabft 4 saift | €ns
according to cla m s\M’&&i‘tEngt elmgrloupreehd n&g%le\dﬁls[lmﬂ&fts Befivd 8 Girst (pGsitive] 8¢

absol ute val ue Cmpﬂésmg eris | engo vgast te leny $ldments,gnseespd  t S

i mage si de sur fahd, r@éﬁ%‘g §‘°w%co é‘fﬁﬂ!ﬁopﬁﬁé ‘@idt .
fol Il owed by Ignoﬁﬂﬁr&xﬂﬁeﬁsaﬁﬁgoﬂns n Rloeats f ocal
| ength of the tlgceaiqms afe epuiﬁslem foenl pognerbf the group of posmve poar’& overal | | ens 35

8. A'lens accoP eng. [ % 4% % a{)m 1
where the defi g&ﬁ%’fﬁﬁnpﬁg ‘t’gcé s{gﬁgf’?l éﬁf"% £t ’ﬁa%'e?s SBtF‘I:”Et e
conpensating lens is positive ~in | owm ng ta Ie "Axi al Distance 40
Lens Radi us. - Between Surfacmnxaah@rr] [err] R1=86.177 LI
10. 000 40 1. 498 Lens 66. 7 Rdius - 402 B9850 SofR80 4Ne Va

R3=68. 910 L2 R1=86.177 13.300 1.533 45.9
R4=-177.800 0 R5= -177. 880 5Q 10.000 |3 1498  66.7 '

6. 000 1.613 43, B2RE202535% o 840 R7=3140.932 L4

6. 000 45 1.847  23. 8358910 © R8=83.236 58272
RO=-322. 731 L5 - L2 513299 1.533 1.4385 25.6 R10=
-52.222 60 Ré=~177.800 ° 3.796 R11=-40.0201 L6
6. 280 1.816  44. RsBLa7, 419 537 20.491 65

R13=132. 67940L7 L3 3.00¢8 1.613 143316 64.0

R14=76.992 93.39 Fi |l m Pl'ane R6=-—plawhere L1 L7 represents the lens el enents
and [err] is Abbe nurrbers ofg% gég&ﬁ% L1581 ogressivel y fromthe front
obj ective to the } Rlsdod4 being;gfpe radii. 9. The

| ens of claism 6 defl ned by ®et83.236 the | ens surfaces, the axial distance
is substantially as set forth in the f ol 183/ ng measured axi ally between:

| ens surfaces, [err] table: R9=—~322.13 794 1785  25.6 - 80 75 is
t he i ndex of ref raction of eaggxLenmael erren?
60 _ .. 3.796
R11=—40.0201
L6 , 6280 1816  44.5
' R12=—419.537
.. S , _ 20.491
65 - : R13=132.6794
: L7. . : 3.828 : -1.516 64.0
_ . R14=76.992 .
. - - 93.39
. _ Film Plane -

70 Where L1—L7 represents the lens elements and Vd is Abbe numbers of the lenses Ll——
progressively from the front objective to the L7.
rearmost element, R1-—R14 being the radii 9, The lens of claim 6 defined by data
+ of the lens surfaces, the axial distance is substantially as set forth in the followmg
‘measured axially ‘between lens surfaces, Ny table: - 80 .
75 is the index of refraction of each lens element, : : :



1, 408, 910 7 Axi al Di stance Lens

Radi us Bet ween Surfaces [err] [err] R1=45.6583 nmm Li
12.15 mm 1.6228 56.9 5 R2= -3538.80 0.34
R3=45. 5236 L2 11.13 _. 1.5168

64.2 R4=77.8311 10, . _ : 4.64 R5
=-145. 2645 L3 - : 1.80518
25.5 R6=35.1509 19..22 15 H"ﬂllalmumumul“l

6.93 . 1. 64769 33. 18 geg 44, 26‘81 4. %58 RO=2 37 3576 2

L5 A i AR _16223 1 R10=
-95. 1509 .* R11= 62 1185 L6 ‘Axial Distance 2. 00

1.548%¢ 148 8 25 Radius Between Siitit@d 4. 426¢ 59. 6%,Fi | m Pl ane \Were

L1-L6 repres nt t h&1FdhsS83mmenent s and Vd is the Abbe nunber of the | enses
. progrgssivel ro hec?r Lot obj edg{ymmt o t he 1.2 | 6, S6Ad t he space *

bet ween el enents rearnost epepent, R1-R12 being the radii L5 and L6
varies for focusi n®3=a$s83ke | ens surfaces, the axial distances is 10. The
| ens of claif1 or 5 defj ned by md&3ured axi a|115y68bet weeéR | ens surfaces,
[err]yp data substaﬁf‘lg las set f¥{)h in the following is the |ndex of
refraction of eachRB&nsMpt@,grent

Axi al Di stant® Lens Radi ussi1 Batgosien Sus.§ aces [err]
[err] R1=51.645 mmREF35.1509 14. 100nm _
1.60439  59.5 Rgznbapgs45 19.22 . 369
R3=50. 030 L2L4 693 11. 84%4760 333 = 1.5168
64. 2 R4=100. 33 5. 038=5014.2681 . R5=- 233.12 L3
4. 050 80518,  25.5%16=46. 807 26.491 R7=126.394 55
L4 o 5. 686 L6223l 71136 29.5 R8
=50 478 6.954 Ro= RiG¥—41950h5 ' 3.645 .
1. 64769 33.8 60 g * R10=-338.400 * R11=-144.915 L6
4.725 Lé }_‘. botld 25.5,R12=-70.159 63, ,c¢
3.921s5 . R12=44.4264 ;
59.67
Film Plane :

Where L1—L6 represent the lens elements and V, is the Abbe number of the lenses
progressively from the front objective to the L1—L6, and the space * between elements 35
30 rearmost element, R1—R12 being the radii L5 and L6 varies for focusing, :
of the lens -surfaces, the axial distances is 10. The lens of claim 1 or 5 defined by
_measured axially between lens surfaces, N, data substantially as set forth in the followmg
'is the index of refraction of each lens element, table:

40 . . Axial Distance o
Lens Radius Between Surfaces N, Va
. R1=51.645 mm :
L1 : -14.100 mm 1.60729 59.5
) R2=plano ' :
45 369
' R3=50.030 ' : .
12 ' 11.841 E 1.5168 64.2 -
. R4=100. 33 - : -
5.017
50 RS=—233, 12 : L
L3 . _ 4.050 - 1.80518 . .- 25.5
. ., - R6=46807 . - -~ . o
LT 26401 - |
‘R7=126.394 - . : - R o o
55 14 5.684 1.71736 29.5
R8=—59.478
6.934 .
Ls R9=—37.419
. 3.645 1.64769 33.8
60 ‘ R10=-338.400
: *
Lé R11=-—144.915 :
4.725 1.80518 25.5
R12=-70.159
65 3.921
R13=—70.863
L7 2.160 1.71736 20.5
R14=-149.480
39.92

70 Film Plane



R13=-70. 863 L7 2. 160 1.71736
20.5 R14= -149.480 39.92 70 Fil m Pl ane 8
1,408,910 Where L1-L7 represent the lens elenents and [err] is the Abbe

nunber~of the T€nses progressively fromthe front objective to the L1-L7,
and the space * between el enents rearnost el enment, R1-R14 being the radii

L5 and L6 varies for focusing. of the |lens surfacnm“mnmnHmlzlﬂlﬂt ance is
¢

11. The-lens of claim1, 2, 3 or 6 defi ned 10 5 bet ween

|l ens surfaces, [err] Dby data substantially as- set. forihmnsthe fol- the

i ndex of ref&action of each lens el enent#%219 owing table. Axial Distan .

Lens raghds reseat ik Y55 Reciidls” 36EY, 35, the ADSR bk Lighs] 15
L1—L7 represent the lefis elements i Al ber of thell -~

Rl =56. 828 mm essivel frOmr-te;hpe front obiectgv;a to: the .Ll—L;}wmgubace * between  ele 682_:_3 _

63. 1 R2=3586. O reat :%él%ﬂmB&Q—RM being the radii LS and L6 varies. for focusing. 207

L2 of the lens: surfaces, the axial disthnce is: 11. The lens Qf ching y 3 or figed 10

RA=428. 03 5. 46 '§5”~‘Ere‘-i 2’?‘&1&318%?; Ifl le‘l:lhs lm?ﬁes, Ny by data substantially as- set: forthin the fol-

1. 80518 o5 1 indgx of sefraction of each lens lemety, AWiEStaY 51 R7=-1567.0 L4

5. 61 1. 80518 '25.5 R8=- 5AxidDidice o 8

5.24 RO=-38.14 L5 Lens Radius Between Surfaces 1, 85 Na - . Va 1.71270

43. 3 R10= -1f7.93 * 35 R1=56.828 mm R11=71.98 L6 . - . _ '

2.0 . 1.87957 . -53.7 R12=47.B®mi7. 5 Fi | rh5F873ne 481 Wher e

L1-L6 represent the | ens 2380 arranged and adapted to operate

substantially 50 progressizvghygsd romthe f$0nt objective {o the as :
her ei nbef or eygdescrilpgd wi th .reference to,113ear nost elisnesot ,” BL2R12 bei ng
the radii of and as illudr#2%® in, the acconpanying draw the |ens
surfaces, the axial dista e=_i_§4g}=asured 5'r4ﬁgs. axi ally between | ens
surfaces, [err] is fghe indéx 45 of refraagfigon: of eagpsigensebement, and

[err] 25 MATHYS & S@¢=REpsi s t he Abbe nunber -of the | enses L1-L6, -and
Chartered Patent Agents, the space * betwfe@h el enents L5 and L6 :

10 Fleet Street, vakies f&V:f'_of?ﬁ%? ng. s, ‘180518 255 . -
London, E.C 4. 12. 5\ phafgegrsappi c | ens constructed; . ‘Agents for’

the Applicames. Printed for Her Majesty' s53#ationery Office, by the Courier
Press Leani ngton Sp%z1973‘.9=|35|§§+1i45hed by The Patent Qifige, 25;Southanpton

Bui | di ngs, London, A 1R{s=lI@Mmhi ch copies may be o%t.a_i ned.

35 . - R11=71:98 - : S
L6 ' . 20 1.57957 . 53.7
: R12=47.56 o :
77.5 - :
Film Plane R

40  Where L1—L6 represent the lens elements
progressively from the- front. objective to:the
rearmost element, R1-—R12 being the radii of
the lens surfaces, the axial distance is measured:-
axially between lens surfaces, N, is the index

45
is the Abbe number of the lenses L1—L6, and
the space * between eclements L5 and L6t
varies for focusing. : .

.12, A photographic lens constructed;.

of refraction: of each lens element, and Vj..

arranged and: adapted! to-operate substantially
as hereinbefore described with reference to,
and as illustrated in;. the- accompanying draw-
ings.

- MATHYS & SQUIRE,
Chartered. Patent. Agents,
10 Fleet Street,

. Londén; EiC4.
Agents for the Applicants.

Printed for Her Majesty’s Statione
Published by The

Offive, by.the Courier Press
atent Office, 25 Southampton-Buildings, Loudon,_,WCZ_AJAY,_ from
c which copies may be obtained. = - .

- Teamington Spa, 1975.

50



