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spectrum: of the triplet, it has been found to
be necessary for somie of .the components of

the triplet to be compound with the selection
of element glassés and- focal lengths for the
compound componerits being. performed in a
manner which is now to. be described.
“In the presént, invention, as illustrated in
F1gure 1, component I is a positive doublet
consisting of a front Ppositive’ biconvex element

1 and a rear negauve biconcave element 2. -

Component IT consists of a negative biconcave
element 3. Component III is a posmve doub-
let consisting of a front meniscus negative

the parameters for négative component II. By
proper. selection of the mean’ equivalent para-
meters and of the parameters for nega

ponent 1I of the triplet, the slope of the PV
line for the triplet may. be. substanua]ly re-
duced to below that available in a simple: trip-
let,. thcreby ensuring substantially improved
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t1ve com- -
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correction of secondary spectrum. Thus,an :
improved triplet according to the present in- -

vention will have a PV line of slope <.00120.
The selection of these glasses and foca.l lengths
will now be described in more detail with re-
ference to Example 1.
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-69.9 [err]= 34. 882 1. 74500 46. 4 [err] =
5.877 0. 561 | /5(9 [err]= -68. 152’é“"@33}rrponent Mag. =497k v o
Equiv. P 67 0 550 111 53 . 0.554°
Mean b8. 1 . . 552 [°ﬂ‘hil_:kIE;Xéﬂ\_/PLE 7 f/4.5 | '
F .= 100mm 1 N v Mha. 'Ra‘?'uleZX THepaEationss of, Rydi uﬁrm 'R
Separati on (Bl Eih Nenp Vo |Typ mm i S o fp
F[err] = |25.965|1 11. 6200>R1_ﬁ325984 T T [ [err] = 9.302
0.542  24.8 Jer|]1.62005 (30632571 2 1, 51m£)=.-9-.em53_-o.--5421 5.9 T2
= 2.069 0.534 | 50| a5 95 56 ?%;s@] T L3300 | osae |-503
: . R, = 215.04 B _ '
S;.= 2.076 -
- ‘R, =—53.579 - ' .
3 | 1.65317| 39.7 _ Ts = 1.942 [ 0.568
| | Ry= 2228 | o
| Ry = 146.44 SR IPEEY B
4 1.65317 | 39.7 Tj = 4.990 | 0.568 | —69.9
. 1.7 Ry = 34.880 TR I . :
5 1.74500:| 46.4 : T; = 5.877 | 0.561 | 31.0
_ Ry = —63.529 | ' : .
’ L)
Component Equiv. V " Equiv. P
I 62.5 . 0.550 ’
IIT 53.7 0.554
Mean 58.1 0.552 .
 (s—Pu)/(Vu—V;) = 0.00084
~ EXAMPLE 7
£/4.5 F = 100mm . Mag. = 7.102x
Thickness or
Radius Separation
Element Np Vo mm mm P F
_ R, = 25.965 : ' -
1 1.62005 63.5 T, = 9.302 0.542 24.8
Ry = —30.171 :
2 1.51700 | 64.5 . Ty = 2.060 | 0.534 | —53.7 .
| R; = 199.56 : L &
S; = 1.932
: R, =—50.476
3 1.65317 | 39.7 T; = 1.813 | 0.568
Ry = 25.392
S, = 4.466
Re = 136.88 :
4 1.65317| 39.7 T, = 4.634 | 0.568 | —65.7
' R, = 32.437 ' -
5 1.74500 | 46.4 Ts =5.48 | 0.561 | 28.6
R, =—59.838 .




R4 =-50.476 3 1.65317 39.7 [err] = 1.813

0.568 [err]= 25.392 S2 = 4.466 [err] = 136.88 4 1.65317 39.7
[err] = 4.634 0.568 -65.7 [err] = 32.437 5_._._1.74500_._46.4_ _ _ _ _ _
[err] =5.489 0. 561 28.6 [err] =-59.838 1, 354, 639 Cbnponent
£ Equiv. P I -- : 62. 6 0.550 I11 '
0. 554 Mean " 38.0 0.552 [err] EXAMPLE
= Nhg = 7.096x Thi ckness or

mm .9 M
ferri——16123
[err] =

-¥4.260 3
68—Fferd] = 27.633

39. é@ '45000 554" 464
3.[712 nponert Equiv. V.
0549 B8O | €FZ .{ . 0.554 Mean

- Mag. = 7.096x
. 7 |"'Thickness or
Radius | Separation -
mm P F
R, = 28256 -
S 0542 | 26.2
R, =—32:834
. S 0.534 | —55.1
Ry = 217.17
B 0.568
Ry = 21633 | i. '
| o 0.568 | —70.9
R, = 35.299° 7|
1 0.561 | 31.3
Rg =—63.712 .|

Equiv. P

. Equiv. V
62.4 0.549
537 0.554
581 - 0.552

| @a/Pa)/ (YY) = ¢




10 1, 354, 639

Sl llom

10 EXAMPLE 9 /4.5 F = 100mm Mag. 11. 188x
' ' ' ND VD nmm
mm P Flerr] =33.041 1 1. 62005 63.5 o
[err] =11.738 0.542 29.7 [err]= - 36.123 2 1.51700 64.5
[err] = 3.137 0.534 -69.6 [err] = 11588. [ern}=2.274 [erJ] :-51.346 3

1.65317 39.7 [err] = 2.640 0.568 [err]= 32 317 S2 = 5.987
[err] 15 482.92 4 . . 65317 1,367 [err] §02 614 .
0. 568 —5—3—4—[-E1~T-]——3'2—5'62—5-———r—7ﬁ° A6 %4 S [,,gpr] =
7.816 0.561 .28.3 [err] = §nﬂﬁ nponent ~Equiv. V
Equiv. P I i f'EC&0552 I ' 57.3
- 0.551 Mean £/4.5 60.0 . F= 100mm0 5515 | erMds. EXAMBRE 10 f/5.0 F.
100mm _ . : Mag. 9. 120x Thi ckness or Radi Us
Separ at i'pn_Elenent ND ' VD ko mm | P
[err] ¥ 35.072:1 | 1.62D05 Rafids 5 Tsl’:par;’_;;f,;" - [err] =16.710;
. 542 Zlenfent] ler Np =-{27VR200| 2 mri. 51700 mn64.5( P F Clerr]
2. 247 '%rﬁmwﬁaﬁ[en] —=3$8.939 3
-65317 1 3% 71 605 ess | .15 =1 '91111 7360 5@?545%”&9.? 32.308 [err]
3.608 [err]= pl14. 87 |4 |.56531736.1239] 7 err] = 1.987
. 568 -40. 72 [ ef 1]5170033.630 . | Ty =3.137 | 0.53 |-69.6
R, = 11588.
_ . |8, = 2.2714 .
. ' R, =—51.346
-3 ...| 1.65317] .. 39.7 Ts = 2.640 | -0.568
_ Ry = 32.317 :
S, = 5.987 _
: _ _ R, = 482.92 _ . o
-~ 4. ] 1.65317| . 39.7 S T, =2.614 | -0.568 | —53.4.
: R, = 32.502 _
"5 1.74500 | 46.4 T; = 7.816 | 0.561 | 28.3
. Ry =—55.434
_ : 3 1
Component Equw V - | Equiv. P _
1 628 | o2 | B ¥
m . 513 - 0.551
Mean . 600 | 05515

(Py—Pu)/(Vr—Vg) = 0.00082

EXAMPLE 10.
£/5.0. F = 100mm Mag. = 9.120x.
o Thickness or
_ - Radius . Separation
Element Np . Vo . mm mm P F
- ) Ry = 35.072 | S
1 -1.62005 63.5 T, =16.710 0.542 27.5 €
' Ry, =—27.200 | L )
2 1.51700 64.5 : : Ty = 2.247 0.534 | —45.8
R, = 185.47 _ : P
S, = 1.590
R, =—38.939 -
3 1.65317 | 39.7 . T, = 1.911 | - 0.568
: R; = 32.308
S; = 3.608
Ry = 214.87 .
4 1.65317 | 39.7 T, = 1.987 0.568 | —40.7
R, = 23.630 |. . .
5 1.74500 | 46.4 Ts = 7.139 0.561 21.5
R, =—43.542 o




5 1. 74500 46. 4 [err] = 7.139 0. 561 21.5

[err] =-43.542 11 1, 354, 639

11 Conponent Equiv. V Equiv. P L 620

0.554 111 57.3 0.550 [err] EXAMPLE 11 f/4 5 F = 100mm
Thi ckness or Radi us Separ ati on El enent ND

P sx  F [err]=¢.35:170 1.82005 63.5 [err]=13.784

0. 542, 29.7 [err] ' 1.51700 64.5

[err]=.2.66711 0.534., -55.3:[ =iaﬁ$5ﬂﬁhfefﬁ] =2.056 [err] =-441142 3
1.6531R_j- 39 7 - - [€rr]= 2074~ 0.568 [erf[= 33670

[err]=x 5035 [err] 65317 .39 . _
[err] 40. 0. 568 6. E&ﬁvBV 1 B4HO® . 44. 4 -
- 6,870 Tt oo - Equi v. P 12
1, 354,639 (620 45 ExANPﬁ’E’”:‘Lz /7. 09
F = 100n_m X Thi oggress qr Rad,lsgs Separ atlon

o - '=““-~nﬁ% P

ek . . F
645 '-[err]—4645

297
|

40 | 0.568 | ~44.4
0.561 | 23.4

165317,

(Ps"Pm)/ (VaVy)




[err] =-42.253 3 1.65317 39.7 [err]= 2.976
0.568 [err] = 32.096 [err] = 2.220 [err] = 218.36 4 1. 65317 39.7
[err]= 4.795 0.568 -41.2 [err] = 23.861 5 1. 74500 46. 4
[err]=4.796 - 0.561 21.1 [err]= -42. 009 Conponent Equiv. V
Equiv. P I 62.4 0.550 111 56.5
0. 550 Mean 59.5 0.550 [err] +EXAMPLE 13 /4.5,
F = 100mm Mag. 12. 000x Thi ckness or Radius Separ ation
El ement 12 [err] [err] 1,354,639N m P . F
[err] = 36"534~1 TT62005—— 6375 ferri =IATAGT— Qp42
30.2 [err] =-32.632 2. 1.51700 B ? lerr] = 2.699
- 0.534 -57.1 [err] = 314. 64 [err 2. 50 R4 -42 913 3 1. 65317 N
©39.7 f7.09 - [err] = ¥ =1=4m0mm 0, 568 [erM@-_- BH25 [err]. = 3,689
[err]= 351.12 4 : 1.65317 39.7 - T4 = 2.304 0. 558
-40.6 [erf]=244/32 5} 1. /4500 - 46. 4 mchmsor —Jerf] = 7.083
0.561 P2.3 [grr] =-44.503-] - 1fadius - - Sepamum . A ‘,
1, 354, 639 Element Np ¥ o mm - mm- - 18 dnpgner® -} 7
~Equiv. V Equitv—P T o 32, 352 2. 3 ) — 0. pS3 I
58. 5 1| 1,800849 édan) .t T {7, 6%.fos | o502 | 288 D551 [err]
Exanpl es 4-13 arle furft er exajm,es —36 418e fui vafent Abbe nygnber  apd a hi gher
equi va- pfintr | W8 |cifdSact eri zed lza(y riebecti69eL ofd34 ||-ei3t0 p artial
di spersi op than feither jof the| epes - 107. 1s — 2.002 ; S
. . . 1 T A .
3 1.65317 39.7 Ts = 2 976 0.568
S T ? . 3 Ry = 32.006 -1 _ .
. _ Sy =2.220 | .
_ 1 Re = 218.36 o
4 l $317 39.7 . : T4 = 4‘795 0 568 ~41.2 -
e . 8 - - 4 Ry =  23.861 - . T |
5 1 74500 46.4 ST Ts = 4 796' 0 561 21.1
L y = —42.009 | HE
Com;xment o Equiv. V. | | Equiv._ P -
S 62.4 - 0.550 - %
! N ¢ 1 S ' 56.5 0.550 '
- Meun : 55 _' | .0.550
(Pa—Pm)/(Vm—Va) — o008
| _ EXAMPLE 13
s - it  Mag 12,0001
a Thicknuscrr
: o Radius * Separation : :
Element | Np | Vo - mm )} mm - P. F
' oo b Ry=3654 |0 ] .
1 1.62005 63.5. - 1T, =14.461 0.542 30.2 -
o] Ry ==—32.632 - | _ '
2 1.51700 64.5 . : ' Ty, = 2.699 { 0.534 | —57.1
R; = 314.64 g
S; = 2.120
: R, =—42.913 |
3 1.65317 39.7 _ Ty = 3.144 0.568
| Ry = 34.025 | _
S, = 3.689
R, = 351.12 S .
4 1.65317 39.7 T, = 2.304 0.568 | —40.6
o | R, = 24.732 _ o
5 1.74500 46.4 Ty = 7.083 -0.561 22.3
. : - R, =—44.503 -



ary spectrum which were designed in accor- nents in the front doublet; and
the focal 5 dance with the principles of the present in- |engths of each
element in therear doublét 35 vention,354,639 13

bei ng sel.ect e M TIVeTTtTon
has beendes- higher e ui.val ent _Abbe nunber ‘and 2 | over cribed as
particularly usable in 3 piceRbREntappPl i -EquRE val entEQQﬁl’iﬂ al | di sper'sion than
either of the cation, it er-steed—that—the—preseni elenents in
the rear doublet 10 inJentioh can le apé@ Bed o Ien%é@ des{gned ~ 3. A
l ens according to Oaimil whepein the 4 for o _her &BR) 1 cafions.

| ens el ements, nunbered{fromthe front side of {he lLens, arf nmade" of
refractive materials WHAT VEMekAI M |1 S: -60.4 - 0.551 havi ng
substantially the fol | owrmg parameters—t—Atets—conmprisimyg a front
positive doub- V being the Abbe P the let, a mddle
negative conponent and a rear g)nt ?B?(Vd‘ sﬁ)erspggdgg f :

45 15 positive %Qubl et%fgfner% t rgxeamfzgiiogvm ng f S apRual Lt Yoo g do Ll ed:

El ement %nter lenses charadtoribe by reduced Jent parti: 3 en:her of the elo-

2 64. specmma-nﬂh&m des1gned in38cof- ments .ifb Gk whermm«[ and [theafudal[ er r |
are respect |5\/e Wich grarp[nptaples of the presegr in- lengths element in g@ doublet 350

di spersi on: and% of the m.dr being selected so that %‘%i?
dispers negatmg.%@&k %ﬁ@f&%ﬁh&a pigher coralnt equivalent. Abbé Jum aﬁﬂiaﬁé&f . ean
equi val ent par ¢atied, i nmdersbohdaﬂfar tha (pre ublelernenbautha i vaI ent Abbe
sion and me ‘h ‘Wa‘F rh° applisd tp Jeppra rdesisped rlm’n‘ge1 a@s@mg yheamﬁn

equi val ent par- and rear doubl es ?stheeflems;re s of thﬁefﬁ

di spersion gr eatvaTImc:L&H\Zmnd the rear Ravind s Wﬁﬁﬁrfsﬁ%u m 1,
wherein the doubAéetns  afrong gositive Haht  Abbpingrtheridbbe nuher2dd B being thend
rear double ; ’ths‘t‘ w @’éa?@?ﬂt‘iﬁa‘hﬁ% 4 and an equi val dht
parti al ref g&%&, S stUEn*that each el efRfin i N | spersipon | ess

t han . 561. the rear doubl et has a | ower Abbe nunber and 63.54. Lesages

subst anti al | y as he(I’:erl’iMVm‘én)éégmzﬁ hi gher partial di sp#@sion-¥han either

of the crlbed s lto 1 ele S i he frqnt
doubl et; the @ alte.;{%:,gm'!“&yliﬁ(eﬁsl‘iferrent |n5the f%ﬁ do&get be?’ﬁg

D

L. A TRANGh @eqensaider.taﬁﬁvgatermt t he front doubl et has a | owner
Agent for the 2 ‘ fM,bé by
the Couri er % % 25
Sout hanpt on B &) : ) Gl alssled
13 25 ft;;lt aned reai d&xblets conslst of one or e:;:oie 35{4:&@3%:}& 464 ax;csllan eqmvalent partial

I materials 1
13_Conponent ﬂwgvfioublet Wvﬁ'ﬁf& benumbera.mb ises substannally as hexembgﬁ 4!%3—
0.553 Il a2 hi mwnthmeltherofm ofbed emphﬁedm Examples Bi:
0.551 [err] Exaaﬁ&lxe&:tﬂefb&taﬁueleﬁuﬁtf&ﬂnmgxanpl es of equival ent” Abbe nunb
and a hi gheB0 eefusacinel ;ﬁft dloublet fpeipgrct er i Eeﬂ @Mﬂ&e@%@&bnd- I ent
parial di sper sTBT% WPt Sietfret d‘tb‘t’le"t}ﬁ% et for the Applican |
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ary spectrum which were designed in accor- nents in the front doublet; and
the focal 5 dance with the principles of the present in- |engths of each
element _in the rear doublet 35 vention.

bei ng sel ected so that the rear doublet has a Wile the present invention
has been des- higher equivaent Abbe nunber and a lower cribed as

particul arly usabl e, insa-prinser appli- equivalent partial dispersion than
either of the cation, it will. be understood that the present elenents in
the rear doubk®t. 10 : |n\_/_e-nt|on can be 1ap¢pdssped to l'enses designed 3.33A

| ens -acgording to O arm T-wherern the 40 for-otfer apptitations.

| ens eI eﬁ‘f‘%nts nunbered 1 mthe front side of_ the | ens, are nmade of

mat eri al s - WA dn S! Equiv. V " Bquiv. P " havi ng

ial |y the.:fol I o et e-s—i—At-eHs—eoRprsing a front
posi ti Ve ‘doub-: V-'being the'.‘Abbe nufber §hd P 1 _|f-_ng 068 et| a niddle
negative -conponent -and 4 reagg partial digpersipn: g 54 45
15 po§| ti-ve doubl et wherein the follow ng in- -j'=qual Ity is patisfied:
El enent’ . Vv ' 1 Mean 33 5 60.4  54p- [ ere.p51 '
2 . 164.5 54373 3977 568‘ wherermm{err] and [err] are
respect i veI y the part ial . : /Vm_@x)e 70 00082 - 568 50
di spersi on and Abbe nunber . of the ngﬁ . 5 46. 4 . 561
20 negatl ve COWL;_Q -%Lr LF | edbboliod: REGE V8! he rrean
equi val ent par pringer legkes icteri %&fi&fouﬂﬁ %ﬁﬁ%ﬁ&tﬁ%ﬁh afé‘ﬁ

si on ‘and rean T ﬂ.:-dwmbbm foor-  mems; i alve frbr&s:btﬂﬂanaﬁﬁtlﬁ ﬁmﬂ an
equi val ent par e, roft g é%FrP’GSG‘t}b‘P'etle"g"h (ﬂ%rﬁon
greater than 5%1&@1& ﬁra&tri@afuo@hasﬁbe&ﬁ&@a S fElieh n the
doubl et Havi ngrlacd@qmmklenéablﬁmma:mmﬁ- Enivalent phrk ets
consi st of WefaB‘F_". frofil be ypderstop ﬂ'PW&FAPWM el@amqnnéqmav@mﬂm part i al
refractive natgy e ¢ the 549
t he rear -doubl et has a Iowe Abbe nunber aﬁhe TenéF-are R EB s'%ﬁly as
her ei.nbef.ore de W Tl\fbé?t-ral di sper shaying tsttetantipllyt the folloding parametsis, bed
and exenplifigg’ L Y =L "e @“E‘rref‘ft‘s“‘“grﬂ“’t febérrumber ayd Jhbeing; the he
focal Hengt s psltiveOdouSigt 'h' fo P AT et bei ng L. ®
TRANGVAR BSc, e@ﬁl&;yxsdum:ed so tha e front detethdnet hawy a | over
Agent. f,or- t he Appl i < Pl or Her Majestyls St atGBénerySGflce by
the Codrier Press, ({ﬁr}%’i/ ()‘}r’f’9§§§01 974. Publ i shegj by ttgg;Pat eféso‘flce 25
Sout hanpton Bmﬂeﬁinrlg&mtmﬂdmapecdé@?ﬁw% from vvh|4:h copizgg may’s
dlspersx umber of the middle o5 46.4 561

obt aggqed.

spectlvely the: mem uivaleit partial disper- the fron: dgubIet having an equivalent Abbé
sion and ma_m equivalent. Abbe nuinber for number_ ess than 63.5 and an equivalent par-
tial ion greater than .542 and the rear
double't" ving an equivalent Abbé number 55
it 46.4 and an equivalent partial
dlspemo Iess than .561.
.énises; substantially as hereinbefore des-
cnbed _and exemph;ﬁed in Examples 1 to 13.

..-A, TRANGMAR BSc, CPA,
Agent for the Applicants.

5 elements in the from: doublet;
i 30 of each element in' the’ _front doublset being
' selected so-that the front doublet has a lower
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