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ooke Triplet

= Designed by Harold Dennis Taylor in 1893 at
Cooke of York as a portrait lens [H. D. Taylor,
“Optical designing as an art,” Trans. Opt. Soc.
24, 143 (1923)]

= Simplest lens form to correct all 7 primary
aberrations

= Famous for harsh-weather use: used on
almost all expeditions to Antarctica and Mt.
Everest

* Can be optimized for
=  Wide field and moderate resolution
= Narrow field and high resolution

= Large family of offspring: split triplets or
systems with doublet components (e.g., |
Tessar, Sonnar) H. D. Taylor

Fig. o4, 8. Taf, I,
H. D. TayrLor: Portraitobjektiv.
Quelle: H, D. Tavror., 1.
Reducirt auf fp — 100 mm.

Durchgerechnet flir 1;4 und w =13°,
a8l Radien r,, Dicken d, und Abstinde b, in

Millimetern anf der Axe gemessen.
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Cooke Triplet: Design Concept

Equal-power thin positive and negative lenses in
contact produce zero power and zero Petzval
curvature

When separated, the system acquires a positive
power but maintains zero Petzval

To reduce the resulting large aberrations, split one
element and place one half on each side

8DOM:
3 Ks + 2 ds: Control K, P, C,, C,
3 Bs: Correct S,, S,, S5
Glass choice: Control 5¢
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Layout equations

P h h
N SI(:P N K=K, +2K,+ = K;  Power
m.r. h;
I
hy h —
d, hs K K K
- . P=—t4+24+3 Petzval
% nl n2 n3
A h'K, hK, hlK
M Y C,=—21+224+33  |caA
1 2 3 V, V, V,
_ _ 0 _
— hhK, hh h.h,K
h2=0 » C2=11 1_|_2z%(_|_333 TCA
v, Y,V
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hK, =-hK
P Symmetry » 1l 3773
- A \V4 Ah dlKl :d2K3
h, hz/ﬁ C,=0 » hl/vlth/VS
d, 3
- ) K Specified
’C.T”/ Remaining Targets P Minimize
\% N v C,=0
1 2 3

Triangulation Zero Distortion

h _h . . When an optical system is symmetric with regard to the stop plane, this

1 _ 3 h K — _h K condition is automatically fulfilled. Systems with small deviations from this
d d 1771 3° 73 symmetry can be easily corrected for distortion.

1 2
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Layout equations

STOP
m.r. f\ Y Ahg K= Kl +772K2 +773K3
P

h, . h, - b K1 N K2 N K3

o 5 n n, n,
|
o 0= K, 77us 7732 K,

N A \ =—L+ +

. , , V1 Vz V3

d,K, =d,K,

where 772:h2/h1 773:h3/h1:V3/V1
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ooke Triplet: Layout

_ _ n, =1-d,K,
. SI(;P Ah P Triangulation » n. =1, — d2 ( Kl o, Kz)
h, d, C,=
= (1-1,) K, +1,(1=1,) K, + (17, =17, ) K5 =0
V A N/
1 2 3 Plug into Layout Equations 1 and 3

K =n,K, +1,K, +1,K,
K, = K/(nz _7722V1/V2)
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K=K, +7n,K, +n,K,
K =n,K, +1,K, +1,K,

STOP ,
o (0 Y Aha » K, = K/(Uz —1, Vl/VZ)
.
h, d, K + K V3/Vl K 772K

|
o A K, +K; =K/n, -n,K

A\ 4 \ 4

1 2 3 K + T, K 773 K

V V
4 equations, 3 powers to find /Vl /Vl
We need to satisfy K and LCA Solve in terms of K with free choices of

Two targets left: Petzval and TCA n, V,N, V,;/V,
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Cooke Trlplet: Layout

Infinite of triplet solutions in a three-
dimensional space (n,,V, /V, ,V, /V;)

A STOP A satisfying d,K, =d,K,
o Y h, 3 DOM left to correct S,,S,, S,
—
&l B A, d, :(l_nz)/Kl d, =(1—772)/K3
h, d K
ﬁ.’»/ K2 = 2
v A v T, =1, Vl/VZ
1 2 3 K — K (1/772 _1)

’ 1-V /Vl

ZK K/772 +(1- 772
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ooke Triplet: Layout

Choices:
1, ~ 0.8 (Berek’s advice)
crop P K, not larger than —K,
A v A 75 > 1, due to symmetry
m.r. h;
> /
hl d hz E3 K3 - 2K

hy % K, =-2,-3,-4K

(oAl
A K, /K /K V,/V, K, /K V3/V, K; /K

A\ 4 \ 4 2 0.88 2.45 0.83
-3 0.53 2.11 1.53 0.785 2

1 2 3 —4 0.23 1.94 2.23

-2 0.85 2.03 0.85
0.8 -3 0.65 1.77 1.65 0.875 2

—4 0.45 1.64 2.45

-2 0.91 1.72 0.91
0.9 -3 0.81 1.52 1.81 0.945 2

—4 0.71 1.42 2.71
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-

> K, =K/n,+(1-n,)K, =0.0065
K, =0.0065— (-0.03) - 0.02 = 0.0165

d, =(1-7,)/K,=(1-0.8)/0.0165=12.12

d, =(1-1,)/K, =
2/V1_0.565

(1-0.8)/0.02=10
; /v1 =0.875

™ Eooke Triplet: Design Example

Specify K =0.01
Choose 77, =08 7,=09 K,=-3K=-0.03 K,=2K =0.02

Glasses:

N-BK7 (ny = 1.518, V, = 64.2)
N-BASF2 (n, = 1.665, V, = 36.0)
N-BAK4 (n,=1.570, V,=56.0)

=0.0056 =0.56K
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EMAX Optimized Cooke Triplet

~0BJ: 0.00 (deg) OBJ: 14.00 (deg)

100.00

- IMA: 0.000 mm IMA: 12.420 mm ®0.55

OBJ: 20.00 (deg)

o

IMA: 18.136 mm

0BJ: 0.00 (deg) 0B1: 14.00 (deg)
ey ey
w — |l w === 1 [ | | Ipx Py

0B: 20,00 (deg)

} i 20 mm N
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