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Zoomsysteme
Basic Principle

= Two thin lenses in a certain distance t: = Nt
Focal length L+ /-t
Refractive power ®=® +®,—1- OO,

P=> +a,yd,
a) Finite-finite (F-F)

h
» Kinds of zoom systems

b) Infinite-finite (I-F)

c¢) Infinite-infinite (I-1)
N

|
|

v
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Zoomsysteme

Change of Focal Length

Distance t
Increases
First lens fixed

changed
distance
t

moved
lens

changed focal
length f
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Zoomsysteme
Change of Focal Length

) two lenses moved image
= Distance t t f plane
. = o = >
Increases |
» |mage plane fixed
l*< > < -
fie > <
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Zoomsysteme
Principle of Smallest Change

= Zoom factor : ratio of magnification change M = Mhinax M= L
M in Fmin
= Equivalent : ration of focal lengths M = max
fmin
= Zoom system : IOUf
- change of magnification /
- nt length ]
constant lengt < s
m — ]
[ \
-5 /
0,3 -1 0 2 3




Zoomsysteme
Principle of Smallest Change

= Aim:
smallest change of length
= Preferred points of operation: 1o

m=1,m=-1 8

= Setup : 6
1. Change of magnification : 4
variator group 2

2. Correcting the image 0

location: compensator group -2

-10

dm 1

(s/ ) +2s/ f+2

dL 2 21 f) +4(s/ )P (s f+1)
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|

L/f
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f dm/dL

» s/f
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Zoomsysteme
Mechanical Compensated Zoom Systems

= Simple explanation of variator and compensator
= Movement of variator arbitrary
= Compensator movement

depends on variator compensator variator relay obijective image
nonlinear linear lens lens plane
= Perfect invariance of |
. : | |
image plane possible \M U . \/ :
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Zoomsysteme
Optical Compensated Zoom Systems

= Combined movement of two rigid coupled lenses
*= |mage plane location only approximately constant
= Only one moving part

fixed group coupled relay lens fixed image with
moved lenses defocus

o
N
s\
= 1
e

L _I—
—r
S—

o
S—
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Zoomsysteme

Types of Zoom Setups

= Mechanical compensation : 6 major setups

Type |

)

{

Type

%
A

Type lll

o

Type IV

Type V

Type VI

P

N
it

]

s
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Zoomsysteme
Two-Component F-F System

f

= Setu P - object 1

image

A
A4

\ 4

A

A4

A

= Given:L,m,f,,f,: 7 B (m—1)
Wiiliner equations: tz:gi\/j_L'(ﬁJ’fz)_fl'fz' -
lz_fl'fz_m'fl'(fz_tz) t,=L—t —t,
m'(fl"'fz_tz)
___ b
f_f1+f2—t2
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Zoomsysteme

Two-Component F-F System

= Solution space :
focal lengths:
1.f>L/4
2. f,>L/4
3.1/, + 1/f,<4/L

= Calculation with Newton-
imaging equation and
>0

= Rangeswith0-1-2-3-4
solutions for focal lengths

15

10 1

>

10 15

q)1
[1/L]
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t,=16.4,1,=26.6,m = +6.0

Zoomsysteme Rl I W A 7 BN
y < l‘,n C:l < %%

Two-Component F-F System

10 foret
t, )
_zglv %:
0 L

20 40 60 80 100

= Examples:

1. Number of solutions Kty i 59,4276, m =48
2. Zoom curves 7 %%>

3. m-ranges . / Ir
|

8 20 40 60 80 100 L
m
c)f,=L/10 t,=165,1,=167, m=-11.8
f,=-L10 %
:‘,/
i
t,=113,1,=80.7, m=-135
,'l
80 100 L %
m
0
d)f=L3 - t,=25,t,=29.3, m=-1.35

f,=L/3 /
A ; t,
€ 1 2 !O/
[ U

-4 L
0 20 40 60 80 100
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Zoomsysteme

Three-Component Zoom System (A-F)

- Setup: first lens fixed second lens third lens image
; ¢ ¢ plane
1. lens ! 2 3
fixed || 0 TT——1]
[
< > S |
| a f g
= Given: < ‘ > | .
i t, e t, )k >
M, L ;
= Arbitrary but recommended : _ VM -1
VML
= Calculation : central position ¢, = 1=% _(0+0). VM (M +1)
ML Y 3dM -1
g M-l M-l . JM -1
O AM-IM+1) | O WM+l @AM -(M D)
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Zoomsysteme
Three-Component Zoom System

= Arbitrary zoom positions: sy = forlfi=1) LN L
L+ -t ’ 2 V4

given is t,
P=P +P,+D, 1D, - (D, +P,)-1,P,- (D, + D, )+1,1,D,P.,D,

b=tl—S'2—L F

[1/mm)]

c=(L=1)-(fi+5,)—f5-s, 180——

160 i > 9 | f =163 mm

140 /

120

100 o middle:

} ) 1. 6 ) f =100 mm

= Example:

80 [
|
40 \

) \

@ ° | £ =163 mm

0
20 0 20 40 60 80 100 120 140 160 [mml
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Zoomsysteme
Optical Compensation

= Number N of moved groups fixes
the number of image plane zeros
= Calculation :
Residual error

2"+, 2" e, 7" T F ozt

A(z) =
(@) d 77 +d _,7""+...+d,z+d,

n

= Residuum decreases with N

A — Zmax
max 2211—1

1a) Three components afocal

2a) Four components afocal

I,
v oo

2a) Four components finite image

T

I

3a) Five components afocal

UMU

3b) Five components finite image

—> —— >

—_— >

>

.
NN

A 4
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Zoomsysteme
Optical Compensation

= Rayleigh range changes with m:

2 ; -
A _ 44-T object zoom system fixed image plane

re with defocus
2 2
NA D;

lay lens
\

R, =

|| —

= Optimized zeros UA UU
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Zoomsysteme
Symmetrical Optical Compensated Three-Component Zoom

= Shifting from middle position:

Matrix (A, B,Y (1 O0)(l t,-z 1 0\ (1 t,+z 1 0
c D) (-® 1/l0 1 -®, 1) 0 1 P, 1

C. =20 -D,+20 1 (P, +D,)-12PD, + 7°P}D,

Aa —1= t (zq)l + q))z + triq)lq)z + ZCI)Z _ qu)lq)z a) symmt::rical zoom position :f:: 1 :

= Middle position: W
A, =1-21,® —1, &, +12D D, U M U
t, - t, \

Cm = —2(131 - (I)z +17, - (2@12 + 2(I)1q)2 )— tiq)lzq)z b) asymmetrical zoom position : I" < 1

f; f, f;

= Conditions: C (0)=0 j[\M

ul

C:Z =0 I'= =D=l Aa(tm)zrmin<1 \_/ M \-/
X u=0 u A ;: tm-Z H: tm"'z N

L]
i
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Zoomsysteme

Performance Variation over z

= Simple system
layout

f=50 mm

f=67 mm

f=100 mm

f=133 mm

f =200 mm
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Zoomsysteme

Performance Variation over z

f =200 mm f=133 mm f=100 mm f =67 mm f=50mm ——
= Variation of spots
axis {:@:} e oo I;.ﬁ.} . .ﬁg. —
field2° |  rraaes
= Variation of wave @ o S 4 gk
aberration
W, [\ a) ol b)
0.25 0
\ e
0.2 L
\ A
0.15 v
\S\ -0.01
\n
0.1
\S\ /
0.05 e
' i
0 0.02
20 30 40 50 60 20 30 40 50 60
t, [mm] t, [mm]

Page No. 25



Zoomsysteme
Performance Variation over z

Seidel
surface
contrib.

spherical aberration

0.1
lens 1
0

-0.1

coma distortion axial chromatical lateral chromatical

0.2
0.1
0
-0.1
-0.2

0.2
0.1
0
-0.1

0.20

0.2 :

0.1

0

0.2

0.1}

0.2
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0
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2 3 4 5
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Zoomsysteme
Color Correction of the Moving Groups

a) Singlet solution b) Doublet solution

Axial and lateral o l il
. ﬁﬁe—v ———

color:

Comparison of
singlet/doublet
solution

lateral colour [a.u.] axial colour [a.u.]
2
10
10
T
1
10° e 10
. = Doublets
10-3 EEEEEEEEEEEEEE'EEEE\:EEEE e EEEEEEEEEEEEES:'EEEEEEEEEEEEE'EEEEEEEEEEEEE'LEEEEEEEEEEEEE'EEEEEEEEEEEEE! 10-1
&
\]
10" 10”
r o’
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3 3.5
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Zoomsysteme
Example 1

= Three component afocal e |
= Spot diagram / /
=041 I'=0.60 =091 I=1.41 =191 =24 =191 :”: e
r=141 H

field
10

r=0.91

b~
o

= Spherical aberration 2060 i
S0 [ b) - /
“0.005- - - -- - """" """" """"" ['=0.41

Y.

1) 013 T Y P
1 1 N
1 o]
-0.04.,0 50
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Zoomsysteme

Example 2

= Finite-Afocal

= Two moving groups

= Seidel contributions

axial chrom lateral chrom

ure distortion

}I_Jhl
_—

i

]

Hi=

f=113

f=166
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e
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Zoomsysteme

Example 3
= Five groups
5 p focusing 1st 2nd compen- relay
[ ] Four mov|ng groups lens variator : variator sator lens
stop
y

'\
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Zoomsysteme
Example 4

= Five groups, all moving
= Very smooth correction

= Rms diameter of spot

25

20

15

10

\
field
/_-._\
'—//
axis
20 40 60 80 100 120 140

[mm]

f=146 mm —

f=105 mm

f=70 mm

f=50 mm

f=35 mm

f=29 mm
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;/g
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Zoomsysteme

Example 5

= Four groups, optical compensated

= Deviation of image location

Az
[mm]

]

—

I

0.3

0.2

—=

0.1

/

-0.1

-0.2

-0.3

22,5

|
i

I

g

_l//:‘g
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Zoomsysteme
Example 6

f =400 mm

= Five components, optical
compensated / /
= Deviation curve .

f=234 mm 1
i

Az [mm] / /
0.2

0.15 f=162 mm | T

]
[

0.1
/ \ scaled \
Az/R /
0.05 ¢ 1

| ;{ﬁ // T e o b=
-0.05 - -1 | -
| )
\

diffraction
limited range
0.1 2 /
-0.15 -
f=100 mm | -
-0.2 f [mm] 1 ——H ]
100 150 200 250 300 350 400 v

i t1 EI |
[ p—
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Zoomsysteme
Example 6

= Five components, optical
compensated
= W __ and single

rms w, Al a) Co [A] b)

Zernike coefficients "7 T ¢ T T T 1 ] "

R SRt NS ST SR S SRS

oo oo NG b b

; ; ; ; ; ; : ; 1T a0 ; ; ; ; ; ; i ; 1
60 80 100 120 140 160 180 200 220 [mm] ~Fgg 80 100 120 140 160 180 200 220 [mm]

C; [A] c) Cy, [A] d)

¢ R
: : : : : : : : 4 : : : ’
60 80 100 120 140 160 180 200 220 [mm] 60 80 100 120 140 160 180 200 220 [mm]
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Zoomsysteme
Solid State Zoom Systems

= | enses with variable f,

focal length

= Calculation:

1 I+s5-P —t-
(I)2=—+ § 1 CI):I tq)l
s t-(I+s-P)—s s'
m= s
S—t'(1+S-CI)1)
= Critical value: o =11
“t s

First lens focuses onto the second lens

+
t—s-(1—t-®))

Y
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Zoomsysteme
Solid State Zoom Systems

@ [1/mm] solutiona solutionb

= Solution 220 k 2
20
areas x R

|
|
" |
!

solutiona solution b

0
-5
-0.1 10
-15
-20
P<0
-0.2
-0.05 0 0.05 0.1 0.15 -0.05 0 0.05 0.1 0.15
@, [1/mm] @, [1/mm]
= Second solution: :
: : f,
Intermediate image
’ t .
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Zoomsysteme
Combined Zoom with Focussing

= Photography:
Additional floating element for focussing
= Problem : Breathing, change of field size during focussing
non-telecentric chief ray at focussing group

¥ f =100 mm f=134 mm f=162 mm

s=25m t

Vi Vi Y

infinity

\g\ | %L \

focussing G, G, G, G;
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Zoomsysteme
Combined Zoom with Focussing

= System without breathing
= Special movement of focus group

focusing group zoom zoom
¢ ¢ group 1 group 2
\ —
7
——— =
AN \_
?bject vergence common movement
distance in [dpt] 'T' l ITI
front part v rear part separated movement
infinity — ¢
e
o/
25m — 04 / {
I
0.6 /
¢
Az

[mm] 300 200 100 O
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Zoomsysteme
Combined Zoom with Focussing

= Compensating effect field angle [°]
20
compens ated
10 .
conventional \.
5
O vergence
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 ldetl
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Zoomsysteme
Fixed Pupil Position

= Additional degree of freedom
= Example for illustration

In|m|

1.5

/ﬁ

v

object

m=-1.5

m =-0.75

m=-0.5

m =-0.38

m =-0.25

200 [mm]

f,=-19 f;=40 entrance image

pupil

b
-
\>
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