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Basic PrincipleBasic Principle

�� Two thin lenses in a certain distance t:Two thin lenses in a certain distance t:

Focal lengthFocal length

Refractive powerRefractive power

�� Kinds of zoom systemsKinds of zoom systems
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Change of Focal LengthChange of Focal Length

�� Distance tDistance t

increasesincreases

�� First lens fixedFirst lens fixed

moved
lens

changed
distance

 t changed focal

length f
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Change of Focal LengthChange of Focal Length

�� Distance tDistance t

increasesincreases

�� Image plane fixedImage plane fixed

two lenses moved

 t  f

image

plane
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Principle of Smallest ChangePrinciple of Smallest Change

�� Zoom factor : ratio of magnification changeZoom factor : ratio of magnification change

�� Equivalent : ration of focal lengthsEquivalent : ration of focal lengths

�� Zoom system : Zoom system : 

-- change of magnification change of magnification 

-- constant length constant length 
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Principle of Smallest ChangePrinciple of Smallest Change

�� Aim : Aim : 

smallest change of lengthsmallest change of length

�� Preferred points of operation:Preferred points of operation:

m = 1 , m = m = 1 , m = --11

�� Setup :Setup :

1. Change of magnification :1. Change of magnification :

variator groupvariator group

2. Correcting the image 2. Correcting the image 

location: compensator grouplocation: compensator group
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Mechanical Compensated Zoom SystemsMechanical Compensated Zoom Systems

�� Simple explanation of variator and compensatorSimple explanation of variator and compensator

�� Movement of variator arbitraryMovement of variator arbitrary

�� Compensator movementCompensator movement

depends on variatordepends on variator

�� Perfect invariance ofPerfect invariance of

image plane possibleimage plane possible

objective

lens

variator

linear

compensator

nonlinear
relay

lens

P

P

P

image

plane
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Optical Compensated Zoom SystemsOptical Compensated Zoom Systems

�� Combined movement of two rigid coupled lensesCombined movement of two rigid coupled lenses

�� Image plane location only approximately constantImage plane location only approximately constant

�� Only one moving partOnly one moving part
image with

defocus
fixed group coupled

moved lenses
relay lens fixed

P

P

P
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Types of Zoom SetupsTypes of Zoom Setups

�� Mechanical compensation : 6 major setupsMechanical compensation : 6 major setups

Type I

Type II

Type III

Type IV

Type V

Type VI
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TwoTwo--Component FComponent F--F SystemF System

�� Setup :Setup :

�� Given : L, m, fGiven : L, m, f11, f, f22 ::

WWüüllner equations:llner equations:

f
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f
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TwoTwo--Component FComponent F--F SystemF System

�� Solution space :Solution space :

focal lengths:focal lengths:

1. 1. ff1 1 > > LL/4/4

2. 2. ff2 2 > > LL/4/4

3. 3. 1/1/ff11 + 1/+ 1/ff
22

< 4/< 4/LL

�� Calculation with NewtonCalculation with Newton--

imaging equation andimaging equation and

ttjj > 0> 0

�� Ranges with 0 Ranges with 0 -- 11-- 2 2 -- 3 3 -- 44

solutions for focal lengthssolutions for focal lengths
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TwoTwo--Component FComponent F--F SystemF System

�� Examples:Examples:

1. Number of solutions1. Number of solutions

2. Zoom curves2. Zoom curves

3. m3. m--rangesranges
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ThreeThree--Component Zoom System (AComponent Zoom System (A--F)F)

�� Setup:Setup:

1. lens 1. lens 

fixedfixed

�� Given : Given : 

M, LM, L

�� Arbitrary but recommended :Arbitrary but recommended :

�� Calculation : central positionCalculation : central position

third lensfirst lens fixed second lens image

plane
f
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f
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ThreeThree--Component Zoom SystemComponent Zoom System

�� Arbitrary zoom positions: Arbitrary zoom positions: 

given is tgiven is t11

�� Example:Example:
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Optical CompensationOptical Compensation

�� Number N of moved groups fixesNumber N of moved groups fixes

the number of image plane zerosthe number of image plane zeros

�� Calculation :Calculation :

Residual errorResidual error

�� Residuum decreases with NResiduum decreases with N

1a) Three components afocal

2a) Four components afocal

3a) Five components afocal

1b) Three components finite image
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2a) Four components finite image
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3b) Five components finite image
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Optical CompensationOptical Compensation

�� Rayleigh range changes with m:Rayleigh range changes with m:

�� Optimized zerosOptimized zeros
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Symmetrical Optical Compensated ThreeSymmetrical Optical Compensated Three--Component ZoomComponent Zoom

�� Shifting from middle position:Shifting from middle position:

MatrixMatrix

�� Middle position:Middle position:

�� Conditions:Conditions:

a) symmetrical zoom position : ΓΓΓΓ = 1

b) asymmetrical zoom position : ΓΓΓΓ < 1
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Performance Variation over zPerformance Variation over z

�� Simple systemSimple system

layoutlayout

f = 200 mm

f = 100 mm

f = 50 mm

f = 67 mm

f = 133 mm

f
1 f

2
f
3 f

4

t
2
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Performance Variation over zPerformance Variation over z

�� Variation of spotsVariation of spots

�� Variation of waveVariation of wave

aberrationaberration

axis

field 2°
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Performance Variation over zPerformance Variation over z

SeidelSeidel

surfacesurface
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Color Correction of the Moving GroupsColor Correction of the Moving Groups

Axial and lateralAxial and lateral

color:color:

Comparison ofComparison of

singlet/doubletsinglet/doublet

solutionsolution
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Example 1Example 1

�� Three component afocalThree component afocal

�� Spot diagramSpot diagram

�� Spherical aberrationSpherical aberration

ΓΓΓΓ = 0.41

ΓΓΓΓ = 0.60

ΓΓΓΓ = 0.91

ΓΓΓΓ = 1.41

ΓΓΓΓ = 1.91

ΓΓΓΓ = 2.41

t
2
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Example 2Example 2

�� FiniteFinite--AfocalAfocal

�� Two moving groupsTwo moving groups

�� Seidel contributionsSeidel contributions

f = 61

f = 113

f = 166

spherical coma astigmatism distortion axial chrom lateral chrom

1st
group

2nd

group

3rd

group

sum

curvature
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Example 3Example 3

�� Five groupsFive groups

�� Four moving groupsFour moving groups
2nd

variator

1st

variator

compen-

sator
relay

lens

focusing
lens

stop
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Example 4Example 4

�� Five groups, all movingFive groups, all moving

�� Very smooth correctionVery smooth correction

�� Rms diameter of spotRms diameter of spot

f = 29 mm

f = 35 mm

f = 50 mm

f = 70 mm

f = 105 mm

f = 146 mm

D
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Example 5Example 5

�� Four groups, optical compensatedFour groups, optical compensated

�� Deviation of image locationDeviation of image location
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Example 6Example 6

�� Five components, optical Five components, optical 

compensatedcompensated

�� Deviation curveDeviation curve

f = 400 mm

f = 234 mm

f = 162 mm

f = 127 mm

f = 100 mm
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Example 6Example 6

�� Five components, optical Five components, optical 

compensatedcompensated

�� WWrmsrms and singleand single

Zernike coefficientsZernike coefficients
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1. Einf1. Einfüührunghrung

2. Grundlegende Aufbauten2. Grundlegende Aufbauten

3. System aus zwei positiven Gruppen3. System aus zwei positiven Gruppen

4. P4. P--MM--PP--AufbauAufbau

5. Optische Kompensation5. Optische Kompensation

6. Korrektion der beweglichen Gruppen6. Korrektion der beweglichen Gruppen

7. Beispielsysteme7. Beispielsysteme

8. Spezielle Aspekte8. Spezielle Aspekte
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Solid State Zoom SystemsSolid State Zoom Systems

�� Lenses with variable Lenses with variable 

focal lengthfocal length

�� Calculation:Calculation:

�� Critical value: Critical value: 

First lens focuses onto the second lensFirst lens focuses onto the second lens
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Solid State Zoom SystemsSolid State Zoom Systems

�� Solution Solution 

areasareas

�� Second solution:Second solution:

Intermediate imageIntermediate image
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Combined Zoom with FocussingCombined Zoom with Focussing

�� Photography: Photography: 

Additional floating element for focussingAdditional floating element for focussing

�� Problem : Breathing, change of field size during focussingProblem : Breathing, change of field size during focussing

nonnon--telecentric chief ray at focussing grouptelecentric chief ray at focussing group

s = 2.5 m

f = 134  mmf = 100 mm f = 162 mm

infinity

focussing G
1

G
2
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G
4 G

5
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Combined Zoom with FocussingCombined Zoom with Focussing

�� System without breathingSystem without breathing

�� Special movement of focus groupSpecial movement of focus group

zoom
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infinity
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Combined Zoom with FocussingCombined Zoom with Focussing

�� Compensating effect Compensating effect 
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Fixed Pupil PositionFixed Pupil Position

�� Additional degree of freedomAdditional degree of freedom

�� Example for illustration Example for illustration 
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