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Optic%l Tr%nsfer -Function.

Sp%ti%l frequency is % ch%r%cteristic qu%ntity of % structure th%t 

reproduces identic%lly %t regul%rly sp%ced positions.

It is the me%sure of the number of repetitions per unit of length or per unit 

of %ngle.

The concept of sp%ti%l frequency finds its m%in %pplic%tions in optics, 

especi%lly in photogr%phy, video %nd Astronomy.

P%rt of Asto zine 3 in prep%r%tion: Delinquent optics.

Will be %dded: more det%ils in the m%g%zine.
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It %llows to ch%r%cterize the fineness of the det%ils of % p%ttern or %n 

im%ge formed on % sensor: it is often expressed in cycles per millimeter 

(cy-mm)

When the dimension of the objects is in%ccessible, the sp%ti%l frequency is 

the number of times th%t % light structure c%n be repe%ted in % given 

%ngle, for ex%mple in cycle by r%di%n (cy-r%d)

It is especi%lly used to provide %n %ssessment of the qu%lity of optic%l 

systems: the resolving power of %n optic%l device is often summ%rized %t 

the m%ximum sp%ti%l frequency th%t the system c%n s%tisf%ctorily restore.

The Modul%tion Tr%nsfer Function indic%tes the contr%st %ttenu%tion 

restored by the system for % given sp%ti%l frequency.

The notion of sp%ti%l frequency is common only in cert%in dom%ins:

The w%ve-number or repetition refers to the number of cycles of % 

monochrom%tic w%ve per unit length.

It's the opposite of the w%velength.

In printing, the number of screen-dots is c%lled the number of screen-

h%lves per unit length.

In digit%l im%ging, the number of pixels per unit-length is c%lled 

resolution.

From the point of view of m%them%tics, it does not m%tter whether % 

v%ri%ble represents % tempor%l or sp%ti%l m%gnitude.

The methods of spectr%l %n%lysis %pply to sp%ces, if the structures 

respect the fund%ment%l hypothesis of the line%rity of the qu%ntities 

involved.



The surf%ce of %n object, whether it is bright (prim%ry source) or 

illumin%ted (second%ry source), c%n be decomposed into % set of 

element%ry surf%ces forming % multitude of source points.

E%ch of its source points constitutes %n object point th%t c%n be studied 

independently of the others.

An object point is the point of intersection of the incident r%ys th%t meet 

the optic%l system.

It is %t the top of the incident cone be%m.

If it is loc%ted before the entr%nce surf%ce of the optic%l system, it is 

c%lled re%l, it %ctu%lly emits light r%ys in the form of % divergent be%m.

If it is %fter, it is c%lled virtu%l, it is the point of convergence of virtu%l r%ys

Insof%r %s we consider th%t the optic%l system forms % conic%l emerging 

be%m, the vertex of the cone is %n im%ge point, it is the point of 

intersection of the r%ys emerging from the optic%l system.

The im%ge-point is s%id to be re%l if it is situ%ted downstre%m of the exit 

f%ce with respect to the prop%g%tion direction of the light %t the output of 

the optic%l system.

The emerging r%ys then converge, the im%ge point is %t the intersection of 

re%l r%ys.

The im%ge point is s%id to be virtu%l if it is loc%ted upstre%m of the output 

f%ce of the optic%l system.

In this c%se, the emerging r%ys diverge %nd the im%ge point is %t the 

intersection of virtu%l r%ys.

An object loc%ted %t infinity is % source emitting p%r%llel light r%ys, %n 

im%ge is formed %t infinity when the light r%ys th%t form it %re p%r%llel.



An optic%l system is % set of optic%l elements, such %s mirrors, lenses, 

diffr%ction gr%tings, %nd so on %llowing to modify the tr%jectory of the 

light r%ys or the properties of the light.

The light undergoes reflections, refr%ctions, diffusions, diffr%ctions, 

filtering, etc. %ccording to the level of %n%lysis of the journeys.

The light r%ys only undergo refr%ctions:

They enter through the entr%nce f%ce %nd exit through the exit f%ce. 

Dioptric systems consist only of diopters (prisms, lenses, p%r%llel-f%ced 

bl%des, etc.)

Some optic%l instruments %re dioptric systems such %s the G%lile%n 

telescope  , some telescopes or most photogr%phic lenses.

C%toptric systems:

The optic%l condenser which %llows uniform illumin%tion of the field 

observed in %n optic%l instrument, is %n optic%l system (specific to the 

design of the whole but individu%lly unsuit%ble %s %n instrument)

c%t%dioptric systems:

Light r%ys undergo only reflections, whether they %re specul%r reflection 

phenomen% (pl%n%r, spheric%l, p%r%bolic or elliptic%l mirrors) or tot%l 

reflection (prisms)

The Optic%l Tr%nsfer Function, or FTO, of %n optic%l system is % complex 

function th%t links the lumin%nce of the object sp%ce to the illumin%tion of 

the im%ge sp%ce.

It %llows to model the influence of the optic%l system on the distribution of 

light energy in the im%ge sp%ce.

The optic%l tr%nsfer function is often considered only in the pl%ne objects 

%nd conjug%ted im%ges but is three-dimension%l in the gener%l c%se.



This complex function is decomposed into %n %mplitude c%lled: 

Modul%tion Tr%nsfer Function %nd % so-c%lled Ph%se Tr%nsfer Function.

The Modul%tion Tr%nsfer Function, or FTM, is % function th%t m%kes it 

possible to ch%r%cterize the c%p%city of the optic%l system to restore 

contr%st %s % function of the fineness of the det%ils of the object.

In other words: its %bility to tr%nsmit the sp%ti%l frequencies of the object.

It is used to ev%lu%te the qu%lity of the optic%l system, especi%lly in 

photogr%phy %nd cinem%togr%phy.

The ph%se tr%nsfer function ch%r%cterizes the ph%se shifts introduced by 

the optic%l system.

It intervenes m%inly in the ne%r field, in the hypothesis of % diffr%ction of 

Fresnel.

The notion of optic%l tr%nsfer function h%s %n%logues in other %re%s of 

physics, not%bly in electronics %nd %coustics.

It is useful to know the beh%vior of %n ide%l optic%l system, in the sense 

th%t it is devoid of %berr%tion, in order to comp%re it to % re%l Optic%l 
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System.

In pr%ctice, % system is s%id to be limited by diffr%ction if the %berr%tions 

th%t %ffect it h%ve % function of spre%ding the point sm%ller th%n the Airy-

Spot cre%ted by diffr%ction.

The spre%ding function of the point is obt%ined, corresponding to % 

ch%nge of v%ri%ble, to the Fourier Tr%nsform in two dimensions of the 

sh%pe of the opening.

The Airy spot is the diffr%ction p%ttern resulting from the crossing of % 

circul%r hole by the light.

We spe%k of Airy's t%sk in the c%se of optic%l systems to qu%lify the best 

possible im%ge of % source point by this system.
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Ufo c%pture %nd post tre%tment    + 1 

A system whose impulse response gives % Spot of Airy is s%id to be limited 

by diffr%ction.

The n%me of this figure comes from George Biddell Airy, English scientist 

who discovered %nd described the phenomenon in 1835 in: On the 

Diffr%ction of %n Object-gl%ss with Circul%r Aperture.

The figure shows % symmetry of revolution %nd t%kes the form of % bright 

spot h%loed concentric circles of lower brightness.
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The Airy spots  c%pture 1 origin%l (we see two)
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Airy spots well visible!

     

Excerpt from the Airy spots mini poster in the Astro zine 3.

Resolution Power, or Sep%r%tion Power, or Sp%ti%l Resolution, expresses 

the c%p%city of %n optic%l me%surement or Observ%tion System.

Microscopes, telescopes or the eyes, but %lso some detectors, especi%lly 

those used in im%ging to distinguish the det%ils..

It c%n be ch%r%cterized by the minimum %ngle or dist%nce (e) th%t must 

sep%r%te two contiguous points so th%t they %re correctly discerned

It c%n, in %n equiv%lent w%y, be ch%r%cterized by the m%ximum sp%ti%l 

frequency th%t the system c%n me%sure or restore: it is then expressed in 

cycles per millimeter (cy-mm) or in p%irs of lines per millimeter (pl-mm)

The definition of resolving power c%n equ%lly well be %pplied to % sp%ti%l, 

spectr%l %nd even tempor%l resolution c%p%city.
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