Introduction to aberrations
OPTI518
Lecture 6

Chromatic aberrations
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Chromatic aberrations

—

o,W (H ,,0) = 0, Woog + 0 WoooH* +0, W, H pCOS(gp) +0 Woyo 0’

» Consider up to second order terms

« Change of image location with A (axial or
longitudinal chromatic aberration)

« Change of magnification with A (transverse
or lateral chromatic aberration)

* We start with a single surface
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Second-order:
single surface
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Chromatic change of focus:
single surface

’ 1 1 1 1
R J?(@” ) (?‘gn

:XA(an —anjziAA(@jy
2 n" n 2 n

A- =486.1 nm
A. =656.3 nm
on) on' on
Al —|=—~ A, =587.6 nm
n n n
nNn=n
on=n_-—n d
@

Prof. Jose Sasian
OPTI 518 College of Optlcal Scnences

TTTTTTTTTTTTTTTTTTTT



Change of image location with A
(Chromatic change of focus)
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Chromatic coefficient meaning

1 on
0 Wiz = 5 AA (Fj y

Optical axis

Exit pupill
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In air case
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Chromatic change of magnification

Object Surface [mage

Object Surface Image
plane plane
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With stop at CC

With stop at surface
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With stop at cc chief rays is not refracted and
therefore there is no change of magnification

with A

8/1W111 =0

[

o,V (H ,,0) = 0 ;Wogo + 0 ;Woz (/5,5)
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Description at other stop location
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Stop shifting

New chief
N | ray
New stop Old stop plane at CC

New chief ray height 7 Ye Pshiee = YeP + Ye ‘
at old pupil yE B

= Ye A 5
Marginal ray height Pshit = /) T H ,0 + K H
at old pupil yE Ye
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Perform stop shifting
o,W (l:l,p) = 0, Wooo +0;Woy (,5,5)

1 (on) . v = (on) ;5 o 1. (on) = o
= 0 W+ AA an y(p-p)+ASA(—njy(H-p)+§AA(TnijZ(H-H)

—\2
1 on L .y =.[On -~ _y 1 on A ~ =
=0 Wogp +5 AA| y(p-p)+AA(—Jy(H-p)+§AA(?jy(xJ (H-H)
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Chromatic changes

Chromatic change of focus
Chromatic change of magnification
Chromatic change of piston
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For a system of | surfaces

o))
N
=
8
I
N |~
M-
—
P
N —
N
>
—~
o))
S
~~
-
S
=

Prof. Jose Sasian
OPTI 518

* Optical paths add
 Aberration coefficients add

* Though there might be
other very small terms,
called extrinsic, that are
missing.
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Thin lens concept

* Has no thickness

* Properties are found by setting t=0 in
pertinent equations

* For example y is the same for both
surfaces
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For a system of thin lenses

Avl v Voo BEnLl = ik 3w - N Ne
7 e
A\ M ]'"l':":- f’ﬁ_: LR , N =)

/4 ﬁ._ ] = B _
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Chromatic change of magnification
coefficient meaning

— (on
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\\ Optical axis
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Thin lens: stop at lens
|

Any ray at any wavelength through the center of the
thin lens is un-deviated as it sees a
parallel plate of thickness zero. Thus,

a/zwm =0 70N
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Aberration function for thin lens
with stop at the lens and with stop
shifting

s R I 1 .=
oW (H,p :8/1W000""a/lwozo(p'p):azwooo+E%y2(p'p)

Prof. Jose Sasian
OPTI 518 College of Opt|cal Scnences

TTTTTTTTTTTTTTTTTTTT



Change of Magnification
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the field of view.

« Change of magnification depends linearly with
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Change of magnification

A

Y AH = - .AW111
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Clear terminology

« Chromatic change of magnification (older:
lateral, transverse color)

« Chromatic change of focus (older: axial,
longitudinal color)

e

Optical axis
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Chromatic change of focus

Marginal rays

Image location
\ depends on
wavelength
Exit pupil
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Chromatic change of magnification

Chief rays
Image size
depends on
\ wavelength
Exit pupill
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Equation summary

For a system of j surfaces
For a system of thin lenses

]
0, Wogo = ;ti (nIF_nIC)
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Summary |

Pugpil plane
W

x'x_ * e Ray

e ;
Wavefront—= || | « A periirs vector
Entrance +— Optical axis
pupil EXiJFI ~ «—PFeference sphere
pupt
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Summary |

i L g _
O Wy, = ZAJ'AJ' (an/n)yj O Wy, = z ; Yy
1y IR
a/IWOZO :EZAJ'AJ (an/n)yj 8/1\/\/020 = EZ ; y
i=1 i=1 i
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Summary ll|
AW,,, 1
n' u'*

AWao (/4
Yoo (14

AS'=-2

AS'=-8

As'~ ( f /#)2 In micrometers for AW, _A

A =0.0005 mm

2-NA Cut-off spatial frequency for a LSIS
C 2 with incoherent illumination
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Achromatic doublet

=0, +, P __ Dy
Va Vb
O =p—La
Va=™Vy
O, =P
Va=™Vy
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Chromatic coordinates
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1+ (A-Ay)
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Adaptive formula

n=ny+ A4(AL)+ 4, (A1) +--+ 4, (AL +
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Index fit

EMS error (x 10

e el T, Aapdtive Formwala
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Chromatic change of focus
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Example

{1002 O 2 (L2 A
= E _
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Fig. 4. Cancelaton of pnmary and secondary spectrum m a doublet by usimg N-FEK51A and
N-PSK3 glasses: (a) linear term, (b) quadratic term. () residual cubic term.
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Chromatic focal shift: singlet, achromat,
apochromat, superapochromat

Glass
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SZEREERRNY

L1 R1 R2
N-FK51A 32.191 -18.72
L Glass R1 R2
N-PSK3 -19.161 228.474
L .,\__.\\ j t
/ - /
\/ /// 1 \\\ ;’/ % \\\
L1 Glass R1 R2
LF5 37.470 -20.360
L2 Glass R1 R2
N-KZFS4 -22.692 11.141
13 Glass R1 R2
N-BK7 11.141 -355.792
f Rer+ i e+ e

College of OEti_cal Sciences

THE UNIVERSITY OF ARIZONA=




Adaptive dispersion formula for index
interpolation and chromatic aberration
correction

Chia-Ling Li’ and José Sasian

13 January 2014 | Vol. 22, No. 1 | DOI:10.1364/0E.22.001193 | OPTICS EXPEESS 1193

Table 3. Coefficients of the Adaptive Dispersion Formula

Class Glascode E error  Aax error A : a K
F2 364350 2 1.78=10 .66 = 10 16240797000 —0.0175823138  (QOOB4030540 00030437159 02482024521
F2HT 2364350 178« 10 366-10% 16240797901 00175823138  0O0O0B40309340 00030437159 044B2924521
F5 G03380.327 134 .10 340 =100 LSOTIROGODT _p0l&3sedsTe  QUDOTE4SE00R 00036212272  044375TTNAT
4[] 501564 252 150« 107% 268 = 1070 15034805779 Q0001233644  QUDO3RGGEITI0 _QO017361387 02078457732
7 501604 253 217=10% 320« 10 15131309068 00025740087 00037420334 00016023252 02056074727
KZFS512 G05363.384 130.10% 160« 10%  LTOD54B5953 00197550775 COOOIBIABOS 00083473655 O4B10TESE3
LAFMT 750350438 904 «107 127« 10% 17545809733 00221002140 00106423744 0004050747 04508404707
LF5 5514090322  228«10° 388« 10 15848200074 00145682637 00059250085 00031571546  0.4438275348
LLF] S4B458.204 225« 10 4= 100% 15500865723 —0.0123202334 Q0OSTO3ETOS 00025504851 04273574640
N-BAFID SP4T71II7S 0 130« 10 227« 10% L8T3077330 00145314040 00057330023 00030083033 041B4418425
MN-BAF4 GO05437.289 203« 10" 450=10"  LGOBETO0O00 00142513307 QU0OS6T3ETVE _00030R0D142  0.=4B0241530
N-BAF5] G52450333 932« 107 160= 1070 16356824323 00149422042 000059230748 Q0030025800  D.4323B16735
N-BAFs2 S00466.305 2018« 10°% 345« 107 1A11730347F 00134213158 00082205045 00028584347 04353441662
H-BAEK] 5T3576.319  200=107% 3353 =107 1ASTHRSEA1TE 00100042823 Qu0O2S0800TI 00010318774 03074743819
H-BAK? 40507 2R6 1EG« 107 268« 10 15421182517 00092770487 00040325181 00017255081 03001595342
H-BAKA SHI560.305 LEI = 107%  330.10% 15712484846 00104272578 00044121424 —00020D633RS  0.30BR0G0023
HN-BALF= 580530.311 133« 107 3.12=107% 15821197001  -0.0110506897  QU0020340611 00021532280 04052109338
HN-BALFS 547536.261 161 = 10 277 =10 15498197472 -0.0104818327 (000265468148 00020542052 04203205355
N-BASFZ 64360315 128« 10 285« 10¢ 1G6BE2SE0LI 001902820460 QO0O26TIT42  000&3988X0T Q4658742354
M-BASFE4 T304 320 186«10% 248 .10 LT0RIITSIOE 00124000344  QUDOBT4ES0LS 0004803302428 02456748237
HW-BE10 S0BATO.IE0 237« 10°% 383 . 1070 1S0OSO016TE _0.007S080500  QU0OIN29H4DT  _Qo01311500%8 0200563544
N-BE7 517642.251 LEL=10% 314« 107% 15187231300  _0o0g2423381 Q0034670871 00014730300 03074200435
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