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monochromatic aberration

3.1
3.2
3.2.1 (The specification of rays)
3.2.2 (ray-intercept curves)
3.2.3 (comatic and astigmatic aberrations)
3.24 (defocusing)
3.2.5 (curvature of field and astigmatism)
3.2.6 (distortion)
3.3 (aberration polynomials)
3.4 (aberration types)
3.4.1 (spherical aberration)
3.4.2 (linear coma)
3.4.3 (linear astigmatism)
3.4.4 (distortion)
3.4.5 (oblique spherical aberration)
3.4.6 (elliptical coma)
3.4.7 (pupil aberration)
3.5 (computation of aberration coefficients)
3.6 Aldis (Aldis theorem)
3.7 Zernike (Zernike analysis)
3.1

OSLO
(Seidel) (Buchdahl)
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3.2 (Symmetry properties of centered

system)

rotationally symmetrical surface
optical axis

(sharp) (undistorted)

(conjugate)

3.1
3.1 0] 0]
o) @) stigmatic
o' O stigmatic
image @) o'
meridional plane  ( 3.2)
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3.2 meridional plane
o
P
field curvature
defect aberration '
distortion
m
O hy,hx stigmatic image point O
hy',hy' o o'
h,'=mh
/ g 3.1
h, = mhx
m hy hx
(ideal image)
stigmatic free of field curvature free of distortion

(paraxial imagery)
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o) o'
hyl,hxl Ol hyl,hxl 3.1
displacement € &
g, =h '-mh,

3.2
g, =h '-mh_

0
8y!EX
3.21 (The Specification of rays)
(object plane)
Abbe (Abbe’s Sine condition)
Hopkins canonical coordinates OSLO
aplantic ray
aiming
paraxial ray aiming
(object distance) (finite)
0.5
direction cosine
direction tangent
y,X hy,hx
Y, X centered system
hx
hx=0.0 3 hy,y,x
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3.3
3.3 p,0 (pupil coordinates)
= 0
Y= peos 33
X= psinf
yz 0 =0 06-=m meridional ray
Vs 3z .
0=— 6O=— sagittal ra
) ) g y
OSLO
p h 00 1.0 OSLO
(entrance beam radius)EBR (object
height) OBH fractional aperture
world coordinates p h EBR OBH( EBR OBH
)
3.2.2 ray-intercept curves
stigmatic Ey,Ex
p,0 .,h ray-intercept
curves ray displacement
centered doublet lens 2
% Doublet lens catalog lens Edmund Files> New

Lens> (file types) catalog lens > Lens type (catalog)> doublet (Edmund)
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3.4
(on-axis) 70%(0.7 field)
(full-field)

&1 mm AT IGHATLEH LERK TTLDTHAL CHRHATLE
Sx T+ lom)  |SPHERICAL APER. fnm)| FREAL SHOFT (rm)

Field 0.7 dm=g 1
2.1 mm

St

L oo LMITS: m
FIELO: 1dep mn
TWdCE M D028 EFL! 40w 2 T2
WAWELGTH: +:0.5BH 4:0.438 o0 A59 um FAY TRACE AMALYIIE 12:00 Al
3.4Edmund
B fwiface Data < Databaze o ] B4

e 3 mg
? =i =

[ Gen || setup || wawelenath |[ Field Foints |[ wariables || oraw on || Group || wWotes | =
Lens: Mo name Zoom 1 of 1 ET1 40.037154

Ent beam radius 10, 000000 Field angle 0.5587560
SRF EADTUS THICKMWESS APERTURE RADIUS GLASS SPECTIAL

OEJ o.o000000 [ | 1.o0000e+20 [ | 1.7455e+ls str ] ]
AST | EacHIzrzzz | 10.000000 F 10.000000 FIXKED F [

E 14.338261 10. 000000 stk ] ]
IMS o.oooooo [ | o.oooooo [ | o.69@ss:z [

[

3.5 Edmund doublet (EACH32722)

3.5 1 ’ 3.4
(on-axis) 70% field 0.7 deg (full-field)  field 1 deg.

meridional curve

3 0.587560 um, 0.486130 um,  0.656270 um
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yz meridional
ray
(meridional ray-intercept curve)
(nominal image plane)
0
P
p
OSLO €y
DY =0 y FY pcos6 O
=0 €x DX y=0 X FX sagittal
fractional aperture coordinate =t 2 psin®
(meridional curve)
3.4 paraxial focus
0.8 N
0.2um
axial image 0.2um Tum
0.7 DY v.s. FY
y y
coma astigmatism 3.4
sagittal ray
0 =i11/2
sagittal ray €y Ex OSLO
DX vs. FX (DY vs. FX
O,X £y,£x
0,‘X Ey,'ax
( )
N doublet lens
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(off-axis) DX V.S. FX (on-axis)
sagittal cross section
3.4 DXV.S. FX

3.2.3 comatic and astigmatic aberration

far from stigmatic

Ol
Ol
distortion
p p 0 T
X y
p.6,h y
gy(p, 0,h)=¢.(p,0,h)+s.(p,0,h) 3.4
1
gs(p9‘99 h):E[gy(p°(99h)_gy(_pagah)]
: 3.5

&.(p,0, h)=§[€y(p,9, h)+&, (- p.6.h)]

€ & (,0, 0, h) (astigmatic) (comatic) 3.4
€s €
& P &
Ey,ax 'ay,'sx
p,e,h 'p,e,h
Ey p,6,h symmetrical aberration
ac p (p ’e ’h) (-
p .0 .h)
p,0,h asymmetrical aberration
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(ray-intercept curves) 3.4
3.6 0.7 (comatic) (astigmatic)
5
Field 1 deq
7 0.00 mm
displacement

3.6 (comatic) (astigmatic) (DY) FY
€y (astigmatic) (comatic) €s
3.24 defocusing
stigmatic curvature of field
(distortion)
&
ﬁ;, =g, +gzvgy+(m+ gzv;)hy 3.6
h =g +e&,V, X+ (m+ gV, )hX
3.6 82 Va' Vb'
(stigmatic)

g, =g, +gzv%y 37
g, =&, +&,V, X

° 0.587560 pum
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hy, hX

=(m+z,v,) 3.8
3.7 3.8
3.7 € (e,v.y,6,v.X)

defocusing term

t€ 2z
3.7
(ray-intercept curves)
€Va' €y
(meridional aberration)
3.25 curvature of field and astigmatism
(stigmatic) 3.7
Y X
P &z
£y =1 3.9
&, =kx
k 3.7 €
g, :_—,k 3.10
Va
k h plane object

3.9 (meridional) (sagittal)
(3.9)
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e, =k
=57 3.1

meridional and sagittal field surface
kx=ky
e, tangential focus

€5 sagittal focus

field curve
£zT 823 h h 3.4
(astigmatism)
(curvature of field) €y y & X
h
y= (ky +&,V, )p cos @
, 3.12
X= (ks +&,V, )p sin @
(astigmatism) (curvature of field)

&~&T Y
tangential focal line

sagittal focus line

3.7

3.6 tangential focal line sagittal focus line
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3.2.6 distortion
( 3)
(stigmatic)
3.1
h
h
3.4 -0.0005%
aperture stop
pincushion distortion
3.3 (Aberration polynomials)
ysx hy,hx
yz

y,X,hy I'.]X

x> +y?

xh, +yh,

he +h;

hy
hx=0

g=p’=x>+y’

n=phcos®=yh,

¢= h? = hi

(overall wavefront)

W =W, +W, +W, +A

W, =a,p’ +a,phcos0+a;h’

barrel distortion

3.13

3.14

3.15
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(curvature of the wavefront)

(tilt)

piston error

37,87 En el nd 3.17

W, =b,p* +b,p’hcos@+b, p*h* cos® @+b, p*h* +b, ph’ cos @ 3.18

3.18 Seidel S|-SV

W, = lSIp4 +%Snp2h cos6+%S p*h*cos’ 0+

° 1 3.19
—(S; +S )p’h* +=S ph*cos0
4 2
W
oW
£,0——
% 3.20
oW
£ 0——
O0x
3.19
£y, =0,p° cos+0,(2+cos20)p*h+ (30, +0,)ph* cos O+ osh’ 391

o, =0,p sin@+ac,p’hsin20+(c, +o,)ph* sin &
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Esy =P’ cos @+ (u, + pu, cos 29)p4h+(,u4 + 1, cos’ 9)p3h2 cos@

+ (1 + 11y c0s20)p*h* + 1, ph* cos @+ p,,h°

&5y = M, p° sin @+ p1; p*hsin 29+(,u5 + 1, cos’ 9),03h2 sin @ + u, p>h’ sin 260

+ 4y, ph* sin @
3.22
o
g aberration coefficient 12
9
3
Hy = Eﬂ3
Hy = Hs + Hg 3.23
Hy = Hg + Hy
3.8 H=Lagrange n'=
V'g= V'p= S =
Seidel
(Spherical S/8 S/(2n'uy’) -Si/(2n'u,?)
Aberration)
(Coma) Si/2
(Sagittal Si/(2n’ uy’)
Coma)
3 Su/(2n’ uy’)
(Tangential Coma)
(Astigmatism) 3 S,/4
TS (TS Sul(n'ua?)
distance)
Petzval Sw/4
(Petzval)
Petzval -Sn/(2n'us?)
(Image Plane to
Petzval surface)
Petzval - n’Sp/H?

(Curvature of
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Petzval surface)
(S + Sw )(2r'uy’) |-( S +Sw)/(2n'ua?)
(Sagittal Field of
curvature)
(3Su + -( 3Su+Sw)/(2n'u,?)
(Tangential Field of S )/(2n'uy’)
Curvature)
(Distortion) Sv/2 Sv/(2n’uy’)
Sv/2H
(Fractional
distortion)
(Entrance Pupil Si/(2n'uy) -5, /(2n'us")
Spherical
aberration)
3.8
3.3 (Aberration types)
p h p
p p h
p"°h® n-s n s
n-s n n-s p h
p’h? &5 (cubic astigmatism)
3.9
(Spherical n n 01 M1
aberration)
n O 2 M2 [
(Coma or linear
coma)
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(Astigmatism) n O3 O Mio M 11
(distortion) n n Os M 12
(oblique n (n-2) Ma Ms M
spherical
aberration)
(elliptical n (n-2) M7 Ms Mo
coma)
3.9
3.9
(ray-intercept curves)
annular aperture curve
6 (360 Ey
3.3.1 Spherical aberration
c=o,p +up’ +r,p +A 3.24

3.10
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DY DY

D X D X

3.10

(meridional ray-intercept curves)

3.1
3.1
Tnlra-order sssarical aperralloe Flfin-order sptarical aaerrallss
Mularcm thilre # FIFLn Eplar i) Bulaeced thivd + Fifth # Focas
. - - —_— Ll I I—— —— i
3.1
3.3.2 (Linear coma)
h
comatic

g, =0,(2+c0s20)p N+ (u, + 1, cos 20)p*h 305

&, =0,p hsin 20+ u, p*hsin 20
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0

02

annular aperture curve

o 3.12)
Th[rﬂ-nrq_ar COaa FITLR-order cCons
|
3.12
(0))]
3.13
DY D X DY D X
F X "‘__ Fy F X
|III. .llll
DY D X
..,k. .' ‘
S ~  FY | F X
3.13
p (sagittal ray)
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3
3.3.3 (Linear astigmatism)
3.21 p
3.22
g, =030, +0,)ph’ cos O+ u,, ph* cos & 396
g, =(oy+0,)ph? sin@+ u,, ph* sin @ .
O3 Oy tangential
sagittal
(field angle) 3.14
Telrd-order astipestiiss, h = 0.5 hird=order astigeatiss. b = 1.0
3.14 h
3.15
Tnlra-argsr -l.ll|_L1 [T
3.15
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Petzval

(sag)

3.27

tangential field surface

O3
Petzval
o
Ep = _v_:' h?
O4 Petzval
field surface Petzval
Petzval o’ Petzval
3.26 Petzval
Petzval
surface 3
1.52 Petzval

Petzval curvature of field

o
o
o
o
Petzval
3.34 distortion
n n
g, =osh’ +pu,h’
e, =0
c
(pincushion distortion)
distortion)

Petzval

sagittal field

Petzval

3.28

(barrel
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\ !
\[ ———————— -
B =
3.16
3.3.5 Oblique spherical aberration
4 6
8
(oblique spherical aberration)
£, :(u4 + 1, cosze)p3hzcose 3.9
€, =(u5 + L, COS’ 9)p3hzsin9 -
M5 M4
Me
3.29 3 M4=H5+Us
0 3.23
3.17 M5=Ue
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= 0.5 h =
DY D X DY D X
A FY F X L FY
R |
3.17
(M5 Me) 3.17
VEIVES oval shaped curve
0o 1 Ms/pe=0 y
Ms/He 0 y Ms/He -1
Ms/He -1
( 3.17ms/me U5/}.]6)
Jedigia dpharcsl abarmafion
3.18
3.3.6 Elliptical coma
p2h3

g, =(u, + 1y cos20)p*h’
£, = Hyp°h’ sin 20

Ms/He

3.30
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( ) 3.19
h=0.5 h=1
DY D X
DY D X
| FY | F X FY F X
3.19
3.30 3 3.23 M7=MgtHo
0 2 3.19 Ug/}.]g
( 3.19ms/mo Ug/}.]g)
Ms/Hg X
3.19 M7
Me/Hg
Ms/Mo (eccentricity) Ms=0
Elliptical coma
.-"'!"‘hq. r
o -
3.20
3.3.7 Pupil aberration
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OSLO
PSA3 PCM3 PAS3 PDS3 PTZ3
1
eyepiece
3.4 (Computation of aberration coefficients)
OSLO calculate>>Aberration Analysis
sei
unconverted transverse
angular
transverse aberration
angular form Seidel Si
3.7 3.21 OSLO
Smith Modern Lens Design
OSLO Smith
SA3 TSC
CMA3 CC
AST3 TAC
Pertzval PTZ3 TPC
DIS3 DC
3.20 OSLO  Smith Modern Lens Design
OSLO fif
buc Buchdabl
MU1, ,MU12 3.22 M1, M12
3.21 fif
OSLO Buchdahl
SA5,MU1 M1
CMA5,MU3 M3
AST5,(MU10-MU11)/4 (Mo M) / 4
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PTZ5,(5MU11-MU10)/4 (54 gy / 4
DIS5,MU12 M2
MU4+MUG6 M ot Me
MU5 M s
MU7+MU8 M7+ e
MU9 Mo
3.220SLO Buchdahl
OSLO Buchdahl
3.5 Aldis (Aldis theorem)
Aldis
Seidel
M. L. Aldis A. Cox A
System of Optical Design Aldis W. T. Welford
Aberration of Optical System 1986 9.2
paraxial field Lagrange H
n u | j
Aj=njij=n',-i',- J
X;,Yj,Z; Kj,Lj,Mj Welford €x, &y
_ k[ X |
b= S AZAK b A(KE L) 3.31
e u', MY S| tM; |
_ k[ Y |
(E‘y = ' ] l ' z AIZJALJ vaj A(|‘<J2 + L2J) 332
neu, MY (tM; |
Cox
Welford (aspheric)
& &
Aodis
surface-by-surface Seidel
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OSLO SCP *aldis total ray
aberration
ad, ae, af, ag

asr
*aldis fby fy fx
foy fractional object height fy fx
User main menu General Analysis pull-right
Seidel
Aldis Seidel
DELTAY DELTAXx OSLO DY

DX SUM

Seidel DYref DELTAY

SUM DELTAY DYref SUM
3.6 Zernike
Zernike
interferometer optical testing Zernike
complete set
Zernike

Zernike Wyand

Creath (Appl. Optics and Optical Engineering Vol.Xl,ed.R.R.Shannon
and J.C. Wyant,1992)

p 06 Zernike
Zernike

Wyant Creath
Zernike
Zernike
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Zernike 3
1 Z p,o o] R p 0
G 6
Z(p.0)=R(p)G(0) 3.33
G 6 21
a Q a Q+a
G(0+a)=G(0)G(a) 3.34
G(8) general solutions complex
exponential
G(8) =" (3.35
m O
2 R(P) n P P m
3 m R(p) m
R(p)
Rn"(p) Jacobi
1 1
R” (p)pdp = ———nn’' 3.36
[[RI(eR(p)odp ™
Onn  kronecker dalta n=n' Onn=1 n# n' Onn=0
R =1 3.37
RS, (P)= Q1 ()" 3.38
2(n-m) Q."(p)
m iy s (2”— m—s)! 2(n-m-s)
=>» (-1 S 3.39
Qr(e) SZ:;‘( ) s!(n—s)!(n—m—s)!p

W(p, 6) Zernike
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W(p,0)=W + Z{A QY( ZQ ncosmO+C  sin mﬁ)} 3.40
W An Bnm Cnm
1 Zernike
w Ao
W(p,0)=A, + Z[AHQS (p)+ i Q™ (p)p"(B,,, cosmO+C, sinm@)} 3.41
n=l1 m=1
yz
0
Zernike o°
© BZ 2
oy Z +Com 3.42
o 2n+1 2Nn+1-m
rms rms OPD o2
o ( (3.42) )
Zernike Zernike
( 342 ) Zernike
Zernike
Zernike Zernike OSLO
Zernike 37
n m No. Zernike
0 0 o |1
1 1 1 |pcosO
2 |psin0
0 3 |2p7°-1
2 2 4 |p’cos20
5 |p’sin20
1 6 |(3p>—2)pcosH
7 |(3p>-2)psin®
0 8 |6p*—6p>+1
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3 3 9 |p’cos30
10 |p’sin30
2 11 |(4p”> =3)p° cos20
12 |(4p> =3)p°sin20
1 13 |(10p* —12p° +3)pcosO
14 |(10p* —12p° +3)psin O
0 15 |20p° —30p* +12p* 1
4 4 16 |p*cos40
17 |p*sin40
3 18 |(5p° —4)p’ cos30
19 |(5p° —4)p’sin30
2 20 |(15p* —=20p> +6)p° cos26
21 |(15p* =20p> +6)p° sin 20
1 22 |(35p° —60p* +30p> —4)pcosH
23 |(35p° —60p* +30p> —4)psin O
0 24 |70p" —140p° +90p* —20p> +1
5 5 25 |p’cos50
26 |p’sin50
4 27 [(6p> —5)p” cos40
28 [(6p> —5)p*sin40
3 29 |(21p* —=30p° +10)p’ cos 30
30 |(21p* —30p° +10)p’ sin 30
2 31 |(56p° —105p* +60p> —10)p* cos 20
32 |(56p° —105p* +60p*> —10)p* sin 20
1 33 |(126p* —280p° +210p* —60p> +5)pcos O
34 |(126p" —280p° +210p* —60p° + 5)psin O
0 35 [252p" —630p" +560p° —210p* +30p° —1
6 0 36 |924p" —2772p" +3150p° —1680p° +420p* —42p° +1
3.23Zernike
3.23 Zernike 0 Zernike
0 0 OPD 1-3
X 4-8 9-15
16-24 25-35
36
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1. OSLO Optical Reference version 5 (Sinclair Optics, 1996) Chapter 3
2. OSLO Optical References “‘Analysis of the

aberrations of a symmetric system”, note prepared by P. J. Sands, CSIRO,
Australia.
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1. Matlab
2. OSLO catalog lens OSLO
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