Blur_Corr.nb

Blur from Scanning System

Initialize Packages

Needs@" St at i sti cs™ Dat aMani pul ati on” "D
Needs@" G aphi cs” Graphics "D

Needs@" Stati stics MultiDescriptiveStatistics "D

Beam Propagation: ABCD Matrices

These operators define the changes to a vector {x,x} under Gaussian optics (paraxia case).

trans[d_] := {{1,d},{0,1}}
refr[nl_,n2 ] := {{1,0},{0,nl/n2}}
lens[f_] := {{21,0},{-1/f,1}}

Pri nt @Vat ri xFor n@t rans@dDD, "."
Mat ri xFor n@t rans@dD. 8x, x1<DD

, Matri xFor n@8x, x1<D, "

3 iN.JXN X +dx1

1
0 x1N =J x1

As expected. Hence, if we have a lens with foca length f and two propagation lengths (D-P) and P we have a global
matrix:

prop = trans@pD. Hl ens@fD. trans@d - pDL

P d-pP e 1 d-p__
ol = =, =+ - =—ENps, G-, 1- ——f==

In matrix form:

Mat ri xFor n@pr opD

il-fﬂ d—p+H1—d—f‘P—Lp§

d-
~i il — 7
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Hence, for a starting point { x,x1} we obtain:

out = prop. 8x, x1<

9|1-fRMx+Jd-p+J1-df;prNx1, -;(—+J1-df;pNx1=

Mat ri xFor n@Si npl i f y@out DD

= f Hx+d x1L+p H-x-d x1+p X1L
f

-X+H-d+f +pL x1 %
i f {

The discussion becomes complicated when the distances p,d-p are not conjugate. To be at a focal position, the output
should be independent of the angle variable x1.

Let mx, mx1 be the avergae values of the position and directions, sx and sx1 the standard deviations. Since the operators
are linear, the averages mx, mx1 will transform like the rays:

Cl ear @mx, mx1D
nmkout = prop. 8nx, nxl<

9rrx|1-fRM+nx1Jd-p+J1-df;prN, —fﬁmlel-df;pN:

Mat ri xFor n@Si npl i f y@mxout DD

= f Hnx+d nx1L+p H-nmx-d nx1+nx1 pL
f

-mx+mx1 H-d+f +pL g
i f {

What about the standard deviation? We can deal with it by considering the special case of a Gaussian distribution. If we
have a distribution:

m Propagation of a Gaussian beam

Cl ear@g, x, y, nx, nx1, sx, sx1D
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11 - fEMxo

X = Hprop. 8x0, y0<L@@1DD
y = Hprop. 8x0, y0<L@@2DD
g= Hx -nmxL"2&2&ésx"2 + Hy -nyL"2é2ésy”"2

d-p

+Jd -p+J1 - 7

N pNyO

_);_OJ“]]__

d-p

f—N yO0

Homy - %0 4 HL - 92 LyoL®  H-nmx +HL - L X0+ Hd - p + H1 - 92| pLyoL”
+

2 sy? 2 sx2

gstepl = Expand@gD

K2 my?2 mx0 mxpx0 nmyx0  x0? p x02

2sx2 '~ 2sy?  sx2 | fsx2 ' fsyz " 2sxz  fsxz '

p2 x0? N x02 _dm<y0+dm<py0_m<p2y0_rryy0+dnyy0_
2f2sx2 = 2f2gy? sx2 f sx2 f sx2 sy? f sy?
nypyO dx0y0 2dpxOy0 dp?x0y0 p2x0y0 p3x0y0

f sy? SX2 f sx2 T Tf2Zsx2 " f sx? fZsxz
dx0y0 x0y0 px0y0 d2y0? d2py0? d2p2y02 dp2y0?
f2sy2 ~ TsyZ f2sy2 ' 2sx2  fsx2 = 2f2sxZ ' fsxZ2
dp®y0® = p*y0® ~ y0* = d?y0? dy0® dpy0® py0® = p?y0’

f2sx2

2f2sx2 ' 2sy?2 ' 2f2sy?  fsyZ f2sy?Z ' fsy? ' 2f2sy?

Cl ear@x, yD
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el lipse = Repl aceAl | @gst epl, 8x0 -> x, y0 -> y<D

mx 2 my? mK X NXpx ny x X2 p x? p? x2

2sx2 ' 2sy?Z  sxZ ' fsxZ ' fsyz  2sx2 fsx2 @ 2f2Zsx2 '
x2 dmy dmkpy nmp’y nyy dnyy nypy
2f2sy2 SX2 f sx2 f sx2 sy?2 f sy? f sy?
dxy72dpxy+dp2xy+p2xy7p3xy+ dxy  xy
sx2 f sx2 f2sx? f sx? fzsx2 = f2syz f gy?
pXxy N d2y2 7d2py2 N d2p2y2 N dp2y2 B dp3y2 N p4y2 N
f2sy2 = 2sx2 f sx2 2f2sx2 f sx2 f2sx2 2f2sx2
y? d?y? dy? dpy* = py? p*y?

2sy2 ' 2f2sy?  fsy?z Tf2sy2 ' fsyZ @ 2f2sy?

Tradi ti onal For m@Si npl i fy@el | i pseDD

1
21252y (my?s  ys¢ 2myys

mx®sy? sy?x° d?sy?y? 2mxsy?x 2dmxsy’y 2dsy?xy) f?
2x (d py( mysE ys¢ mxpsy? psy’x dpsy’y) f
¢ PydHx d pyd)

Note: it isimportant that the next cells be executed as a group, because of some recursion:

cx0 = Coefficient@ellipse, x, OD
c00 = Coefficient@cO, y, OD
cx = Coefficient@ellipse, xD

cxy = Coefficient@cx, yD

cx = Sinplify@Expand@cx - cxy yDD
cy = Coefficient@ellipse, yD
cy = Sinplify@Expand@cy - cxy xDD
cx2 = Coefficient@ellipse, x*2D
cy2 = Coefficient@ellipse, y*2D
m2  ny?  dmky dmxpy nmp’y nyy dnyy nypy
2sx2  2sy? sx? f sx2 f sx2 sy? f sy? f sy?
d2 y2 d2py2 d2 p2 y2 dp2 y2 dp3 y2 p4y2 y2
2sx2  fsxZ ' 2f2sx? ' fsx2Z f2sxZ ' 2f2sxZ | 2sy?

d?y?2  dy? dpy? = py? = p?y?
2f2sy? ~ Tsy? f2sy? " Tsy? " 2f2sy?
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n-KZ rryZ

2sx2 ' 2sy?

m mp ny dy 2dpy dp’y p’y  py |
sx2 = fsx2 fsy?z sx? f sx2 f2sx2 = f sx2 f2sx2
dy __y  _py

f2sy2 fsy2 f2sy?

d 2dp d p? p2 p3 d 1 p

sxZ  TsxZ  fZsx? " Tsx2 Tf2sx? ' f2sy?z fsy? f2sy?

m(l;—xfﬂgL o ?n)}/z_

f
~dmx  dmxp mxp? ny dmy nyp dx 2dpx  dp?x
sx2 ' T sx2 f sx2 sy2 +fsy2 f sy2 = sx2 fsx2 " fzsxz *
p? x p3 x . d x X p X
fsx2 T2sx?Z " f2sy2  fsyZ f2gy?
_f ny sx? + pHy sx? + nx p sy?L - d Hoy sx? + nk H-f + pL sy?L
f sx2sy2
1 p p2 1
2sx2  fsxZ ' 2f2sx2 +2f23y2
2 d?p d2 p2 dp?  dp p 1 d2 i
2sx2  fsxZ ' 2f2Zsx? " Tsx2 f2sx?2 ' 2f2sx? 2 sy? i 2f2sy?
d dp Lo b z
fsy2 f2sy2 fsyz 2f2gy?

The next equation must yield zero if the coefficients are correct:

Sinplify@ellipse - cO0 - cXX -Cyy - CXyXy - Cx2x"2 - cy2y~2D

m Correlated distribution

L et us now compare with the ellipse of a gaussian of correlation coefficient r
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Cl ear@u, v, nmu, mv, sv, suD

corr = Expand@1é2éH1 -r *2L HHu - nuL*"2 ésu”2

+ Hv -mvL~r2ésv~™2
- 2r Hu-muLHv - nvLésuésvLD

nu? . mv2 nmu mv r nu u N nru N
2 H1 -r2L su? 2 H1 -r2L sv2 H1 - r2L su sv H1 - r2L su? H1 - r2L su sv
u? nv v nr v ruv V2

2HI -r2LsuZ HI -r2Lsv2

" HI-r?Lsusv HI-r2Lsusv ' 2HI-r2Lsv?
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bu0 = Coefficient@corr, u, 0D
b00 = Coeffi ci ent @bx0, v, 0D
bu = Coefficient@corr, u, 1D
buv = Coeffici ent@bu, vD

bu = Sinplify@Expand@bu - buv DD
bv = Coefficient@corr, yD
bv = Sinplify@Expand@by - bxy xDD

bu2 = Coefficient@corr, x"2D
bv2 = Coefficient@corr, y*2D

mx12 my12 mxlmylr

nyly

2HL -r2Lsx1? = 2HLl-r2Lsyl? HI-r2Lsxlsyl _

nxiry y2
H1 -r2Lsx1syl " 2H1 -r2Lsy1?

HL - r2Lsy1?

mx12 N my12 . mxlnylr
2H1-r2Lsx1?> 2H1-r2Lsyl? Hl-r2Lsxlsyl

nmx1 mylr ry

" HL _r2Lsx12 ~ HI -r2LsxIsyl HI _r2Lsxlsyl

r
“H1-r2Lsx1syl

-mylr sx1+nxlsyl
H-1 +r2Lsx1%syl

myl mxlr r x

" H1 - r2Lsy1? " HI “r2Lsxisyl HI_r2Lsx1syl

mylsx1l-nxlr syl
H-1 +r2Lsx1 syl

1
2 H1 - r2L sx1?

1
2 H1 -r2Lsy1?
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Hence, we have the new coefficients:

sxnew2
synew2

If {x,x1} represent apencil of rays, the distribution will have average values:

Scanning Operation
We start with abeam focused at the mask:

g@x_, y_ D = 1é2éH1-r"2L
HHX - mxL"2ésx”2 - 2r Hx -nmxLHYy -nmyLésxé sy + Hy -nmyL*"2ésy”2L

H-mx+xL? 21 H-mx+xL H-my+yL N H-ny+yL?
Sx2 SX Sy sy?

2H1 -r2L

Note: we usey instead of x' for simplicity of notation.

Then we introduce the scanning operation:
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gt@x_, y_, t_D = Expand@Repl aceAl | @g@x, yD, 8x ->x +pt, y ->y +t<DD
atl = Coefficient@gt@x, y, tD, tD
at2 = Coefficient@gt@x, y, tD, t 2D

at0 = Coefficient@gt@x, y, tD, t, OD

nmx? . my? B nmx ny r ~ mx pt B ny t .
2H1 -r2Lsx2  2H1-r2Lsy2 Hl-r2Lsxsy Hl-r2Lsx2 H1l-r2Lsy?
m r ot nyprt p2t2 it 2 ~
H1 -r2L sx sy i H1 - r2L sx sy T 2HL —r2Lsx? * 2H1 -r2Lsy?
prt2 - nmx X N nmyr x . ptx B
H1 -r2Lsxsy Hl-r2Lsx2  H1l-r2Lsxsy H1l-r2Lsx2
rtx . x2 B nyy . nxry N
H1 -r2Lsxsy 2H1-r2Lsx2 H1l-r2Lsy?2 H1l-r2Lsxsy
ty B prty rxy . y?
Hl1 -r2Lsy2 Hl-r2Lsxsy Hl-r2Lsxsy 2H1-r2Lsy?
- nx p - ny . K r . nypr
H1 -r2Lsx2 H1l-r2Lsy2 Hl-r2Lsxsy H1l-r2Lsxsy
p X - rx . y - pry
H1 -r2Lsx2 Hl-r2Lsxsy H1l-r2Lsy2 H1l-r2Lsxsy
p2 . 1 B pr
2H1 -r2Lsx?2  2H1-r2Lsy?2 H1l-r2Lsxsy
nmx 2 my?2 B nmx ny r ~ mx X nmyr x
2HL —r2Lsx? * 2H1-r2Lsy2 Hl-r2Lsxsy H1-r2Lsx? ! H1 -r2L sx sy !
x2 ~ nyy N mry ~ rxy N y2
2H1 -r2Lsx?2 Hl-r2Lsy? Hl-r2Lsxsy Hl-r2Lsxsy 2H1-r2Lsy?
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ggt@x_, y ,t D=at0 + atlt + at2t”"2

m<2 nyz
2HL —r2Lsx2 ' 2HL _r2Lsy? _
My T +J p? N £ - pr Nt2 -
H1 - r2L sx sy 2H1 -r2Lsx2 = 2H1-r2Lsy2 H1l-r2Lsxsy
nx X ny r x x?
HL —r2Lsx2 ' HI -r2Lsxsy & 2HL _r2Lsx2 _
nyy ., mry rxy ) y? N
H1 -r2Lsy?2 Hl-r2Lsxsy Hl-r2Lsxsy 2H1-r2Lsy2
t J- nx p N ny . nx r . ny pr .
H1 -r2Lsx2 H1l-r2Lsy?2 Hl-r2Lsxsy H1l-r2Lsxsy
p X r x y pry

HI —r2Lsx2 HI —r2Lsxsy = HL_-r2Lsy2 HIL _r2Lsxsy

stepl = Integrate@Exp@-HaO + alt + a2t ~2LD, 8t, -Infinity, Infinity<D

E—aoﬁ?iaz.‘r él]l; @ 2
| f ARe@alD > 0 && Re@a2D > 0, —ézﬂf— 3 E30-alt-a2t® gt p

And we integrate over the scanning angle:

gg@x_, y_D = Integrat e@Exp@- ggt @x, y, tDD, 8t, -Infinity, Infinity<D

p? 1 ~ pr
IfAReA2H1—r2Lsx2 i 2 H1 -r2L sy? H1—r2LsxsyE>0&&
_ nx p 5 ny nx r mpr
ReA- T —v2Lsxz ~ HI-r2Csy? ' AT -r2Lsxsy ' HI-r?Lsxsy *
p X B rx y B pry
HT-r2Lsx?  FI_r2Lsxsy ' Fi_r2LsyZ  HI_r2lsxsy -~ 0&
ReA—. "X P + Y - X T - mypr -
H1 -r2Lsx2 H1l-r2Lsy2 Hl-r2Lsxsy H1l-r2Lsxsy
p X rx . y pry
HT-r2Lsx? * Wl _r2Lsxsy ~FI_r2CsyZ ' HI_r2lsxsy -~ V&
p? 1 pr
ReA- ST —r2lsxz - 2HL —r2Lsy? * H1—r2LsxsyE<O&&
p? 1 - pr
ReA S W T+ r2CsxZ " 2A-1+r12CsyZ  H-T+r2Lsxsy . <%
i lTX2 n—y2
AT _
iE - SHI -reCsxz ~ ZHI-r2Csy? *
nmx my r N mx X ~ nyr x B x? )
Hl1 -r2Lsxsy H1l-r2Lsx?2 Hl-r2Lsxsy 2H1-r2Lsx?
ny y mxry rxy y? N

HI r2Lsy2 HI —r2Lsxsy = HI _-r2Lsxsy 2HIL_r2Lsy2
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A _ X p B nmy
i‘]E - reexz T HIoraisy?
nx r . nypr . p X -
Hl1 -r2Lsxsy Hl-r2Lsxsy  H1-rZ2Lsx?
rx y pry NA2 T

H1 - r2L sx sy * H1 -r2Lsy2 H1-r2Lsxsy

J4 3 p o 1 - pr NNN 7t
2H1 -r2Lsx?2 = 2H1-r2Lsy2 H1l-r2Lsxsy

nx p 1Y nx r nmypr

J

P X rXx Yy pry

"HI _r2Lsx2  HI -r2Lsy? ' HI _r2Lsxsy ' HI_r2Lsxsy =

HI -r2Lsx2 HI —r2Lsxsy = HL_-r2Lsy? HI_r2Lsx sy

A _ nx p B nmy
iE JJ H1 -r2Lsx2 H1-r2Lsy? i
nx r . nypr . p X ~
Hl1 -r2Lsxsy Hl-r2Lsxsy  H1-rZ2Lsx?
r X " y - Pry NA2 T
H1 - r2L sx sy H1 -r2L sy2 H1 -r2L sx sy
p? 1 B pr
'J4'J2H1—r2Lsx2 i 2 H1 -r2Lsy? H1—r2LsxsyNNN7T
I nx p ~ ny ) nx r . nypr )
H1 - r2L sx2 H1 -r2L sy2 H1 -r2L sx sy H1 -r2L sx sy
p X rx y pry
HI —r2Lsx2 HI -r2Lsxsy ' HI_r2Lsy2 HI_-r2Lsxsy
B
ErfA St ny sx? H—%L sx2sy?

p H1 -r2LH-sx2+2pr sxsy - p2sy2L :
gx2 | HEtdam eyt

2
nyr H-1+r2L sxZsy?

€2 H1 -r2L H-sx2+2pr sx sy - p2sy?L

nxr sX sy Wﬁﬁxz sy?
€2 H1 -r2LH-sx2 +2pr sxsy-p2sy2L
mypr sxsy R L Tl i G

H-1+r2L sx2 sy?
ol +
2 H1 - r2L H-sx2 +2pr sxsy -p2sy?L
X r 3 sx sy B

. H-1+r2L sx2 sy?

+
€2 H1 -r2L H-sx2+2pr sx sy - p2sy2L

ei‘E H1 -r2LH-sx2+2pr sx sy - p2sy2L ’
M p sy?2 QO e

H-1+r2L sx2 sy?

€2 H1 -r2LH-sx2+2pr sx sy - p2sy2L

-
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X p r2 Sy2 ####Wﬂ#ﬁ#ﬁ@syz
‘ +
€2 H1 -r2LH-sx2+2pr sx sy - p2sy2L

rsx sy | HsmmERsS

H-1+r2L sx2 sy?

eLE‘ H1 -r2L H-sx2+2pr sx sy - p2sy?L

3 " RSB ey
r=sxsy H-1+r2L sx?2 sy? X

e"f H1 -r2LH-sx2+2pr sx sy - p2sy2L

p Syz H—lw sxZ sy? X
H1 -r2LH-sx2+2pr sx sy - p2sy2L

2 "HEEEE S

p re Sy H-1+r2L sx2 sy?
(=331)
2 H1 -r2L H-sx2+2pr sx sy - p2sy?L

ox? sk |
H-1+r2L sx2 sy2

H1 -r2LH-sx2+2pr sx sy - p2sy2L
r2gx2 ##W##W#WWW# y

H-1+r2L sx2 sy?

H1 -r2L H-sx2+2pr sx sy - p2sy?L
pr sxsy "#W#W##WW#W#

H-1+r2L sx2 sy?

eLg H1 -r2L H-sx2+2pr sx sy—p23y2L
pr3sx sy ' '######W####&W#W%ﬁ# é
{

H-1+r2L sx2 sy?

eLE‘ H1 -r2LH-sx2+2pr sxsy—pzsyZL

JeI#J nx p ny nx r mpr

HL —r2Lsx2 HI -r2Lsxsy & HI_r2Lsy2 HI_r2Lsxsy

iE"J— K2 . r‘ry2

2HL —r2Lsx2 2HL _r2Lsy? '

nmx my r mx X ny r x x?

HI —r2Lsxsy ' HL _r2Lsx?2 HI _r2Lsxsy 2HI _r2Lsx2 '

nyy  mXry rxy y? N
H1 -r2Lsy2 H1l-r2Lsxsy Hlfrstxsy ~ 2HI-r2Lsy?
A nx p ny _
i‘JE L HI —r2Lsx2 H1 -r2L sy?
nx r ~ nypr B p X .
H1 - r2L sx sy H1 - r2L sx sy H1 - r2L sx2
X - J b PLY  NA2
H1 -r2Lsxsy H1l-r2Lsy2 H1l-r2Lsxsy
2
343 P . 1 - pr NNN 1

2 H1 -r2Lsx2 2H1 -r2Lsy2 H1 -r2L sx sy

H1 -r2Lsx? H1-r2Lsy? i H1 - r2L sx sy H1—r2Lsxsy i
p X r X y pry NN -
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3 nx p ) ny ~ nx r ~ nypr ~
Hl1 -r2Lsx2 = Hl-r2Lsy?2 Hl-r2Lsxsy Hl-r2Lsxsy
X . rx - y . pry
H1 -r2Lsx2 Hl-r2Lsxsy Hl-r2Lsy2 H1l-r2Lsxsy

A nx p ny _
iE W T relsx? * HI -r2Lsy?
nx r ~ nypr ~ p X .
Hl1 -r2Lsxsy Hl-r2Lsxsy H1-r2Lsx?
r X = y + Pry NA2 T
Hl1 -r2Lsxsy H1l-r2Lsy2 H1l-r2Lsxsy
p? 1 pr
I o HT r2isxZ T TR r2lsyZ - HI-r2Lsxsy W7
3 nx p ) ny - nx r - nypr -
H1 -r2Lsx2 H1l-r2Lsy?2 Hl-r2Lsxsy H1l-r2Lsxsy
p X . rx _ y . pry
H1 - r2L sx? H1 -r2L sx sy H1 -r2L sy? H1 -r2L sx sy
" e
ErfA ny SX2 Hfﬂélﬁf#jﬁﬁLsx2 sy? 5
e'i H1 -r2L H-sx2+2pr sxsy - p2sy2L
ny r2sx? "# H-1+r2L sx2 sy?2

-

e"f H1 -r2LH-sx2+2pr sx sy - p2sy2L

MK I SX Sy

H-1+r2L sx2 sy?
€2 H1 -r2LH-sx2 +2pr sxsy-p2sy?L

ny pr sxsy H-1+r2L sx? sy?
St %
2 H1 - r2L H-sx2 +2pr sxsy -p2sy?L
M r 3 sx sy | sy

N H-1+r2L sxZsy? N
€2 H1 - r2LH-sx2 +2pr sSxsy-p2sy2L
_ myprisxsy TREREFIST
€2 H1 -r2LH-sx2 +2pr sxsy-p2sy?L
B

~ H-1+r2L sx2 sy2

€2 H1 - r2LH-sx2 +2pr sxsy -p2sy?L
PR e

H-1+r2L sxZ sy?

mx p sy?

nxpr?sy

H1 -r2L H-sx2+2pr sx sy - p2sy2L
r sx sy Qi i i

H-1+r2L sx2 sy?
€2 H1 -r2LH-sx2 +2pr sxsy-p2sy2L
" s

H-1+r2L sx2 sy2

ei"E H1 -r2LH-sx2+2pr sx sy -

r3sxsy

p2 sy?L
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2 " i
p sy H-1+r 2L sx2 sy?2

il

€2 H1 -r2LH-sx2+2pr sx sy -

P ks i g

2
presy H-1+r2L sx2 sy?

p2 sy?L .

X

€5 H1 -r2LH-sx2+2pr Sx sy -

2 " HEERE DS R
SX H-1+r 2L sx2 sy? y

p2sy2L

oSt +

€2 H1 -r2LH-sx2+2pr sx sy - p2sy2L
r2sx2 #######WWWW

N H-1+r2L sx2 sy? +

€2 H1 -r2LH-sx2 +2pr sx sy —p23y2L

prosx sy | EsEEBRKsLE |

H-1+r2L sx? sy?2

€5 H1 -r2LH-sx2+2pr sx sy -

p2 sy2L

) '########ﬁ########ﬁ####ﬁ##ﬂ#

3
pr=sxsy H-1+r2L sx? sy?

€5 H1 -r2LH-sx2+2pr sx sy

2 2|_E§‘I
-p?s
A |

J@U mp my _ mx 1 _nypr
-r2Lsx2  Hl-r2Lsy?2 Hl-r2Lsxsy Hl-r2Lsxsy
pX + r X - y + Pry NN
H1 -r2Lsx2 = Hl-r2Lsxsy Hl-r2Lsy?2  Hl-r2Lsxsy '
. Erg > B ny?2 L Mmxnyr )
a_ 2HL -r2Lsx2 2HI -r2LsyZ = HI -r2Lsxsy
J P’ + 1 - bl e
2H1 -r2Lsx2  2H1-r2Lsy?2 H1l-r2Lsxsy
nx X ~ ny r x ~ X2 N
H1 -r2Lsx2 H1l-r2Lsxsy 2H1-r2Lsx?
nyy _ mry rxy _ 2 _
H1-r2Lsy2 Hl-r2Lsxsy Hl-r2Lsxsy 2H1-r2Lsy?
£ nx p ~ ny . nmx r nypr .
H1 -r2Lsx2 H1-r2Lsy2 H1-r2Lsxsy H1—r2Lsxsy
p X B r x ) y B pry NN
H1 -r2Lsx2 Hl-r2Lsxsy Hl-r2Lsy?2 H1l-r2Lsxsy

dt E

step2 = Sinplify@Expand@gg@x, yD@@2DDDD
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HhX -y p-x+p yL? =YL
E_ 2HsxZ-2pr sxsy+p2sy2L e'z 7T

e s e

H-1+r2L sx? sy?

Then we propagate through the gap, by considering that the blur function is obtained by dlicing along the line x-x0 =g y:

ggg@x_, x0_D =
Si npl i f y@Expand@Repl aceAl | @gg@x, yD@@2DD, y -> Hx - xOL & gDDD

_ Hg H-mxeny paxLep H-x+x0LL? - @l |11
E 2¢7Hsx®-2prsxsy-p?sy’l. 27T

R B e e

H-1+r2L sx2 sy?

Some checks:

ggg@x, 0D

_ _HpxegHmenypextl? @l
E 2 92 Hsx2-2 pr sx Sy+p2 SyZL 2- .7._(._

B e s i

H-1+r 2L sx2 sy?

And now introduce some numerical vaues (in mm):
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gplot@x D =
Repl aceAl | @ggg@x, 0D@@2DD, 8sx -> 1, sy -> 0. 00025, p -> 5000, g -> 10" -3<D

- 13.52618x 10 1L £ 107 |5 5500 x 108 £ 12195107 _
5. 5509 x 10° E3- 1219510 x% y Erf @1 7669 x 10° XDMM +
1 13.52618 %1011 E9 1% 15, 5500 x 10° ¥ 12195407 x _
5. 5509 x 10° E3- 1219510 y Er{ @1, 7669 x 10° XDMM

And we can plot out the result:

Pl ot @gpl ot @xD, 8x, -0.0000025, 0. 00000250<, Pl ot Range -> 80, 510" -4<,
Pl ot Poi nts -> 101D

0. 0005

0. 0004 |

0. 0003 |

0. 0002 |

0. POO1 |

-2x10°% -1x107® 110" 2x10°®

- Graphi cs -

Notice that the standard deviation is about 2 10*-8; for comparison:

Sqrt @H1 € 5000L~ 2 + HO. 00025L~ 2D 10" -2

3.20156x10°°

Sqrt @H1 € 5000L~ 2 + HO. 00025L~ 2D 10" -2

More accurately:
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data = Tabl e@8x, gpl ot @xD<, 8x, -0.0000025,

0. 00000250, 0.000000101<D;

Lengt h@dat aD

50

St andar dDevi at i on@dat aD

81.47232x10°%, 0.000116716<




