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Lecture 14. Imaging With Gaussian Pupils:

Weakly-Truncated Gaussian Beams, and Line of Sight
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Lecture 14 Summary

Weakly-Truncated Gaussian Beams, LOS

Weakly-Truncated Gaussian Beam
PSF

Axial Irradiance
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Strehl Ratio
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Weakly-Truncated Gaussian Beam (Pupil)
Gaussian pupil is considered weakly truncated if the truncation parameter
Y= (a/o))2 is very large, i.e. if m << a.

For a weakly-truncated pupil, we may let a — - in the radial integrals and
neglect exp(— 2y) compared to unity.

Alp) = Agexp(-vp®) . 0<p—oo

Power incident on the pupil plane:

2
Sex A ) P

By = e;—y y A() = 27%
ex

Power transmitted by the pupil:
Pex = Pz’nc[l_exp(_ 27)] = Pinc (Since v is large))

Fractional transmitted power:

Brans = Pex/BPne = 1=exp(=2Y) = 1, Bygps = 99.97% when ,\/’”f?=a/(0=2.
* Power exp(— 27) lying outside the pupil is negligible when /y >2 or a >2w.
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Pupil irradiance I(p) = A%(p) (in units of B, /S, ):

2 —2yp? 217
p) = ffi§§<-l‘§>) = 2yexp(=210%) or hfr) = z%expﬁ_ mg}

Aberration-Free PSF:

1

2
I(r;y) = 4@ J1(p) Jo<nrp)pdp] (in units of P8, /°R?)
0

Defocused PSF at a distance z (with r in units of Az/D):

1 2
I(r;z;y) = (27R)2 [j \m GXp(inp2)JO(nrp)pdp]
0

I

- 2
87(5)2 { [ exp(-p?) exp(inpz)Jo(nrp)pdp}

Z
0
(1l 1) > (R ) a’
B, = |- - — =7nN|— — 1 ., N = — (Fresnel number
d k(z R) & Z AR ( )
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Letting B=nr and o=y —iB,, and utilizing

T( p*) Jo(Bp) pdp = (1/20) exp(-B* /4at) , Rea>0 yields
0

2 2.2 2

R 2y YR 2P 2r

I(r;z) = (—) exp| — or I(r;z) = —% exp| — —
(r:2) Z Bc% + yz { 2(86% + yz)} l(l ) 2 2

T,

where m% = (kz/ﬂ:oo)2 + o (l—z/R)2

* Thus a weakly-truncated Gaussian beam expands but remains Gaussian
as it propagates.

* Letting z =0 yields the pupil irradiance distribution.

Focal-plane distribution:

2.2 2
1 R) = %p[ £ ) o I(n. K) = 2o p( 26] Cop =8

2 Fox

or Il-(O, R) = 2

I0;R) = =
Y TOR
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PSF and encircled-power distributions for /y =2
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Figure 4-9. Focal-plane irradiance (in units of PexSex/szz) and encircled-
power distributions for a Gaussian beam with /Yy =2. r and r, in units of AF.

» Solid curves represent the exact results and the dashed curves represent
their corresponding approximations by neglecting the beam truncation.
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* Approximate results agree well with the exact results.

 Maximum difference, which occurs at the focus, is less than 4%.

» Approximate result overestimates the central irradiance.

* For larger v, the agreement is found to be even better.

* Hence, it is reasonable to neglect beam truncation when /y >2.

» However, when the beam is aberrated, a larger value of y, namely, ./y >3,
is required for the validity of weakly-truncated approximation. This is
discussed later under Strehl ratio.
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Axial Irradiance:

2
10:9) = (5) 322Y ;o or L(0:2) = 2y
< d T TTw

Pupil irradiance at its center:
1(0;0) = g—;z (in units of .S, /A*R?)
T

PSe 2Y 2Pe§ = A3 (since P, ~P,.)

1(0:0) = R °N? 1o

Peak axial irradiance;

Letting 0/(0; z)/dz = 0 yields the location z,, of peak irradiance:

Zp 1 Zp 1
R 1+(y/nN) R 1+ (og/ o)

» Thus, the peak irradiance does not occur at the focal point but at a point
closer to the pupil.
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Peak value:

2 2 2P
1(0;2,) = v T n2Z/2 or 1;{0:,) = nw%xp

Peak irradiance = Irradiance at pupil center + Focal-point irradiance

Beam waist:
2 (02 (D%g
0w, = = = ®,, < O or MWp
R B (‘9/00R)2 1+ ((’OR/(D)2 o

« Even though the peak axial irradiance and the beam waist are not located
at the focal point (z=R), the smallest beam radius and maximum central
irradiance on a target at a fixed distance z are obtained when the beam is
focused on it.

Encircled-power:

P(r;z) = 1- exp[— ynzrcz/Z(Bczl + yz)] (7. is in units of Az/D)
or

(rs2) = Pex{l - eXP[(— 2;5/0)%)]}
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Axial irradiance of a Gaussian beam for \W =2and N=1,10, 100
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Figure 4-10. Axial irradiance (in units of PexSex/szz) of a Gaussian beam.

* Solid curves represent the exact results and the dashed curves represent
their corresponding approximations by neglecting the beam truncation.

» Approximate results agree well with the exact results, except when N =1 in
that the exact results show secondary maxima and minima, but the
approximate result shows only the principal maximum.
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Axial irradiance (in units of PexSex/szz) of a Gaussian beam with various
truncation ratios focused at a distance R with a Fresnel number N =1.
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Radius of curvature of the spherical wavefront at a distance z

« Complex amplitude of an apertured converging spherical wave of radius of
curvature R in the quadratic (or Fresnel) approximation varies as
eXp(— inr,-z/kR), where r; is the radial distance of a point in the pupil plane
from its axis.

» Thus, the radius of curvature of a wavefront is given by the inverse of the
coefficient of —inrl-z/k in the exponent of its complex amplitude
representation.

» Diffracted amplitude:

B} (R Rt Al .
U(7;2) = —21«/27(;) exp {lk (z+2r’zﬂf exp| - (Y= iB4)p” | Jo(mpD/A2)pdp
0

- — \Ty (5) i exp {ik [z +;r’jﬂ expl— (W’iD/kZ)z/‘l(Y —1iB, )]

(vy—iBy)
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ik (nD/\2)’ } g

Phase factor varying as r>:
¥ing : {2z 4(y—iBy)

2_Z 4(72 + Bﬁ)

2
Phase factor varying as irl-z: i{ K + (nD/Az)" By ] 2

Radius of curvature R, of the wavefront at a distance z:

Sede . 1 - Z/R

Z -
R, }\‘Z(BC% + Yz) (1-z/R)* + (kz/nmz)z

* At the waist position z,,, R, , =, implying a plane wave.

P

- At the focal plane, R, =—R; a negative sign of R, indicates a diverging
spherical wave.

* For z> R, Ri < —1, and the beam continues to expand as it propagates.
<
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Collimated Beam
Letting R — « yields B, =S,, /Az and

I(r;z) = 2Y exp| — Byzr” (in units of B, /S,,)
’ 1+ (4’;(,z/71:)2 1+ (4yz/ 7:)2 cre

rin units of Az/D (z is not normalized here), and z is in units of D?/A.

2 2
or I,-(r,-;z) = zigexp[— 2}32) , (0% = m2{1+[xz2] ]
<

Tw 0, Tw

R, = —z[1+(nw2/7»z)2} = —Z[H(ZR/Z)z]

* o, increases and irradiance decreases monotonically as z increases; i.e.,
the beam expands as it propagates.

Beam radius at a distance z may also be written

2

©

= 0)2[1+(z/zR)2] where zp = nw’ /A

is a distance, called the Rayleigh range, from the plane of the beam waist to
a plane in which the beam radius has increased by a factor of+2 and,
therefore, the axial irradiance has decreased by a factor of 2.
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Beam radius and divergence angle. The radius of the beam is o, and its
wavefront is planar at z=0.

* The beam expands as a hyperbola with its asymptotes at an angle
0 = w,/z = AMrw|
called the divergence angle or the far-field diffraction angle of the beam.

» Backward propagation of the beam is also shown. For large values of z, the
beam radius increases linearly with it.

» Radius of curvature of the beam wavefront has a value of infinity at z=0,
and a value of —2zp at the Rayleigh range zp. At large distances z>>zp,
R, — -z, as for a spherical wave with its center of curvature at z=0.
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Axial irradiance of a collimated (N =0) Gaussian beam in units of the pupil
irradiance P,,./S,, for a uniform beam. Distance z is units of the far-field
distance D?/X.
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OTF of an image in a plane at a distance z

OTF is Fourier transform of PSF (which represents the image irradiance
distribution for unity total power).

Fourier transform of the radially symmetric PSF is equal to its zero-order
Hankel transform:

T(v) = ZTI:T PSF(r) Jo(2mvr)rdr

T(v;) = exp(—nz(x)%viz/Z) , 0 <v;<D/\z

» D/Az is the cutoff spatial frequency.

OTF by autocorrelating the pupil function is considered in Home Work 14-1.
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Strehl Ratio

Aberrated PSF:
2

12nm
1(r;0;57) = n2 g) [ \1(p) exp[i(I)(p, Gp)] exp[—niprcos(ep —Ol-)]pdpdﬁp
0
) 12m 2
I0;y) = m~ (j) (j) J1(p) exp|i@(p. 6,,)| pdpas,
Strehl ratio:

1 2m 2 12m 2

S = f J p) exp|i®(p, 0)] pdpdd [j IA pdpd@]
0 0

1 27 2

j _[ exp(— ypz)exp[id)(p, 0)|pdpdd
0 0

-\ ]}2

(3

2

T [ e ( ) expli®(p, 0)| pdp db
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For numerical calculations:

v 2
> " L — exp(— Y)}

exp[i(Asz + de)] Spherical + defocus

2
. where

1
[ exp(=yx) f(x) dx
0

flx) =1 Jy (Acx3/2 + thl/z) Coma + tilt

| exp[i(0.54, + B;)x|Jp(0.54,x)  Astigmatism +defocus

Approximate expression for Strehl ratio for small aberrations:

S3:exp(—c5(2p) , G%D = <®?> - <P>?
12w 12m
[ ] Ap)[@(p.0)]" pdpdd  v] [ exp(-yp®)[®(p.0)]" pdpd®
<= S Ai—ewly)]
| | Ap)pdpas e
0 0
o 2T
~ %j | exp(—ypz)[(D(p,G)]npdpde
0 0
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Table 4-3. Zernike-Gauss radial polynomials corresponding to balanced

primary aberrations in Gaussian beams.

Aberration Radial Gaussian* Uniform Gaussian Weakly-Truncated
Polynomial vy=0 v=1 Gaussian

Piston Rg 1 1 1 1

Distortion (tilt) R! aip P 1.09367p Jv/2p

Field curvature R) ayp® +b) 2p% -1 2.04989p* — 0.85690 (> -1/3

(defocus)

Astigmatism R; a;p’ p’ 1.14541p> (Y /~6)p*

Coma R ap’ +byp 3p° —2p 3.11213p° —1-89152p \’7/2(%p3 —pj

Spherical aberration R alp* +bp* +c)  6p* —6p* +1 6.12902p* —5.71948p% +0.83368  (y2p* —4yp> +2)/245

_ 2\1-1/2 2 RV, 2
*al =(2py)"",a3 =[3(pg — p)I7.03 = = pra3, a3 = (3py) ’,azzg(%—m/w)

) 1-1/2
al = {5[p8 —2K,pg +(K{ +2K5)py — 2K K> py + K3 ]} b9 =—Kal, 0 = Kpa,

py=<p’>=(1- expy)_1 +(s/2Y)ps_o, s1san even integer,
po =1 K =(ps — p2ps)/(Pa = P3 ). K> = (pap6 - 1) /(P4 - P3)
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Aberration Balancing

1
JpSA pdp  [p’exp(-w*) pdp
Ps =<p’> = O =9

1
IA ) pdp IeXp(— w*)pdp

1
2 U sf(p" /= 2v)exp(- yp*) dp
0

o= 2v)exp(-w?)]

1 1
(1 2m)expl- 7)), [exp(—vp?) pdp
0

Jps >exp(-1p”) pdp

_ exp(—7Y) + 50

exp(—y)-1 2y

[exp(—0°) pdp
0

I—exp(y) 2y
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For large v, as for a weakly-truncated beam:

s -2
—<p’>~ 2 <«<p¥ %>
Ps P 2y Y

S S_2<ps—4>
2y 2y

S s—2s—4”.2
2y 2y 2y 2y

1 !
) -

Substituting for p, in the coeffcients of the terms of a radial polynomial, we
obtain the radial polynomials for weakly-truncated Gaussian pupils given in
Table 4-3.

* If we normalize r, by o (instead of by a), then y disappears from these
expressions.
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Radial variable in the pupil plane normalized by the beam radius w:

Let A/ be the peak value of a Seidel aberration at p’=1, i.e., at r, = .

« Aberration coefficients A/ are related to the coefficients A; according to
Ay = AP A=A Y%, AL=A,/Y. By=By /Y, B/=B,/ ]y

Why define the primed aberration coefficients?

Since the power in a weakly-truncated Gaussian beam is concentrated in a
small region near the center of the pupil, the effect of the aberration in its
outer region is negligible.

Accordingly, the aberration tolerances in terms of the peak value of the
aberration at the edge of the pupil (p =1) are not very meaningful.
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Point of minimum aberration variance;
By = —(4/v) Ay = —4vA]
B, = —(27) A = —2.7 A

By = =(112) A, = =(v/2) A

* The amount of balancing aberration decreases as vy increases in the case
of spherical aberration and coma, but does not change in the case of
astigmatism.

* In the case of spherical aberration, the amount of balancing defocus for a
weakly-truncated Gaussian beam is 4/y times the corresponding amount for
a uniform beam.

* In the case of coma, the balancing tilt for a weakly-truncated Gaussian
beam is 3/ times the corresponding amount for a uniform beam.

For large v, the aberration tolerance in terms of the coefficients A is given
in Table 4-4 for a Strehl ratio of 0.8.
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Table 4-4. Primary aberrations and their standard deviations for weakly-
truncated (./y > 3) Gaussian pupils.

Aberration ®(p’,0) Cop A} for S =0.8
Spherical Alp 254! A/63
Balanced spherical A (p’4 — 4p’2) 2 A A/28

Coma ALp” cosB J3A! A/24
Balanced coma Al (p’3 — 2p’) cos® Al A/14
Astigmatism Al p’? cos® B Al N2 A/10
Balanced astigmatism A}, p’? (cos2 0 — 1/2) A2 AT

Defocus B, p’? 3B, /24

Tilt B/p’ cos0 3B/ A/20
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Table. Primary aberrations and their standard deviations.

Seidel Aberration 0Sq(Y=0) op(Y=1) oe(/Y=2) op(/Y23)

Spherical, A,p* 24; _ A A; Ay 254,
35 3.35 3.67 6.20 y2

A A A A 3A

Coma, A 3 cos0 € = ~¢ c ¢ 'S
P 272 2.83 3.33 6.08 Y2
Astigmatism, A, A, A, Aﬁ
Aap2 cos” 0 4 4.40 6.59 N2y
Defocus, B,p? Ba _ Ba Ba Ba Ba
2.3 3.46 3.55 4.79 Y

Tilt, B,pcosO 5 B B i
2 2.19 2.94 N2y

« Sigma decreases as vy increases. Hence, for small aberrations, the
aberration tolerance increases.
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Table. Balanced primary aberrations.

Balanced

D(p,0;7=0 D(p,0;7=1 D(p,0;. 7y =2 D(p,0;./y>3
Aberration (p.6;7=0) (p.6;y=1) (p VY ) (p ﬁ )
Spherical Alp* - p7) Ayp* - 0933p7) Ayp* - 0.728p%) As(p4 _ %&}
Coma Ac(p3 _ %p)cos@ A.(p* = 0.608p)cos® A, (p® - 0.419p)cos0 Ac[p3 - %pjcose

Astigmatism Aapz(cos2 0 — 1/2) Aapz(cos2 0— 1/2) Aapz(cos2 0— 1/2) Aapz(cos2 0 — 1/2)

As v increases:

» Balancing defocus decreases for spherical aberration.
 Balancing tilt decreases for coma.

» Balancing defocus for astigmatism does not change.
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Table. Diffraction focus.

Diffraction Focus

Balanced Uniform Gaussian Gaussian Weakly-
— Truncated
Aberration (v=0) (v=1) (\r=2) Gaussian
(V¥ =3)
Spherical (0.0.8F%4;)  (0,0,7.46F%4,) (0,0,5.82F>4A) (o,o,%FzAs)
Coma (4FA./3,0,0)  (1.22FA.,0,0)  (0.84FA.,0,0)  (4FA,./7.0,0)

Astigmatism  (0,0,4F%4,)  (0,0,4F%4,) (0.0.4F%4,)  (0.0.4F%4,)

As vy increases:

« Diffraction focus for spherical aberration moves closer to the focal point.
« Diffraction focus for coma moves closer to the focal point.

» Diffraction focus for astigmatism does not change.
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Table. Standard deviation of balanced primary aberrations.

Balanced a(Y=0) o(r=1) co(\1=2) Sa(\123)

Aberration

Spherical A,i A Ay Ay 24
65 1342 13.71 18.2 v?

Coma A _ A A A A
6v2 849 8.80 12.21 32

Astigmatism A{g _ A Ay Ag Ay
246 4.90 5.61 9.08 2y

« Sigma decreases as vy increases. Hence, for small aberrations, the
aberration tolerance increases.
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Table. Factor by which the standard deviation of a Seidel aberration is
reduced when it is optimally balanced with other aberrations.

Reduction Factor

Weakly-

Balanced Uniform Gaussian Gaussian cakly
- Truncated
Spherical 4 3.74 2.95 N5 =224
Coma 3 2.64 2.01 V3 =173
Astigmatism 1.22 1.27 1.38 N2 =1.41

 As v increases, the reduction factor decreases for spherical aberration and
coma, but increases for astigmatism.
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Table 4-6. Reduction factors by which the peak aberration coefficient A; of a
primary aberration is divided to obtain the standard deviation of the

corresponding balanced aberration.

JY Balanced Balanced Balanced
Spherical Coma Astigmatism

0 13.42 8.49 4.90

0.5 13.69 8.53 5.06

1.0 13.71 8.80 5.61

1.5 14.90 9.74 6.81

2.0 18.29 12.21 9.08

2.5 26.33 17.62 12.82

3.0 43.52 27.57 18.06

3.5 75.78 42.96 24.51

4.0 128.09 64.01 32.00
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Reduction factor: spherical coma astimatism

general: J5a8 2243 2645

3/2

weakly truncated: y2 /2 Y 2y

* Aberration-free PSF for ./y >2 is approximately the same as that for a
weakly-truncated Gaussian beam.

 However, the standard deviation of an aberration for ,/y =2 according to
the weakly-truncated beam assumption is significantly different from its true
value.

« Reason for the discrepancy is simple. Even though the irradiance in the
region of the pupil w/a <p <1 is quite small compared to its value at or near
the center, the amplitude is not as small. Moreover, the aberration in this
region can be quite large, and thus have a significant effect on the .

* Spherical aberration increases as p4 and coma increases as p3. Hence, we
require a larger value of y, namely .y >3, for the validity of the weakly-
truncated assumption. This is also somewhat true for astigmatism and
defocus, which increase as p2.
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Table. Standard deviation of balanced primary aberrations.*

Balanced o4(\v=2) oo(v=2) oa(v=3) oa(Jv=3)

Aberration , :
' (exact) (approximate) (exact) (approximate)
Spherical Ag A As Ag
18.29 8 43.52 40.50
Coma Ac Ac A Ac
12.21 8 27.57 277
Astigmatism Ay Ay a A
9.08 8 18.0 18
Defocus By Ba Bq bq
4 .80 9.05 9

* Approximate results are obtained under the weakly-truncated assumption.
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Table 11. Strehl ratio for primary aberrations.

Aberration S(y=0) S(\y=3)
1 2 2 2

Spherical, | ) 2( 1o b 1 ( 1 j 1 ( 1 j
_ —=3S —, +|-—-C 7

ao? b{c (/) +52(vb)} r |2 "\ 2 Uy

S

Balanced spherical 11 5 T Numerical integration with

Ap* + Bp? Z{C (/) +52(vb)} By =—(4/Y)A, and A, =7°0, 2

Corr31a, o 2 Numerical integration with

A.p~ cosO ]0(2w‘266x )dx B,=0and A, = Y3/25c/3

Balanced coma,
(Acp3 +Btp)cos9

!
|

Astigmatism, J§(20,)+JE(20,)

Aapzcoszﬁ

Balanced 7 [ = . 2

astigmatism, —2{ > Jzk+1(V6Gba)}
3Ghq Lk=0

Adpz(cos2 0 — 1/2)

sin \x‘@Gd

Defocus, de2 A
\“#3061

(iort)

2
Jo [Zx/g(ibc (x3/2 - %xl/z ﬂ dx}

Numerical integration with

Bt - ( 2/Y)Ac and Ac = 73/2Gbc

[1 +(A, /Y)z]_l/2 = [1 + 203]_” ?

O s
[1+(Bd/7)2]_1 = 1+163

" b=3\50,/r, b’ =m0,, C(b)= [ cos(nx’/2)dx, S(b)=

O —_—
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v =0, Balanced aberration

spherical
- — -coma

v =0, Aberration without balancing

spherical

08}t - —-coma 4 o8+ '\ == astigmatism
----- astigmatism

~~~~~~~ exp (- 0g)

0.6

0.4

0.2

(b)

Strehl ratio of a uniform (y =0) beam aberrated by a primary aberration with
and without balancing as a function of its standard deviation &,, in units of
wavelength A.

. eXp(— G%D) gives a reasonable approximation of Strehl ratio for ¢,, < A/5

« Approximation is even better for a balanced aberration and up to ¢, < A/4.
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1 1
v= 1, Aberration without balancing E - v=1, Balanced aberration
spherical spherical

o8l - — -coma 4 08k — — —coma

-1 N == astigmat%sm ’ N == astigmatism

....... eXp (, G‘D) \
06| N 1 0.6
(7] \ (7]
\
t N t
A
04 -._\\ . 0.4
\.
SNCY
‘. AN
NSO

02f R TR - 1 o2t

. e 0

0 0.1 0.2 0.3 0.4 0.5 0
—VGW

Strehl ratio of a Gaussian beam with y =1 aberrated by a primary aberration
with and without balancing as a function of its standard deviation &,, in units
of wavelength A.

* The range of ¢,, for which exp(— G%D) gives a reasonable approximation of
the Strehl ratio decreases somewhat.
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Strehl ratio of a Gaussian beam with ,/y=2 aberrated by a primary
aberration with and without balancing as a function of its standard deviation
c,, in units of wavelength A.

* The range of ¢,, for which exp(— 0%1)) gives a reasonable approximation of
the Strehl ratio decreases as y increases.
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Strehl ratio of a weakly-truncated Gaussian beam with /vy =3 aberrated by a
primary aberration with and without balancing as a function of its standard
deviation o, in units of wavelength A.

. exp(— G%D) gives a reasonable approximation only for very high Strehl

ratios, S 2 0.9, or very small value of standard deviation, o,, < A/20.
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Line of Sight
Centroid of a PSF:
-1
(X yi) = Foe JJ (i 2i) 1i(xi, y;) doci dy
 Centroid is affected by only those aberrations that vary as cos®.

* Centroid of a PSF aberrated by coma Acp3 cos0:

1 1
)= 4AF| — +
i) = 4 {M 1—exp(2Y) }

* (y;)=0 since the PSF is symmetric about the x; axis.

. R%(p;y) yields the point x,, in the image plane with respect to which the
aberration variance is minimum:

2 Y
=2AF| —+
o ‘ {Y 1+v—exp(v)}

Uniform pupil (y=0):
(x;) =2A.F and x,, = (4/3)A.F

14-39



Table 10. Minimum variance point x,,, peak value point x,, and the centroid
<x;> in units of AF, and the corresponding irradiances 1I,,, I,,, and /. for a
Gaussian pupil with y =1 aberrated by primary coma.

A, X Xp <x> I, I, I, 1(0)
0 0 0 0 1 1 1 1
@ (©) (© 1) (1) (1) (1)
050 061 060 069 0.8805 0.8806 0.8670 0.4567
(0.67) (0.67) (1) (0.8712) (0.8712) (0.6535) (0.3175)
1.00 122 1.15 1.37 0.6013 0.6062 0.5590 0.1708
(1.33) (1.30) (2) (0.5708) (0.5717) (0.1445) (0.0791)
1.50 1.82 140 2.06 0.3205 0.3672 0.2479 0.1199
(2.00) (1.80) (3.00) (0.2715) (0.2844) (0.0004) (0.0618)
200 243 146 2.75 0.1305 0.2947 0.0624 0.0733
(2.67) (1.57) (4.00) (0.0864) (0.1978) (0.0061) (0.0341)

 For small values of A, the peak value 1, of the aberrated PSF occurs at a
point x, that is (approximately) equal to x,,.

» Value of x is smaller and the corresponding irradiance is larger for a
Gaussian pupil than that for a uniform pupil (given in parentheses).
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Table. Comparison of uniform and Gaussian beams

Characteristic

Uniform Beam

Gaussian beam

Focal-point irradiance
Encircled power

Central bright spot and rings
OTF

Beam propagation

Axial irradiance

Depth of focus

Aberration Tolerance
Validity of weak truncation

Approximate Strehl ratio exp(— cﬁ,)

Centroid

Larger

Higher for small circles

Smaller bright spot with more power in rings
Higher at high frequencies

Complex structure

Zero minima, which disappear

Small, unless the Fresnel number is very
small

Less

Not applicable

Good for $>0.3

Same for primary and secondary coma of the
same peak value

Smaller

Higher for large circles

Larger bright spot with less power in rings
Higher at low frequencies

Complex structure simplifies for a

weak truncation---remains Gaussian
Nonzero minima, which disappear for weak
truncation

Increases as vy increases

More, increases as y increases

a>2w for aberration free, but a>3w for an

aberrated beam

Range of validity decreases as vy increases;
S$>0.9 for a weakly truncated beam
Different for primary and secondary coma of
the same peak value
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Home Work 14

14-1. (a) Using the autocorrelation integral, show that the OTF of a weakly-
truncated Gaussian pupil is given by

t(vyy) = exp{— [2y+(2/y)B§]v2} L 0<v<l
where the spatial frequency v is normalized by the cutoff frequency D/Az.
(b) Show that it reduces to the form
T(v;) = exp(—nz(x)%viz/Z) , 0 <v;<D/\z
obtained by Fourier transforming the PSF, where w, is the beam radius at a
. . 2 _ 2 2 2
distance z given by o; =(Az/t®)” + ® (1 -z/R)".

14-2. (a) Consider a Gaussian pupil with 'y =2. Determine the standard
deviation of a primary aberration, and the corresponding balanced primary
aberration and its standard deviation. (b) Also, determine the form of the
Zernike radial polynomials for primary aberrations.
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