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Paul Baker Design Schroeder, Table 6.17 Used

Design Procedure
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Figure 1 Paul Baker telescope layout

Assuming that | already have a known CCD size that I'm targeting, start with the desired focal length for the
system f¢; and the F-number for the system Fg 5. Then

(1)

The key parameter that is used to parameterize much of the design is the simple ratio between f, and f; given by

k= Q (2)
fi
and the diameter of the secondary D is given by
D, =kD (3)

In the results that follow, f; will be swept from about 0.05 f.4 up to 0.95 fe. It is convenient to compute f, from (2)
simply as

1, =k, (4)
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2
The distance between the back of the primary mirror and the back of the third mirror extends the length of the
overall scope. This distance will be referred to as the quantity B here and a little algebra shows that it is given by

2k
B:Efl—fl'i‘fz (5)

where k is the key ratio between the primary’s focal length f; and that of the secondary f, given by

In this formula, f, is taken to be positive even though it is a convex mirror. It is also helpful to see that

k=1--l1

(6)
Je

It strictly true that 0 < k < 1. Given foy, it is a simple matter to sweep f; from a small positive value to just less
than fos and compute k from (6), then f, from (7), and finally B from a variant of (5) given by

241>
B="02 _f 4 f 8
-t L+t (8)

The focal length for the third mirror is given by

fi=—1

The power loss ratio due to obstruction by the secondary is simply given by

P, =k’ (10)
The F-numbers for all three mirrors are given by
=L
D
F=L (11)
D2
L L_f

‘" 1-k D, D,

in which D3 = D,. Neither D, nor Dj includes the effects of the angular field of view and in general, these

diameters must be increased. These diameters are further increased by the fact that the primary and secondary
mirrors are conic sections (parabolic and elliptical).

The two mirror spacings shown in Figure 1 are given by

Sp=h~1
2k (12)
Syn=95, %[gj

Parameterized results are shown graphically now for two 1200 mm systems with (i) Fss = 2 and (i) Fgys = 4
using U15228 for the computations.
Other needed design quantities are:
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LHi_ 1
L 1=k
MSR:i[ij
fH\l-k (13)
=-1
1

Focal Length Relationship
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Figure 2 Relationship between f, and f; is independent of the system’s F-number

Power Loss vs k
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Figure 3 The percentage of optical power lost is dependent only parameter k

10/31/2009 ©2009 J.A. Crawford



U15527 Paul Baker and Aplanatic Gregorian Designs- Schroeder.doc 4

Mirror Conic Parameters

0.1
—0.2 5

—0.3 S
—0.4 N
—0.5 .

—0.6 b

—0.7 *.

Conic Parameter K
o

-0.8
—0.9

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

= K1 Conic Parameter
""" K2 Conic Parameter

Figure 4 Primary and secondary mirror conical parameters are independent of system F-number, only
dependent upon parameter k.

Back Distance B vs k
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Figure 5 Back-distance B for Fgs = 2
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Mirror F-Number
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Figure 6 Mirror F-numbers versus k for Fgys = 2

Focus to Mirror Distance, mm
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Figure 7 Distance from final focus to the back of the primary mirror. A negative value means that the focus is

inside the main body of the telescope (between primary and secondary). Fgs= 2 here.
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Back Distance B vs k
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Figure 8 For Fg,s = 4 system

Primary & Secondary Mirror F-Number vs k
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Figure 9 For Fgs = 4 system
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Final Focus Distance to Primary Mirror
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Figure 10 For Fy s = 4 system
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Paul Baker 1 Telescope: Fgy = 2.5, fer = 1058 mm, D = 16.67”

This design was developed and put into OSLO before the convenient graphical results for key telescope
dimensions had been put together. Consequently, the back distance and other parameters are less than ideal.
Originally, | put the optical details within OSLO but | could not get anything reasonable for performance.
| quickly discovered that the fundamental problem was that serious baffling was required in order to prevent
direct light from coming around the secondary mirror and the third mirror and corrupting the system
performance. The designs shown here do not show these details, but they are crucial for good telescope
performance.

EE Surface Data

gen [ setup ||

wavelengths ||

variables ||

Draw off ||

Group

Motes |

Lens:
Ent beam radius

Faul EBaker Tahle &£.17

f42.5

235.000000 Field angle

Ef1 -1.0584e+03
0.200000 Primary wavln

0.587Le0

Figure 11 OSLO main table entries

SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPECIAL
DEJ o.000000 [ | 1.0000e+zo [ | 3.4907e+l7 atr [ ][]
o.oo0o000 [ | o.oooooo [ | 240.000000 satr [ ] ]
1.o0000e+10 [ | 3s0.000000 [ | 235.000000 R[] ]
-1.4087&+03 -266.970000 | 240.000000 REFLECT [ |
[ 4]-s63.028408 soo.000000 [ | 1zo.ooooo0 [ | REFLECT [ |
1.0000e+06 [ | s7z.sooooo [ | 120.000000 satr [ ] ]
[ & ]-1.043ze+03 [ v ] -545.325239 [ v | 1zs.731331 s | REFLECT[ | [ ]
o.ooooo0 [ | o.oooooo [ | s.7Feoss satr [ ] ]
[vs |IEEEEEEE ] | s.z49976 | 2.653044 ]
= = =
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Paul Baker Tahle B.17 /2.5 UNITS: W
FOCAL LENGTH = —1058 NA = 0,227 DES: OSLO

124
—

= ,
\ /

Figure 12 Paul Baker 1 design layout showing excessive back-distance B

FULL FIELD
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-0, 05 —1.025 8] 0,025 Q.05
FOCUs SHIFT
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Figure 13 Spot diagram performance for P_aul Baker 1 is nearly diffraction limited at proper focus. At this
diameter, however, atmospherics will determine the resultant resolution rather than diffraction theory, so this
performance would be quite acceptable.
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Figure 14 Ray trace analysis for Paul Baker 1 design
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Figure 15 Point spread function for Paul Baker 1 design
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FIELD FOINTS
4 ON-AXTIS + THLIMS1 = 9.85
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Figure 16 Modulation transfer function for Paul Baker 1 design
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Figure 17 MTF diffraction for Paul Baker 1 design
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Paul Baker 2 Design: fe; = 14,583 mm, Fss = 4.166, D = 137.8”

| originally had trouble duplicating very fast design given in Table 6.18 of Schroeder. At the time, | thought that
the problem might be the very small F-number, but now | know that most of the problem was lack of any suitable
baffling and the consequent pollution of the third-mirror by direct rays coming straight through the system.

Table 1 Paul Baker 2 Design Parameters

Parameter Value Comment
D 3500 mm Diameter of primary mirror
F, 3 F-number of primary mirror
f; | 10500 mm Focal length of primary mirror. Concave surface
R; | 21000 mm Radius of curvature for primary mirror
k 0.28 f, / f4 ratio
fo | 2940 mm Focal length for secondary mirror. Convex surface
R. | 5880 mm Radius of curvature for secondary mirror
Rs/R2 1/(1-k) = 1.388888 For flat-field
Rs; | 8166.67 mm Radius of curvature for third mirror, concave surface.
MSR 1.08025 Mirror separation ratio: M1 to M2 distance divided by M2
to M3 distance
Si2 | 3969 mm Distance from primary to secondary
S,3 | 8166.7 mm Distance from secondary to third mirror
Ky —1 Conical parameter for primary (parabolic)
Ko —0.62675 Conical parameter for secondary (elliptical) =
2
R
-1+ 2
R3
Fsys 416 F-number for the system
[ Gen |[ setup || wawvelengths variabhles || Oraw off || Group |[ Hotes
Lens: Faul Baker Table &.17 Tf/4.16 Ef1T -1.45&832e+04
Ent beam radius 1.&500e+02 Field angle 0.200000 Primary wavln 0.5875&0
SRF RAOTUS THICKHNESS APERTURE RADIUS GLASS SPECIAL
DEJ o.000000 [ | l.oo000e+zo [ | 2.4907e+l7 srr [ ] [
o.oo00000 [ | o.oooo00 [ ] 1.7500e+03 str [ ] [
1.oo00e+10 [ | ECEEDEERE [ | 1.7c5o00e+03 arr [ ] [
-z.1000e+04 [ | -7.5600e+03 [ | 1.7500e+03 REFLECT [ |
[ 4]-5.sg00e+03 [ | 4.o0000e+02 [ | 4ss.oooo00 [ | REFLECT [
o.000000 [ | 4.1667e+03 [ | 545.708324 arr [ ] [
E -g.1667e+03 [ | -4.08408+03 557, 653774 reFLecT [ ] [
o.oo0o000 [ | o.oocooo [ | so.ssso3z arr [ ] [
[ M5 | -1.00008+06 o.e35672 [ ] so.siisso[ s | |

Flgure 18 OSLO design parameters corresponding to Table 1
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Paul Baker Table 6.17 f{/4.16 UNITS: MM
FOCAL LENGTH = —1.458e+04 NA = 0.11357 DES: O5L0
1.01e+03
i
| |
= p—l

Figure 19 OSLO file paul baker 2.len for Paul Baker telescope f/4.16.
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Figure 20 Wavefront analysis for Figure 19
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Figure 21 Ray trace analysis for Figure 19
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Figure 22 Spot analysis for Figure 19
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Figure 23 Point spread functions for Fwiij"‘dlre 19 o
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Figure 24 Modulation transfer functions for Figure 19
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Figure 25 Polychromatic MTF for Figure 19
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Paul Baker 3 Design (After Lessons Learned): f. = 1200 mm, D = 300 mm
(127), Fsys = 4

Truly remarkable performance. Access to image is very difficult, and baffling is very demanding and would need
more work, but image clarity is really something.

Table 2 Paul Baker 3 Design Parameters

Parameter Value Comment
D 300 mm Diameter of primary mirror
F, 2.72 F-number of primary mirror
fi | 816 mm Focal length of primary mirror. Concave surface
Ry | 1632 mm Radius of curvature for primary mirror
k 0.32 fo / f4 ratio
fa | 261.12 mm Focal length for secondary mirror. Convex surface
Ro | 522.24 mm Radius of curvature for secondary mirror
Rs;/Rs 1/(1-k) = 1.4706 For flat-field
Rs | 768 mm Radius of curvature for third mirror, concave surface.
f3 | 384 Focal length of third mirror
MSR 1.38408 Mirror separation ratio: M1 to M2 distance divided by M2
to M3 distance
Si2 | 554.88 mm Distance from primary to secondary
So3 | 768 mm Distance from secondary to third mirror
Ky —1 Conical parameter for primary (parabolic)
K> —0.6856 Conical parameter for secondary (elliptical) =
3
-1+ &
R3
Foys 4 F-number for the system

EH Surface Data

of -
Gen |[ setup || wavelengths |[ wariables |[ oraw off |[ Group Notes
Lens: Faul EBaker 1zoomm F/4 Ef1 -1.z2000e+03

Ent beam radius

145.000000 Field angle

0.400000 Primary wavln

0.587560
SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPECTIAL
OEJ o.oo0000 [ | 1l.o000e+z0 [ | 6.98l4e+lr AIr i [

o.ooo000 | o.ooo000 [ | 150.000000 e |

1.0000e+10 [ | s7s.ooooo0 [ | 150.000000 ate [ ] ]

-1.g3z20e+02 [ | -554.880000 | 150.000000 REFLECT [__|

-5zz.z40000 | 3sc.ooc000 [ | eo.oooooo [ | REFLECT [

[ 5] o.oooooo[ | 3se.coooc0 [ | 150.000000 e |

[ 6 ]-7es.000000 [ | -283.591938 ro.oooooo [ | meFLecT [ | [

o.oooo000 [ | oc.oooooo [ | zs.oooooo [ A [ [

1.00008+08 D -0.403981 [ | zo.oooooo0 [ | ]

T i L o

Figure 26 Paul Baker 3 design
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UNITS: MM

Poul Baker 1200mm F/4
DES: OUsLO

FOCAL LENGTH = —-1200 NA = 0.1208

95.9
—

Figure 27 Paul Baker 3 design

[TITH '
Field 0.4 deg
- 0.00% mm e ASTIGMATISM LONGITUDINAL CHROMATIC
S % T+ (mm) SPHERICAL ABER. (mm)| FOCAL SHIFT (mm)
T 9.7

P m—ﬂ\ m———#m——»% _
E
108

Field 0.28 deg .8
T 0.005 mm T i ] |
0o |, moos -0, 01 0.01 -1 1
Q————mz‘-ﬁ DISTCRTION (%) 959
0.05 _

Bl

AXIS

1 0,005 mmn . .
L;;RSAL COLOR (mm} K’éﬁ
|

| . UNITS: rmm
EI\IAiEE:NE\.436321 EFL 1. Z2e+03 Paul Baker 12U0mm F/Ar 30 C(JJSLtO 09

N o =1.2e i C
WAVELGTH: +:0.588 4:0.486 o:0.656 um RAY TRACE ANALYSIS 05:08 AM

Figure 28 Paul Baker 3 design
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Figure 29 Paul Baker 3 design
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Figure 30 Paul Baker 3 design
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Figure 31 Paul Baker 3 design
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Figure 32 Paul Baker 3 design
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Figure 33 Paul Baker 3 design

Paul Baker 4 Design: 1200 mm F/4 with Key Optics Internal

Again, truly outstanding performance!

EE Surface Data

Figure 34 Paul Baker 4 design

[ Gen [ setup ][ wawvelengths |[ wariables |[ braw off ][ Group Motes |
Lens: Paul EBaker 1zoomm F/4 Ef1 -1.z000e+03
Ent beam radius 145.000000 Field angle 1.000000 Primary wavln 0.587550
SRF RADIUS THICKNESS AFERTURE RADIUS GLASS SPECIAL
0Bl o.000000 [ | 1.o0000e+20 [ | 1.7455e+ls sate [ ] [
o.o00000 | o.oooo00 [ | 150, 000000 sate [ ] [
1.0000e+10 | 7is.ooo000 [ | 150.000000 sate [ ] ]
-1.8480e+03 | -711.480000 | 160.000000 REFLECT [ |
-4z5.040000 | zez.oooooo [ | ss.oooooo [ | REFLECT [ |
[ 5] wo.oooooo[ ] zso.oooooo [ | iso.co00000 atr [ ] [
[ &]-552.000000 ] -276.000000 ge.oooooo [ | REFLECT [ | [
o.ooo000 | o.oooooo [ ]| zs.oooooo [ atr [ ] [
mws | t.ooooetos [ [ ] zo.oooooo [ | L1
—_—  ——— — —
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Paul Baker 1200mm F/4 UNITS: MM
FOCAL LENGTH = —-1200 NA = 0.1208 DE>: O5L0
&/.8
o
|
| |
' |
Figure 35 Paul Baker 4 design
BESxz=aBIll+
Field 1 deg
0005 mm ASTIGMATISM LONGITUDINAL CHROMATIC
S % T + (m) SPHERICAL ABER. (mm)| FQCAL SHIFT (mm)
T /a ro.7
w [
]
Field 0.7 d Los
\L e DDSISTORTION (%) .
AXIS ‘ \
- 0,005 mm 05
L,:\TERAL COLOR () }l
| 1 UNITS: mm
Eiégzmg\?eg 121 EFL: —1.2e+03mm Paul Baker 1200mm F/4 3000%009
WAVELGTH: +:0.588 4:0.486 ©:0.655 um RAY TRACE ANALYSIS 02:31 PM

Figure 36 Paul Baker 4 design
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wé:aall 2
FULL FIELD=ldeqg 0.7 FIELD=U../deg ON=-AXTS=0deg ‘53:f;

F-V 3.796e+06 RMS 2Z51800FP-Y 0.05081 RMS 0.009699 P-Y 0.0244 RMS 0. 003733

: =— —
K - ol le
—IZBS7(
WAVELENGTH 1 = D.5876 um Paul Baker 1200mm F/4 0sLO
5 Field Pts / 39 Apeyture Div. WAVEFRONT ANALYSIS e |
Figure 37 Paul Baker 4 design i
2 UW 1 - Spot Diagram Analysis = J[E]
EIIE G 5<2 5 @l &
FULL FIELD
ldeg B
0.7 FLIELD R
ON-AXIS 3
Odeg | 2. ©
=0 1 —-0,05 0 0,05 051
FOCUS SHIFT
SPOT SIZE & FOCUS SHIFT: UNITS = mm Paul Baker 1200mm F/4 0SLO
W1 0.5??\%!?:\]@3&28&@3: 0.656 SPOT DIACRAM ANALYSIS %Oz;og pif

Figure 38 Paul Baker 4 design. Clearly diffraction-limited performance.
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FULL FIELD = 1deg

4,988

0.8

0.8

R

0.7 FIELD = G 7deq

0,999

o 0.018 .03 0.4

EMSQUARED FRACTICMAL EMERGY

Figure 39 Paul Baker 4 design

2|

s 0,012 0.024  0.036  0.048  0.06
SIDE OF SGQUARE
©.5
0.25
1
%.Dﬁ! -0.015 n 0.015 .03 %
= 0.8
CH-AXIS = Odeg o
0,988 % [xn=3
g
e
o.5 =
E 02
=
0.25 é
P SVA BT & 0006 0012 G018 0.024 0.03
Blos " aabs o b 0.03 e
TMAGE PATCH SIZE: 0.086236 nm Faul EBaker 1200mm F/4 OsLO
Polychromatic 30 Oct 09
Wvl: 0,588 WZ: 0.486 W3: 0.655 POINT SPREAD FUNCTIONS 02:34 M

Figure 40 Paul Baker 4 design

TR TR
FIELD POINTS
ON=AXIS + THLIMS D = 0.003387
(L. Feleg % S»
1deg Tu Se
Ideal o
WAVELENGTHS
# A(pm)  Weight
1 0.588 =
2 0.486 =
3 0.656 1] 2
i}
=
O 1 | | 1
0 80 160 240 320 400
FREQUENCY (CYCLES/WMM)
MTF TYPE Paul Baker 1200mm F/4 Ee
DIFFRACTION MODULATION TRANSFER FUNCTIONS A
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TICEIT e
FLELD POLINTS
ON=-AXTIS # THLIMS] = 0.005387
0.7deg = §r
1deg Tu Se 1
Tdeal o
WAVELENGTHS
0.75
# wum)  Welght
1 0.588 =
2 0.486 1 e
3 0.656 1| 3 ©9
[
<
O 1
-0.3 -0.15 0 0.15 S
FOCUS
MTF TYPE Paul Baker 1200mm F/4 LB
DIFFRACT ION POLYCHR. MTF AT 25 CYCLES/MM 02:25 PM

Figure 41 Paul Baker 4 design
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Aplanatic Gregorian 13-Inch F/10

EEE Surface Data

of Command: =

o =\

=)

[ Gen || setup || wawelengths || wariables || braw off || Group |[ Hotes |
I Lens:iaplanatic Gregaorian 12 Inch /10 Ef1 -2.28&2e+03
Y Ent beam radius 140.000000 Field angle 0.500000 Primary wawln 0.55%75&0

SRF FAOTUS THICENESS APERTURE RADIUS GLASS SPECTIAL

OB o.oo0000 [ | 1.o000e+zo [ | &.7zese+lr atr [ |
AST o.oooo00 [ | o.oooo00 [ ] 1é65.c000000 atr [ |
1.0000e+06 [ | 1.1750e+02 [ | 1&5.000000 atr [ |
-1.64998+403 -1.1690e+02 [__| 1&5.000000 REFLECT [__|
EE0.001558 1.3710e+03 [ | &4.21019¢ REFLECT [__|
o.ooo000 ] o.oooo00 [ 28.715943 atr [ |
IMS | 209.908698 -0.568975 [ | 28.677850
— —_—

Figure 42 Aplanatic Gregorian 1 design

‘DD!!DDD

Aplanatic Gregorian 13 Inch /10 UNITS: MM
FOCAL LENGTH = —3286 NA = 0.0476 DES: OSLO

1

&)
N

Figure 43 Aplanatic Gregorian 1 design
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FULL FIELD

0.5deg

0.7 FIELD

0. 35deg L

ON-AXIS - .
-0.2 =01 0 S 0.2

FOCUS SHIFT

SPOT SIZE & FOCUS SHIFT: UNITS = mm ’Aplgn@tlc Gregorlgn 13 Inch f/mﬂ O5L0

WAVELENGTHS m 20 Oct 09
W1s 0.5 s o R s 0. es8 SPOT DIAGRAM ANALYSIS bsis

Figure 44 Aplanatic Gregorian 1 design

— o e e

= ) [
’__ I E L D PD]F“IU} r:apurt graphics through-focus MTF

ON-AXIS + THLIMS] = -0.569
0.35deq Ta Sv
(1. 5deg Tm Se
Ideal 0
WAVELENGTHS
o # aum)  Weight
ul 1 0.583 1 &
ol2  0.486 e
of 3 0.656 1| 2
[}
=
0 . . ‘ .
0 20 40 60 B0 100
FREQUENCY (CYCLES/Mv)
MTE TYPE Aplanatic Gregorian 13 Inch /10 oo
DIFFRACTION MODULATION TRANSFER FUNCTIONS 03:21 P

Figure 45 Aplanatic Gregorian 1 design
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Aplanatic Gregorian 13-Inch F/5

EF Surface Data

| Gen || setup || wawvelengths || wariables || Draw off || &roup || Motes |
MLens: Aplanatic aregorian 13 Inch /5 Ef1 -1.6417e+03
T Ent beam radius 150.000000 Field angle 0.500000 Primary wawln 0.587550

| SRF RADTUS THICKMNESS APERTURE RADTUS GLASS SPECTAL

OEJ o.ooo000 [ | 1.oo00o0e+zo [ | B.7269e+l7 atr [
o.ooooo0 [ | o.oooooo [ ] 1es.
1.o0000e+06 [ | eoo.oooooo [ ] 1so.
[ 2 ]-s2s.024z19 [ | -5ed.51o810 [ | 1e:.
z71.455834 [ | ess.oooooo [ | e4.
[ 5] -2z.197142 o.oooooo [ | 1s.

0o0000 atr [ ]
000000 atr [
oooooo [ | REFLECT [
471195 REFLECT [ |
699233 atr [ |

IEENNN

150.962392 -11.833863 14.333353
Figure 46 Aplanatic Gregorian 2 design
Aplanatic Gregorion 13 Inch f/5 UNTTS: M
FOCAL LENGTH = -1642 NA = 0.09137 DES: 05LO
87
—

Figure 47 Aplanatic Gregorian 2 design
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FULL FIELD
0.5deg

0.7 FIELD
0.35deg

ON-AXIS g
Odeg o

-0.1 -0.05 0 0.05 0.1
FOCUS SHIFT

SPOT SIZE & FOCUS SHIFT: UNITS = mm Aplanotic Gregorion ']3 Inch f/5 OSLO
WAVELENGTHS (um) 30 Oct 09

WW1: 0.588 W2: 0.486 WV3: 0.656 SPOT DIAGRAM ANALYSIS 03:40 PM
Figure 48 Aplanatic Gregorian 2 design

FIELD POINTS
ON-AXIS + THCIMS] = -11.8
0.35deg Ta Sv
0.5deg Ta Se L
Ideal o
WAVELENGTHS
0.75
# A(um) Weight
1 0.588 1 &
2 0.486 1] £
3 0.656 11 2 057
(]
S
0.25
0 . . .
20.4 -0.2 0 0.2 0.4
FOCUS
MTF TYPE Aplanatic Gregorian 13 Inch f/5 ool
DIFFRACTION POLYCHR. MTF AT 25 CYCLES/MM 03:40 PM

Figure 49 Aplanatic Gregorian 2 design
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Field 0.5 deg

.05 mm ASTIGMATISM LONGITUDINAL CHROMATIC
S x T+ (mm) SPHERICAL ABER. (mm)| FOCAL SHIFT (mm)
M \-- T 0.7
Fa RS '
Field 0.35 deg
r 0.05 mm
; anee®] —— DISTORTION (%)
M@ r0.2
AXIS
r 0.05 mm L-0.2
LATERAL COLOR (mm)
———
| L, UNITS: rm
Eraiég:Ng‘sgeggm EFL: —1.64e+03 Aplanatic Gregorian 13 Inch f/5 30%8Lt009
H . M I e mm [o]
WAVELGTH: +:0.588 2:0.486 2:0.656 m RAY TRACE ANALYSIS 03:40 PM

Figure 50 Aplanatic Gregorian 2 design
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Ritchey-Chretien F/3 F/5 from OSLO Sample Files

[ Gen |[ setup || wawelengths ][ wariables ][ oraw on ][ Group ][ Hotes |
Lens: RC cassegrain T2 /5 ETf1 1.&082Ze+03
Ent beam radius 100.000000 Field angle 1.000000 Primary wavln 0.5875&0
SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPECIAL
DEJ o.o00000 [ | 1.o000e+zo [ | 1.745Ee+is ate | [
o.o00000 [ | 4os.o00000 [ | 107.065301 ate [ ] [
-1.2000e+03 [ | -404.308223 100. 000000 REFLECT |
[ 3 ]-szs.3¢0000 | 404.308223 [F | 38.672522 REFLECT |
o.o00000 [ | 4z.969987 30.355249 ate [ ] [
v.oooooo [ e.oooooo [ zs.41zesr BK7 1
[ &]-133.791337 [ v ]| 19.67218e [w ]| 29.3z1s50 s | atr [ ] [
-81.365781 4.000000 [ | 26.642574 eer [P ] [__]
o.ooo000 [ | 40.672575 26.729638 atr [ ][]
[ 5] o.ooocoo[ | o.oooocoo[ | ze.07z441 atr [ ][]
[Ms | o.oooo00 [ | -0.006293 28.072233 [ 5 | ]

Figure 51 RC design

RC cassegrain f/3 /8 UNITS: MM
FOCAL LENGTH = 1608 NA = 0.06218 DES: OSLO
£635.5
—

Figure 52 RC design
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Field 1 de
9 - 0.02 nm 1 ASTIGMATISM LONGITUDINAL CHROMATIC

Sx T+ (mm) SPHERICAL ABER. (mm)| FOCAL SHIFT (mm)

B | W | . B ‘[”

10.6

Field 0.7 deg 708
r 0.02 nm 1 T

-0.2 0.2 -0.05 0.05 -0.2 0.2
%g L M L M L .

) 2DISTORTION (%) &

AXIS - \
- 0.02 mm . L,
LATERAL COLOR (mm) | — | H
r 0.001
bsese | memes | psm || A
i ] 0001 UNITS: rm
EﬁéE:Nﬁeg 0622 EFL: 1.61e+03mm RC cassegrain /3 f/8 30%%009
WAVELGTH: +:0.588 4:0.486 0:0.656 um RAY TRACE ANALYSIS 03:44 PM

Figure 53 RC design

FULL FIELD=1deg 0.7 FIELD=0./deg ON-AXI1S=0deg Peak

0.4151

Valley
-0.08989
WAVELENGTH 1 = 0.5876 um : 0SLO
e L= O RC cassegrain f/3 /8 Lo
3 Field Pts / 32 Aperture Div. WAVEFRONT ANALYSIS 03:45 PM

Figure 54 RC design
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FULL FIELD — . i
1deg & ® o o
0.7 FIELD i
0.7deg ® ® ¢ ol
ON-AXIS «

Odeg © ° © °
-0.2 -0.1 0 0.1 0.2
FOCUS SHIFT
SPOT SIZE & FOCUS SHIF(T: )UNITS = m RC cassegrain /3 £/8 0sLo
WAVELENGTHS 30 Oct 09
W1: 0.588 W2: 0.486M\r/nvv3: 0.656 SPOT DIAGRAM ANALYSIS 03:405 PM
Figure 55 RC design
FULL FIELD = 1deg
- 5 :
0.488 E 0.8
’ g
0.244 é 0.6
S — %o .05 [ 0.05 0.08 E 0.4
0.7 FIELD = 0.7deg E 02|
0.975 §
0.731 G 3 0.02 0.04 0.06 0.08 0.1
SIDE OF SQUARE
0.244 A N ;
%06 .03 ] 0.03 0.06 g
E 0.8
ON-AXIS = Odeg Y
0.975 % 0.6
0.731 % 0.4}
0.488 3 02l
0.244 g .
o . R [} 0.012  0.024  0.036  0.048 0.06
-0.06 -0.03 o 0.03 0.06 RADIUS
IMAGE PATCH SIZE: 0.1212 mm RC cassegrain /3 £/8 osLo
Polychromat i 30 Oct 09
W1: 0.588 WV2: O.486 W3: 0.656 POINT SPREAD FUNCTIONS 03:46 PM

Figure 56 RC design
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FIELD POINTS

ON-AXIS + THCIMSI = -0.00629
0.7deg Ta Sv
1deg Tm Se 1
Ideal o
WAVELENGTHS 0.8 1
# A(um) Weight
1 0.588 118 g6l
2 0.486 1 &
3 0.656 1] 3
[a)]
g 0.4 r
0.2 r
O 1 1 1 1
0 40 80 120 160 200
FREQUENCY (CYCLES/MM)
MTF TYPE RC cassegrain f/3 /8 oo
DIFFRACTION MODULATION TRANSFER FUNCTIONS 03:46 PM
Figure 57 RC design
FIELD POINTS
ON-AXIS + THCIMS] = -0.00629
0.7deg Ta Sv
1deg Ta Se L
Ideal o
WAVELENGTHS
0.75 4
# A(um) Weight
1 0.588 11 &
2 0.486 1 B
3 0.656 11 2 057
(]
S
0.25 t
0 .
~0.6 0
FOCUS
MTF TYPE RC cassegrain f/3 /8 520
DIFFRACTION POLYCHR. MTF AT 25 CYCLES/MM 03:45 PM

Figure 58 RC design
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Flat-Field Schmidt Cassegrain

Ll

o i
¢ =1
?
[ Gen ][ setup ][ wawelengths [[ wariables |[ orawon ][ Group |[[ Hotes |
Lens: Flat field schmidt cassegrain ET1 739.771304
Ent beam radius 2.000000 Primary wavln 0.5587560
SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPECIAL
0B o.o00000 [ | 1.0000e+20 [ | 3.432letls ate [ ][]
o.oooo00 [ | 4.o00000 [ | 110.58736% UEKT 1
-g.3250e+04 [ | 3Fo0.000000 [ | 110.459577% atr [
o.oo0000 [ | 437.zoo000 [ | 99.81376S atr [ ] [
1.0000e+08 | z4o.o00000 [ | 114.838206 stk [ [
[ 5 ]-s4c.eoo000 [ | -z21.600000 | 123.085840 REFLECT | [_]
[ &]-sos.7ooo00 [ | 3Es.33131% £3.621243 reFLecT [ | [_]
o.oooo0o [ | o.oooooo [ | 27.s2Ers ate [ ] [
s o.o00000 [ | -4.852661 28.392071 ]

Figure 59 Flat-field Schmidt Cassegrain

Flat field schmidt cassegrain
FOCAL LENGTH = 799.8 NA = 0.125

UNITS: MM
DES: OSLO

130

Figure 60 Flat-field Schmidt of Figure 59

10/31/2009

©2009 J.A. Crawford



U15527 Paul Baker and Aplanatic Gregorian Designs- Schroeder.doc

35

Field 2 d
e 501 m ASTIGMATISM LONGITUDINAL CHROMATIC
Sx T+ (mm) SPHERICAL ABER. (mm)| FOCAL SHIFT (mm)
+ E TR7
% Apsbld N\ T +0.6
#
Field 1.4 deg 1 708
- 0.01 mm
-0.05 0.05 -0.2 0.2 -0.5 0.5
Ao @0
+ Iy % DISTORTION (%) 150
A\ st e
AXIS : \
r 0.01 mm L-0.05 I%
LATERAL COLOR (mm) ! =
% e G|t
— =3 J
Sgg aba, aA | S T
i | “0.002 UNITS: rm
';'ai(LBE:Ni?eg 15 EFL: 800MM Flat field schmidt cassegrain osONSoLvOog
WAVELGTH: +:0.588 4:0.486 09:0.656 um RAY TRACE ANALYSIS 05:16 PM
Figure 61 Flat-field Schmidt of Figure 59
0.7 FIELD=1.4de ON-AXIS=0deg Oﬁ’ggg

FULL FIELD=2deg

P-V 0.5129 RMS 0.1377

"I“ii'

P-V 0.2545 RMS 0.07155

g

P-V 0.1123 RMS 0.02755

\\Q& Ll i — |

S = S

N = P

: =
= S = Valley
-0.322
WAVELENGTH 1 = 0.5876 um i i ' 0SLO

ST S 200 Flat field schmidt cassegrain | 080
3 Field Pts / 32 Aperture Div. WAVEFRONT ANALYSIS 05:17 PM

Figure 62 Flat-field Schmidt of Figure 59
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FULL FIELD
2deg @
0.7 FIELD @
1.4deg
ON-AXIS g ®
Odeg o
-0.1 -0.05 0 0.05
FOCUS SHIFT
SPoT SIZEVf;\fEOSEUN%TSHHSIF(TN;n)UNITS =mm Flat field schmidt cassegrain | 0
WV1: 0.588 W2: 0.486 W3: 0.656 SPOT DIAGRAM ANALYSIS 05:17 PM
Figure 63 Flat-field Schmidt of Figure 59
FULL FIELD = 2deg
0.766
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0.575 %
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Ed
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—_— X a
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0.575 G 3 0.012  0.024  0.036  0.048 0.06
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%o 20.015 [ 0.015 0.03 g
E 0.8
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0.383 3 02l
. 0.192 g
8 ol P 3 0.006 0.012  0.018  0.024  0.03
— -0.03 -0.015 o 0.015 0.03 RADIUS
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W1: 0.588 W2: 0.486 W3: 0.656 POINT SPREAD FUNCTIONS 05:17 PM

Figure 64 Flat-field Schmidt of Figure 59
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FIELD POINTS

ON-AXIS +
1.4deg Ta Sv
2deg Tm Se
Ideal °

WAVELENGTHS
A(um) Weight
0.588 1
0.486 1
0.656 1

NN = H*

MODULATION

THEIMSD] = -4.65

40 60
FREQUENCY (CYCLES/MM)

0 20

80

100

MTF TYPE
DIFFRACTION

Flat field schmidt cassegrain
MODULATION TRANSFER FUNCTIONS

0OSLO
03 Nov 09
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Figure 65 Flat-field Schmidt of Figure 59

FIELD POINTS

ON-AXIS +
1.4deg Ta Sv
2deg Tm Se
Ideal °

WAVELENGTHS
A(um)  Weight
0.588 1
0.486 1
0.656 1

NN - H*

MODULATION

THUIMS] = —-4.65

q
0.75 ¢

0.5 r

0.25 ¢

MTF TYPE
DIFFRACTION

Flat field schmidt cassegrain
POLYCHR. MTF AT 25 CYCLES/MM

OSLO
03 Nov 09
05:18 PM

Figure 66 Flat-field Schmidt of Figure 59
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Houghton Cassegrain 1

EE Surface Data

of Command: [

! = i —

X
7
W Gen [ setup |[ wavelengths |[ wvariables |[ oraw off || eroup |[ Notes |
Lens: Houghton Cass /10 Rutten pl2o ETT 1.3646e+03
Ent beam radius 0.500000 Primary wawvln 0.557560
SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPECIAL
0B o.000000 | 1.o0000e+z0 [ | S.7zésetl? atr [ ] [_]
o.oo0000 ] o.ooocoo [ | 100.000000 ~atr [ ] [
s2s.800000 | 14.soo0o000 | ®5.000000 BK7 1]
-1.1966e+02 [ | 1.500000 [ | 94.584023 ate [ ] [
-539.600000 [P | 5.o00000 [ | 94.457477 BE? 1
1.1966e+03 [ | 435.o00000 [ | 94.350603 R[] [
[ &]-1.zo00e+03 [ | -415.610521 [ | 57.573161 reFLEcT | [
-cz7.470000 [ | ss5.4so0000 [ | 33.5697ss REFLECT | [_]
o.ooo000 ] o.oooooo [ | 17.282140 ~atr [ ] [_]
IMS | -5e5.332866 [ |  -2.088146 [ | 17.146370 ]

Figure 67 Houghton-Cassegrain 1 design

Houghton Cass f/10 Rutten p130 UNITS: MM

FOCAL LENGTH = 1965 NA = 0.04836 DES: OSLO

/6.4
A

Figure 68 Houghton-Cassegrain 1 design
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Field 0.5 deg
r 0.02 mm

I

Sapud

Field 0.35 deg
r 0.02 mm

S

L)

AXIS
r 0.02 mm

=

L

ASTIGMATISM
S x T + (mm)

LONGITUDINAL
SPHERICAL ABER. (mm)

CHROMATIC
FOCAL SHIFT (rm)

+0.7
-/{s

+0.5

-1 1

DISTORTION (%)
r0.02

L -0.02
LATERAL COLOR (mm)
r 0.002

J—

:'~’—~—’——____’,,—~A

S 2
| [ Z0.002 UNITS: mm
EhﬁiéE:Ngzsgegdradf EFL: 1.96e+03mm Houghton Cass f/10 Rutten p130 os%sol_voog
WAVELGTH: +:0.588 4:0.486 5:0.656 um RAY TRACE ANALYSIS 05:22 PM
Figure 69 Houghton-Cassegrain 1 design
Peak

FULL FIELD=0.5deg O.

/ FIELD=0.35deg

ON-AXI1S=0deg

0.1417

P-V 0.1417 04105
\::\\ ////
N ///é

P-V 0.06962 RMS 0.0222 P-V 0.01827 RMS 0.005975

001787
WAVELENGTH 1 = 0.5876 um Houghton Cass f/10 Rutten p130 | 0swo
3 Field Et\s/ 9P220A|:1>2??ure Div. WAVEFRONT ANALYSIS %ZézNzozv Pcl)\/?

Figure 70 Houghton-Cassegrain 1 design
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FULL FIELD
0.5deg

0.7 FIELD
0.35deg

ON-AXIS g
Odeg o

-0.2 -0.1 0 0.1 0.2.
FOCUS SHIFT
SPOT SIZE & FOCUS SHIFT: UNITS = mm Houghton COSS f/']O Rutten p']30 OSLO
WAVELENGTHS (um) 03 Nov 09
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Figure 71 Houghton-Cassegrain 1 design
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Figure 72 Houghton-Cassegrain 1 design
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Figure 73 Houghton-Cassegrain 1 design
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Figure 74 Houghton-Cassegrain 1 design
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Figure 75 Houghton Cassegrain 2 design, but with modifications compared to text. Different glass used in the

two corrector lenses.
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Figure 76 Houghton Cassegrain 2 design
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Figure 77 Houghton Cassegrain 2 design
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Figure 78 Houghton Cassegrain 2 design
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Figure 79 Houghton Cassegrain 2 design
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Figure 80 Houghton Cassegrain 2 design
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Figure 81 Houghton Cassegrain 2 design
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Figure 82 Houghton Cassegrain 2 design
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Figure 83 Lurie Houghton 2 design
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Figure 84 Lurie Houghton 2 design
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Figure 85 Lurie Houghton 2 design
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Figure 86 Lurie Houghton 2 design
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Figure 87 Lurie Houghton 2 design
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Figure 88 Lurie Houghton 2 design
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Figure 89 Lurie Houghton 2 design
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Figure 90 Lurie Houghton 2 design
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Summary

0 = Poor 10 = Excellent

Design Construction | Focal Plane Speed (F-#) Size Vignetting Color Spot Near Term Longer
Difficulty Access Interest Term
Interest
Paul Baker 1 5 2 8 2 1 6 3 3 2
Paul Baker 2 5 2 8 6 2 9 8 3 2
Paul Baker 3 5 2 8 6 2 10 10 3 2
Paul Baker 4 5 1 8 6 1 9 10 2 1
Aplanatic 7 10 4 4 4 8 9 3 2
Gregorian 1
Aplanatic 7 10 7 7 6 3 2 2 1
Gregorian 2
RC Corrected 9 10 7 9 5 8 9 5 9
Flat Field 9 10 10 7 3 3 9 2 2
Schmidt
Houghton 6 10 4 8 7 5 8 3 7
Cass 1
Houghton 6 10 6 4 7 4 4 3 7
Cass 2
Lurie 9 9 7 7 9 8 9 8 5
Houghton 1

At F/4, the Lurie-Houghton is a very attractive candidate for a first telescope. Not only is the F-number acceptably small for astrophotography, but the
optical surfaces are all spherical and image quality is outstanding. Staying at 12” or less for the primary makes the corrector lenses manageable. Higher-
order aberrations begin setting in for F-numbers around 3.5 and lower; they can be compensated for by allowing different lens radii to be used along with
different kinds of glass for the two lenses. However, these additional complexities do not seem worth the effort to go from F/4 to say F/3.

Longer term, | see doing a larger focal length scope and larger aperture. The larger aperture knocks out using a corrector plate in my opinion.
This leaves me pretty much going toward the Ritchey-Chretien plus field flattener direction.
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