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12.01.2012
Preliminary remarks
Beside my main profession in industrial development of electrochemical gas sensors for medical technology and personal protection, I have developed this program and some telescope systems as a hobby astronomer and hobby astro-optician for over 35 years, from the beginning with programmable pocket calculators. 
In 1998 I had the idea, to improve the well-known Brachymedial telescope (Hamilton, Schupmann and successors, for instance Laux) by adding a field lens for correcting lateral color, the most severe aberration of this system, hopefully without worsening the good overall correction state. By using my just improved program, I had success with the first trial, even with full color correction and with full correction of all aberrations of 3rd order (distortion not considered), a unbelievable improvement of the performance of the Brachymedial. 
Because this immediate result could not be a fortuity, I tried to develop the 3rd order theory of this system, with success. I implemented a synthesis function after this theory into my program and was able now, to calculate a large number of different geometry variants within short time. In 2000, I had success in extending this system to a Cassegrainian version with the same superior image quality, even with corrected distortion. 
Both systems were published as patent applications at the German Patent Office on 16.10.98 and 26.07.2000, respectively.
In 2005, I ported some parts of my program to Delphi 2005 and made it public at my website, together with examples of my Medial systems.

The last Demo version 7.5, made public in 2006, had three significant limitations, namely the restriction to 10 surfaces, incomplete glass data, and inactivated synthesis functions for the Medial-Triplet and Medial-Cassegrain systems developed by myself. I  provided these limitations in order to keep the chance for commercial use of the systems, and of the program as well, by myself. 
Recently some new circumstances arises, forcing me to stop any further improvement of the program to a commercial quality level and rather put the program to public in the actual state, as ported to date to Delphi 2005, without any restrictions. These circumstances are:
1. 
Lack of adequate response of the users of PointSpread. Since 2008, there was only one suggestion for improvement of the program, and not one query for the enhanced program versions. I think this is partly due to the fact, that in the meantime there are free versions of commercial programs available with remarkable power in analyzing optical system. So it is clear for me now, not to invest the necessary effort for improving the program to a commercial quality level, with respect to my time and to the expected economic benefit. Of course, I feel that if any ATM needs support in developing his own telescope, he should be able to use a ‘non-commercial’ version of the program, as in the past.
2. 
In the meantime, there are commercial users of my Medial developments. These are the companies Astro-Physics (U.S.A.) and Officina Stellare (Italy). Both companies use the name “Riccardi-Honders” for their astrographs. 
After my enquiry, Roland Christen of Astro-Physics has confirmed, that his “Riccardi-Honders” is substantially identical to my patent application of  2000, but he emphasized, that his system would be his own development, based on the work of Klaas Honders and Massimo Riccardi. For that reason he doesn’t intend to join my name to this telescope system.
Massimo Riccardi, by contrast, denied any connections of his systems to my developments, made public in 1998 and 2000 as patent applications (publication dates 2000 and 2002), and 2003 in the book ‘Reflecting Telescope Optics I’, 2nd edition, by Raymond N. Wilson, and 2005 as examples in the demo-version of my astro optics program PointSpread on my website. In 2007, the widely known optician Ivan Krastev (Author of the design software ‘MODAS’) contacted me to introduce an English version of my program description and my Medial developments, translated by himself, in his ATM Letters Journal, where it was published in the September/October issue. 
Honders and Riccardi have made public their findings by far later than I did. I am quite sure, that Honders developed his system independently, because he tried to patent it in 2002, what would be obviously senseless, if he had knowledge of my publications. Riccardi had close connections to Ivan Krastev over years, so it is hard for me to imagine, that they wouldn’t have talk about such fantastic new systems. Anyway, Riccardi emphasized in the above discussion, that he never heard my name before, nor was aware of my developments.
Who is interested in this discussion, can follow the search function on the Astro-Physics user groop http://www.yahoogroups.com/group/ap-ug  (see thread „Trend towards greater aperture“, Nov/Dec 2010).
Recently Massimo Riccardi contacted me and declared, that in the last decade he had very few mail contacts to Ivan Krastev and that Ivan never talked to him about these systems or mentioned my name. Likewise neither he nor Roland Christen would have knowledge of my developments by other sources. Furthermore, the systems manufactured by Officina Stellare were different from Roland’s and mine because the secondary is aluminized on the back surface of the front lens and the field lens is a doublet.  
For the sake of fairness I add these comments here.
With these two points my reasons for the program restrictions become obsolete. So here is a program version with (practically) unlimited surface number, complete glass data with actual glasses of Schott, Ohara and Hoya, and activated synthesis functions for the new Medial-Triplet and Medial-Cassegrain telescopes. 
Further synthesis functions stay inactive, because they are not yet ported completely from Delphi 5 to Delphi 2005, and probably will not be completed in the future. 
The synthesis functions for the Medial systems are based solely on the analytical development of  3rd order, published in my patent applications of 1998 and 2000. 
With the activation of the new functions, I take the opportunity to clearly point to the fact, that the astrograph type called ‘Riccardi-Honders’, and the type ‘Honders-Riccardi’ as well, are based on my developments, even though this is not appreciated by the naming. 
In the following short guide, I consider these new synthesis functions in detail. It is shown, how the so-called ‘Riccardi-Honders’ and the ‘Honders-Riccardi’ can be calculated easily within minutes. The results of these functions are optimized to a great extent, and there is no need for further optimizing in most cases.
With respect to the discussion in the English language area, I have now created an English version of PointSpread. Of course, this short guide is now available in both languages, too.
It is my hope, that ATM’s not only in Germany and Austria, but in the English language area as well, can take benefit of the power of the Medial synthesis functions in building astrographs, and compact visual telescopes as well, with superior image quality.

Furthermore, I hope, that the extended glass data and the larger number of surfaces lead to more feasibility of PointSpread, for example you now can add obstructions and stops for baffling even to more complex systems like the Medials.
The program PointSpreadV78e, the glass data file ‘Glasdaten.txt’, 22 example files with file extension ‘.opt’ and this short guide are provided as ZIP-file ‘PointSpreadV78e.zip’on my website www.busack-medial.de as a download. As you read this text, you probably have unzipped this file to a directory of your choice on your computer. For the correct function of the program, it is important, that the file ‘Glasdaten.txt’ remains in the same directory as ‘PointSpreadV78e.exe.’
Disclaimer
I have made any effort, to program this software without any faults. Nevertheless I cannot exclude, that the use of this software will produce faulty results or lead to other damage. I am not responsible for any damage that may arise directly or indirectly by the use of this software. 
Short Guide
Start: Please open the file PointSpreadV78e.exe. The start screen appears.
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If you get an error message regarding the file ‚Glasdaten.txt’, please take care to put this file into the same directory where PointSpreadV78e.exe is located. 

You now can work with the program in three ways:
1. Set up a new system with <File><New> or with the Speed Key <New System>, for instance after literature data.
2. Load a previously saved system file with <File><Open> or with the Speed Key <Load System>.

3. Carry out a predesign for different telescope types with <Synthesis>. This version of PointSpread supports the predesign of Cassegrain, cemented achromatic lens and Schmidt telescopes, and the predesign of the new Medial-Triplet and Medial-Cassegrain systems. The potential of these predesigns is superior to common programs, because aberration goals of 3rd order can be specified, so nearly perfectly optimized systems are generated without the need for further optimizing. Predesigns for the Medial systems ar given here even for the first time.
Please load at first the file APQ_150-f8_e.opt . This is one of 21 example files coming with the ZIP-file. If you did not move these files into another directory after unpacking the ZIP file, they are located in the same directory as PointSpreadV78.exe . If not, you have to choose the appropriate directory in the Open Dialog. After successful loading, the following screen appears:
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Now all Main Menu items are activated, furthermore there are additional Speed Keys for faster access to (by me) frequently used menu items. These are structured to 4 groups, namely general tasks, layout control, spot-diagram and PSF-diagram control. Below the speed keys there are 4 output fields for general system data, monochromatic aberrations of 3rd order (Seidel), color aberrations of 1st order and for indexing selected items of the system layout. 
In the main field you can see the system layout, below that a graph of the axial longitudinal aberration (LA), a measure for color and spherical aberrations and a graph for the offense against the sine condition (OSC), a measure for Coma, both for the three selected wavelengths.
Numbers are treated by the program with the decimal separator chosen in your Windows system control, in U.S.A. usually the period. In this short guide, I will use the period, too.
Please click with the mouse on a free field inside the objective lenses. The boundaries of the objective lenses are marked with cyan color, in the selection field is indicated, that group 1 with a front radius of  523.7430mm is selected. The program determines the 3 lenses (4 surfaces) as a group, because they are mounted without air distance, say cemented (in this case in practice with oil), and therefore could not be changed independently.  The front radius of the group therefore is the radius of the first lens surface. 
Please click with the mouse on the first lens surface. Now this surface only is marked cyan, and the radius is indicated as surface 1 radius. Click with the mouse on the axis of the center lens. The distance between 2nd and 3rd surface is marked white and is indicated as surface 2 distance. Please click on the intersection of the axis and the 2nd surface. The axes to the left and to the right of the 2nd surface are marked yellow, the angle between the left axis and the perpendicular to the 2nd surface is indicated as surface 2 angle (in °). Click on the left window margin (beginning of the rays) between the upper and the lower rays. A zone ray is marked red and the zone is indicated. At the same time, obstruction surfaces and stop surface are indicated, if there are any. The baffle function can be tested with zones >1. To examine this, you should later load the example file Ritchie-Chretien_300-f10_e.opt.
If you have problems with pointing of the mouse cursor, you can change the layout scale with the right mouse button or with the speed keys. With mouse drag and drop you can shift the layout. Unfortunately, the program is not yet at a state, that you can see the shifted image during drag and drop. So it is a matter of trial and error. 
Please select the group again. All selected elements are to be changed in fixed steps by clicking the up/down arrows in the selection field. You can change the step width with the speed keys <C+> and <C->. In the case of group selection, by changing the front radius, the radii of all other surfaces will be changed in a manner, that the power of all lenses, and therefore the power of the group as well, remaining approximately unchanged. This procedure is known as ‘bending’. 
Please hold depressed the up-arrow. During the bending of the group, all displayed data, and the layout as well, are continually updated. As you see, with bending, the numbers for color corrections are nearly unchanged, while other aberrations like Spherical Aberration, Coma and Astigmatism are affected to a different extent. 
Please look at the LA and the OSC curves. At start the green LA curve and the green OSC curve as well, are approximately vertical at the 0.7 zone. This is the ideal state, as can be judged in this depiction. During bending of the lens, the green LA curve bends away from the ideal position at first to the left side, then to the right side, while the OSC curve bends away to the right side from the beginning. The deviation from the vertical line of the LA and the OSC curve is a measure for the amount of spherical aberration and coma, respectively. The 3rd order values of the monochromatic aberrations of SA and Coma change according to the shape of the respective curves. The values of Astigmatism, Field Curvature and Distortion remain practically unchanged in this case.
Please hold depressed now the down-arrow key of the selection field, until the start state is recovered (Group 1 Front Radius 523.7430). If you are unable to get the start state, because you possibly made other operations, simply load the system again.
Click on the menu items <Options><Settings>. A dialog window with different register cards appears. Chose <Wavelengths>. For the actual system, ‘red’ is set to 0.707…µm, ‘green’ to 0.546...µm and ‘blue’ to 0.436...µm. Click on the arrow key for the input field ‘red’. A list with common wavelengths appears. Chose 0.6438...µm. Repeat the procedure with ‘blue’ and choose 0.4799...µm. With these values, you have confined the spectral range to common values for the visible range. Look at the LA-Graph and click <ok>. The red and the blue lines are getting closer together, corresponding to the smaller color aberrations for the confined spectral range. At the same time, the value for Longitudinal Color in the display field <Color Aberration of 1st Order> becomes smaller. 
Now you have got a first impression, how to work with the Layout Window. 
Click on the first key of the 3rd Speed key group (<Spot Diagram>). At the right bottom of the screen a new window appears:
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In the Spot Diagram, the images of the axis point and of a choosable field point are displayed simultaneously for the 3 actual wavelengths. The best focus over the whole field is automatically detected, as image surface can be chosen the best fitted sphere, the best fitted plane or the best plane perpendicular to the axis. 

Please click with the mouse on any desired point of the image field.  The chosen (ideal) image point is indicated by a red circle, the real image point is marked with a blue cross. The indicated spot graph is different for any chosen point, because the image quality varies over the field for any real system. 
Click on the button <Vertical Plane> in the <Image Surface> field. Now the spot graph is indicated, as it would be spotted to a plane film or to a ccd-detector. Click again on <Best Sphere>. Hold depressed the left arrow key at your keyboard. You can see the change of the spot graph while defocussing in intrafocal direction. Hold depressed the right arrow key. You can watch the focus change in extrafocal direction. You can change the image surface by mouse and slide control in the same way. 
Put the image surface to the approximately best focus. Click on the first key of the last speed key group (<PSF Diagram>). At the right top of the screen a new window appears: 
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In the PSF Diagram, the intensity of the light distribution of a point source (Point Spread Function) on the image surface is displayed for the chosen field point to the left, and for comparison, the ideal PSF of an aberration free point to the right. In the center the Modulation Transfer Function is displayed. 
Click with the mouse between the red lines and drag & drop to the side. The red lines are displayed with a different angle, and the MTF curve changes, because the lines denote angle and pitch of the modulation grid.  
The blue circle indicates the margin of the integration range, wich can be changed with the speed keys <D+> and <D->. With <O+> and <O-> you can change the diffraction order. The ray density is automatically adjusted, to avoid too big calculation errors. The higher the diffraction order and the diameter, the longer is the calculation time.
Click in the layout window on <Spot Diagram> again. Hold depressed the up-arrow key on your keyboard. The focus changes in intrafocal direction, the PSF Diagram is refreshed simultaneously. Because of the much longer calculation time, this is not as fast as in the spot diagram. If you did not change the standard settings for <D> and <O> it should be acceptable fast with standard computers of today. 
Look at the change of the indicated Strehl value. Hold depressed the down-arrow key for focus change in extrafocal direction until the Strehl value reaches the maximum. At the same time the MTF curve gets closest to the ideal curve. This is the best diffraction focus.
Now you have got a first impression, how to work with Spot Diagram and PSF Diagram. 

Please click on the menu item <Synthesis><Achromatic Lens>. A dialog window appears with parameter settings, which all are to be changed. As indicated in the window tiltle, ’Achromatic Lens’ in this case means a cemented lens, the cemented surfaces of the lenses therefore must have the same radius without distance from each other. This leads to the restriction, that coma could not be corrected simultaneously with spherical aberration in every case. This only could be accomplished with the Fraunhofer design, but in this program version, the synthesis function for this telescope type is not included, because I did not have ported it completely to Delphi 2005. 

The Lens thicknesses are displayed not in mm, but in units of the focal length. With a focal length of 1000mm, a thickness of 0.02 therefore means 20mm. The button <Glass 1> is marked. Click on <Glass Choice>. A new dialog window appears:
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Click on the arrow of the upper input window. A list of different optical glasses appears, sorted after the international glass code. Click on the column with the glass code 517642.251 for the Schott glass N-BK7. Click on <ok>. The glass data are copied to Glass 1 of the synthesis window. Activate the button <Glass 2>. Click on <Glass Choice> and choose from the list the Schott glass SF2 (648339.386). Click on <ok>. The data are copied to glass 2 of the synthesis window. Click on <ok> in the synthesis window. The result of the synthesis with the actual parameter settings is displayed in the layout window:
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For the default f-number of 15, the correction state looks quite good, so nothing needs to be optimized further. Instead of 15, type in the f-number 8 and click <ok>. For this aperture, the LA curves are in need of improvement. The red and the blue curves should intersect in a height of about 0.7 of the maximum height, while the green curve should have a vertical direction within this range. This could be reached with proper values for the Low Order Correction Goal.
Instead of 0, type in another value for Spherical Aberration until the green curve is optimized. This is the case for the value +0.110. 

Instead of 0, type in another value for Longitudinal Color, until the red and the blue curves are optimized. This is the case for the value +0.00022. Now the lens is optimized as far as possible with respect to the degrees of freedom for this system. Coma is not correctable for this glass combination without lowering the correction for spherical aberration. If you wish to do this, you can change the bending of the lens group. 
Close the synthesis window and examine your results in the spot window and in the PSF window.

Now you have got a first impression, how to work with the synthesis functions.
There are two different ways in PointSpread, to input or to change system data. For a new design, it is advisable in most cases, to keep the focal length constant, while changing length parameters, for instance a lens thickness. This requires the adequate change of all other length values. This sounds complicated at first look, but has the advantage, that the resulting aberrations are not effected by the f-number, but solely by the changed parameter.
The other way is to prefer, if you are actually realizing a system and some parameters, for instance mirror or lens radii, are already fixed. In this case, no renormalization has to be done, and the changed parameter will result in a changed focal length.
In PointSpread, you can change between both design modes by clicking the last key of the first speed key group. At start of PoinSpread, the second mode is set. 

If the speed key shows a closed lock symbol, click on the key. A open lock symbol appears, indicating that the focal length no longer is locked, but changes in accordance with the changed parameters.
Please choose the menu item <File><New> or click the speed key <New System>. The editing window for the system data appears.
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Surface0 (entrance pupil) and an additional surface (spherical mirror) are preset. The entrance pupil is identical with the aperture stop, if it is reached by the incoming light as the first surface, otherwise it is the image of the aperture stop as projected by the preceding surfaces.

In the lower area of the system data window, general parameters are filled in. Further on, there are buttons to insert or to delete surfaces or to tentatively refresh the data, before permanently changig the system with the <ok> button. <Refresh> is preset to inactive.
In the background, the ray path of the spherical mirror is displayed in the layout window.
Please click on the register card <Surface0> in the system data window. In the <Surface Type> field at the top, the button <Aperture Stop> is marked, in accordance with the function of this surface. Below the surface type field, there are two rows of input fields for surface parameters like radius of curvature and conic constant. Below that, there is a field for parameters, describing the junction to the next surface, like distance and refractive index.
To type in a new system, for instance after literature data, you can overwrite existing data, or insert additional surfaces as needed. This version of PointSpread supports up to 100 surfaces, say, from surface 0 to surface 99.
For example, try to input the data of a Schiefspiegler system f/24.5 after Kutter, published in 1967 in the German “Handbuch für Sternfreunde” (Handbook for amateur astronomers), with 110mm aperture and 2700mm focal length. 
Please type in a text of your choice into the input fields <Title> and <Source>. In the mode <Free Focal Length>, the field <Focal Length> is not to be edited, because the focal length is determined by the input parameters. Only in the mode <Fixed Focal Length> you can type in the desired value. 
Please double-click on the field <Aperture>. The old value is marked and can be overwritten. Type in 110. Double-click on the field <Field Angle> and type in 0.25. Once more as reminder: If your computer is set to a comma as decimal separator, you have to type in a comma (,) instead of a period (.).
Please click on the register card <Surface1>. Because a mirror surface is preset, the surface type <Reflection> is already active. 
Double-click on the input field <Radius>. Type in -3240. The sign is negative, because the center of curvature is to the left of the surface. In PointSpread, the layout is oriented in such a way, that the incoming light reaches the lens from the left side. Because the first surface (Primary Mirror) of a Schiefspiegler is concave to the incoming light, the center of curvature is to the left.
Double-click on the input field <Angle> and type in 2.7833. The angle is taken as positive, if the perpendicular to the surface (Normal) is turned counterclockwise out of the optical axis. 

In the preset system, surface1 was the last surface before the image surface. Therefore, the indicated distance is the distance from surface1 to the focus. You do not need to input this value, because it is computed automatically by the program. But, for the Schiefspiegler, we need an additional surface in the distance 919mm. Please double-click on the input field <Distance> in the field <Surface Control>. Type in 919. Don´t care about the sign, because it is automatically determined by the program. Click on <Insert>, a new register card <Surface2> appears. 
For this new surface, the type <Refraction> is preset. Click on <Reflection>, because the surface2 of a Schiefspiegler is a mirror, too. Type in the Radius -3500. Again, the sign is negative, because the second mirror catches the light from the right, and is convex to the light, so the center of curvature is to the left again. Input the angle -6.7139. You don´t need to input the last distance to the focus (1169). 
Please check all data. Click on the button <Refresh Possible> in the field <Actual Data>, then on <Refresh>. If all inputs are correct, the indicated value <f> for the actual focal length should have only small deviations (because of possible rounding errors) from the literature data, in this case 2702.574 instead of 2700mm.

If all is correct, click on <ok>, the System Data Window disappears, in the main window the layout of the Schiefspiegler is displayed. Choose menu item <File><Save> or the speed key <Save System>. The Save Dialog appears. Type in a file name and click on <Save>. You now can examine the image in the Spot Diagram and the PSF Diagram, and compare the newly created system with the example system Kutter_110-f25_e.opt.
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Extend the Schiefspiegler by adding a zenith prism. Choose the menu items <Edit><System Data> or click on the speed key <Edit System Data>. Again the System Data Window appears with the recently entered data. Click on <Surface2> and insert another surface in the distance 1000 (mm). Preset is <Refraction> and a plane (Radius 1e12, i.e. practically infinite). Because this is to be the first prism surface, nothing has to be changed. 
Click on <Medium Choice>. The Glass Choice Window appears. Open the list as in the exercise <Synthesis> and choose the Glass N-BaK4. This is a common prism glass with the glass code 569560. Click on <ok>. The glass data are copied to the System Data Window. Insert another surface with distance 20. This will be the reflecting surface of the prism, so you have to click on <Reflection> and type in the angle -45°, to mirror the rays upwards with an angle of 90°. The glass N-BaK4 is taken from the foregoing surface, so you don´t have to change the medium. 
Insert another surface with distance 20. This last surface has the correct presetting <Refraction>, so only the medium has to be changed. Click on <Medium Choice> and chose <Luft> (air) from the first list position. If you would know the last distance to the focus, you could type in the value, but you don´t have to do so, because the distance is automatically determined.
Click on <ok> in the System Data Window and examine the image. The Spot Diagram has become colored now, because the prism introduces a (very small) color aberration.
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Now you have got a first impression, how to enter new system data.
Following this short introduction into the basic functions of PointSpread, the capability of PointSpread shall be described now based on the newly activated synthesis functions Medial Triplet and Medial Cassegrain in more detail. Partially I do this considering the fact, that a PointSpread version with tutorial probably will not be available in the future. Partially to clearly point to my priority claims regarding these new systems.
Optical basics cannot be treated here. A highly recommended introduction is given by Rutten & van Venrooij, in their book ‘Telescope Optics’. Further on highly recommended is the website of V. Sacek,  www.telescope-optics.net  , comprising a very comprehensive and reliable introduction to a high level and a striking amount of example systems.
Please choose the menu items <Synthesis><Medial-Triplet>. A new window appears with input parameters, which can be freely chosen. These are the glass data (all lenses are of the same glass), a geometry parameter, determining the equivalent system of “thin lenses”, the thicknesses of all three lenses and 6 correction parameters as goal for the 4 most important monochromatic aberrations of 3rd order and for the 2 color aberrations of 1st order, i.e. Longitudinal Color and Lateral Color. Of course, the general system data like focal length, f-number and field diameter can be entered, too. 
The correction parameters of low order can be chosen in such a way, that the aberrations of higher order are optimally cancelled out by the low order terms, which can be checked in the layout window and in spot diagram and PSF diagram. Distortion is not to be chosen as correction goal, because the system has no more free parameter, to do this for any geometry. For certain parameter combinations, distortion is completely corrected simultaneously, unfortunately only for less favorable geometries.
The parameters are preset to reasonable values. Again, measures of length are not in mm, but in units of the focal length, here 1000mm, so you have to translate (see example achromatic lens). For example, the lens thickness 0.032 in this case means 32mm.
Please choose the glass N-BK7 and press <ok> in the synthesis window to display the system calculated with the preset values. Because all correction goals are preset to 0, this is a system, corrected for 3rd order, but with (small, in this case) residual aberrations of higher order:
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Examine the image quality of this system in the Spot Diagram and in the PSF Diagram. If you wish, you could now optimize the system by the choice of appropriate correction goals. But you should better do this with a version, already presented in detail at the website of V. Sacek, to have a good comparison.  
Please choose under <Options><Settings><Wavelenths> 0.656...µm for red, 0.546...µm for green and 0.486...µm for blue. These are the Fraunhofer lines C, e, F, which Sacek has chosen. Activate the Synthesis Window again. If it is hidden in the meantime, please click again on <Synthesis><Medial-Triplet>. The previously entered data are extant. Enter the following values, which correspond to the data given by Sacek:

Distance 2/1: 1.035, Thickness of front lens and Mangin mirror 0.0285, Thickness of the field lens 0.0135, focal length 1110mm, f-Number 3.7, field diameter 2°.
Distance 2/1 is the ratio of the distance between Mangin mirror and field lens to that between Mangin mirror and front lense for the equivalent system of thin lenses. Values between approximately 1.15 and 0.50 lead to well correctable systems. The value 1 means, that front lens and field lens are at the same position. For values >1, the field lens stands before the front lens, and for values <1 the field lens lies between front lens and Mangin mirror. With the real system, i.e. if the lens thicknesses are different from zero, there are small deviations from these positions of the field lens.
Please click on <ok>. Check the image quality with Spot Diagram and PSF Diagram. Even without optimization for higher order aberrations, the correction state is quite good, diffraction limited over the entire field. As noticeable, the focal length displayed in the System field of the layout window, differs somewhat from the goal. The same is true for the f-number in the spot diagram. The reason is, that a stringent analytical solution is possible only for “Thin Lenses”. So the iterative computation for the real system with thick lenses leads to deviations, which can be accounted for by altered goal values, in this case to 1121mm for the focal length, and to 3.74 for the f-number.
Attentive users are possibly aware, that the display of focal length and aperture in the spot diagram is incorrect at this time. Only after actualization of the data in the system data window the correct values are indicated. This is a bug I will correct occasionally. For that reason, before saving the system, you have to open the system data window and click on <ok>.
Let’s go back to the optimization of the system for aberrations of higher order. This is done simply by enter certain values for Longitudinal Color, Transversal Color, Spherical Aberration, Coma, Astigmatism and Field curvature as correction goal and watch the result in the LA curve, the OSC curve, the Spot Diagram and the PSF Diagram. I have chosen -0.00002 for Longitudinal Color, -0.00007 for Transversal Color and 0.001 for Spherical Aberration. In this case, there is no need to alter the values for coma, astigmatism and field curvature. After clicking <ok>, the resulting 3rd order aberrations and the color aberrations of 1st order are displayed in the layout window. The values differ somewhat from the goals, again for the reason, that the computation for thick lenses is possible only iterative, with small residuals.
With these values, on a plane image field at maximum field angle you get the Strehl ratios 0.998, 0.993 and 0.985 for e, C and F, respectively, without changing the focus. Please note, that these values stay unchanged, while changing from <Best Sphere> to <Vertical Plane>, a proof for the absolutely plane image surface. Likewise this is to detect by analyzing the indicated image radius of about 11000*f in the spot diagram, according to a radius of approximately 12km. On axis, the respective Strehl ratios are 0.998, 0.993 and 0,999.
This performance has been achieved by a synthesis program, based completely on the 3rd order developments, published on Oct. 16, 1998, in my patent application.
Please save the system (remember, to open the sytem data window and click on <ok>) and compare the data and the image quality with the example file Medial-Triplet_300-f3pt7_e.opt and with the so-called Honders-Riccardi at the web site of V. Sacek. The result will speak for itself.
Play around with the parameters of the synthesis program, for instance, change the wavelengths (under <Options>), the f-number, the thickness of the lenses and the geometry, and try to optimize the diverse variants of the Medial-Triplet astrograph. 
Please click now on <Synthesis><Medial-Cass.>. This is the second of the two newly activated synthesis functions of PointSpread 7.8. A window appears, similar to that for the Medial Triplet, only added with two geometry parameters, namely <Distance 3/2> and <Power 3/1> for the secondary mirror. 
Distance 3/2 is the ratio of the distance between secondary mirror and field lens to that between secondary mirror and Mangin mirror for the equivalent system of thin lenses. Power 3/1 is the ratio of the powers of secondary mirror and front lens. Furthermore you can choose between the calculation with flat image field and with free image radius. This option is very valuable for the Cassegrainian version, because the calculation of variants with small obstruction for visual use is possible.
Choose again the glass N-BK7 and click on <ok>. 
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Check the aberrations of 3rd order and the color aberrations of 1st order of this system in the main window, and the exact aberrations in the spot diagram (rays) and in the PSF diagram (diffraction). You can see that the aberrations of higher order are much greater than in the Medial Triplet, so an optimizing has to be done in any case. You could do this by appropriate choice of the aberration goals of low order, but, for the sake of comparison, you should do this not with this preset version, but with a variant, already commercially available from Astro-Physics under the name “Riccardi-Honders”. For this, at least rough performance and geometry data are available at the website www.astro-physics.com . Roland Christen from Astro-Physics has confirmed upon my request, that this system is substantially identical to my patent application of 2000. 

Please enter under <Options><Settings><Wavelengths> the values 1.000µm for red, 0.546...µm for green and 0.400µm for blue. This is the spectral range with diffraction limited image, as specified by Astro-Physics for the whole field. Please click <ok>. Activate the Synthesis Window by a mouse click. If it is hidden in the meantime, click <Synthesis><Medial-Cassegr.> again. Please enter the following data:
Distance 2/1: 0.715, Distance 3/2: 1.100, Power 3/1: -3.580, Thickness Front Lens: 0.026, Thickness Mangin Mirror: 0.026, Thickness Field Lens: 0.009, focal length f/mm: 1193, speed f-Nmbr: 3.91, for the geometry parameters, and 
Longitud. Color: 0.00005, Transvers. Color: -0.00003, Spher. Aberration: 0.011, and Coma: -0.004, for the Low Order Correction Goals.
All other parameters can be left unchanged. The values for the focal length and the f-Number were chosen in a way, that the completed system has a focal length of 1159mm and a f-Number of 3.80, in accordance with the Astro-Physics-astrograph.
Please click <ok>. Unfortunately, before saving the system, you have to carry out an additional operation. This is due to a software bug, already mentioned above, which I hope to eliminate occasionally. This bug corresponds with the internal refresh of the system data and can be avoided by open the system data window with <Edit><System Data> or with the speed key <Edit System Data> and click the <ok> button. Now you can save the system with the refreshed data. Please compare with the example file “Medial-Cass_305-f3pt8_e.opt” and with the specifications at the Astro-Physics website.

Of course, an exact evaluation is impossible, due to the rare technical information at the website. The geometry of the example system meets the data very well, as you can confirm with the measuring function of PointSpread (Button <Meas> in the Layout window). Regarding the image quality, there is only the statement “...diffraction-limited performance over a huge 3-degree field, ...essentially perfect color correction from 400 to 1000 nanometers (UV to IR), ...fully corrected for all 5 Seidel aberrations (spherical, coma, astigmatism, field curvature and distortion), as well as longitudinal and lateral chromatic aberrations.”. That means at least the polychromatic Strehl ratio without weighting should be better than 0.8 up to the edge of a 3° plane field (field angle 1.5° or 30mm).
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Your just created Medial system offers for the wavelengths 1000nm, 546nm, 400nm the monochromatic Strehl ratios 0.838, 0.904 and 0.834 for the axis, and 0.767, 0.867 and 0.608 for the edge of the plane field, as you can see in the PSF diagram for the auto focus position and for a plane field.  

For the edge of the field, with a Strehl ratio <0.8, the extreme wavelengths 400nm and 1000nm are not fully diffraction limited, but show considerably good photographic quality, namely as good as a comparable paraboloidal mirror at 0.03 degree or 0.7mm out of axis. The unweighted polychromatic Strehl ratio is far beyond the 0.8 margin, so the image over the full spectral range is diffraction limited, as claimed by Astro-Physics for their astrograph. 

PointSpread 7.8 does not provide the calculation of this value, but you can enter the system data generated by PointSpread into a commercial program like OSLO (the free version with 10 surfaces is just sufficient) and then evaluate the polychromatic Strehl. 

As for the Medial Triplet, the correction of distortion is possible only for certain geometries. In contrast to the Medial Triplet, for the Medial Cassegrain the correction is possible for favorable geometries like that of our example system. The distortion here is only 0.02%, even well suited for astrometry. 

To get a feeling for the fantastic image quality of this system, you should compare with an optically outstanding Schmidt-Cassegrain astrograph, known as flatfield-camera. The design is from Telescope Optics by Rutten and van Venrooij, for better comparison I have scaled the design to 305mm f/3.8 and put the neutral zone of the corrector to appr. 0.71 for optimal color correction. 
You can see, by analyzing the example file ‘Schmidt-Cass_305-f3pt8_e.opt’, that for the short wavelength 400nm the image quality even at the axis is much poorer than the image of the Medial Cassegrain at the edge of the field. The Medial is made solely of spherical surfaces, the flatfield camera contains a heavily deformed Schmidt plate. Without dew cap, the tube length of the flatfield camera is nearly 3 times the Medial tube length.

It should be mentioned again, that this perfect correction state has been achieved within a few minutes using the PointSpread synthesis function, based solely on the developments of third order, given in my patent application of 26.07.2000. 
As you may have noticed, the secondary mirror is located at a considerable distance from the front lens. At first glance, one would prefer to get closer to the front lens, because the secondary then could be attached easier and the system would be more compact. The reason for this geometry is, that with greater distance the backfocus increases, so there is a better flexibility for the use of  accessory equipment. 
For a given geometry of the Medial Cassegrain, there is no additional freedom in variing the system parameters without decreasing the image quality. Therefore, choosing a suitable geometry is the only way to optimize the backfocus for this system. Of course, there are many other ways to increase the backfocus, if one decides, to abandon one ore more restrictions of the Medial design. These are, for instance, the spherical surfaces, the plane field, the same type of glass for all lenses, the number of lenses, or simply the goal of optimal correction of all aberrations. But all these measures lead to an inferior image quality, at least with respect to the manufacturing effort. Those systems may be quite usable for smaller apertures or smaller focal lengths, but scarcely for highest quality demands beyond the capabilities of common apochromatic lens systems.
Please feel free to try out other system parameters, for instance, change the wavelenths (<Options><Settings>), the speed (<f-Nmbr>), lens thicknesses and distances and try to optimize the new variants by choosing appropriate correction goals of third order. 
By doing so, you will get a feeling for the possibilities of the synthesis programs. If you find any bugs, I would be grateful for a short message. I then will try to correct it.
A general hint: The current versions (non-commercial) of the synthesis programs are not failsafe, i.e. there are parameter combinations without solution, and an error message like “invalid floating point operation”, or so, will pop up. In that case, just try to find another combination with a valid solution. 
The last example is the use of the synthesis function Medial Cassegrain for a visual system with small obstruction. This is not possible with a plane image field, because small obstruction requires a secondary mirror with high power, so the Petzval sum cannot be brought to zero. 

Please choose for the red, green and blue colors the wavelengths 0.706....µm, 0.546...µm and 0.435...µm. This is an extended visual range, already suitable for photographic applications. Open the synthesis window for the Medial Cassegrain again and choose again the glass N-BK7. Click on the button <image field><free curve>. Instead of a flat field, you can now specify the backfocus of the equivalent system in units of the focal length. Please type in 0.11.
Enter the following additional data: Distance 2/1: 0.85, Distance 3/2: 1.05, Power 3/1: -20, f/mm: 2211, f-Nmbr: 11.05, Field/°: 1, Scale: 1000, Thickness Front Lens: 0.009, Thickness Mangin Mirror: 0.009, Thickness Field Lense: 0.004 for the geometry parameters, and Longitud. Color: 0.00019, Transvers. Color: 0.00038, Sper. Aberration: 0.200 and Coma: -0.050 for the Low Order Correction Goals.
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The values for focal length and f-number for the equivalent system were chosen in a way, that for the real system a focal length of 2000mm and a f-number of 10 is obtained, according to comparable commercial Schmidt-Cassegrain-systems.

Please click <ok>, open the system data window again, click <ok> and save the system.
Please compare with the example files ‚Medial-Cass_200-f10_e.opt and ‚Schmidt-Cassegrain_200-f10_e.opt’. The Schmidt-Cassegrain system has been taken from ‘Telescope Optics’ by Rutten and van Venroij and is most likely comparable to the so-called ACF-telescopes, if they would be designed with the same compactness. 

You will find that the equally compact ACF-system shows considerably poorer color correction, field quality, field curvature and obstruction than the Medial-Cassegrain-system.  

Additional drawbacks of the ACF´s are the heavily deformed optical surfaces (Schmidt plate and secondary mirror). This leads to reduced manufacturing quality, compared to spherical surfaces, at least with respect to the manufacturing effort (cost).

Of course, there are drawbacks with the Medial-Cassegrain, too. The glass must be high quality optical glass, and there are three more optical surfaces to polish, namely the lens surface of the Mangin mirror and the two small surfaces of the field lens. These drawbacks have to be weighted against the superior image quality.

Please change for this system, too, all parameters in the synthesis window, you wish to change, and analyze the results. If you find bugs, don’t hesitate, to inform me. I will try to correct them. 
To the end

Let me now say some words to the practical realization of these Medials. Beside the striking intrinsic image quality of the combination of a Mangin mirror with lenses, even with spherical surfaces, the deciding advantage of a Medial, compared with all other lens systems, is the fact, that color aberrations of first order can be fully compensated, if all lenses are of the same kind of glass with exactly the same dispersion parameters. If lenses of the same glass type, but with different melting and cooling history are used, the lenses will have different dispersion properties and an exact compensation over the whole spectral range is impossible. This is the intrinsic problem of all other lens systems, leading to quality variations with varying glass batches. 

But, with the Medial, there is the unique chance, to use glass with practically identical history, and therefore with identical dispersion properties, in cutting the lenses out of adjacent parts of a glass block. If aditionally the spatial orientation of the lenses is saved, even residual spatial inhomogeneities of the refractive index can be mostly cancelled out, so the theoretical performance in fact can be nearly reached in practice.
At this point, let me give a short look at a new very interesting Medial system. Recently Ed Jones, a widely known American ATM, has patented a Schiefspiegler version of my Medial Cassegrain. Advantages compared to other Schiefspieglers are relatively high speed with spherical surfaces, compactness and a nearly plane, highly corrected field without tilt. Ed Jones told me the system data and he gave me permission to put these data to the German astro-forum astrotreff.de.  I added this system in a slightly modified version to the example files of PointSpread. I am very pleased, if my Medial systems would give any impact to those developments and I hope, this would be so in the future, perhaps even supported by the synthesis programs.
Finally, some remarks to the above comment of Massimo Riccardi on the so-called Riccardi-Honders distributed by Officina Stellare. 

Those systems composed of one glass type and spherical surfaces were patented in 1981 by Erwin Wiedemann with several examples. In my patent I mentioned this system as state of the art and showed by 3rd order analysis that it cannot be corrected even close to a diffraction limited state for fast astrographs with adequate field. However, it is possible to achieve a better correction by splitting the field lens in order to get another degree of freedom by another lens bending, making the system reasonable as astrograph for amateur purpose. 
Obviously, this is the way Riccardi has chosen, in spite of the fact, that higher order aberrations are getting worse. 
Because this system lacks any correspondence to the developments of Honders, it should rather be named as ‘Riccardi-Wiedemann’.  

One example of those systems I have added to PointSpreadV78e.zip as ‘Riccardi-Wiedemann_200-f3_e.opt’. Unfortunately, there are at least 11 surfaces, so one cannot use the sophisticated system evaluation provided by the free OSLO version. You have to confine yourself to the abilities of PointSpread.
Have fun with PointSpread and the new Medial systems.

cs and apologies for my poor English
Hans-Jürgen Busack
www.busack-medial.de
