Collimation of the YOLO by Beat Eichenberger  (English translation Carl Anderson)
The adjusting parameters

When trying to find the number of adjusting parameters, one can be surprised at their large number. Don't forget the fact that the positioning of the box entrance opening and the location of the eyepiece-focuser are also elements of the collimation task. If one tries to count all collimation elements, then the following picture results: 

location and size of the box inlet port                                          y, z, r                           3 parameters

location, size and tilt of the focuser                                             y, z, r, alpha, beta        3         "

tilt of the focal plane                                                                     alpha, beta                  2         "

location of the eyepiece relative to the focus                               x                                  1         "

location and tilt of the primary mirror                                            y, z, mer, sag              4         "

location and tilt of the toroid secondary mirror                             y, z, mer, sag, rotat.    5         "

separation distance of the mirror centers                                     x                                  1         "

There are altogether 19 points! It is evident that many of these adjustment parameters need to be located very accurately with regard to the box construction.

The adjustment begins with the building of the box
There is no difficulty making the rough and fine collimation adjustments, provided that the box is accurately made.

So that we have a reference system for our guidance, we define two planes. The first plane is oriented in the vertical direction and contains the mirror centers and focus.  This is called the meridional plane (also called the tangential plane).  The second plane, called the sagittal plane, is oriented perpendicular to the meridional plane and lies horizontal.  The mirror centers also lie on this plane.  (see illustration)
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If one makes reference to these two planes with the building of the box, then one will put the base of the box parallel to the "horizontal plane" and the side panels parallel to "vertical plane". Thus these box walls become reference objects for the locations of the box openings and mirror locations. All optical dimensions can now be converted in a simple manner from the optical design. 

The mirror to mirror spacing mainly determines the box length. The accuracy of this distance is not critical and by exact workmanship, problem-free results are ensured. 
We set the tilting angles of the mirrors, both in meridional and sagittal orientation, as exactly as possible when assembling. 

The box entrance opening
The location for the center of the entrance opening we infer from the design. For this, the distances from the two reference walls of the box, are used. 

The diameter of the opening must be larger than that of the primary mirror, otherwise we may have unwanted vignetting. We should draw the off Axis paths of rays, which the toroid secondary is able to reflect without vignetting, in the construction design. The size of the box opening is then selected in such a way that the found path of rays can occur unhindered. The "adjustment" of the entrance opening is thereby determined.
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The eyepiece-lateral box opening
The position for the location of the opening we take from the design. For this the two distances from the reference walls are again used. The diameter of the box wall outlet is selected so that the path of rays does not suffer any additional vignetting. Thus the "adjustment range" of the eyepiece-focuser is determined. 

Position of the eyepiece focuser relative to the focus. 
The focus should be, in my judgement, at least 20cm (8 inches) outside of the box end.  There, a star diagonal, all eyepieces, bino-viewers or other mechanisms can be used.(and in focus!)  In my case the focus is  38cm (15 inches) away from the box end. It became even necessary to add to the box, an extension, so that the eyepiece focuser can work properly.

We can see the exact position of the image plane from the optical YOLO computation, the different focal lengths of the eyepieces however do not permit an exact determination of the focuser location. One can determine this by observing the sun or the moon while the mirrors are still uncoated. One should find the most favorable focuser location by using all existing eyepieces. For this purpose naturally, the focuser is to be adjustable, so that the position is found, in which all eyepieces and other observation mechanisms are able to be focused.

The angle orientation of the eyepiece focuser 

The box-lateral mounting surface for the eyepiece focuser must lie right-angled to the axial ray of light. Either we already tilted the appropriate box wall by the construction into the correct angle orientation or we provide the necessary inclination with a wedge-like piece.  The exact angle we take again from our design. 

Notes: The eyepiece focuser tilt in the lateral direction should be planned on the box-lateral mounting surface. More of this adjustment is discussed during the fine adjustment. 

The mounting plate of the eyepiece focuser can be equipped with four adjustment screws. If of the box-lateral mounting surface is made exactly at the inclination angle, then the use of these screws is not necessary. The image field inclination can be balanced, if necessary, for photographic purposes. 

 Position of the primary mirror

The distances of the mirror center from the reference walls of the box are from the construction design. The mirror mount is installed according to the design and adjusted exactly with the help of existing lateral adjusting screws. The tilt angle in the meridional and the sagittal plane is constructed likewise as exactly as possible. The final adjustment takes place via the rough and fine adjustments, which are described later. 

Position of the toroid secondary mirror
The distances of the mirror center, from the reference walls of the box, are from the construction design. The mirror mount is installed according to the design and adjusted exactly with the help of existing lateral adjusting screws. The tilt angle in the meridional and the sagittal plane is constructed likewise as exactly as possible. The final adjustment takes place via the rough and fine adjustment, which are described later. 

When polishing the Toroid we had to mark either the sagittal or meridional at the edge of glass. According to this marking we put the mirror into the mirror mount. A method for examining the exact rotation orientation is shown later.
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Rough adjustment of the YOLO
For this purpose, we provide ourselves three cardboard rings, each of which carries a cross hair. For the two mirrors we cut ourselves two rings, of for instance 6mm thick. We select the outside diameters according to the mirror diameters. We can paint the two rings with an identification color code, e.g. red and green. This is a small assistance when adjusting. The ring for the box entrance opening we cut 15mm thick, for stability reasons for instance, and equip him with 3 guide pins, which fit exactly into the box entrance opening. We stretch a hair cross with black thread in each ring.

Further, we manufacture a 2.5cm (1 inch) long round wooden sight tube, which will provide a continuous through hole of 3mm. The diameter of the round sight tube we select in such a way that it fits exactly into the eyepiece focuser. Thus we are prepared for the rough adjustment. 

In principle the adjustment is to be accomplished in such a way, as indicated by Michael Brunn. Thus as follows: 

We put the two cross hair rings, for the mirrors, to fasten directly on the mirror surfaces and apply them to the mirror edges.  We make sure that the rings rest all around against the mirror surfaces and coincide exactly with their edges. The cross hairs mark  exactly, the mirror centers. The turning orientation of the cross hairs is unimportant. It proves favorable to rotate it against each other around 45°.

The prepared sight tube, we now put into the eyepiece focuser, and look through the small hole into the box. If we ensure that both mirrors receive sufficient daylight, we then see the mirrors with the cross hairs. Thereby the mutual situation of the hair cross centers interests us.
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We now adjust the Meridional and Sagittal screws of the toroid secondary, until the two centers of the mirror cross hairs overlap each other. Thus the tilt angles of the toroid secondary are adjusted. The adjustment of the toroid secondary is thereby final. A fine adjustment does not take place. 

We now install the cross hair at the entrance of the box. Again we look through the small sight tube at the eyepiece focuser. If we painted our rings with different colors, then we can easily identify the cross hair of the primary mirror.  We now adjust the Meridional and 

Sagital adjusting screws of the primary mirror, until the cross hairs centers of the entrance opening and the primary mirror coincide. Thus the rough adjustment is final. 

Notes: Because of the end of the rough adjustment all three hair cross centers should cover themselves exactly, and be in the center of our field of vision. If the rough adjustment with largest precision takes place, then the fine adjustment is already nearly settled. 

It is to be importantly again pointed out, that with the building of boxes the centers of the Inlet opening and the eyepiece-lateral outlet must be exactly positioned, as well as the mirror centers in the middle when installing the mirror versions completely. If errors are present in this range, they then are hidden within the rough adjustment by wrong tilting angular adjustments of the mirrors. With the fine adjustment we will not be able to reach  optimal alignment.

Rotation Adjustment of the Toroids 

In addition, we use an artificial star, which we set up in the distance from 15 to 20 meters. With a strong magnification eyepiece (5mm), we examine the star. So that we reach the focus, we need eyepiece-laterally a rather long mechanical extension. We will state that the image of the star in the focus cannot be focused. Rather a small blur of a square form develops. This is normal, since our YOLO is strongly astigmatic on this short distance by the Toroid. We use this effect for the adjustment of the exact Toroid rotation orientation.
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If we leave the focus with the eyepiece focuser position either inward or outward, then we will find one point each, where the artificial star appears as sharp line. There is the caustic curves of the Toroids. The lines stand exactly for 90° to each other and should be perpendicularly respectively horizontal. If this is not the case, then the Toroid mirror must be rotated in its mount accordingly.

Notes:  Horizontal and/or perpendicular is called here with the orientations of the perpendicular and horizontal level defined by us agree. With the adjustment at the eyepiece end, if a star diagonal mirror is used, then its Z-axis may lie not against these levels rotated.

 The Fine Adjustment 

The fine adjustment takes place in the night sky and is limited to optimizing the tilting orientation of the primary mirror.

We examine a star in the center of the field of vision when large enlargement outside of the focus (The intra-focal or extra-focal images should be alike). 

Case 1: The image of the star is elliptical intra-focal and extra-focal, and the axis of the ellipse is bent. In this case we adjust the Sagittal screw the large mirror, until the ellipse axis stands either horizontally or perpendicularly. Then we adjust the Meridional screw of the primary mirror, until the ellipse becomes the circle (and possibly visible diffraction rings). The fine adjustment is final thereby.

 Case 2: The image of the star is elliptical intra-focal and extra-focal and the axis of the ellipse is exactly horizontal or vertical. In this case we turn only the Meridional screw the large mirror, until the ellipse becomes the circle (and the possibly visible diffraction rings). The fine adjustment is final thereby.

 Case 3: The star is circular intra-focal and extra-focal. In this case we do not have adjust anything further. For security one can adjust the Meridional screw of the primary mirror, until the star image will proceed to the ellipse and then repeat case 1 or case 2. Otherwise the fine adjustment is final. 

Notes: The intra-focal and extra-focal star disk must be round and evenly illuminated. Uneven brightness distribution or deviations from the circle, is due to errors in the optical system. If the errors are only caused by inaccurate positioning of the mirrors, then an improvement can be found by more adjustment. If the errors are however caused by inaccurate mirror curves or mirror surfaces, then helps to regrind only or live with the fact. After the rough adjustment the centers of the entrance opening lay mirror in the middle, and the center of the eyepiece impulse in one level. By the rotation of the adjustment screws with the fine adjustment at the primary mirror, the central ray of our system from the Z-axis of the eyepiece falls. It is indicated to examine after the fine adjustment again the rough adjustment. Of course we turn no more at the mirror adjustment screws, but shift the eyepiece impulse in lateral directions, until the hair crosses with look through the round timber again collapse. This subsequent positioning of the eyepiece impulse a unique affair is of course. With future collimation it is no longer necessary.
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Additions of the YOLO fine adjustment 

Described in the "Advanced Telescope Making Techniques" by "Tore Siogren", 

a collimation method with 4 small openings for "A folded Reflector", 

 was tried out in the case of a YOLO. 

The inlet opening is covered, with the exception of 4 small holes (for instance 25mm diameter holes). These openings are oriented crosswise and positioned near the edge of the mirror (see accompanying illustration).
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In this way we provided ourselves four small telescopes, which exhibit an aperture ratio of 1:80 in our case for instance. Thus air unrest is reduced substantially and the focus is quite "soft", i.e., intra and extra focus images appear still in focus for our eye.

 The view of the four diffraction patterns, with intra or extra focus positions, released by air unrest, allows us to notice their individual movements. These movements are obstructive for the fine adjustment, give however as a side effect, indicating the "seeing" quality. 
The intra-or extrafocal diffraction pattern shows us show, depending on the existing quality of the coarse adjustment, four Airy discs, which have the following properties: 
• the disks are unequally bright
• their mutual positions are symmetrical 
• one or more disks are not exactly in a circle 
The accompanying pictures are to illustrate:
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By adjusting the Meridional respectively. Sagittal knob at the main mirror can be achieved that the Airy disks come to lie exactly symmetrically to each other, is circular and for the eye showing equal brightness. 
These adjustments are to be made at completely bright stars, so that the images are to some extent bright and the first diffraction ring becomes visible. At the best, one begins the adjustment with an eyepiece of for instance 10mm. If above characteristics are reached, then the image looks like this: 
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The sensitivity of the method can be increased now by using a still shorter focal length eyepiece. The focuser is adjusted in such a way that the Airy disks touch themselves as it were.  This can be optimized by a still finer adjustment of the Meridional or Sagittal knobs on the primary mirror.   Air unrest will affect the individual motion of the four Airy disks and will make an exact estimation more difficult. This can be overcome however by a taking a longer view of the image. The accompanying picture shows the optimal attitude attainable with this method. 
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The described micro-adjustment always results in the same result with large security, since we can compare 4 diffraction patterns with one another. The micro-adjustment like it, with Michael Brunn, is described (ellipse axle horizontal respectable vertically and round spring holders) is relatively insensitive for our eye and by prevailing air unrest is mostly made impossible. The evenly described micro-adjustment draws only the adjustment of the Meridi onal respectively. Sagittals knob of the primary mirror in consideration. If no optimal image can be achieved, then other errors are present, which will probably lead to a longer obstacle run. It is naturally that the diffraction patterns, in the focus, collapse into only one picture, with which the Airy disk and the first diffraction ring is visible and in its quality an optimal illustration in a book is comparable (see fig. next door). 
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The vignette free zone does not lie in the center of the field of vision! 
Tilting the toroid secondary mirror causes the vignette free zone not to be centered in the field of vision. This is shown by the representation of the increased image focal plane (see fig.). The intra-or extra-focal star images appear round in the vignette free zone. Outside of this zone they become increasingly cut off toward the edge of image field. This can be observed by an eyepiece with sufficiently large image field. 
Note: The angle size of the vignette free zone is based on the conditions of B. Eichenberger’s Yolo. This will be similar for all of the 155mm YOLO's in our group. 
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Three important points, with the building of box. must be considered:

1. No direct view from the eyepiece end to the open sky 
2. Determine the number and the position of light baffles 
3. Vignetting, may be caused by the toroid mirror, and not by the baffles and box openings
The length of the extension tube, the free height not used by the vignette free path of rays, and width of the box determine the necessary number of light baffles. Practically, it is sufficient to keep free, for the primary mirror, the reflections at the base of the box with baffles. The baffles also work for the remaining box walls.  Also, baffles are to be attached in the extension tube! Reflections are particularly strong there (low angle against the eyepiece).
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