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At some point during the making of a telescope mirror one needs to evaluate the quality of its surface and curve. 
This is especially important when the mirror obtains its eventual correction, during the parabolization phase. 
Traditionally, ATMs use a number of relatively simple methods, in particular the Ronchi and Foucault test. The 
problem with these test methods is that they inherently contain a level of subjectivity. As also concluded in the 
report by Jan van Gastel1 these tests have a limited quantitative accuracy and should really only be used for 
qualitative analysis.  

When reaching the final stage of the correction phase, better methods should be used instead. This article 
describes such method, which is well within reach of ATMs: the Bath interferometer. 

Sensitivity of Foucault and Ronchi tests is maximal when used as a null-test, i.e. in the Radius of Curvature of a 
spherical mirror, the Focal point of a parabolic mirror or at Conjugate foci of an elliptical mirror. In case of a null 
test, the converging light has spherical wave fronts, in all other cases the wave fronts will have different shape 
and do not focus in a single point. In a null test, Ronchi shows straight lines and Foucault shows homogeneous 
darkening of the mirror. Null tests can be created in the lab by using additional optical elements, for example 
autocollimation with a large flat mirror or the introduction of a Ross lens. The main disadvantage is that the 
additional elements bring also additional sources of error. 

The principle of an interferometer is the comparison of a light beam reflected by the mirror under test (the 
measurement beam or test beam) with a reference beam having known characteristics. The comparison is done 
by letting both beams interfere and by registration of the resulting interference pattern. The way the 
interference pattern looks is caused by the differences between both beams. From this fringe pattern and the 
known characteristics of the reference beam the actual surface shape of the mirror under test can be deduced. 
This is done by means of a mathematical algorithm in a computer program. There may still be sources of error in 
this method, but the observer subjectivity is limited to a minimum. 

This article describes how a Bath interferometer works, how you can build one and finally how to use it. 

The Bath Interferometer 

General mechanism 

As stated before, the mechanism of an interferometer is based on interference between a measurement beam 
and a reference beam. For these beams a single coherent light source is used, a LASER. One characteristic of 
coherent light is that the colour is well defined, which means that the wavelength has a specific value, and the 
bandwidth around this value is very narrow. This means that the electromagnetic waves that make up the light 
go up and down with the same time behaviour. Another characteristic of coherent light is that, for a certain 
location the peaks of these waves all pass in the same moment, in other words that the waves have the same 
phase (spatial and temporal coherence). 

So, coherent light has well-defined wave fronts with a well-defined wave length, characteristics that can be used 
to make precise measurements of for example distances. 

                                                                 

1 http://members.ziggo.nl/jhm.vangastel/Astronomy/De Foucaulttest.pdf 
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The wave front of light in a laser beam is approximately flat, meaning that all light propagates in the same 
direction. When this beam passes a lens, the light is refracted and the direction is changed. Using a positive lens 
as in the picture, the light will first converge into focus and then diverge.  

 

In a Bath interferometer, at the location where the fringe pattern is registered the reference beam is diverging 
with spherical wave fronts. The test beam is also diverging and close to spherical. Each beam seems to originate 
from a single point, these points are in close proximity so the wave fronts are almost completely overlapping. 
The picture shows what happens in such case: wave crests intensify each other at some locations and are 
cancelled by valleys on other locations. This fringe pattern is stationary, and can be registered with a camera. 

Key is that the test beam contains small deviations in the phase (or time of arrival) in a wave front, i.e. the 
spherical shape is disturbed or aberrated. These phase disturbances are directly caused by high and low areas on 
the mirror surface. These high and low areas may be a large-scale deviation, like for example due to 
parabolization, or smaller scale effects like low or high mirror zones. All deviations from a spherical wave front of 
the measurement beam will cause deformations of the fringe pattern. From these fringe pattern deformations, 
the mirror surface shape can be exactly deduced by means of a computer program. 



The blueprint of a Bath 

A Bath interferometer contains the following essential elements: 

1. Laser, serving as the coherent light source 

2. Beam splitter, to separate test and reference beams 

3. Flat mirror, to redirect the egress reference beam and ingress test beam 

4. Diverging lens, to obtain diverging wave fronts 

 

The layout of a typical Bath configuration (right-angle variant) is shown above schematically. The four basic 
elements can be recognized, Laser, Splitter cube, Flat mirror and Diverging lens. As a light source a cheap 
laserpointer can be used, which already contains a collimation lens. The diagram shows a bare laser diode with 
an objective as external (aspheric) collimation lens. This widens the beam beyond the 1-2mm you get from a 
laserpointer, resulting in a wider divergence and the possibility to test faster mirrors. 

The diagram draws the test beam in red, and the reference beam in yellow. For clarity it also only shows the 
egress beams, which both end up at the mirror under test. The reference beam uses only a small area of the 
mirror, and hence large-scale surface errors can be ignored. Other errors will also cancel out due to the 
averaging effect of multiple measurements. 

 

The path of the return beams is shown in the second diagram. As can be seen the reverse path is switched 
between beams, now the reference beam passes through the diverging lens, but in opposite direction. The 
ultimate focal points of both beams need to be approximately co-located, in the diagram this takes place in the 
splitter cube (the location of this spot is in fact determined by the focal length of the diverging lens). Both beams 
follow the shared path to a camera, where the interference pattern is captured. 



Since the mirror under test only reflects part of the test beam, the returned cone normally fits inside the wider 
cone of the reference beam. In practice, when looking into the cube from the camera position, the test beam 
reflected by the mirror can be seen within a larger circle of the diverging reference beam. On the mirror appears 
a line pattern, these lines are the fringes that need to be captured. 

As can be seen in the diagrams, the test and reference beams follow the same path, but in reverse direction. For 
this reason, the Bath interferometer is of a type called “Common Path Interferometer”. A big advantage of a CPI 
is that this type is relatively insensitive to vibrations, air currents and other defects. Some of the results of these 
defects are largely cancelled out, because the beams experience them in opposite direction. Also, the LASER can 
be of fairly low coherence, because the path lengths are essentially of equal length. 

These characteristics make the Bath ideally suited for amateur use! 

Building a Bath 

Construction of the optical measurement head is fairly straightforward, more challenging is the XYZ translation 
stage. Translators can also be purchased, but are usually quite costly.  

 

The image above shows an example of a Bath construction, in which all elements can be recognized. The lens is 
6mm diameter biconvex with f=10mm, the beam splitter is a 15mm cube, the flat front surface mirror is 12mm 
wide and finally there is an f=18mm aspheric laser collimator and a laser diode. 

The laser diode could range from a simple 650nm 1$ each from Deal-Extreme, to a long coherence length 
HL6501MG from Hitachi. All components have been mounted on a piece of aluminium L profile, with screws to 
enable adjustments. The translators have been obtained from E-Bay and the optics are low cost from 
SurplusShed. 



 

Important points of attention: 

• The splitter must be adjustable in azimuth. In the example it is epoxied to an aluminium plate, which in 
turn hosts a central M3 screw. 

• The flat mirror must be adjustable in azimuth and elevation. In the example the mirror is glued to an alu 
profile with a dot of silicone caulk that serves as flexure (elevation). The profile also contains a central 
screw like the splitter (azimuth). 

• Laser, collimator and diverger have been mounted on aluminium L profiles on the proper height. Shims 
can be used to fine-adjust height 

• The beams need to have low separation, so the diverger is on the edge of its cell. 

• The camera objective needs to almost touch the splitter cube. 

• Laser light is preferably dimmable, e.g. by means of a variable current source. 

A simple current source can be made with an LM317 and an adjustable resistor. An example of a more 
complicated but also more stable circuit is given below: 

 

It consists of a regulated voltage source followed by an adjustable current source. A better choice of OpAmp 
would be a rail-to-rail single supply variant, but this one also works... 



Using the Bath 

Capturing Interferograms 

Initial set up and alignment of the measurement configuration will cost some time at first, but successive 
sessions are a lot quicker. It is important to mount the mirror as vibration free as possible. To this purpose a 
sturdy test stand is required, which is made heavy with additional weights and mechanical isolation from its 
environment. In the images below a set of counter weights is used, which can be amended with some dissipating 
material under the legs. Once aligned it is best to leave the stand at its location, or otherwise mark where it was 
to speed up follow-up measurements. 

  

The mirror is supported on ± 45º points, as shown on Nylon rings that are under the centre of gravity of the 
mirror. The three large metal washers behind the mirror serve as precise axial position definition, for each 
measurement the mirror is pushed against it. 

Then interferometer and mirror need to be mutually aligned. It is assumed that at this point the interferometer 
itself is already aligned, i.e. both beams are parallel. The vertex of the mirror should be at the same height as the 
laser, and the splitter cube should be near the mirror RoC. The reference beam should hit the mirror near its 
centre. 

Then, in low ambient light conditions the reflected reference beam can be traced back and should end in the 
diverger lens (conform the diagrams shown earlier). To achieve this, first re-position and re-orientate the mirror 
stand for the course direction, and then move around the Bath for fine adjustment.  



 

The final positioning to be adjusted is the axial location of the tester. This can be moved around while looking 
into the cube. The reference beam light circle should approximately centre around the mirror, which at some 
point lights up with the reflected test beam. Fine adjustment of XYZ controls will normally bring up fringes. When 
the fringes look good, I usually mark the location and orientation of the tester like done for the mirror stand, so 
set up for successive measurements is only a matter of seconds. 

The fringe pattern that can be seen contains an ‘eye’, corresponding with the foci of the two diverging beams. 
The fringes curve around the eye, and width/number of fringes is adjusted by the axial (Z) setting, i.e. the 
distance between mirror and Bath. The eye needs to be shifted away from the mirror image, by adjusting lateral 
(X, Y) settings. Make sure to get a few tens of fringes before starting the series capture and refrain from having 
closed loops. 

 



After everything is initialized, the camera can be set up.  

  

In this example a Canon A95 Powershot is used. The relevant settings in this case are: fixed exposure time, 
manual focus and exposure delay timer of 2 seconds. The latter is needed to let the camera finish vibrations 
before capture. The exposure time is determined empirically, and targeted at best contrast, possibly combined 
with adjustment of diode current. Good focus is mandatory, camera must be focused on mirror (i.e. 
approximately its radius of curvature). 

 

To cancel out errors induced by the test setup, primarily astigmatism due to beam separation and also 
astigmatism and trefoil due to the test stand, interferograms are made for several mirror orientations. Best is to 
use either four (as above) or eight different orientations. The wave front analysis can be de-rotated and 
averaged to eliminated these systematic errors. 

For each orientation a set of exposures is made, which will also be averaged to cancel noise and other stochastic 
sources of error. By adjusting the X and Y position the orientation and number of fringes can be changed (see 
below). It is best to vary this for all exposures for a certain orientation. 

    

Summarizing the workflow, in the example above 4 exposures are taken for each of 4 mirror orientations, 16 
interferograms in total. For each orientation, 4 wave fronts are calculated, averaged and stored. Then the stored 
averages are each de-rotated and averaged again. This provides the resulting analysis, with lowered noise and 
cancelled astigmatism. 



Systematic errors 

A word about systematic errors, there are two important sources: 

• astigmatism due to beam separation 

• deformation due to the test stand 

The first error can be understood when considering that the reference beam and the test beam inherently make 
an angle because their origin is the flat mirror and the diverger lens respectively. The separation is only a few 
mm, but still enough to introduce apparent astigmatism in the analysis.  

The magnitude of this astigmatism is given by:   
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where D is the diameter, R radius of curvature and d the beam separation.  

For common mirrors the error is below λ/10, but this is already too much. The error can be removed 
mathematically by the analysis software, but it is better to use the rotation/de-rotation technique as mentioned 
previously. This technique removes also test stand induced deformation along the way. 

 


