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Contemplation on a Black Spot 
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ABSTRACT  

The Event Horizon Telescope (EHT) consists in effect of 

several Michelson stellar interferometers. The separation of 

the radio antennae is up to 10000 km, but the received signals 

from M87* are still coherent. This means that the observed 

object is smaller than the resolving power of the virtual 

telescope. Thus, neither the width of the object nor its fine 

structure may be determined. 
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I INTRODUCTION: OBSERVATIONS ON M87* 

On April 10, 2019, the first image – to be precise – the first “shadow” of a Black Hole was 

presented to the public in a press conference at Brussels. The audience was told that eight 

radio telescopes had been arranged to form a huge virtual telescope (EHT) looking at the 

centre of Messier 87 where a giant Black Hole resides. It contains 6.5 billion stars of the size 

of our sun resulting in an “event horizon” with a diameter of 20 billion kilometres. When 

observed from Earth at 55 million light-years distance, this large object appears under a tiny 

angle of 7.5 micro arc seconds (μas). This is about the size of the black spot measured by 

EHT inside a bright disk of 42 μas (Douglas Adams’ fundamental number revealing all 

mysteries of the universe!). Details of EHT’s measurements are documented in several 

publications, for example here: [1] 

II MICHELSON’S STELLAR INTERFEROMETER 

The idea of observing remote stars with two spatially separated telescopes and letting 

interfere the diffraction limited pictures goes back to Michelson. He measured, e.g., the 

diameter of the red giant Betelgeuse and found it 300 times larger than the diameter of the 

sun. The principle of Michelson’s stellar interferometer is the following:  

Light coming from an infinitely remote star is spatially coherent and produces a diffraction 

limited picture in the focal plane of a telescope. The size of this diffraction spot is determined 

by the ratio of the wavelength to the aperture λ/A times the focal length. If these pictures 

from two telescopes are superimposed by mirrors, one observes an interference pattern, since 

the light is spatially coherent. With increasing distance D between the telescopes the 

interference pattern disappears, however, which indicates that there is a small angle w 

between the wave fronts arriving from different regions of the star. The condition for 

vanishing interference is w D ≈ λ. If the distance L of the star is known, its diameter may be 

determined from the product w L.  

For details see the German version of a Wikipedia article [2]. The English version of this 

article is very brief. J.B. Calvert’s article [3] gives a learned account of coherence and 

interference at work in a Michelson stellar interferometer. It states unambiguously: When the 

light from two points can be made to form fringes, the signals are said to be coherent. When 

no fringes are seen, the signals are called incoherent. ... We only have to find the limits of the 
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region where the light from the star is coherent, using interference, and this is directly 

related to the apparent angular extent of the source. We take apertures farther and farther 

apart, and find out where the fringes disappear. 

III PROPERTIES OF EHT 

In case of EHT there are several “stellar interferometers” with base lines D up to 10000 km 

and resolving power a = λ/D ranging from 25 to 50 μas in the “light” of  λ=1.3 mm 

microwaves, as indicated in Fig. 2 top [1]. Clearly, these stellar interferometers cannot 

resolve the black spot of 7.5 μas produced presumably by the “Black Hole” according to 

EHT’s interpretation. One would need a base line of at least 40 000 km. In fact, in [1] it is 

stated: “To measure interferometric visibilities, the widely separated telescopes 

simultaneously sample and coherently record the radiation field from the source.” The 

interference of the coherent light was achieved by superimposing the individual signals by 

computation. Obviously, the distance D was not large enough to receive incoherent light 

from the source which would at least result in an estimate of the source’s size. Any fine 

structure of the observed object cannot be measured as long as the light received at conjugate 

antenna pairs is coherent. 

The question arises then: What did EHT actually measure? It is remarkable that the width of 

42 μas of the published bright disk was comparable to the resolving power that is somewhere 

between 25 to 50 μas. This must be considered as an extremely unlikely coincidence, since 

the resolution power of an earthbound telescope has absolutely nothing to do with the 

properties of a Black Hole that is remote from us by 55 million light-years. 

IV CONCLUSION 

If we take the published “image” based on the amplitude profile of Fig. 2 bottom [1] as the 

diffraction limited picture of the virtual telescope, the measurement makes sense. The black 

spot in the centre of Fig. 3 top [1] is known from optical diffraction experiments as 

demonstrated in Ref. [4], Fig. 197. It is the pendant to Arago’s spot behind a solid disk, also 

shown on page 84, see below. One can observe such diffraction phenomena by looking 

through a slit of about 0.3 mm which may be easily formed with two fingers. With some 

dexterity one sees a dark stripe in the middle of the slit. In case of a round hole a dark spot as 

in Fig. 197 may be produced. “Diffraction limited picture of an infinitely remote source” 
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seems to be a plausible interpretation of EHT’s “first photo” of a Black Hole. It is, of course, 

at variance with EHT’s interpretation of their measurements. 
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Abb. 197: Dark diffraction spot inside a circular hole 
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