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Some months ago the press brought the great news that a 

monster telescope, 50 feet in diameter, was being projected on 
an entirely novel and reliable principle, such that its construc
tion would not only effect an enormous reduction of cost in com
parison with that of existing telescopes, but would also set no 
limit as to size. The designer proposed to test its capabilities 
at the opposition of Mars in 1924, and by means of the large- 
scale photographs it would furnish, to solve the mysteries of 
our neighboring planet.

The novel principle of this great telescope was the rotation of 
a fifty-foot basin of mercury about a vertical axis. As the 
centrifugal force thus developed would urge the mercury towards 
the rim of the basin, its surface would form a perfect paraboloidal 
mirror, the very same surface that the most skilled opticians 
spend years of patient toil in giving to the mirrors of our giant 
reflectors. By one brilliant stroke of genius the mere rotation 
of a basin of mercury would thus give us a more perfect and a 
larger telescope than any that had ever been or could ever be 
constructed on the old lines.

The boldness of projecting such a monster telescope, and the 
extreme simplicity of its principle, took most people quite by 
surprise. Every professor of astronomy has probably been 
questioned on the matter. And it was long the intention of the 
writer to examine the case with his readers, but circumstances 
have prevented it until now. What this article has thus lost 
in timeliness, will probably be amended by the interest of the 
subject.

According to a communication signed “ (B )”  in the February 
number of VAstronomie, the originator of the idea is a certain 
B. A. McA., who is praised as an engineer “ who manages mines 
all over the world and owns a steam freighter on the Pacific 
Ocean.”  He intends to place his giant reflector in an abandoned 
mine shaft near Chanaral in Chile, and estimates the cost of 
the installation at from 150 to 200,000 dollars.

The Principle.
The mathematics of the principle, that the upper free surface 

of a liquid rotating about a vertical axis takes the form of a 
paraboloid of revolution, can hardly be called novel. It is 
mentioned in so many old textbooks that it was most probably
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known for centuries. The application of the principle to the 
construction of a telescope by the actual rotation of a basin of 
mercury and testing its capabilities on the stars, is also not 
novel, since it was done in a thorough scientific way thirteen 
years ago by R. W. Wood of Johns Hopkins University, whose 
articles on that subject in the Astrophysical Journal for March, 
1909, and in the Scientific American for March 27, 1909, are 
full of the practical details of his experiment. The only really 
novel element in the projected monster telescope is its enormous 
size of 50 feet, which is about six times the diameter of our 
present largest one, the 100-inch on Mt. Wilson. What the 
prospects of success are for this giant may best be gathered 
from W ood’s experience with his 20-inch. And this we propose 
to examine somewhat in detail.

Difficulties with the 20-inch.
Wood says that “ the scheme has always been regarded as a 

joke by astronomers, which is not surprising when one con
siders the perfection required of an optical surface and the 
ease with which ripples are set up on a free surface of mercury.”  
However, as great discoveries have at times resulted from a 
bold attack on age-intrenched principles and on apparently 
insurmountable difficulties, Wood made up his mind to give the 
rotating mercury telescope a fair trial. A 7-inch basin worked 
so much better than he had expected, that he had a 20-inch one 
made by Warner and Swasey.

He found that there were four distinct sources of the ripples 
on the mercury. The first came from jars of the driving mech
anism. These were eliminated by supporting the basin 
exclusively on a pivot like a rotating top, and by centering a driv
ing wheel under it without touching it except by the pull of rub
ber bands. The second was due to the grinding together of the 
pivot and its socket. These were removed by better work
manship. The third source was the imperfect leveling of the 
plane inner bottom of the basin. If this bottom, for example, 
was a millimeter lower than its center on one side and as much 
higher on the opposite side, there would be with the mercury 
at rest a depth of two millimeters more on the lower side. After 
half a turn this part of the mercury would be carried to the 
higher side and be then two millimeters above the level of the 
lowest part, so that it would be forced to flow away. This 
would set up a tidal wave, which would act continuously all over 
the basin. This difficulty could be easily overcome by setting
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the axis of rotation accurately perpendicular to the flat bottom 
of the dish and then leveling the basin by the stars. The fourth 
source of the ripples was the most troublesome of all, a want of 
perfect uniformity in the velocity of rotation. This would 
change the focal length of the mirror and make the images 
dance back and forth.

Difficulties with the 50-Foot.
Let us examine what these four sources of trouble would be 

on the projected 50-foot mirror. To support such a large ro
tating basin accurately without wobbling and without a variable 
flexure on one conical bearing, would probably not exceed the 
capabilities of our modern engineers. But such a support 
could not be used in the present case, because gyroscopic stability 
calls for a high rotational speed, which Wood could use with 
his 20-inch, but which is out of the question here, since for a 
focal length of 250 feet or 76.2 meters, the 50-foot basin would 
have to make but one turn in 25 seconds. This would mean a 
peripheral speed of 1.932 meters or 6.2 feet a second. (Note A.)

This slow speed will compel us to support the basin on wheels 
running on a circular track. That brings us to the second 
source of the ripples, the want of absolute mechanical perfection 
throughout the entire mounting. Even if this were realized at 
the start, it could not remain so. Railroad men tell us that 
rails and tires wear unevenly in spots. The mirror must then 
sag at the worn places. With a focal length ten times the radius 
of the basin, the deviation of a ray from the rim will be magnified 
ten times at the focus, and then twice that by the laws of optics. 
Thus a sagging of only one hundredth of a millimeter or 0.0004 
of an inch at the rim means a deviation of one fifth of a millimeter 
at the focus, and this the keen eye of an astronomer can see 
even without a magnifying glass. What havoc then will this 
minute sagging wreak when the focal image is magnified a 
hundred times or more?

Worse than this is the fact that the mercury will begin to 
flow to the lower places, and thus start ripples all over the 
basin. The rotation will then make this “ confusion worse 
confounded,”  so that a distinct picture at the focus will forever 
be an impossibility. Springs and other elastic supports would 
only do harm, because when compressed more or less than 
usually, they react in proportion and would thus start and keep 
up vibrations.

Nor would the floating of the basin of mercury upon a second
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basin remove all traces of the jarring. The floatation principle 
has been tried and found wanting. Georgetown College Ob
servatory experimented with a 6-inch floating zenith telescope 
but abandoned it soon in favor of one of the ordinary mounting. 
The 6-inch almucantar of the Case School of Applied Science 
in Cleveland, which uses a circular trough of mercury, has 
proved to be a disappointment from the start. If floatation 
cannot satisfy the requirements of the micrometer screw of a 
6-inch telescope, how can it give us an optically perfect surface 
50 feet in diameter, ten thousand times the area of a 6-inch glass?

The third source, imperfect leveling of the basin or imperfec
tions in the absolute symmetry in shape and mass of the basin 
with respect to its vertical axis, may prove to be altogether 
irremovable, when every little roughness, even grains of sand, 
caused disturbances in the 20-inch.

The fourth source of the ripples in the small mirror, the 
slightest irregularity in the velocity of rotation, will relegate 
the practical use of the 50-foot to the realms of the imagination. 
If in the 20-inch the variation of the focal length of 15 feet or 
4.572 meters was finally reduced to a millimeter, what play room 
will it have in the 50-foot? Computation reveals the fact that 
a change of but one millimeter in the focal length of 250 feet or 
76.200 meters, or of one in 76200, is brought about by a varia
tion of only 0.013 millimeter per second in the peripheral speed 
of 1932.3 millimeters per second, that is, by a variation in the 
rotational speed of 0.000,006,56, or of two-thirds of one thou
sandth of one per cent. (Note B.) Even if in spite of this 
merciless mathematics the variation could be confined within 
a few millimeters, how will it be possible to see anything dis
tinctly except momentarily? Of course, the designer says he 
will take his chances and expose a whole series of photographic 
plates for only small fractions of a second at the mean focus. 
He evidently expects the images to be otherwise perfect and only 
move to and fro over a few millimeters. He forgets that mercury 
is a heavy liquid, and that on account of its great inertia, it will 
require some time, however small, to mould its surface to the 
changed speed of rotation and then to relinquish the new shape 
when the cause for it no longer exists. The inevitable result 
must then be a distorted surface and a blurred image. The 
experts that are handling our giant reflectors and focussing 
them habitually within the thousandth of an inch or the fortieth 
of a millimeter, might profitably be consulted about an ignis- 
fatuus focus.
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The Focal Length.
The focal length generally used by Wood in his 20-inch mirror 

was 15 feet, and was obtained, he says, by 12 revolutions a 
minute. This 12 is evidently a mistake for 10, because 12 
revolutions would reduce the focus to 10.18 feet. The ratio 
of the length to the aperture is here 9 to 1. In the 60-inch 
Mount Wilson reflector it is only 5 to 1. This we have adopted 
in the present article. With it we would need a well 50 feet in 
diameter and 250 feet deep, together with a parallel smaller one 
to give access to the mechanism, below the mirror. Such a 
focus of 250 feet or 76.2 meters would make a minute of arc 
equal to about an inch or 2.2 cm, and the image of Mars when 
nearest (about 25") less than half an inch (and the Moon about 
30 inches). Perfect definition and impression would of course 
admit of a wonderful amount of detail being enticed from even 
much smaller pictures such as are obtained from our large 
reflectors. But the difficulties and impossibilities already enu
merated make the securing of such a perfect picture a hopeless 
task.

The diurnal motion of the images across the field of view 
would be about a quarter of an inch a second for an equatorial 
star. While this could be easily nullified by a proper mechanism, 
it would be of little practical value, if rigid adherence to the 
optical axis that the great masters have always exercised, is to 
be our guide. This would reduce the available time of exposures 
for pictures free from spherical aberration to perhaps only a few 
seconds in the 24 hours.

M ounting.
A mercury telescope is evidently directed only to the zenith 

of the place where it is set up. There is no possibility whatever 
of pointing it elsewhere, or of attaching a driving clock to it 
for prolonged observations except by the addition of one or two 
plane mirrors. A most elementary acquaintance with the 
heavens tells us that the stars all appear to move with the same 
angular speed around an axis directed to the pole. In order to 
keep a star steadily in the field of view of a telescope, we must 
therefore move either the whole telescope or a plane mirror 
around a polar axis. If, as is rarely the case, the telescope is 
permanently set in this polar axis, one mirror making one turn 
in 24 hours with uniform speed will serve the purpose well. 
If the telescope is permanently set in any other direction, as 
the mercury telescope is in the plumbline, we may use either
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one or two plane mirrors. If we use only one, it must be given 
a double movement, the first with uniform speed around the 
polar axis, and the second about a vertical axis such that its 
normal always bisects the angle between the direction of the 
star and the axis of the telescope. Such a mounting is so very 
complex that it is rarely, if ever, used for a large telescope, 
except perhaps during the brief duration of a solar eclipse. It 
is to be found, as a rule, only on small heliostats. Two plane 
mirrors, one moving around the polar axis, and the other per
manently fixed in the axis of the telescope, as is the case in the 
tower telescopes on Mount Wilson, simplify the mounting very 
much. But then the cost, the imperfections and the loss of 
light are doubled. As far as the giant mercury telescope is 
concerned, it is a safe wager that even one plane mirror without 
its mounting will cost several times as much as all the rest of 
the outfit.

While two plane mirrors will reach every star above our 
horizon, the use of only one will deprive us of all the very best 
positions of celestial objects,' those namely that are high up 
in the sky. A simple analysis will tell us that, while it must be 
of course 50 feet wide, it must be at least twice as long to reach 
stars within 30° of the horizon, while lengths of 3, 4, 5, 6 times 
its width will carry it up to aboul 51, 61, 67, 71 degrees respec
tively. (Note C.) When Wood approves of the use of such a 
plane mirror for mercury telescopes as large as 36 inches and 
intends to drive it by clockwork or by hand, and says it is to 
reflect the light from any part of the sky to the bottom of the 
pit, he has evidently given this item little consideration.

The Very Limited Range.
If we decide to dispense with the plane mirrors, the mercury 

telescope is permanently directed to the zenith, so that only 
those objects can be observed that pass through the zenith or 
so near to it that spherical aberration is a negligible factor, that 
is, objects whose declination equals the latitude of the place 
within a few minutes of arc. Before going to all the expense of 
erecting such a 50-foot telescope, it would be a matter of only 
the most rudimentary prudence to fix the proper latitude for it, 
so that the most and best celestial objects might be observed. 
Stars, and clusters of them, and nebulae with the same declina
tion are too few to give us a proper return for our outlay. 
Planets, and Mars most of all, are the game worth hunting. 
But— and here we must investigate very thoroughly— what is



the declination of Mars, or rather what is its most frequent and 
best declination? To observe the planet when it is nearest and 
largest, on August 22, 1924, we must place the telescope in 
latitude 17° 35' south, that is, in the Andes near Cailoma in 
Peru, about 50 miles north of Arequipa, at Flores in Brazil, or 
on intermediate ground in Peru, Bolivia and Brazil. If we 
prefer to go to Africa we have choice of Huilla in Lower Guinea, 
and Mozambique, the capital of Portuguese East Africa, and 
intermediate places. A third choice is in Australia. A fourth 
one in the islands of the Pacific may disturb the mercury by the 
pounding of the waves. Every mile that we go north or south 
of 17° 35' south latitude will shift our planet about one minute 
of arc in the field of view. How the designer of the giant 
mercury telescope expects to observe Mars with it on August 
24, 1924, in Chanaral in Chile in latitude 26° 18' south, the 
writer leaves to wiser heads to divine.

With a scale of a minute arc to an inch and an allowable run 
of ten minutes of arc north and south, east and west, of the 
optical axis of our 50-foot mirror, we will find that at the op
position of Mars in 1924 we could observe the planet only from 
August 20 to 24, that is, only on five nights. As the diurnal 
motion is a quarter of an inch a second, or one minute of arc in 
4 seconds for an equatorial star, we could observe Mars only 
during 80 seconds each night (increased to 84 on account of its 
declination). With everything in perfect order, our monster 
telescope would allow us 5x84= 420 seconds = 7 minutes 
exactly.

However, we will have three other occasions during the same 
year 1924 of observing Mars. They will occur from January
6 to 9, May 28 to 31 (August 20 to 24 already mentioned), and 
September 23 to 27. This will give a total of 18 times, so that 
we will have 18x84 = 1512 seconds =  25 minutes 12 seconds 
at our disposal. These four occasions are however by no means 
equally favorable, as Mars comes to the meridian on January
7 at 8:15 a. m., on May 29 at 5:01 a. m., on August 22 at 12 :16 
a. m., and on September 25 at 9:40 p. m., its semidiameters or 
proportionate sizes being respectively 2".36, 6".28, 12".56, 
10".46. With the satisfaction that we have utilized the 25 
minutes 12 seconds offered us in 1924 to the very best of our 
ability, we will have to give our big giant a correspondingly big 
rest, as far as Mars is concerned, for 15 years. (Note D.)

In case the designer should actually place his giant mercury
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telescope in the mountains near Chafiaral in Chile, it may be 
of interest to investigate how “ favorable”  its latitude of 26° IS' 
south will be for the purpose. “ B,”  the writer in UAstronomie, 
says that “ the inhabitants of Mars are not to be the only bene
ficiaries of the project, because those of the moon, if there be 
any, will also have their rights, and these latter will cross the 
zenith of Chafiaral much oftener than their comrades.”  First 
as to Mars. If we take as typical the 15-year cycle between 
the oppositions of 1909 and 1924, Mars, according to the Amer
ican Ephemeris, came within ten minutes of arc of the zenith of 
Chafiaral only on 32 nights, and these were bunched together in 
three groups, June 25-29, July 22-August 11, September 20-25, 
in the one year 1922. Then as to the moon. As this presents 
a large disk, about half a degree in diameter, let us allow a dis
tance of half a degree between its center and the zenith. If 
we then again take a former cycle as a typical one, some part 
of its disk was observable, in theory at least, once or twice in 
a lunation, in all consecutive phases throughout the year, 
from April 1, 1892, to March 14, 1898, and then no more until 
October 20, 1909, when another six-year period of visibility 
began, to be followed by another eleven-year one of invisibility. 
The sun, of course, will never be observable in Chafiaral’s giant 
mercury mirror. A position within the tropics, especially near 
the equator, would be vastly more useful. It could observe the 
sun twice a year, the moon twice every month, and all the 
planets some time or other.

Is the M ercury Telescope Practical?
After what has been said it is rather surprising to find Wood 

so optimistic about the future of the mercury telescope. He 
thinks that “ an instrument of large size could in this way be 
placed within the means of any amateur observer,”  since his 
20-inch with motor, cement pit, entrance shaft, tunnel, etc., 
cost only 200 dollars. (Note E .) He adds, however, cau
tiously: “ Whether a gigantic reflector mounted in a suitable 
latitude would enable us to see more of planetary detail, I do 
not feel prepared to say. We could in this way combine great 
focal length and immense light-gathering power, but we should 
still have the atmospheric disturbances to contend with.”  To 
show the perfection of his mirror Wood gives photographs of an 
incandescent lamp and of his own countenance. But the really 
crucial test, a photograph of a starry field, he does not give at all.

To dampen the ripples Wood proposes two methods. The
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first is to use a copper vessel turned to an approximate para
boloid and to cover it with only a thin film of mercury, and the 
second to cover the mercury surface with a thin layer of water 
or glycerin. The first method has never been tried, but in the 
second glycerin gave most encouraging results. In a third 
method he poured hot liquid resin on the mercury, which when 
cold and solid furnished a pretty good convex paraboloid. 
When this is electrotyped, he says that a concave paraboloid 
may be made from the convex one, then electrotyped and 
silvered at small expense. I am sure that no optician would 
be enthusiastic enough to pronounce such a surface optically 
perfect. If this copying process is so easy and so perfect, it 
would be easier still to make moulds of our big reflectors and 
reproduce them in great numbers and at little cost. No, future 
large mirrors with fixed foci will be figured of solid material as 
before, possibly made in sections and assembled, and the mount
ing will be of the equatorial type as usual, because that com
mands the entire sky at all times. And lastly, the fact that the 
rotating mercury mirror has not been heard from since 1909, is 
a silent practical proof of its inefficiency.

N ote A.
Let the curve VP  in Fig. 1 be part of the parabola generating the 

paraboloid, FA V T  its axis of revolution, F its focus, V its vertex, 
FV — f  the focal distance, its equation being y2 =  4fx. Let P be any

point in the basin, y its ordinate and x its abscissa, the tangent at the 
surface of mercury PT, and the normal PN. Two forces are acting on 

r itfc gravity mg pulling downward along PD, and the centrifugal force
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mvAr throwing it away from the axis A, w being the rotational speed in 
radians. As the two triangles NPD  and TP A are similar muPr/mg ==' 
2x/y. As r =  y, and y2 =  4fx, we get « 2 =  g/2f, showing that the focal 
length is inverselay as the square of the rotational speed, that this angular 
speed is the same everywhere, and that the specific gravity of the liquid 
is of no consequence. Substituting the value of g =  980 cm and f  =  
7620.0 cm, we find «  =  0.25358 radian per second. Dividing this by 
2ir gives 0.04036 revolution per second and its reciprocal 24.778 seconds 
as the time to complete one turn. Multiplying the radian per second 
by the radius of the basin, gives 193.23 cm per second as the peripheral 
speed. The height of the liquid at the rim is 19.05 cm or 7.5 inches 
above that at the center. “ B ” in L’Astronomie thinks that the fifty-foot 
mirror ought to make about one turn a second. This would give it a 
focal length of 12.4 cm or nearly 5 inches, instead of 280, 360 and 600 
feet that he expects. If he means one turn a minute, /  =  1,466 feet.

N ote B.
Differentiating the equation 2/U 1 — g with respect to both /  and w, 

we find du — —  (oo/2f)df. Taking df equal to one millimeter, we get 
du =  0.000,001,664 radian per second, which multiplied by the radius 
of the basin states that a change of 0.001,268 cm per second in peripheral 
speed is sufficient to change the focal length of 250 feet or 76,200 meters 
by one millimeter. Comparing this with the peripheral speed used, 
193.23 cm per second, we get a ratio of 0.000,006,562 to unity, or of one 
to 152,400. W ood’s fluctuation of one in 4,572 millimeters makes his 
do) =  0.000,113, about one hundred times that for the 50-foot, giving a 
ratio of 0.000,109 to unity, or about 16 times our requirement.

N ote C.
In Fig. 2 let ABCD  be the tube of the telescope, M A  =  m the mirror,

t

F igure 2 in N ote C.

and M N  its normal. The one-dotted angles 9 are equal. Taking the 
aperture AB  as unity, m =  cosecO, and the zenith distance IM Z  of the 
incident ray 29, its altitude 9 0 —29. In the annexed table different 
integral values of m are given in the first column, and the corresponding 
values of 9, 29, and 90—29 in the other columns.
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m o 20 9 0 - 2 0

2 30° O' 60° O' 30° O'

3 19 28 38 56 51 4

4 14 29 28 58 61 2

5 11 32 ‘ 23 4 66 56

6 9 36 19 12 70 48

N ote D .
This does not mean that Mars will not pass at all through the field of 

view of the great telescope, but that, what astronomers call a very favor
able opposition cannot occur again until after 15 years. Mars is in 
opposition to the sun at intervals of about two years and two months, 
and is then nearest the earth for the time being, but owing to the ec
centricity of its orbit its distances then may vary from about 35 to 
61 million miles. The most favorable opposition is then the one at the 
least distance, and takes place near August 28. This can happen only 
once in 15 years.

As the future positions of Mars until the next opposition of 1939 are 
not available to the writer, he has searched the American Ephemeris 
for the past 15 years, and found that between the last favorable op
position in 1909 (at which Mars had the declination 4° 9' south, so that 
this telescope could not have seen it) until the next one in 1924, the 
planet had the declination 17° 35' south within 10' on 33 occasions. 
The average size of its semidiameter was about 3 " ,  the minimum being 
1".99  and the maximum 4 ".6 5  (except 6 ".2 8  in M ay, 1924). About 
half of the transits occurred in the day time within four hours of noon.

N ote E.
Wood here evidently leaves out of consideration the cost of the plane 

mirror which he recommends. As this must be optically perfect also, 
its price will at once dampen the ardor of an enthusiastic amateur. 
About a year ago the writer needed a pair of plane mirrors, one 43^x2, 
and the other 43^x1)^ inches, for an experimental range finder. The 
first American firm approached upon the subject asked 120 dollars, 
the second 80, and a German one 60. Now for W ood’s 20-inch we 
would need a plane mirror at least 20x40 inches =  800 square inches. 
A t the lowest price of 3 dollars per square inch, this would make 2,400  
dollars. W hat discount may be expected on such a large order, we are 
not prepared to say. Even if it were as high as 60 per cent, the plane 
mirror alone without its mounting would cost about five times as much 
as the rest of the outfit. W e will not deprive the reader of the pleasure 
of figuring out the cost of a plane mirror for the 50-foot telescope.


