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A  heliostat, that will hold a beam of sunlight as steady as if it 
came from a stereopticon fed by a self-focusing arc-lamp, is 
looked upon by the majority of professors o f physics as ideal 
but quite unattainable. Such an instrument would seem to be 
either prohibitive on the score of cost, or impracticable, owing 
to the demand it would apparently make for a working knowl
edge o f astronomy to insure its accurate adjustment and manip
ulation. Personal experience has convinced me that the heliostat 
above referred to is within the reach o f every teacher of physics, 
if he has some mechanical skill in the use of tools and the ele
mentary knowledge o f astronomy which this article will explain 
in detail. On these conditions he can set up his instrument and 
adjust the beam of sunlight within a minute or two, without a 
knowledge of the correct time, or of its equation, or o f the 
sun’s declination, that is, without consulting a time piece or an 
almanac.

The heliostat that I have in mind has two plane mirrors, one 
driven by clockwork about an axis parallel to that of the earth, 
and sending the sun’s rays in the direction o f this axis upon a 
second and fixed mirror, which in turn reflects it in any desired 
direction. Such heliostats are to be found quite generally in the 
catalogues o f dealers in physical apparatus. They are, however, 
only expensive and unsatisfactory toys, unless the professor has 
subdued them, has furnished them with the attachments present
ly to be mentioned, has adjusted them properly, and knows how 
to use them. I will distribute my remarks under five headings.

1. T he A xis . •

The axis about which the first mirror revolves, is the most 
essential part of the heliostat. It ought to be sufficiently strong 
not to bend under the weight of the mirror, and be supported at 
points as far apart as practicable. This precaution, although 
evident from the fact that the mirror cannot be held between the 
points o f support, is sometimes absurdly violated, as it was in 
my own instrument, in which one point alone was supposed to 
be sufficient, because the gear wheel on the axis was pressed 
close against the dial plate. Its present axis is o f steel, 5/ie o i 
an inch thick, and is supported in journals 3 inches apart, the
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greatest distance I could command. Three and a half inches o f 
the axis extend above the dial plate, 2%  of which give firm 
support to the cradle that carries the movable mirror, instead of 
% of an inch as originally constructed. The old mirrors I have 
replaced by ordinary good plate glass silvered on the under side 
as usual, the movable one being 5% inches in available diameter, 
and the fixed one measuring 6% x 8 inches, the dimensions and 
shapes being as I found them and amply sufficient for my work. 
The mirrors should be provided with clamps o f some sort to 
hold them tightly against the wind.

That the axis should be exactly at right angles to the plane of 
its box or of its hour circle, is not absolutely necessary, but it 
must be elevated as accurately as possible at an angle equal to the 
latitude o f the place. The best way to accomplish this is to 
apply some form of clinometer directly to the axis itself after 
the base has been permanently levelled, as will be mentioned 
later. The latitude adjustment ought then to be securely locked 
to prevent its accidental displacement.

2 . T he M eridian.

To set the axis o f the heliostat in the meridian is the most 
difficult of its adjustments, because it calls for some astronomical 
skill. I have found the most convenient, and more than suffi
ciently accurate, method to be by means of the sun observed— 
the farther from the meridian the better, but not too low in the 
sky— by a surveyor’s transit furnished with horizontal and ver
tical circles, but without a solar compass. The transit is set up 
at the same place, say the window sill, that the heliostat itself is 
to occupy. A  thread, or better, a fine wire, is stretched across 
the window at a convenient height and supported by pins or 
tacks in the window frame in such a way that it may be re
placed at any time in exactly the same position, whether the pins 
remain where they are or are themselves removed and replaced.

Leaving the telescope as it is whether an inverting or an erect
ing one, the image o f the sun is focused along with that of the 
wires upon a piece of white cardboard held in the hand a few 
inches beyond the eyepiece. Having placed a watch on the sill 
close to the transit, a little practice will enable one to note the 
second when the sun’s image is accurately centered, that is, 
bisected by both wires. To accomplish this in a satisfactory 
manner, it is well to clamp the horizontal circle in advance of 
the sun, and as its image moves to one side, to bisect it with



LECTURE ROOM HELIOSTAT 141

the horizontal wire by means of the slow motion screw o f the 
vertical circle at the very moment when the vertical wire bisects 
it. One who has never tried this method might be disposed to 
doubt its accuracy. My experience, however, is that, when the 
instrument is firm, I very rarely go astray in the azimuth by 
the thirtieth part of the sun’s diameter, that is by a minute o f 
arc. Such accuracy is really more than is needed, in fact, more 
than can be o f  any practical use.

Five observations of this kind ought to be made in each posi
tion of the telescope, that is, in its direct and reversed position, 
or level-up and level-down, or vertical circle to the right and 
to the left. In each case after first noting and recording the 
time, both circles must be read to the minute. The use o f a 
watch is not absolutely necessary, but it serves as a check upon 
the observations. At all events the correction to the time piece 
and its rate need not be known.

Then having levelled the telescope and set it three times 
parallel to the thread in each of its four possible positions, direct 
and reversed and facing each end o f the thread, we take in all 
a dozen readings of the horizontal circle. This completes the 
series o f observations.

As the thread can at any time be accurately replaced in the 
same position, we may compute the results at our leisure. But 
before actually beginning the computation, it is a safe precau
tion against gross errors to make a graphic plot of the observed 
data. For this purpose we take co-ordinate paper, and allowing 
convenient units, say 20 seconds of time and 2 minutes of arc 
to a millimeter, we plot the times and angles as observed, except 
that the observed altitudes must first be diminished by refraction.

When all the ten readings, of each circle have been plotted, 
they must lie in the same straight line, if the observations have 
been taken, say, wdthin the same half hour. An exploring thread 
will enable us to locate the two lines to best advantage. If one 
or other of the plotted observations is at some distance from 
the line, there is an error in the reading. If this cannot be cor
rected by any satisfactory explanation, it is best to reject it al
together.

For the computation we may select all or as many of the ob
servations as we please. One in each position of the telescope 
is generally sufficient. The only use of the watch, I repeat, is in 
the plotting. If the observer is sure o f his centerings and read
ings, he may dispense with it altogether.
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In the computation we make use of spherical trigonometry. 
In the triangle whose vertices are the zenith, the pole and the 
sun, we know all the sides and want the angle at the zenith. The 
side from the zenith to the pole is the complement of the latitude, 
from the pole to the sun is the complement o f the sun’s declina
tion, which must be found from a reliable almanac, while the 
distance from the sun to the zenith is the complement o f the 
observed altitude corrected for refraction. Computing the angle 
at the zenith, which is the sun’s azimuth counted from the north, 
we add or subtract it or its supplement to or from the observed 
reading for the meridian. Comparing this with the mean of the 
readings for the thread, we know the azimuth o f the thread. In 
setting up the heliostat we then know what angle the vertical 
plane passing through its axis ought to make with the thread.

3. T he Clock.

The clock that' is to drive the axis of the heliostat gives the 
least cause for worry. An ordinary one-day alarm clock with 
spring drive and balance wheel, without pendulum, is capable 
o f doing the work. Another wheel must be added so as to re
duce the speed to one turn a day. The jerking motion, which 
the balance wheel necessarily imparts, and which would be fatal 
for a telescope, is too minute to be noticeable in a lecture-room 
heliostat. There must, however, be no lost motion in the gear
ing, and the centre of gravity o f the mirror and its appurtenances 
must be in the axis.

4. T he Index.

* The index is a most necessary and convenient attachment to 
a heliostat. The form that I use I have never seen on any instru
ment. It consists of two holes in a line parallel to the polar 
axis, through which the sunlight reflected from a corner of the 
declination mirror is made to pass. These holes are of equal 
size and are bored each through its own strip of metal. These 
strips are 4% inches apart in my heliostat. They are held by a 
rod parallel to the axis and fastened by adjusting screws to the 
frame or cradle that carries the first mirror, and project at right 
angles to this rod. Their position must be adjusted with great 
care. Probably the best way to do this is to draw another rod 
temporarily through the holes and adjust this rod parallel to 
the axis. This- latter adjustment may be facilitated by removing 
the mirror,, taking its cradle from the axis of the heliostat, and
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placing it upon a longer rod that will serve as an extended axis. 
When the temporary rod is in satisfactory parallelism, the strips 
are soldered to their own supporting rod and the adjusting screws' 
tightened. The whole adjustment may be investigated and re
newed at any time.

When the instrument is in use, the sunlight, after being re
flected from the edge of the first mirror, is made to pass through 
both holes. Then, if the polar axis is correctly placed, the hour 
angle and the declination are both automatically cared for. No 
time piece or almanac is needed, no graduated circles are re
quired in setting up a heliostat that has the index described 
above, because when the sunlight passes accurately through the 
holes, it is reflected by the whole mirror exactly along the polar 
axis. Then, if the second or fixed mirror is turned so as to 
send the beam in the desired direction, and if the clock behaves 
well, the heliostat will do all that is expected o f it. Graduated 
hour and declination circles, as I said, are not necessary, although 
they are very useful, instructive and easily applied.

Since the movable mirror may turn about two axes at right 
angles to each other, the adjustment of the sunlight through the 
sights is a function of the sun’s declination and of its apparent 
hour angle. The latter adjustment is made rapidly by a milled 
head on the cradle turning a pinion that meshes into a cog-wheel 
on the axis. The adjustment in declination is best effected by 
a slow motion screw working against a spring. The face of the 
mirror is at an angle of forty-five degrees with the polar axis 
when the sun is at the equinoxes. At the solstices the mirror is 
inclined more or less by one-half of twenty-three degrees and a 
half. In mounting the mirror, therefore, we are sure to catch 
the sun’s rays properly at any season, if we plan to incline it to 
the polar axis between thirty and sixty degrees.

The second mirror of the heliostat needs no attention. It 
merely receives and reflects the beam which it catches from the 
first. It may be mounted on an altogether independent support, 
but if attached to the heliostat, as ibine is, the rods that support 
it need not be parallel to the polar axis.

5. T he Base.

When about to be used, the heliostat is instantly levelled and 
brought into the meridian by means of the following device. 
A  piece of heavy planking has a thin strip nailed to it along one 
o f its longer sides and a thicker one along the other, so that
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when resting on these strips on the slanting window sill, its sur
face is approximately level, and when pushed against the window 
frame and against one side of the wall, it is sure at all times of 
observation to occupy the same position firmly. Then using the 
well-known scheme of the hole, slot and plane, a V-shaped groove 
is cut into a thick piece of brass and made to receive one of the 
three feet of the heliostat, while the other two rest upon the heads 
o f bolts screwed into the plank, one with a circular depression 
and the other perfectly plane. The levelling screws of the helio
stat are permanently locked by jam nuts or replaced by non- 
adjustable feet, and all the levelling and orienting is done by the 
two bolts set into the plank and by the V-shaped groove. Once 
this adjustment is completed it is the work of a few moments, to 
lay the plank upon the window sill and set the heliostat upon it. 
Then no levelling at all is required. And the heliostat may be 
carried and set down as quickly in a second or a third prepared 
place.

T he Creighton College H eliostat.
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The items mentioned in this paper call for some little patience 
and many an hour of tedious work, but when one is thereby 
enabled in a minute or two to set up a heliostat fifty feet away, 
and leave it there without attention for hours, and all that time 
have a beam o f sunlight more steady, more parallel, more brilliant 
than that of a stereopticon, and absolutely white and noiseless 
and inexpensive, the reward is well worth the labor devoted to it. 
An unlimited number and variety of experiments, many of which 
are beyond the reach of artificial light, are opened up to the in
terested physicist, but they must remain unknown to all who 
have not tried this new adjustment, even at the price of the entire 
reconstruction of their heliostats.

The photograph shows the instrument set up on the east win
dow of the physics lecture-room. The index, described in the 
text, is plainly visible. The milled head with its cog-wheel adjusts 
the sunlight on the index in hour angle, and the long screw with 
its opposing spring to the right of the axis, adjusts it in declina
tion. The V-shaped groove may be discerned under the locked 
levelling screw at the north-west corner. The bolt head at the 
south-west corner is used for the afternoon position at a west 
window. The base is 10 inches square. The upper mirror has 
its axis set at an angle with the plane of its supporting rods, in 
order that the shadow o f the upper one may not fall on the 
declination mirror.
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