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S
”jy«|EEP down in the recesses of some minds, 

there may be perhaps a lurking suspicion, 
vjjr\ that the earth’s going around the sun at 
■ /  the distance of about 93,000,000 miles may 
m\ be, after all, only a theory, and may some 

day give way to another theory, just as 
r̂ previous theories gave way to it. So many 

things have been revolutionized by modern science, so 
many convictions held for ages have been proved to be 
false by the simplest experiments and reasonings, that 
it is no wonder the non-professional among us should 
have grave doubts about many things upon which the 
best experts of the world are ready to risk their lives, 
their fortunes, and their sacred honor.

To clear away the fog that may envelop the fact 
of the earth’s annual journey around the sun, is the 
object of the present paper. All technical expressions 
will be either avoided or explained, and the whole sub
ject brought down to the comprehension of the ordi
nary reader.

7. Parallax of the Stars
We all know that when we are seated in a railway 

car, trees, houses, and all other near objects seem to 
travel in the opposite direction to that in which we are 
going, and that this apparent speed is the greater as 
the object is nearer. Even the distant landscape par
takes of the same motion, although very slowly. Should 
we come to a town at which some switching is neces
sary, we may have an opportunity of retracing a small 
portion of our course. We may then notice a prom
inent object to be at first to the left of a more dis
tant one. Then it appears to be exactly in front of it 
or in line with it, and afterwards it is to the right, 
all these apparent motions being reversed in order and 
in direction just as we ourselves are reversing our own 
actual motion.

Suppose we are travelling at night when nothing 
but lights may be seen. Suppose also that our car is 
moving so gently and quietly, that we are sure neither 
of its direction nor of the motion itself. Or better still, 
let us imagine ourselves in a boat on a lake. I ask, 
have we any proof whatever that we ourselves are 
moving, from the manner in which the distant lights 
appear to move? Do we know that we are stopping, 
reversing our direction?

After a few moments reflection I am sure that 
we shall all agree that the fact and the character 
of our motion are abundantly betrayed by the ap
parent motions of distant objects.

This illustrates very nicely what takes place in 
the heavens and how the motion of our earth around 
the sun may be proved from the stars. To make 
the proof somewhat clearer, let us take a look at 
Fig. 1.

When the distant objects S and T are viewed 
by a person from the point D, S appears to be to the 
right of T. As he moves along the straight line 
DCE towards the point C, S will come to be exactly 
in front of T, and will appear to the left of it as he 
approaches E. As he retraces his steps and goes 
from E to D, the object S will at first be to the left 
of T, then in front of it, and lastly to the right of 
it. Should the person continue to remove to and fro 
along the line DE, it is evident that the object S 
would appear to swing to and fro across the object

T, and offer a sure proof that the person is changing 
his position and point of view.

If instead of moving along the straight line DCE, 
the person in question should walk around in the 
circle DAEBD, the relative appearances of the dis
tant objects S and T would be exactly the same as if 
he moved to and fro along the straight line DE.

It is not essential, of course, that the two dis
tant objects should be exactly in line with the obser
ver at any time, since his to and fro motion in a 
straight line or in a circle entirely to the right or 
left of the line TSACB, would be betrayed by an 
exactly similar swinging motion of the object S, since 
it would seem to come nearer to T and then separate 
from it, without even actually being very close to it 
or moving across to its other side.

Applying this to the heavens, we see that we 
have a sure proof of the earth’s annual motion around 
the sun in the apparent annual swaying motion of 
near stars. This swaying motion is actually observed 
and its complete period is always exactly one year. 
It takes place in all parts of the heavens, and is thus 
as solid an argument as any one could desire that our 
earth is moving in a curve which is very nearly a 
circle. The proof is so universally accepted, that 
many large observatories measure the distances of stars 
from us by the amount of their annual displacements. 
These distances are so large that, in spite of 
shifting our position 93,000,000 miles from one side 
of the sun to the other, it requires the most refined 
instruments and the most careful observations to de
tect this parallactic motion at all. But it surely ex
ists, and as surely proves that the earth is really 
moving around the sun.

In practice the measurement of stellar parallaxes 
is complicated by many things that would only need
lessly embarass us if mentioned at all. One of these 
however, that we can readily understand, is the prop
er motion of the stars themselves, which must first 
be determined and allowed for, just as we can make 
allowance for the relative positions of stationary and 
moving objects that we may see from our railway 
car.

II. Aberration of Light
We have been obliged at one time or another to 

go out in a rain. When the rain was a gentle one 
without a wind, we held our umbrella straight above 
us whenever we were standing still, but always in
clined it forward or held it before us whenever we 
were walking. Why the difference? Let us examine 
the mathematics of the problem.

Fig. 2 in which we are standing still, needs 
no explanation. In Fig. 3, let us hold the umbrella 
the distance AB before us, or better still, stand that 
distance behind it towards the left. Then let us take 
exactly the same time to carry our umbrella that 
same distance AB that the rain takes in falling from 
the umbrella to the ground, the full lines representing 
the initial, and the broken ones the final position of 
the umbrella. The rain drops at C, which just miss 
the rear of the umbrella, do not cause us any incon
venience, because by the time they reach the ground 
at D, we have moved from D to E, DE being equal to 
AB. Nor do the rain drops in front of us, at F, 
annoy us, since we hold the umbrella the distance AB
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or HG before us, so that while they are falling from 
F to G, we have moved from H to G and just miss 
them.

Instead of holding the umbrella the distance AB 
before us, we can get exactly the same result by in
clining its top that same distance in advance, and 
as the top is the one really effective factor in pre
venting our getting wet, the results are exactly the 
same. The essential point to be noted is the fact 
that we move the top of the umbrella forward in the 
direction in which we are going, and that we move 
it forward further the faster we walk or run. We 
might add that if we were going straight up and down 
in an open elevator of the type often used by con
tractors in the erection of buildings, we would hold 
our umbrella straight above us without any inclina
tion whatever, just as if we were not moving at all.

Now let us see what this has to do with the 
earth’s motion around the sun. The stars are al
ways shining, continually sending us rays of light. 
I do not care at present whether these rays of light 
are made up of innumerable tiny particles of matter, 
and come to us like a rain of bullets from a machine 
gun, or whether they are only waves in the ether 
like the waves started on a quiet pond by the drop
ping of a stone. Something comes to us continually 
from the stars, matter or motion, and that something 
may be likened to a gentle shower of rain.

When we stand still or go straight towards or 
away from a star, we point our telescope directly to
wards it. But if we go across the rays of light, we 
must incline the telescope forward in the direction 
in which we are going, just as we do to the umbrella 
in a rain.

Let us take a look at Fig. 4. If the light is 
travelling the distance BC, while the telescope is mov
ing from the position AB to the position CD, it is 
evident that the top of the tube must be tilted for
ward in order that the light may enter the glass at 
B and reach the eye end below by the time the latter 
has moved from A to C.

Glancing back at Fig. 1, we see that if the earth 
moves in the circle in the direction DAEBD, we must 
incline the top of our telescope- towards the right 
whenever we are at the point A. At E we are going 
directly away from the stars S and T, and our tele
scope is pointed at them directly without any inclina
tion whatever, just as we hold our umbrella straight 
above us in descending an outdoor elevator in a rain. 
At B, and for that matter, all along the semicircle 
EBD to a greater or , less degree, we incline our tele
scope towards the left. And at D we point it straight 
again.

The consequence of this right and left inclination 
of the telescope is that it imparts to the star an 
apparent swaying motion which has a period of ex
actly one year. This swaying motion, or rather this 
apparent displacement of a star on account of the 
motion of our own earth, is called the aberration of 
light, which pushes its rays, so to speak, off their 
true direction. It is the practical application of a, law 
in mechanics, which although very simple once it is 
understood, has nevertheless for thousands of years 
caused any amount of trouble to those that tried to 
explain the motions of the heavenly bodies. This law 
says that when two bodies are moving, the relative 
motion of one with respect to the other is a combina
tion of its own true motion and the reversed motion 
of the other. Thus to a person running in a rain, 
the rain always seems to come towards him, no mat
ter what his direction may be or how he may change 
it. If he runs east, the rain seems to go west, that is, 
the rain seems to come down in the slanting direc
tion FH in Fig. 3, so much so in fact,- that if the 
person carrying the umbrella should really not know 
that he was moving, he would very naturally credit



3

the rain with a slanting motion, the horizontal com
ponent of which would be his own motion reversed. 
This is so true, and so well known to sailors, that in 
order to get the true direction of the wind, they take 
into account the direction and velocity of their ship. 
So that, if the ship went north and the wind was 
from the east, and the velocity of both the same, the 
passengers would declare the wind to be northeast, 
east because the wind was really from that direction, 
and north because the ship was coming from the 
south. And we know that in a calm, there always 
seems to be a breeze opposing our motion. We may 
therefore now see to some extent why, before the 
earth’s motion was known or even suspected, there 
should have been so many erroneous explanations of 
planetary orbits, since the earth’s motion appears as 
a reversed component motion in all of them.

In comparing the displacements of stars as due 
to parallax and as due to aberration of light, we find 
two essential differences. The first is that the aber
ration of light displaces both stars S and T in Fig. 1 
equally, no matter how far apart the stars them
selves may be from one another. In fact all the stars 
in the same part of the sky are equally shifted* just 
as if they all were points on a map and the map 
was moved slightly to one side.

Secondly, this displacement of the star S or T, 
caused by the aberration of light, is a maximum when 
the earth is at A and B. exactly in line with the star 
and the sun C, and a minimum when the earth is at 
D and E, the very reverse therefore of the parallactic 
displacement that we studied before.

We might add a third difference, that while 
parallax is always extremely small, aberration is 
tolerably large, amounting at times to one-ninetieth 
of the diameter of the full moon.

It may help us very much to know that if the 
telescope in Fig. 4 were 186,000 miles long, so long 
that it would take light exactly one second to run down 
the tube, then we would sometimes be obliged to in
cline the top of the telescope as much as 18 or 19 
miles out of the straight line, because that is the speed 
with which the earth moves around the sun. This 
ratio of 18 or 19 to 186.000 is very nearly that of 
1 to 10,000, and of one-hundredth to one-hundred, so 
that in a telescope 100 inches or 8 feet 4 inches long, 
it would amount to one-hundredth of an inch, a quan
tity very easy to measure.

That such an annual aberration of light really 
exists and displaces the stars as we have described, 
we have but to ask of a practical astronomer who 
wishes to locate a star or a comet with precision. He 
will even take into account the diurnal aberration 
caused by the turning of the earth on its axis, which 
gives a speed of a thousand miles an hour to its 
equator.

As this aberration shift affects all the stars in 
the heavens in due order and magnitude according to 
their positions, and has everywhere the very same

period of exactly one year, it is a vastly more con
vincing proof of the earth’s actual motion around the 
sun than that of the rain drops which always seem 
to come towards a running person, no matter when 
or how he may change his direction. It would surely 
be more absurd to hold that the entire heavens should 
have such an annual rocking motion, differing gradual
ly in phase in all its regions, than that the rain should 
change its direction and its velocity the very moment 
that we did.

The aberration problem is reversible in that it 
not only proves the fact of the earth’s motion around 
the sun, but enables us even to determine its speed, 
since with a known velocity of light and a known 
inclination of the telescope—technically a known aber
ration constant—we can find the speed of the earth. 
With this known, we can compute the length of the 
whole circumference of the earth’s orbit, and from 
that the length of its radius, that is, the distance of 
the sun.

III. Shifting of Spectrum Lines
Coming back to the elevator that we left out 

doors in a rain, we know that when we are going up, 
the rain beats harder upon our umbrella, that is, we 
catch more rain drops in a second, than when we 
are standing still, and less, of course, when we are 
going down. Here is another analogy with light 
waves. When we are approaching a star, we get more 
light waves in a second than usual, and the tint of a 
star is more bluish, whereas when we are going away 
from it, we get fewer waves and its tint is more red
dish. This change of tint is entirely too minute to 
be observed by the eye or even by the photographic 
plate. The spectroscope, however, will show it in quite 
a measurable way.

A spectroscope shows us the light of a star drawn 
out into a rainbow-colored band. All the single or 
pure colors, of which its light consists and which the 
eye is unable to separate, are here spread out in order. 
Missing colors are shown by black or empty spaces, 
fainter ones by darkish lines. In a true star like our 
sun these black or dark lines are nearly always very 
fine and distinct, so that their positions can be meas
ured with great precision.

In an approaching star the whole colored band 
or spectrum is shifted a trifle towards the blue end. 
In confronting this spectrum with that of a station
ary gas in an electric tube, we can measure the shift. 
Then, knowing the vibration frequency of the station
ary lines of the gas, we see that the difference is 
owing to the motion of the star towards us, or of the 
earth towards the star, or at least, the relative mo
tion of both star and earth. If the star has a proper 
motion of its own, as practically all have, either of 
approach or recession, or of either in turn, we must 
first determine it, and then credit the earth’s motion 
with the rest.

Let us take a look once more at Fig. 1, which 
has served us so well. When the earth is at D, ap
proaching the stars S and T, their spectrum lines 
are shifted towards the blue. At A there is no shift 
at all, and at E it is toward the red end of the 
spectrum. Comparing this with the aberration of 
light, we see that the two are reciprocals, that is, 
just reversed, the shifting of the spectrum lines being 
a maximum when the aberration is a minimum, and 
vice versa. They are alike in this, that there is the 
same shift and the same aberration in all the stars 
in certain regions, irrespective of their size or distance 
apart.

Accurate measurements made by large instruments 
have established the fact not only of the proper motions 
of many stars directly towards us or away from us, 
but also of the earth’s motion around the sun in a 
period of one year. And just as in the case of the

k
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aberration of light, the known vibration frequency of 
colors or spectrum lines and their known shift give us 
the speed of the earth in miles per second, and this 
in turn tells us the sun’s distance. And lastly, as near
ly all the stars in one part of the sky show signs of 
approaching us, and in the opposite part signs of re
ceding from us, we conclude that the whole solar sys
tem, sun, earth, moon, planets, and comets are all drift
ing together at the rate of 12 miles a second towards 
the brilliant star Vega.

IV. Mechanics
If we take two balls, one of iron and the other 

of wood, the iron one being fifteen times as heavy as the 
wooden one, fasten them to the ends of a light rod 
16 inches long, attach a string anywhere to the rod, 
and then twist the string by a motor of some sort, we 
shall see that no matter how the apparatus may hang 
at first, its final position will be such that both balls 
will swing in horizontal circles, the radius of the 
circle run by the wooden ball being 15 inches while 
that of the iron ball is only one inch. If the reader 
has never seen such an experiment, it will surprise 
him very much the first time. It is a very important 
one in mechanics, which is the science that treats of the 
motion of bodies. It proves the law that when two 
bodies rotate about each other they must both move 
in such orbits that their distances from their common 
centre of gravity or of motion must always be re
ciprocally proportional to their masses, or their 
weights, as non-professionals would say. Thus in the 
example given, the iron ball being 15 times as mas
sive as the wooden one, must always be one-fifteenth 
as far from the centre of movement as the wooden 
one.

Astronomers know very well that the earth is 
about 80 times as massive as the moon, and that it

moves every month in a small orbit one-eightieth as 
large as the moon’s around the common centre of 
gravity of the earth and moon. For this same reason 
there must also be a common center of gravity be
tween the sun and the earth-moon system, around 
which both must revolve. The apparent annual cir
cular motion of the sun among the stars is a sure 
proof that either the sun moves about the earth, or 
the earth about the sun, or both about a common 
centre somewhere between them. Mechanics em
phatically repudiates the first and second supposition 
in the sense that one of the bodies is absolutely at 
rest, since it is experimentally false that any body, 
no matter how massive, should remain immovably 
fixed, and have a second body, however small, gyrate 
about it. No, both must move about a common centre. 
Of course, when one body is enormously larger than 
the other, it is very near the common centre, and we 
may and actually do with propriety use the expression 
that the smaller body revolves around the larger, al
though in strict scientific parlance it is false. We do 
this in the case of the earth and moon, although the earth 
is only 80 times as massive. But as the sun is more 
than 330,000 times as massive as the earth, we can say 
with great truth, although not with precise scientific 
rigor, that the earth goes around it. Hence, as bodies 
cannot be anchored in space, but must obey their mutual 
gravitational attractions, mechanics tells us in ad
vance that the earth must move.

Putting our four proofs together in a nutshell, 
we may say that mechanics teaches dogmatically that 
the earth myst move in an orbit. The parallax of 
many stars shows that the earth has moved since 
previous observations. And the aberration of light 
and the shifting of spectrum lines of all the stars in 
certain regions, prove that the earth is moving. The 
earth’s annual motion around the sun is therefore no 
longer a theory, but a well established fact.
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