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THE DEMON STAR
N the northern heavens, visible in the United 

States on almost any night of the year, there 
is a famous star that the Arabians named 
A 1 Gol, the Demon Star. While all the 
myriads of fixed stars glowed with an un
changing lustre, as became the dwellers in 
the eternal and incorruptible heavens, this 

star alone showed changes so great and frequent that 
every third night it lost five-sixths of its brilliancy. This 
repeated and mysterious darkening seemed uncanny, it 
appeared to be the work of an evil genius, and therefore 
the star was called the Demon Star.

As the science of astronomy progressed, and the num
ber of observers increased, it was gradually noticed that 
another star varied in its brilliancy, then a third, a fourth, 
and many others. Then a new branch of astronomy was 
founded, the observation of variable stars. The number 
of these stars that are subject to fluctuations of light, 
already runs well up into the hundreds. They are divided 
into two principal classes, according as their variations 
do or do not recur in fixed periods. Each of the two 
classes has further subdivisions.

To explain all these classes would take us too far 
afield. Let us confine ourselves to the star whose name 
we have taken as the title of this paper, and let us see 
a few of the wonderful revelations that science has dis
closed to us in regard to it.

The Variations o f Algol

As A1 Gol, or Algol, as we prefer to write it, is the 
most conspicuous and best known variable star in the 
heavens, it has been often observed, and the period and 
character of its variations well determined. For the greater 
part of the time it is a star of the second magnitude, and 
of identical brilliancy with the polar star. Every third 
day, or more exactly, after an interval of 2 days 20 hours 
48 minutes and 58 seconds, its light begins to wane, so

much so that in the course of about four hours it loses 
five-sixths of its lustre and appears to be as faint as the 
middle star in the Big Dipper. Keeping this dimness for 
about 20 minutes, it gradually and in the same period of 
time regains all its former brilliancy, holding it undimmed 
for the rest of the period. These changes occur at such 
short intervals' and are so conspicuous, that any one inter
ested in the star may easily observe them with the unaided 
eye.

Algol’s Light Curve

Astronomers have a graphic way of representing the 
variations of a star by means of what they call a light 
curve. Fig. 1 is the light curve of Algol. The horizontal 
distances represent time, the numbers being days and the 
blocks 2 hours each. The vertical scale is brilliancy, the 
numbers denoting magnitude, so that 2 means second mag
nitude and 3 third, and each block denotes a tenth of a 
magnitude. By magnitude astronomers mean brilliancy 
only, without any reference to size or distance. The 
smaller the number denoting its magnitude, the brighter 
the star. The magnitudes are so related that a star of 
the second magnitude gives two and a half (2.512) times 
as much light as a star of the third magnitude, this two 
and a half times as much as one of the fourth magnitude, 
and so on.

In examining the light curve of Algol in Fig. 1, we 
see that for two days and a half it is a level straight line 
denoting 2.2 magnitude. Then there is a drop of nearly 1.5 
magnitude down to magnitude 3.64, after which there is 
a return to the original 2.2.

The Eclipse Theory

The peculiarities of the light variations of Algol, the 
short duration of its dimness, the constancy of its bright
ness when at its maximum, and the perfect regularity or 
periodicity of its changes, long ago suggested the idea

Fig. 1. The Light Curve of Algol.
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that there must be a dark and invisible companion star 
eclipsing the Demon Star.

To test the truth of this theory, an artificial eclipse 
diagram was constructed. First, a circle was drawn to 
represent the disk of Algol. It is the largest circle in 
Fig. 2. Then a smaller circle was cut out of cardboard of 
such a size that its area was five-sixths that of the larger. 
This was the dark companion. The two circles were placed 
in contact, and the distance between their centres was 
divided into nine equal parts on account of the four and a 
half hours (nine half-hours) during which the loss of light 
lasts. Then the astronomer placed the centre of the 
smaller cardboard circle in each of the nine positions suc
cessively, and examined whether the quantity of light lost 
each half hour by Algol was in exact proportion with the 
progressive diminution of the area of the large circle 
as the movable disk in its changing and successive posi
tions covered it. The quantity of the light which was lost 
was found to be in perfect accord with the portion of area 
covered.

The science of celestial mechanics now demanded a

inner and smaller one that of the brilliant Algol, and the 
outer and larger one that of its dark companion. The 
upper smaller circle, whose centre is on the inner orbit, is 
the comparative size of Algol with a diameter of 1,060,000 
miles, while the small black circle is its dark companion 
with a diameter of 840,000 miles. The diameter of our 
own sun, let us say in passing, is 866,500 miles. The dis
tance between the centres of the two stars is 3,250,000 
miles.

Let us imagine the small white and black circles, 
which represent Algol and its companion in Fig. 3, to be 
solid white and black balls. Then if we hold the diagram 
on the level of our eye, so that our eye is in the plane 
of the paper with the foot on the page nearest to us, 
we will see Algol eclipsed by its dark companion. Let us 
next imagine both stars revolving in their respective orbits 
in the same time, so that the line joining them always 
passes through the common centre of their orbits. Let 
them move in opposite directions as indicated by the 
arrows. A fter an interval of 17 hours, one-fourth of its 
period of variability, Algol will come to the position A.

Fig. 2. Algol Eclipsed by its Dark Companion.

more convincing proof. It is impossible, it said, for a star 
to have a companion, however small, circulating about it 
as a centre, while it remains absolutely immovable itself. 
Both stars must move about their common centre of gravi
ty, the size of their orbits being inversely as their masses, 
the heavier star swinging in the smaller curve. For ex
ample, the sun is 330,000 times as large as the earth. Hence 
the great luminary is compelled to move in an orbit which 
is one three hundred and thirty thousandth as large as that 
in which the earth revolves. Algol therefore must move, 
and Vogel in 1889 was the first to verify its motion by 
means of the spectroscope.

Vogel’s Elements of the System  
I f  we could look down upon the Algol system from 

a point at right angles to our present position, we would 
see its plan view as it is represented in Fig. 3. The two 
large concentric circles denote the orbits of the two stars, the

and its companion to the point a. Algol is then approach
ing us at a speed of 27 miles a second. After another 
17 hours Algol will be at B and at that time crossing 
our line of sight at right angles and neither approaching 
nor receding. When Algol is at C, it is receding from 
us at the rate of 27 miles a second.

While the star is so far away from us that its 
swaying motion to right and left is not observable in 
the telescope, the spectroscope actually tells us the speed 
in miles at which this star approaches or recedes from us, 
although we do not know its distance. The direction and 
speed of Algol in various positions is always that de
manded by Fig. 3, and the eclipse theory is therefore 
fully proved and accepted by all astronomers.

The Companion Cannot be Dark
What has just been said is by no means all that we 

know about this wonderful star, but only a beginning
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of our knowledge. An earnest study of the dimensions 
of the Algol system as given by Vogel’s measurements, 
soon convinced astronomers that a companion star so 
close to the brilliant and intensely hot Algol could not 
possibly be dark and cold, but must shine either by its 
own light or by reflected light. What light we see, 
therefore, must be the sum of what both stars give. Now

as the companion star passes exactly in front of Algol 
at the time of minimum brightness, it must also half 
the period later pass exactly behind. At this time it 
is itself eclipsed, and we receive light from Algol alone 
and not from both stars together. In other words, there 
must be a secondary minimum, another but small V  
halfway between those shown to us in the light curve 
of Algol in Fig. I.

Stebbins’ Observations
Many attempts were made to observe this small drop 

in the brilliancy of Algol, but it was too minute to be de
tected visually. It was reserved for Joel Stebbins of 
the University of Illinois, to immortalize himself by find
ing it with the aid of instruments.

It had been known for some time that the element 
selenium is sensitive to light in such a way that an 
electric > current passing through it meets with more 
resistance after the selenium has been exposed to light. 
I f  we expose a selenium cell to the light of a variable 
star and then to the light of a comparison star which 
is known to be constant, we can determine the relatives 
luminosities of the stars by noting the deflections of a 
sensitive galvanometer through which the selenium cur
rent is made to flow. The method is a very delicate one, 
but its results are far superior in accuracy to those 
obtained by visual and photograpic methods.

Stebbins’ Light Curve o f Algol 
The light curve given by Stebbins in the Astro- 

physical Journal Vol. X X X II, page 199, is shown in Fig. 4,

in which the horizontal blocks denote five hours each, and 
the vertical ones one-tenth of a magnitude. This curve 
differs from the old one of Fig. I, in two particulars; first 
there is a noticeable secondary minimum, and secondly the 
line between the large V ’s is not straight and level but 
sloping away symmetically from the small V. The reader 
knows already the meaning of this small V  or the secondary 
minimum, which occurs when the companion passes be
hind Algol. The sloping line means that the companion 
is brighter on the side facing Algol than on the side 
turned from it, because after the Algol eclipse or the 
principal minimum is over, at which time the com
panion turns its dark side towards us, (see Fig. 3), it 
begins, as it moves away, to show us more and more 
of its brighter side, turning that fully toward us at 
the time of the secondary minimum when it is beyond 
Algol and when it is itself eclipsed for a short time.

Stebbins’ light curve in Fig. 4 shows another feature. 
The large V  is really a V  and not a U, that is to say, 
its lower part is sharp and angular and not flat or 
rounded. This also has its meaning. It shows that the 
companion star is larger than Algol and does not pass 
centrally before it. I f  the companion is smaller, as it 
was formerly said to be, and as it is represented in 
Fig. 2, then it cannot cover the whole circular disk of 
Algol. Moreover, from the time it has completely en
tered upon this disk, moving across it, until it begins to 
leave it on the other side, or in astronomical language 
during the interval between the internal contacts, the 
light of Algol is constant. The reason is because what
ever amount of its disk is obscured by the advancing 
edges of the companion, the same is uncovered by the 
retreating edge. The light curve during this interval 
must then be either a level straight line or only slightly 
curved and U-shaped. The sharp V  indicates that there 
is a sudden transition from the loss of light to its re-
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Fig. 4. The Light Curve of Algol according to Stebbins.

turn, and that therefore the companion star cannot be 
smaller and pass centrally before Algol.

According to Stebbins the plane in which the Algol 
pair revolves, is tilted at an angle of about eight degrees to 
the line of sight, as Fig. 5 shows.
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Stebbins’ Elements of the System  

In studying Vogel’s idea of the Algol system, as 
represented in Fig. 3, we placed our eye in the plane of the 
paper and saw how the companion star passed centrally 
before Algol as shown in Fig. 2. Let us once more place 
our eye in the place of Fig. 3, and then tilt the nearer 
part of the page slightly downward. As the stars revolve, 
we will see the centre of the companion star passing 
somewhat below the centre of Algol when crossing it in 
front, and somewhat above when passing behind, as shown 
in Fig. 5. In this figure Algol is represented by a circle 
with a heavy rim. The companion, when in front of

are the same in both cases. As it is generally impossible 
to determine the true sizes of the components of a 
double star system, the relative orbit is all that we 
know. For this reason it is always used by astronomers, 
except when they wish to insist upon the principle 
illustrated in Fig. 3.

Stebbins says that the brilliancy of Algol is 240 times 
greater than the brightness that our sun would display, 
if  it were so far away from us as Algol is, and that the 
brighter side of the companion is 28 times as luminous 
as our sun, and the fainter side 16 times as bright.

What wonderful facts are revealed to u s ! How

/  \

Fig. 5. The Eclipse of Algol and of its Companion according to Stebbins.

Algol at the principal minimum, is represented by a 
lighter and somewhat larger circle. The broken-line 
circle is the companion at the secondary minimum when 
it is behind Algol.

That Algol should be shown stationary in Fig. 5 and 
the companion alone as moving in an orbit, seems to 
contradict the principle mentioned before in Fig. 3 that 
both stars must move. However, so far as relative mo
tion is concerned it makes no difference whether we re
gard both stars as moving about a fixed centre of gravity, 
or one star occupying this fixed position and the other 
moving about it, since the distance and directions of both

great is our God-given intellect which can derive them 
from such meagre data! Here is a mere point of light, 
only one point, which changes its brilliancy. And the 
character of the change furnishes the key to the knowl
edge of the whole system. It proves the presence of an 
invisible, although luminous companion star, and a differ
ence between its nearer and its farther sides. What 
wonders will the next generation disclose concerning this 
Demon Star? Is it not likely that a part of our future 
happiness in heaven will consist in seeing these wonders 
at close range and in enjoying them forever?

W ill ia m  F. R igge, S. J .


