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Abstract The historical record of Albireo’s observations reflects the progress of double star
research. Some 294 astrometric observations have been published starting with Bradley’s 1755
observation and ending with our 2015 observation. Several observation techniques were used over
this 260 year span. Noteworthy are the historic contributions of astronomers such as James
Bradley, Christian Mayer, William Herschel, Giuseppe Piazzi, Friedrich Georg Wilhelm von
Struve, Sir John Herschel, Sir James South, Edward Skinner King, and Andrei Tokovinin. Overall
trend lines of the past observations of Albireo are compared to our current observation, and are
generally concurrent. Dividing Albireo’s past observations of separation into time segments shows
evidence of a known third star in Albireo’s system.

Introduction
Albireo, the fifth brightest star in the constellation of Cygnus, is a multiple star system. Its two major
components, STFA AB, shown in Figure 1, is, arguably, the most famous and recognizable of all visual
double stars. Albireo’s primary (the A component) at magnitude 3.18 and spectral type of K2II, gives it a
bright gold color. The secondary (B component) at magnitude 5.82 is only slightly fainter, and its spectral
type of B8 gives it a bright blue color. With a separation of 34.3ʺ, this wide pair is easily observed with
small telescopes. Albireo’s AB pair was first observed in 1755. Since then, there have been 292 additional
published observations of the position angles and separations of the AB pair. With this paper, our 2015
observation will be the 294th published observation of Albireo.

Figure 1. Albireo’s main components: Component A, right, and Component B, left.
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Observation Techniques
The different techniques used to observe Albireo have been divided into six main categories, starting with
the earliest technique used and ending with the most recent technique used: Micrometers with Refractors,
Micrometers with Reflectors, Heliometer, Photographic, and Charge Coupled Device.
Micrometers with Refractors
Micrometers have, over the centuries, been widely used on refractors to measure the separation and
position angles of double stars. Most refractors had a long focal length, providing a highly magnified
image which is helpful when observing close double stars. Furthermore, because the refractors did not
have a secondary mirror central obstruction, the light was not diffracted, giving crisp images. Most of the
double star measurements made by Friedrich Struve used a high-precision filar micrometer made for him
by Joseph Fraunhofer.
To increase precision, measurements were made with the micrometer in one position, and it was then
rotated 180 degrees to take a matching measurement. This allowed some instrumental biases to be removed.

Figure 2. The filar with micrometer used on the 36 inch refractor at the Lick Observatory.

Micrometers with Reflectors
William Herschel used an early micrometer for most of his double star measurements. Reflectors, later
on, tended to be used more in photography, but some were still used with filar micrometers. A recent
example of a double image micrometer on a large, historic reflector telescope were the double star
observations made in 2013 with a Lyot double image micrometer on the 60-inch reflector on Mt. Wilson,
once the largest telescope in the world (Weise, et al. 2015).
Heliometer
A heliometer, used to measure the angular distances in the sky, is essentially a telescope with its objective
lens cut into two halves, one of which can be moved independently, usually via a precise screw
micrometer. Each half of the lens displays a separate image, and the distance the two lenses need to be
separated to superimpose the images is used to calculate angular separation. In 1838, using a heliometer,
German astronomer Friedrich Bessel, seen in Figure 3, was the first person to successfully measure stellar
parallax. By measuring stellar parallax he was able to determine the distance to the star 61 Cygni.
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Figure 3. Friedrich Bessel with a typical heliometer

Photographic
Photographic astrometric measurements were made on images recorded on glass plates coated with a
silver emulsion. One plate typically contained many double stars. By having a permanent image, it was
possible, long after the observations were made, to go back and measure the position angle and separation
of a double star. Although photographic measurements were generally more precise than visual
measurements with a micrometer, at least on wider double stars, a sharp-eyed observer on a large
refractor could observe doubles that were amazingly close.
Charge Coupled Device (CCD)
A CCD is a camera that provides two-dimensional electronic imaging. The first CCD measurement was
taken in 1975, but only became prevalent in the early 1990s with the introduction of a very affordable
CCD camera kit by Richard Berry, then Editor of Astronomy Magazine, and a commercially produced
camera by Allan Holmes at the Santa Barbara Instrument Group (SBIG). Charged couple devices use a
circuit etched onto a silicon surface that forms small cells called pixels. As photons of light strike the
pixels, a charge is generated that is read by the electronics and converted into an image of the light
patterns striking the silicon chip.

Figure 4. A typical CCD silicon chip.
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Historical Observations
Introduction
Nine of the dozens of astronomers to observe Albireo have been singled out due to the significance of
their observation or contributions to double star research. These nine are: James Bradley, for making the
first observation of Albireo; Christian Mayer, for publishing the first double star catalogue; William
Herschel, for identifying nearly a thousand double stars; Giuseppe Piazzi, for publishing a catalogue
containing an observation of Albireo along with 6,748 other stars; Friedrich Georg Wilhelm von Struve,
for discovering the most doubles stars to date; Sir John Herschel and Sir James South, for continuing
William Herschel’s research by observing many double stars in the southern hemisphere; Edward Skinner
King, for publishing the first observation of Albireo using photographic techniques; and Andrei
Tokovinin, for being the first astronomer to observe Albireo with a Charge Coupled Device camera.
James Bradley
The first measured position angle and separation of Albireo was made in 1755 by James Bradley. Shown
in Figure 5, Bradley joined a long line of astronomers, including early Greek astronomers and Galileo,
who attempted to measure the distance to a bright, nearby star. Bradley observed a star which
conveniently passed almost directly overhead throughout most of the year, with the goal of observing its
stellar parallax. Starting in 1824, Bradley, along with Samuel Molyneux, observed Gamma Draconis
using the Kew zenith telescope seen in Figure 5.
Although Bradley failed to detect any parallax, he made two fundamental discoveries. In 1729, he
discovered the aberration of light, an effect that changes the apparent position of stars as observed on
Earth by up to 20ʺ due to the finite speed of light and Earth’s varying velocity as it orbits the sun (Bradley
1727). Eighteen years later, Bradley discovered the nutation of the earth, a cyclic-nodding motion of the
earth on its rotational axis which is caused by the moon’s gravitational pull. In 1742, Bradley succeeded
Edmond Halley as England’s Astronomer Royal, the Director of the Royal Observatory Greenwich.

Figure 5. James Bradley, left, along with a drawing of the Kew zenith telescope, right.
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Christian Mayer
Christian Mayer (Figure 6), born in 1719 and the second astronomer to observe Albireo, was a Czech
astronomer and professor. In 1752, he accepted a teaching position at Heidelberg University as a
professor of Mathematics and Physics. However, because of his interest in astronomy, he was appointed
Court Astronomer at Mannheim. Mayer gave a lecture in 1777 on double star observations to the
Academy of Mannheim and faced criticism that demanded evidence that would prove two stars were
gravitationally bound as opposed to the fainter being just a background star. Using the mural quadrant
(Figure 6), at the Mannheim Observatory, Mayer listed 72 double star systems in a small book that was
published in 1779 as the first catalogue of double stars (Mayer 1779).

Figure 6. Christian Mayer along with the mural quadrant at Mannheim Observatory.

William Herschel
After immigrating from Hanover to London in 1759, Herschel, seen in Figure 7, continued his career as a
musician before becoming interested in astronomy. His sister, Caroline, who later assisted him in his
stellar observations, joined him in England. Herschel’s son John described Caroline’s relationship to
William as being, “attached during the 50 years [they were together] as a second self to her Brother,
merging her whole existence and individuality in her desire to aid him to the entire extent and absolute
devotion of her whole time and powers” (Hirshfeld 2001, p176).
After performing and teaching music, Herschel pursued his interest in how math and music were
connected. It is during this time he began to move his efforts away from music and math toward astronomy.
With his innovative idea of placing the majority of his energy on aperture rather than precision for
telescopes, he realized astronomers could see fainter objects due to the “greater light-gathering capacity” of
his homemade telescopes (Hirshfeld 2001, p172). Herschel was described as “a parallax hunter practically
from the moment he first pointed a telescope to the heavens” (Hirshfeld 2001, p173).
Herschel continued Galileo’s double-star method for measuring parallax by assuming that the brighter
star was closer while the fainter star was farther from Earth. Herschel made this assumption because he
thought that all stars were about the same brightness. Due to parallax, he predicted that these pairs of
bright and faint stars would get closer and farther apart as Earth revolved around the sun.
However, through continued observations over the next quarter century of bright/faint pairs, he found
that in many cases one star appeared to be moving around the other star. He realized that these doubles
stars might not be separated by huge distances as he first thought, but were revolving around each other
(Herschel 1803). This led Herschel to conclude that all stars may not have the same brightness.
With his large telescope he swept the skies for double stars. It was one fateful night in 1781 that
Herschel used his own reflecting telescope, seen in Figure 7, to sweep the skies for double stars and
discovered the dim and faint planet, Uranus. He was then appointed the “King’s Astronomer,” thanks to
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his discovery of Uranus. After this discovery Herschel “became the eighteenth century’s Galileo: a
telescope maker, explorer of the deep space and friend of the common people” (Hirshfeld 2001, p172).
Herschel, in 1782, became the third astronomer to observe Albireo.

Figure 7. William Herschel and his seven-foot reflecting telescope.

Giuseppe Piazzi
Giuseppe Piazzi, shown in Figure 8, was an Italian Astronomer and Mathematician born in 1746. Piazzi
received his Doctorate in Philosophy and Mathematics from the Theatine Order in Milan, and became the
Chair of Higher Mathematics at the Academy of Palermo. Piazzi later built an observatory in Palermo.
Using this observatory, Piazzi discovered the first asteroid, Ceres. After ten years of observing, Piazzi
published a catalog containing 6,748 stars that he had observed with high astrometric accuracy (Piazzi
1803). Among them was Albireo, along with many of the other stars that early astronomers had cataloged.

Figure 8. Piazzi and his five foot vertical circle

Friedrich Georg Wilhelm von Struve
Struve's family avoided the French occupation of Germany by moving in to Dorpat in Imperial Russia. In 1808
he began his studies at the Imperial University of Dorpat, where he discovered his passion for astronomy.
From 1813 to 1820, he taught at the university as an astronomy professor, while collecting data at the Dorpat
Observatory. In 1820, he became a full-time professor and the Director of the Dorpat Observatory.
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In 1824, Struve received a nine-inch telescope from Joseph Fraunhofer. Due to the advanced
mechanisms of this telescope, it was named the “Great Refractor.” This telescope featured the first
equatorial mounting drive that eliminated the drift of stars due to Earth’s rotation. The telescope weighed
roughly 5,000 pounds with a fourteen foot tube (Hirshfeld 2001, p252).
Struve, seen in Figure 9, is best known for his discovery and observations of double stars, as well as
his research on the parallax of stars. Although many double stars he observed had been studied earlier by
notable scientists such as William Herschel, Struve discovered the most new double stars, published in his
1827 double star catalogue Catalogus novus stellarum duplicium (Struve 1827). Struve made micrometer
measurements of the position angles and separations of 2,714 double stars. Although Friedrich Bessel had
been the first to measure the parallax of a star, Struve was the first to measure the parallax of Vega.

Figure 9. Friedrich Georg Wilhelm von Struve and the famous Fraunhofer nine-inch equatorially mounted refractor.

Sir John Herschel and Sir James South
Sir John Herschel, only son of William Herschel, began his independent astronomical career by further
measuring many of the double stars that his father had previously observed, including Albireo. By
investigating their movements since his father had cataloged them, Herschel hoped to discover something
about the nature of gravitational force. He compiled a catalog with the help of the British astronomer Sir
James South. Together South and Herschel published their observations in the Philosophical Transactions
and were awarded the Gold Medal of the Royal Astronomical Society, a society John Herschel had helped
found (Herschel and South 1824).
After working with the Royal Astronomical society for three years, Herschel traveled to South Africa,
to extend his father's work to the southern hemisphere. He settled with his wife in Cape Town, and lived
there for five years. During this time he recorded the position of nearly seventy thousand stars. These
observations were published in his book Results of Astronomical Observations, Made During the Years
1834 —38 at the Cape of Good Hope (Herschel 1847).
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Figure 10. Sir John Herschel and his twenty foot telescope in Cape Town, South Africa.

Edward Skinner King
The first published photographic astrometric observation of Albireo was made by Edward Skinner King,
an American astronomer in the late 1800s and early 1900s (King 1928). King’s work at the Harvard
Observatory, Figure 11, gave him access to state-of-the-art equipment to advance his research. The
photographic technique allowed more precise determinations of Albireo’s position angles and separations.

Figure 11. Harvard College Observatory along with the 11-inch refractor telescope used during the time period.

Andrei Tokovinin
Andrei Tokovinin, Figure 12, graduated from Moscow State University with a PhD in physics. He
worked for the Sternberg Institute in Moscow for 20 years, where he spent his time building instruments
and observing. He travelled to various countries and finally settled in Chile at the Cerro Tololo InterAmerican Observatory, seen in Figure 12. He works with the National Optical Astronomy Observatory to
improve the image quality of ground-based observations. Tokovinin was the first astronomer to observe
Albireo with a CCD camera (Tokavinin and Shatskii 1995).
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Figure 12. Andrei Tokovinin and the Cerro Tololo Inter-American Observatory.

Current Observation
The current observation of Albireo, reported in this paper, was made at the Orion Observatory on June 21, 2015
using a C-11 telescope equipped with a Celestron astrometric eyepiece. Ten measurements of the position angle
of Albireo were made. To record the position angle, the primary star was placed at the 30th (middle) "tick" on the
linear scale of the eyepiece and the tracking was then turned off, which caused the primary star drifted to the outer
circular scale. When the star reached the outer scale, the tracking was turned back on and the angle that it stopped
at was recorded. Unfortunately, during the observing session, the values were recorded to the wrong graduation.
To correct this, ten degrees had to be added to each of the measurements.
Ten measurements of the separation of Albireo were made. This was done by placing the primary and
secondary star a little below the linear scale of the eyepiece and estimating the "ticks" between them. Figure
13 shows one of the ten observations made of the separation of Albireo. In order to reduce observer bias, the
eyepiece was rotated 180 degrees after each measurement and two observers were alternated.
To calibrate the linear scale, the primary star’s drift path was aligned with the linear scale and placed
at the 0 mark. The telescope’s drive was then turned off and the time it took the primary star to move
from the 0 to the 60 mark was recorded with a stopwatch to the hundredth decimal place. The average
time was calculated and, using the formula below, the linear scale factor was determined.
𝑍=

15.0411 ∗ 𝑐𝑐𝑐(𝛿) ∗ 𝑡
𝑑

where 𝛿 is the declination of the star, t is the drift time in seconds, and d is the number of “ticks” on the
linear scale. For the Celestron astrometric eyepiece, d was 60 ticks. Using these constants, the linear scale
factor was determined to be 7.03ʺ/tick.

Figure 13. A Celestron astrometric eyepiece, along with a photo of Albireo in the astrometric eyepiece
showing a measurement of the separation.

212

Vol. 12 No. 3

Journal of Double Star Observations | March 2016

Hass et al.

Table 1 shows both the average separation and position angle, as well as their corresponding
standard deviations and standard errors.
Separation (Arcseconds)

Position Angle (Degrees)

Average Value

36.0

52.8

Std. Dev.

2.4

1.0

Standard Error

0.8

0.3

Table 1. The average, standard deviation, and standard error of the mean for the measured separation and position angle.

Discussion
Overall Plots
To test how the current observations compare to past observations, the previous observations reported in
the WDS catalog were plotted on the graphs shown in Figures 14 and 15. Several outliers were omitted to
increase the scale of the plots. The linear trend lines of these graphs were then found. The predicted
values of Albireo’s position angle and separation are the points on the trend line at the time of the current
observation. These predicted values are then compared to the current observation.
To calculate the time of the current observation, we took the current year, 2015, and calculated the
fractional year by taking the Julian number for June 21 (172) and dividing it by 365 which resulted in
2015.471 as the time of the current observation.
By plugging in this value of x in the two linear regression equations, the predicted values for position
angle and separation based on the trend line from past observations were determined. The theoretical
separation was 34.6ʺ and the theoretical position angle was 54.1 degrees. From these values it was determined
that the percent difference in separation was 4.0% and the difference in position angle was 1.3 degrees.

Position Angle vs. Time
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Figure 14. Previous observations of the position angle over time. Both the trend line and least squares
regression formula are included.
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Separation vs. Time
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Figure 15. Previous observations of the separation over time. Both the trend line and least squares
regression formula are included.

Trends in Various Techniques
Observation Technique

Category

Symbol

Color

Micrometer with Refractor

Ma

Triangle

Grey

Micrometer with Reflector

Mb

X

Yellow

Heliometer

D

Square

Orange

Photographic

Po

Star

Blue

Charge Coupled Device

C

Diamond

Blue

Others

Circle

Green

Others

Table 2. Several observation techniques with corresponding categories and symbols.

Figures 16 and 17 show the past observations of position angle and separation of Albireo using symbols
for the different major observation techniques. Table 2 shows an expanded legend, matching that on the
graph, which shows the various observation techniques and their corresponding categories and symbols.
These observation techniques fell into five distinct categories along with an “other” category which
contains lesser used techniques such as speckle interferometry, microguide eyepiece, and transit circle/
meridian circle. One feature of Figures 16 and 17 is how scattered both the micrometer with refractor and
reflector are. Also, these were the two techniques that seemed to have been used from the beginning of
Albireo’s observations to the present. Another feature is the precision of photographic techniques.
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Besides one distinct outlier in Figure 16, photographic observations are grouped so closely that they form
a distinct line. Lastly, these graphs show when various observation techniques were first prevalent and
when they became less frequent. For example, the heliometer’s observations lasted from 1825 until 1900,
the photographic from 1900 until 1975, and the CCD from the late 1900’s until the present.

Figure 16. Position angle over time. Each different symbol represents a different type of observation
technique corresponding to the legend at the top of the graph.

Figure 17. Various observation techniques of separation over time. Each different symbol represents a
different type of observation technique corresponding to the legend at the top of the graph.

Interestingly, the trend line for photographic techniques has a negative slope compared to the overall
trend line, which is positive. After breaking up the overall graph, without outliers, into sections of time, a
distinct “bump” can be seen from the late 1800’s to 1950. This “bump” is shown in Figure 18, along with
various trend lines plotted over sections of time. It looks as if more of a curve would fit the graph
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compared to a straight line. This curve in the separation may be caused by a third star in Albireo’s system.
In fact, Albireo does contain a third star, the C component, which is 0.4ʺ from the A component. Looking
at Figure 18, there appears to be a subtle period of displacement from this star starting in 1750 and lasting
until 1950. After this, the cycle appears to start to repeat by beginning to increase again. Albireo’s A and
C component do have a period of 213 years, which is consistent with the observed value in Figure 18 of at
least 200 years.

Figure 18. The separation over time of Albireo cut into distinct segments of time represented by various symbols.
The trend line equations are added just above or below each trend line.

Conclusion
The history of Albireo and the observation techniques used to observe it parallel the overall development
of double star astrometric research. By making observations with an 11 inch telescope and astrometric
eyepiece, we were able to measure the current separation and position angle of Albireo. Plots of past
observations implied the existence of Albireo’s known third star.
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