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kl\/ariable Star Of The Month

November, 2000: GK Persei (Nova Persei 1901)
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Home The New Star of the 20thCentury
About the AAVSO
Variable Stars L ate on the evening of February 21, 1901, the Scottish
Membership clergyman Thomas David Anderson was walking toward his
Meetings home in Edinburgh when he cast afina “casual” glance up to
Publications the sky and noticed a brilliant third magnitude star in the
Star Charts constellation Perseus. Hisfirst feeling was one of
e e g disappointment because he felt sure that this star had been
there for some time, escaping his notice, and he grudged the

. time lost when he might have been regarding it. The next day
Broorame he reported his find to the Greenwich Observatory and was

surprised to realize that he was the first discoverer of Nova Nova Remnant GK Per
Image Credit: WIYN Consortium, Inc.

Accessing Data

Hands-O . .
A;?rﬂ!;:h;:-i:s Persei 1901, the first new star of the 20th century.

Back at the Harvard Observatory, where the now famous collection of celestial photographs
had been started under the direction of E. C. Pickering (co-founder of the AAV SO), it was
found that the new star was actually not completely new. A number of early photographs
show that in the position of the new novathere was previoudly afaint star of magnitude 13
that showed small fluctuationsin light. It so happened that this Perseus region had been

photographed just two days before Dr. Anderson’s discovery and showed the star at its
minimum brightness. Thus, in less than two days, it had brightened from the thirteenth to the
third magnitude, an increase of 10,000 timesin luminosity - an absol ute explosion!

For the next two days, the star continued to increase in brightness, at
asomewhat slower rate, until it reached a maximum of magnitude
0.2, about the brilliance of Capellaand Vega. The total changein
brightness was fourteen magnitudes and had been accomplished in
less than four days. Immediately after the novareached 0.2
magnitudes, it quickly (although not as quickly asit rose) began to
fade. Six days after maximum, the nova had faded to second
magnitude and two weeks | ater it reached the fourth. At this point, a
series of oscillations set in, with a periodicity of about four days, and
A dil __an amplitude of amagnitude and a half. These fluctuations lasted for
gent watcher of the skies, R X i i L
Thomas Anderson discovered ~ Several months, during which time the star continued to fade, until it
Nova Persei 1901. was no longer visible to the naked eye. The nova returned to its
minimum state, magnitude thirteen, eleven years after it initiated its brilliant adventures (see
the light curve below).

Nova Persei 1901: A Classical Nova

Classical nova explosions of great apparent magnitude, like that seen with Nova Persel 1901,
are rare. Between 1900 and 1980 only four really outstanding cases were observed: Nova GK
Per in 1901, NovaV 603 Agl in 1918, Nova CP Pup in 1942, and V1500 Cyg in 1975.
Cataclysmic Variables (CVs) are the progenitors of classical novae which derive their
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luminosity from athermonuclear explosion of built-up hydrogen on the surface of the white
dwarf. The sequence of eventsleading up to a classical nova explosion, similar to Nova Persel
1901, are best explained by the following sequence of events: (figures reproduced with
permission from NASA/STScl and text taken from Christopher Mauche's web page on

Cataclysmic Variables):

The white dwarf captures matter lost through the

inner Lagrange point of the secondary. To conserve

angular momentum, this material cannot accrete directly

onto the white dwarf, but forms an accretion disk e
around the compact star.

Focretion 5
Accretion Oizsk  Stream of higtter

Disk 4
' \ l * Asit loses angular momentum, the material in the disk
® slowly drifts inward and accretes onto the surface of the

] \ hite dwarf.

* Anenvelopeor
“ocean” of hydrogen-rich material builds up on the white
dwarf surface. The intense heat and pressure at the base
of this envelope leads to a thermonuclear explosion as
hydrogen is burned to helium. The explosion blows off T
the outer layers of the envelope. This event isthe ‘ocean”
observed classical nova outburst which generaly lasts
for tensto hundreds of days.

There are different classes of classical novae characterized by the course of their light curves.
The amplitudes mostly lie between 7 and 16 magnitudes, but the rise and fall take place at
different rates, and the shapes of the light curves differ substantially. Four classes of classical
novae have been defined:

Na: Fast novae. Theriseisvery steep and it lasts one or, at the most, just afew days; the
declineis such that the brightness reaches 3 magnitudes below maximum within 110 days at
the latest, and generally much sooner. Nova Persal 1901 is a good example of afast nova
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Light Curve of GK Persei from Feb 24, 1901 to May 23, 1501
From Burnham's Celestial Handbook Vol. 3, 1978, p.1427

Nb: Sow novae. The 3-magnitude decline takes more than 100 days. Some of these novae
show a deep, wide minimum about 2-5 months after maximum. This may be due to dust
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condensation that blocks the visible light. Asthe gected material dissipates, the novarecovers
to magnitude approximately equal to that expected in an undisturbed decline.

13

2427800 7900 8000 8100 JD

Light Curve of Nowva D@ Her from
Dec 28, 193410 Feb 1, 1936

From Hoffmeister, 1985, p.83

Nc: Very slow novae. In 1915 the prototype, RT Ser, rose slowly to 10.5 magnitudes,
remained at thislevel for aimost 10 years, and then began to fade very slowly, reaching 14
magnitudesin 1942.

2420000 2000 4000 6000 D
Light Curve of Mova BT Ser from
the beginning of 1908 to July 16, 1935

From Hoffmeister, 1985, p.83

Nr: Recurrent novae. These are novae where more than one outburst has been observed. In
the final analysis probably all novae are recurrent, and the fact that as yet only one outburst
has been observed in most novae is presumably only because the intervals are generally very
long between outbursts. For an example of arecurrent novas light curve visit the variable star
of the month page for RS Ophiuchi.

GK Per - Magnetic Cataclysmic Variable

After the spectacular classical nova outburst in 1901, GK Per (Nova
Persei 1901) began to display characteristics of a dwarf nova type
cataclysmic variable around 1966. It was put on the regular AAV SO
observing program in the late 1920s, and at that time until about 1966,
it fluctuated irregularly between magnitudes 12.5 and 13.5, with afew
rises to about 12th magnitude. But this quiet period would not |ast
forever, and in the middle of August 1966, Nova Persel brightened to
11t magnitude. From 1966 to the present, Nova Persei (now more
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commonly called GK Per) has exhibited dwarf nova-like outbursts of Click above for a long-term
about 3 magnitudes every 3 years. For areview on the dwarf novatype "9 ¢ive orerer
class of stars see VSOTM SS Cyg, SU UMa, and Z Cam. Around 1980, the discovery of

X-rays coming from this system would allow scientists to more specifically classify GK Per
as amagnetic cataclysmic variable.

Cataclysmic Variables are classified into various subgroups based
primarily on the strength of the white dwarf's magnetic field. The types
of Cataclysmic Variablesinclude:

Non-magnetic - Dwarf Novae and Nova-like variables
Magnetic

Intermediate Polars - (DQ Her Stars) Magnetic field strength around
1-10 Mega Gauss

.,.," Polars - (AM Her stars) Magnetic field strength around 10-100 Mega
Gauss

Comrioht Mark A iy ONCe GK Per's magnetic nature was discovered, it was classified based
http://space-art.co.uk on the strength of the white dwarf's magnetic field into the cataclysmic

reproduced with variable subtype, intermediate polar or DQ Her star. These stars have

permission.In the foreground, T )

gig;:g{lgggrmtne (ﬂ;v'fgbvtv;?]: magnetlc_: field strengths approxi ma_ltely 1-10 x 1_06 gauss. For

mass along its magnetic field  [Perspective, the Earth’s magnetic field strength is about 1 gauss. In

e intermediate polars, the accretion disk is disrupted at small radii by the
white dwarf magnetosphere. The accreting material then leaves the disk and follows the
magnetic field lines down to the white dwarf surface in the vicinity of the magnetic poles. As
the accreting material rains down onto the white dwarf surface, it passes through a strong

shock whereits free-fall kinetic energy is converted into thermal energy. The shock

temperature is about 108K (10keV), so the post-shock plasmais a strong source of hard
X-rays. These X-rays, when detected, provide information about the white dwarf's magnetic
field.

GK Per in X-Rays

In the course of adwarf novalike eruption of GK Per in 1978, Andrew King and his
colleagues at Leicester University were the first to discover (with the Ariel 5 satellite) that GK
Persei had flared in X-rays. The satellite, however, could only take readings every 100
minutes, so only the general character of the event was observed. In July of 1983, the AAV SO
announced that this ex-nova was undergoing another minor outburst. This aerted King and
Michael Watson who had been given time on EXOSAT to observe GK Per when it
brightened. They observed GK Per and obtained data that revealed an X-ray pulsation period
of 351 seconds. While not great enough to lock the companion star into synchronous rotation,
this magnetic field is still strong enough to disrupt the inner portion of the accretion disk and
channel material onto the white dwarf's magnetic poles.

Faster Than the Speed of Light? - Light Echoes

In the year 1901, after GK Persei underwent its classical nova outburst, there was a discovery
that excited the astronomical community of the day. Only six months after Thomas Anderson
observed the fantastic nova explosion of 1901, the French astronomer Camille Flammarion
and his colleague announced that they had photographed a “luminous shell surrounding the
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nova’. This puzzled astronomers because it implied that the debris thrown off from the nova
explosion was traveling outward at arate faster than the speed of light! Typically it takes
years before the shell of matter g ected from such an event can be resolved in Earth-based
telescopes. Charles Perrine and George Ritchey further observed bright knots of light
changing position on photographs taken from month to month. The features appeared to be
moving outward from the nova at the astonishing rate of 11 arc minutes per year - ten times
the speed of light. This extraordinarily rapid motion caused much excitement among
astronomers and in the popular press; a solution was needed.

Solution - Visible Superluminal echoes

The Dutch astronomer Jacobus K apteyn was the first person to theorize that the ring-like
“clouds’ weren't really moving at all. He suggested that the velocity involved isreally the
speed of light itself, and what we are seeing isreally a“light echo” from the nova. Kapteyn's
theory was only partly correct, however, and is explained in more detail in Sky and Telescope,
February 1991, 153-157. The paradox was resolved by Paul Courdec in 1939. A description

of Courdec's theory follows:

Paul Courderc suggested that asheet of  superluminal
dust in front of Nova Persei 1901 would  rnees !
explain the superluminal light echoes

around that star. The nova' sflashis, in Apparent “radius"
effect, ahollow, spherica bubble of light, neua ‘[T i
shown to the right in cross section. First,
radiation at the nose of this bubble hits the
dust sheet along our direct line of sight

and is forward-scattered toward Earth. Deflected Ray

Deflected Ray

Ta
Earth

Direct Ray

Other rays meet the sheet off the line of g
sight a short time later and are then Dust Shest

Figure from S&T article.

deflected toward Earth. These rays have
only traveled the relatively short extra distances shown in red, but the echo
appears to have expanded by the distance (shown in green) between the direct
and deflected rays. Therefore the expansion appears to be proceeding faster than
the speed of light. The apparent speed of the motion isinfinite at the instant when
the light-bubbl e’ s nose first meets the dust, but it slows as the ring grows.
(However, at very early times the echo is too small to be resolved.) (Felton, J.
KT, February 1991, 153-157).

Mystery solved! In general, light echoes can be seen for novae and supernovae. An observer
sees light reflected by the imaginary expanding surface around the nova called the
“kinematically accessible ellipsoid” which is an elongated ellipsoid with the nova at one focus
and the earth at the other focus. If dust is present in front of the nova (like Nova Persal 1901)
“superluminal” echoes are observed which appear to be expanding faster than the speed of
light. AlImost fifteen years after the outburst, the actual nebular shell around Nova Persel
finally became visible and is colored red in the image at the top of this page.

Observing GK Per

Observers with moderate aperture telescopes will find it rewarding to follow any future
variations of GK Persei. This energetic star can be found in the region between the famous
variable Algol (Beta Persel), and the brightest star of the constellation, Alpha Persai.

Currently, GK Per is at its minimum around magnitude thirteen. To keep updated on the star's
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activity use the AAV SO Light Curve Generator to

check your observations with those from other
; observers. The AAV SO has many charts available

o, .ﬁ.l gol to help you find GK Per in the sky. There are D,
M._'f ﬁdll* SUS Beta E, and F Scale Charts. Aswell asreversed D, E,
it and F Scale Charts. For more information on
using and printing the charts, please visit our

\, Menkib ~ [eiEISEEvile))

—— —l Mythology of Perseus
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