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Luminosity
In astronomy , lum inosity is the total amount of energy emitted by a star, galaxy , or other astronomical object per unit
time. [1] It is related to the brightness, which is the luminosity of an object in a giv en spectral region. [1]
In SI units luminosity is measured in joules per second or watts. Values for luminosity are often giv en in the terms of the
luminosity of the Sun, L⊙. Luminosity can also be giv en in terms of magnitude: the absolute bolometric magnitude (Mbol )
of an object is a logarithmic measure of its total energy emission rate.
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Measuring luminosity
In astronomy , luminosity is the amount of electromagnetic energy a body radiates per unit of time. [2] When not qualified, the term "luminosity " means bolometric
luminosity , which is measured either in the SI units, watts, or in terms of solar luminosities (L☉). A bolometer is the instrument used to measure radiant energy ov er a
wide band by absorption and measurement of heating. A star also radiates neutrinos, which carry off some energy (about 2% in the case of our Sun), contributing to
the star's total luminosity . [3] The IAU has defined a nominal solar luminosity of 3.828 × 10 2 6 W to promote publication of consistent and comparable v alues in units of
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the solar luminosity . [4]
While bolometers do exist, they cannot be used to measure ev en the apparent brightness of a star because they are
insufficiently sensitiv e across the electromagnetic spectrum and because most wav elengths do not reach the surface of the
Earth. In practice bolometric magnitudes are measured by taking measurements at certain wav elengths and constructing a
model of the total spectrum that is most likely to match those measurements. In some cases, the process of estimation is
extreme, with luminosities being calculated when less than 1% of the energy output is observ ed, for example with a hot
Wolf-Ray et star observ ed only in the infra-red. Bolometric luminosities can also be calculated using a bolometric
correction to a luminosity in a particular passband. [5][6]
The term luminosity is also used in relation to particular passbands such as a v isual luminosity of K-band luminosity . These
are not generally luminosities in the strict sense of an absolute measure of radiated power, but absolute magnitudes defined
for a giv en filter in a photometric sy stem. Sev eral different photometric sy stems exist. Some such as the UBV or Johnson
sy stem are defined against photometric standard stars, while others such as the AB sy stem are defined in terms of a spectral
flux

density . [7]

Stellar luminosity

Hertzsprung–Russell diagram
identifying stellar luminosity as a
function of temperature for many stars
in our solar neighborhood.

A star's luminosity can be determined from two stellar characteristics: size and effectiv e temperature. [2] The former is
ty pically represented in terms of solar radii, R⊙, while the latter is represented in kelv ins, but in most cases neither can be measured directly . To determine a star's
radius, two other metrics are needed: the star's angular diameter and its distance from Earth, often calculated using parallax. Both can be measured with great
accuracy in certain cases, with cool supergiants often hav ing large angular diameters, and some cool ev olv ed stars hav ing masers in their atmospheres that can be
used to measure the parallax using VLBI. Howev er, for most stars the angular diameter or parallax, or both, are far below our ability to measure with any certainty .
Since the effectiv e temperature is merely a number that represents the temperature of a black body that would reproduce the luminosity , it obv iously cannot be
measured directly , but it can be estimated from the spectrum.
An alternativ e way to measure stellar luminosity is to measure the star's apparent brightness and distance. A third component needed to deriv e the luminosity is the
degree of interstellar extinction that is present, a condition that usually arises because of gas and dust present in the interstellar medium (ISM), the Earth's
atmosphere, and circumstellar matter. Consequently , one of astronomy 's central challenges in determining a star's luminosity is to deriv e accurate measurements for
each of these components, without which an accurate luminosity figure remains elusiv e. [8] Extinction can only be measured directly if the actual and observ ed
luminosities are both known, but it can be estimated from the observ ed colour of a star, using models of the expected lev el of reddening from the interstellar medium.
In the current sy stem of stellar classification, stars are grouped according to temperature, with the massiv e, v ery y oung and energetic Class O stars boasting
temperatures in excess of 30,000 K while the less massiv e, ty pically older Class M stars exhibit temperatures less than 3,500 K. Because luminosity is proportional to
temperature to the fourth power, the large v ariation in stellar temperatures produces an ev en v aster v ariation in stellar luminosity . [9] Because the luminosity depends
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on a high power of the stellar mass, high mass luminous stars hav e much shorter lifetimes. The most luminous stars are alway s y oung stars, no more than a few million
y ears for the most extreme. In the Hertzsprung–Russell diagram, the x-axis represents temperature or spectral ty pe while the y -axis represents luminosity or
magnitude. The v ast majority of stars are found along the main sequence with blue Class 0 stars found at the top left of the chart while red Class M stars fall to the
bottom right. Certain stars like Deneb and Betelgeuse are found abov e and to the right of the main sequence, more luminous or cooler than their equiv alents on the
main sequence. Increased luminosity at the same temperature, or alternativ ely cooler temperature at the same luminosity , indicates that these stars are larger than
those on the main sequence and they are called giants or supergiants.
Blue and white supergiants are high luminosity stars somewhat cooler than the most luminous main sequence stars. A star like Deneb, for example, has a luminosity
around 200,000 L⊙, a spectral ty pe of A2, and an effectiv e temperature around 8,500 K, meaning it has a radius around 203 R⊙. For comparison, the red supergiant
Betelgeuse has a luminosity around 100,000 L⊙, a spectral ty pe of M2, and a temperature around 3,500 K, meaning its radius is about 1,000 R⊙. Red supergiants are
the largest ty pe of star, but the most luminous are much smaller and hotter, with temperatures up to 50,000 K and more and luminosities of sev eral million L⊙,
meaning their radii are just a few tens of R⊙. An example is R136a1, ov er 50,000 K and shining at ov er 8,000,000 L⊙ (mostly in the UV), it is only 35 R⊙.

Radio luminosity
The luminosity of a radio source is measured in W Hz−1, to av oid hav ing to specify a bandwidth ov er which it is measured. The observ ed strength, or flux density , of a
radio source is measured in Jansky where 1 Jy = 10−26 W m−2 Hz−1.
For example, consider a 10W transmitter at a distance of 1 million metres, radiating ov er a bandwidth of 1 MHz. By the time that power has reached the observ er, the
power is spread ov er the surface of a sphere with area 4πr2 or about 1.26×1013 m2, so its flux density is 10 / 106 / 1.26×1013 W m−2 Hz−1 = 108 Jy.
More generally , for sources at cosmological distances, a k-correction must be made for the spectral index α of the source, and a relativ istic correction must be made
for the fact that the frequency scale in the emitted rest frame is different from that in the observ er's rest frame. So the full expression for radio luminosity , assuming
isotropic emission, is

where Lν is the luminosity in W Hz−1, Sobs is the observ ed flux density in W m−2 Hz−1, DL is the luminosity distance in metres, z is the redshift, α is the spectral index
(in the sense

, and in radio astronomy , assuming thermal emission the spectral index is ty pically equal to 2.)

For example, consider a 1 Jy signal from a radio source at a redshift of 1, at a frequency of 1.4 GHz. Ned Wright's cosmology calculator (http://www.astro.ucla.edu/~w
right/CosmoCalc.html)

10−26 ×

calculates

4π(2×1026)2 / (1+1)(1+2)
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To calculate the total radio power, this luminosity must be integrated ov er the bandwidth of the emission. A common assumption is to set the bandwidth to the
observ ing frequency , which effectiv ely assumes the power radiated has uniform intensity from zero frequency up to the observ ing frequency . In the case abov e, the
total power is 4×1027 × 1.4×109 = 5.7×1036 W. This is sometimes expressed in terms of the total (i.e. integrated ov er all wav elengths) luminosity of the Sun which is

3.86×1026 W, giv ing a radio power of 1.5×1010 L⊙ .

Magnitude
Luminosity is an intrinsic measurable property of a star independent of distance. The concept of
magnitude, on the other hand, incorporates distance. First conceiv ed by the Greek astronomer Hipparchus

Grouping

Range

Example

VMag

in the second century BC, the original concept of magnitude grouped stars into six discrete categories

First magnitude

< 1.5

Vega

0.03

Second magnitude

1.5 to 2.5

Denebola

2.14

fourth and so on down to the faintest stars, which Hipparchus categorized as sixth magnitude. [10] The

Third magnitude

2.5 to 3.5

Rastaban

2.79

sy stem was but a simple delineation of stellar brightness into six distinct groups and made no allowance for

Fourth magnitude

3.5 to 4.5

Sadalpheretz

3.96

the v ariations in brightness within a group. With the inv ention of the telescope at the beginning of the

Fifth magnitude

4.5 to 5.5

Pleione

5.05

Sixth magnitude

5.5 to 6.5

54 Piscium

5.88

Seventh magnitude

6.5 to 7.5

HD 40307

7.17

Eighth magnitude

7.5 to 8.5

HD 113766

7.56

being about 100 times brighter than sixth magnitude stars, formalized the Hipparchus sy stem by creating a

Ninth magnitude

8.5 to 9.5

HD 149382

8.94

logarithmic scale, with ev ery interv al of one magnitude equating to a v ariation in brightness of 100 1 /5 or

Tenth magnitude

9.5 to 10.5

HIP 13044

9.98

depending on how bright they appeared. The brightest first magnitude stars were twice as bright as the next
brightest stars, which were second magnitude; second was twice as bright as third, third twice as bright as

sev enteenth century , researchers soon realized that there were subtle v ariations among stars and millions
fainter than the sixth magnitude—hence the need for a more sophisticated sy stem to describe a continuous
range of v alues bey ond what the naked ey e could see. [10][11]
In 1856 Norman Pogson, noticing that photometric measurements had established first magnitude stars as

roughly 2.512 times. Consequently , a first magnitude star is about 2.5 times brighter than a second
magnitude star, 2.5 2 brighter than a third magnitude star, 2.5 3 brighter than a fourth magnitude star, et cetera. Based on this continuous scale, any star with a
magnitude between 5.5 and 6.5 is now considered to be sixth magnitude, a star with a magnitude between 4.5 and 5.5 is fifth magnitude and so on. With this new
mathematical rigor, a first magnitude star should then hav e a magnitude in the range 0.5 to 1.5, thus excluding the nine brightest stars with magnitudes lower than
0.5, as well as the four brightest with negativ e v alues. It is customary therefore to extend the definition of a first magnitude star to any star with a magnitude less than
0.5, as can be seen in accompany ing table. [10]
The Pogson logarithmic scale is used to measure both apparent and absolute magnitudes, the latter corresponding to the brightness of a star or other celestial body as
seen if it would be located at an interstellar distance of 10 parsecs. The apparent magnitude is a measure of the diminishing flux of light as a result of distance
according to the inv erse-square law. [13] In addition to this brightness decrease from increased distance, there is an extra decrease of brightness due to extinction from
interv ening interstellar dust. [11]

https://en.wikipedia.org/wiki/Luminosity

4/9

12/2/2018

Luminosity - Wikipedia

By measuring the width of certain absorption lines in the stellar spectrum, it is often possible to assign a certain luminosity class
to a star without knowing its distance. Thus a fair measure of its absolute magnitude can be determined without knowing its
distance nor the interstellar extinction, allowing astronomers to estimate a star's distance and extinction without parallax
calculations. Since the stellar parallax is usually too small to be measured for many distant stars, this is a common method of
determining such distances.
To conceptualize the range of magnitudes in our own galaxy , the smallest star to be identified has about 8% of the Sun’s mass and
glows feebly at absolute magnitude +19. Compared to the Sun, which has an absolute of +4.8, this faint star is 14 magnitudes or
Artist impression of a transiting
planet temporarily diminishing the
star's brightness, leading to its
discovery.[12]

400,000 times dimmer than our Sun. Our galaxy 's most massiv e stars begin their liv es with masses of roughly 100 times solar,
radiating at upwards of absolute magnitude –8, ov er 160,000 times the solar luminosity . The total range of stellar luminosities,
then, occupies a range of 27 magnitudes, or a factor of 60 billion. [9]
In measuring star brightnesses, absolute magnitude, apparent magnitude, and distance are interrelated parameters—if two are
known, the third can be determined. Since the Sun's luminosity is the standard, comparing these parameters with the Sun's

apparent magnitude and distance is the easiest way to remember how to conv ert between them.

Luminosity formulae
The Stefan–Boltzmann equation applied to a black body giv es the v alue for luminosity for a black body , an idealized object
which is perfectly opaque and non-reflecting:[2]

,
where A is the area, T is the temperature (in Kelv ins) and σ is the Stefan–Boltzmann constant, with a v alue of
5.67 0 367 (13) × 10 −8 W⋅m−2 ⋅K−4 . [14]
Imagine a point source of light of luminosity

that radiates equally in all directions. A hollow sphere centered on the point

would hav e its entire interior surface illuminated. As the radius increases, the surface area will also increase, and the
constant luminosity has more surface area to illuminate, leading to a decrease in observ ed brightness.

,

Point source S is radiating light
equally in all directions. The amount
passing through an area A varies with
the distance of the surface from the
light.

where

is the area of the illuminated surface.
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is the flux density of the illuminated surface.
The surface area of a sphere with radius r is

, so for stars and other point sources of light:

,
where is the distance from the observ er to the light source.
It has been shown that the luminosity of a star
star by the

(assuming the star is a black body , which is a good approximation) is also related to temperature

and radius

of the

equation:[2]

,
where

σ is the Stefan–Boltzmann constant 5.67 × 10−8 W·m−2·K−4.
and cancelling constants, we obtain the relationship:[2]

Div iding by the luminosity of the Sun

,
where

and

are the radius and temperature of the Sun, respectiv ely .

For stars on the main sequence, luminosity is also related to mass:

.

Magnitude formulae
The magnitude of a star, a unitless measure, is a logarithmic scale of observ ed v isible brightness. The apparent magnitude is the observ ed v isible brightness from Earth
which depends on the distance of the object. The absolute magnitude is the apparent magnitude at a distance of 10 parsecs, therefore the bolometric absolute
magnitude is a logarithmic measure of the bolometric luminosity .
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The difference in bolometric magnitude between two objects is related to their luminosity ratio according to:

where:

is the bolometric magnitude of the first object
is the bolometric magnitude of the second object.
is the first object's bolometric luminosity
is the second object's bolometric luminosity
This can be used to deriv e a luminosity in solar units:

which makes by inv ersion:

where

is the star's bolometric luminosity
is the Sun's bolometric luminosity
is the bolometric magnitude of the star.
is the bolometric magnitude of the Sun (approximately 4.7554).
Although the absolute bolometric magnitude of the sun is approximately 4.7 554, the zero point of the absolute magnitude scale is actually defined as a fixed
luminosity of 3.0128 × 10 2 8 W. Therefore, the absolute magnitude can be calculated from a luminosity in watts:

and the luminosity in watts can be calculated from an absolute magnitude (although absolute magnitudes are often not measured relativ e to an absolute flux):
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7/9

12/2/2018

Luminosity - Wikipedia

See also
Orders of magnitude (power)
List of most luminous stars
List of brightest stars

References
1. Hopkins, Jeanne (1980). Glossary of Astronomy and Astrophysics (2nd ed.). The
University of Chicago Press. ISBN 0-226-35171-8.
2. "Luminosity of Stars" (https://web.archive.org/web/20140809144429/http://www.atn
f.csiro.au/outreach//education/senior/astrophysics/photometry_luminosity.html).
Australia Telescope National Facility. 12 July 2004. Archived from the original (htt
p://outreach.atnf.csiro.au/education/senior/astrophysics/photometry_luminosity.ht
ml) on 9 August 2014.
3. Bahcall, John. "Solar Neutrino Viewgraphs" (http://www.sns.ias.edu/~jnb/SNviewgr
aphs/snviewgraphs.html). Institute for Advanced Study School of Natural Science.
Retrieved 2012-07-03.
4. Mamajek, E. E; Prsa, A; Torres, G; Harmanec, P; Asplund, M; Bennett, P. D;
Capitaine, N; Christensen-Dalsgaard, J; Depagne, E; Folkner, W. M; Haberreiter,
M; Hekker, S; Hilton, J. L; Kostov, V; Kurtz, D. W; Laskar, J; Mason, B. D; Milone,
E. F; Montgomery, M. M; Richards, M. T; Schou, J; Stewart, S. G (2015). "IAU
2015 Resolution B3 on Recommended Nominal Conversion Constants for Selected
Solar and Planetary Properties". 1510: arXiv:1510.07674. arXiv:1510.07674 (https://
arxiv.org/abs/1510.07674) [astro-ph.SR (https://arxiv.org/archive/astro-ph.SR)].
Bibcode:2015arXiv151007674M (http://adsabs.harvard.edu/abs/2015arXiv151007674
M).
5. Nieva, M.-F (2013). "Temperature, gravity, and bolometric correction scales for nonsupergiant OB stars". Astronomy & Astrophysics. 550: A26. arXiv:1212.0928 (http
s://arxiv.org/abs/1212.0928) . Bibcode:2013A&A...550A..26N (http://adsabs.harva
rd.edu/abs/2013A&A...550A..26N). doi:10.1051/0004-6361/201219677 (https://doi.
org/10.1051%2F0004-6361%2F201219677).

https://en.wikipedia.org/wiki/Luminosity

6. Buzzoni, A; Patelli, L; Bellazzini, M; Pecci, F. Fusi; Oliva, E (2010). "Bolometric
correction and spectral energy distribution of cool stars in Galactic clusters".
Monthly Notices of the Royal Astronomical Society. 403 (3): 1592. arXiv:1002.1972
(https://arxiv.org/abs/1002.1972) . Bibcode:2010MNRAS.403.1592B (http://adsab
s.harvard.edu/abs/2010MNRAS.403.1592B). doi:10.1111/j.1365-2966.2009.16223.x
(https://doi.org/10.1111%2Fj.1365-2966.2009.16223.x).
7. Delfosse, X; Forveille, T; Ségransan, D; Beuzit, J.-L; Udry, S; Perrier, C; Mayor, M
(2000). "Accurate masses of very low mass stars. IV. Improved mass-luminosity
relations". Astronomy and Astrophysics. 364: 217. arXiv:astro-ph/0010586 (https://
arxiv.org/abs/astro-ph/0010586) . Bibcode:2000A&A...364..217D (http://adsabs.ha
rvard.edu/abs/2000A&A...364..217D).
8. Karttunen, Hannu (2003). Fundamental Astronomy (https://books.google.com/book
s?id=OEhHqwW-kgQC). Springer-Verlag. p. 289. ISBN 978-3-540-00179-9.
9. Ledrew, Glenn (February 2001). "The Real Starry Sky" (http://articles.adsabs.harva
rd.edu/cgi-bin/nph-iarticle_query?2001JRASC..95...32L&data_type=PDF_HIGH&wh
ole_paper=YES&type=PRINTER&filetype=.pdf) (PDF). Journal of the Royal
Astronomical Society of Canada. 95: 32–33. Bibcode:2001JRASC..95...32L (http://
adsabs.harvard.edu/abs/2001JRASC..95...32L). Retrieved 2 July 2012.
10. Nigel Foster. "THE FIRST MAGNITUDE STARS" (https://sites.google.com/site/kno
wleastro/articles/first-magnitude-stars-quiz). Knowle Astronomical Society.
Retrieved 25 September 2012.
11. "Magnitude System" (http://www.astronomynotes.com/starprop/s4.htm).
Astronomy Notes. 2 November 2010. Retrieved 2 July 2012.
12. "COROT discovers its first exoplanet and catches scientists by surprise" (http://ww
w.esa.int/esaCP/SEMCKNU681F_index_0.html#subhead2). European Space
Agency. 3 May 2007. Retrieved 2 July 2012.
8/9

12/2/2018

Luminosity - Wikipedia

13. Joshua E. Barnes (February 18, 2003). "The Inverse-Square Law" (http://www.ifa.ha
waii.edu/~barnes/ASTR110L_S03/inversesquare.html). Institute for Astronomy University of Hawaii. Retrieved 26 September 2012.

14. "CODATA Value: Stefan-Boltzmann constant" (http://physics.nist.gov/cgi-bin/cuu/V
alue?sigma). The NIST Reference on Constants, Units, and Uncertainty. US
National Institute of Standards and Technology. June 2015. Retrieved 2015-09-25.
"2014 CODATA recommended values"

Further reading
Böhm-Vitense, Erika (1989). "Chapter 6. The luminosities of the stars" (https://books.google.com/books?id=JWrtilsCycQC&pg=PA41). Introduction to Stellar Astrophysics:
Volume 1, Basic Stellar Observations and Data. Cambridge University Press. pp. 41–48. ISBN 978-0-521-34869-0.

External links
Ned Wright's cosmology calculator (http://www.astro.ucla.edu/~wright/CosmoCalc.html)
University of Southampton radio luminosity calculator (https://web.archive.org/web/20150508152746/http://www.astro.soton.ac.uk/~td/flux_convert.html) at the Wayback
Machine (archived 8 May 2015)
Retrieved from "https://en.wikipedia.org/w/index.php?title=Luminosity&oldid=821124470"

This page was last edited on 18 January 2018, at 15:13.
Text is available under the Creative Commons Attribution-ShareAlike License; additional terms may apply. By using this site, you agree to the Terms of Use and Privacy Policy.
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a non-profit organization.

https://en.wikipedia.org/wiki/Luminosity

9/9

