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 άIƻǿ ōǊƛƎƘǘ ƛǎ that planetΚέ Thousands of amateur sky watchers ask this question every year and many 

look to {ϧ¢Ωǎ /ŜƭŜǎǘƛŀƭ /ŀƭŜƴŘŀǊ for the answer. This article tells how the magnitudes of our solar system 

neighbors are predicted and explains what we can learn about planets based on their luminosities. 

The distance from the planet to the observer and that from the planet to the Sun both affect its 

brightness. The ΨƛƴǾŜǊǎŜ ǎǉǳŀǊŜ ƭŀǿΩ of distance means that a planet twice as far away appears one-

fourth as bright. The phase angle corresponding to ǘƘŜ ǇƭŀƴŜǘΩǎ crescent, quarter, gibbous or full shape 

also contributes to its magnitude. A disk seen fully illuminated by the Sun is at phase angle 0 degrees 

while the thinnest crescent approaches phase angle 180. Distance and phase are geometrical effects. 

Two physical factors that influence brightness are ǘƘŜ ǇƭŀƴŜǘΩǎ ǎƛȊŜ ŀƴŘ ƛǘǎ ǊŜŦƭŜŎǘƛǾƛǘȅΦ [ǳƳƛƴƻǎƛǘȅ 

depends directly on the surface area of the body. Twice the area produces twice the brightness. 

Reflectivity indicates how a planetary ground or cloud layer redirects the sunlight that it receives. This is 

the most enlightening aspect of planetary photometry (the study of luminosities) because 

characteristics of the planets themselves are revealed. Clouds reflect a large fraction of the incoming 

light and they distribute it over a wide angle. Meanwhile solid surfaces reflect less light and return it 

more strongly in the direction from which it came. If the brightness of a planet is observed over an 

appreciable span of phase angles, then something can be learned about its physical composition even if 
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the disk is not resolved. Photometric characterization has contributed to our understanding of Mercury 

and Venus as explained later. 

 

The varying magnitudes of Mercury, Venus and Mars are shown along with their phases and relative 
diameters. Open circles indicate inferior conjunctions when a planet is between the Sun and Earth. 
aŜǊŎǳǊȅΩǎ ŀǎȅƳƳŜǘǊƛŎ ƭǳƳƛƴƻǎƛǘȅ ŎƘŀƴƎŜǎ ŀǊŜ ŘǳŜ ǘƻ ƛǘǎ ŜŎŎŜƴǘǊƛŎ ƻǊōƛǘΦ ±Ŝƴǳǎ ōǊƛƎƘǘŜƴǎ ŀƴŘ ŦŀŘŜǎ ŦƻǳǊ 
times in the vicinity of inferior conjunction. Mars will be at opposition next year on March 3rd. 

 

 

When I began studying the brightness of the terrestrial planets Mercury, Venus, Earth and Mars about 

мн ȅŜŀǊǎ ŀƎƻΣ Ƴŀƴȅ ƻŦ ǘƘŜ ƳŀƎƴƛǘǳŘŜǎ ƛƴ ǳǎŜ ŘŀǘŜŘ ōŀŎƪ ǘƻ ǘƘŜ муллΩǎ ŀƴŘ ǿŜǊŜ ƴƻǘ ǾŜǊȅ ǇǊŜŎƛǎŜΦ ¢Ƙŀƴƪǎ 

to a novel spacecraft instrument and the availability of CCDs for earth-based observation, though, it was 
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prime time for an update. The Large Angle Spectrometric Coronograph (LASCO) onboard the NASA/ESA 

Solar and Heliospheric Observatory (SOHO) was designed to photograph the solar corona. However, it is 

ŀƭǎƻ ŀƴ ƛŘŜŀƭ ƛƴǎǘǊǳƳŜƴǘ ŦƻǊ ƻōǎŜǊǾƛƴƎ aŜǊŎǳǊȅ ōŜŎŀǳǎŜ ǘƘŜ ǇƭŀƴŜǘΩǎ ǎƳŀƭƭ ŜƭƻƴƎŀǘƛƻƴ ŦǊƻƳ ǘƘŜ {ǳƴ ƻŦǘŜƴ 

places it in the same field of view. LASCO principal investigator Russell Howard at the Naval Research 

Laboratory approved a program to observe Mercury from 1999 to 2000, and LASCO scientist Dennis 

Wang obtained images when Mercury was in the field of view but outside of the solar occulting disk. 

 

 

 

Phase angle is the arc between the Sun and the Earth as seen from a planet. 
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Clouds reflect brightly and disperse the incoming light broadly while solid surfaces are usually darker and 
their reflected light is confined to a narrow angle. 

 

Photometric analysis of LASCO imagery provided luminosity data at large phase angles where the planet 

had not been observed from the ground due to the solar glare. LASCO revealed that the magnitude of 

Mercury near inferior conjunction is about +5 while at superior conjunction it can be a thousand times 

brighter at magnitude -2.6. Ground-based CCD observations by the author during the same years 

covered phase angles closer to 90 degrees when Mercury was near greatest elongation from the Sun 

and outside of the LASCO field of view. 
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The Sun is behind the occulting disk at the center of this LASCO image and brilliant Venus is to its left. 
Fainter Mercury and Mars are marked below and to the upper right, respectively. Also visible are the 
solar corona and background stars. 

 

The shape and the slope of a phase curve (magnitude corrected for distance and plotted against phase 

angle) contain clues about the mean roughness of the planetary surface. Generally, the steeper the 

curve the rougher the surface. Our analysis indicates that the average slope on the surface of Mercury is 

16 degrees which makes it somewhat smoother than the Moon. The phase curve also indicated that 

aŜǊŎǳǊȅΩǎ ǊŜƎƻƭƛǘƘ or soil is compacted about as much as the MoonΩǎ and that the distribution of particle 

sizes is similar too. These findings will be compared to results from the MESSENGER spacecraft obtained 

from orbit around Mercury. 


