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ABSTRACf 

C1.IIIe!lI:ly, the magnitudes of the planets in the Astroromiml AlmmlC are based on the ""rk of Harris 
(1961). It is the intention of this technical note to analyze 'I'A1ether or not Harris's valtES for the 
magnitudes of the planets are still the ones that shouldbe presented in theAstroromimlAlmmlC.lf 
nvre up to date valtES exist, then the aimhere is to mal<e a recomrrendationas to v.bich valle should 
be used in the Astroromiml Al7lW'tlc. 

INTRODUCTION 

The apparent visual magnitude of a pJ.anet, V, is given by the equation 
V= V(1,O) + 5 log 1Q (rd) + Am(i) 

where V(l,O) is themagnitu:leof the planet as seen from 1 AU and a phase angle of 0°, ris 
distance of the planet from the Sun, d is the distance from the Earth to the planet in AU, and 
Am( i) is the correction for the phase angle i (Hilton, 1992). 

Strictly speaking the quantity Am( i) or phase aJiffid.ent is rreasured empirically. In practice, the 
phase coefficient is determined from a p:>lynomial relation whose coefficients are determined from 
observations of the planets. Except for the inferior planets, a linear relation is assumed to be 
sufficient to determine the phase coefficient 

Since at least the 1984 edition of the Astrommiall Almlmc; the phase coefficients used for the 
planets are those presented in Harris (1961). Harris didnot determine the coefficients but was 
reporting on the V\Qrk of others. For example, the phase coefficients of Jvfercury and Venus in 
Harris ~ determined by Danjon (1949). 

The source for the val1.l2S used for V(1.0) is unknown. the val1.l2S are very similar to those 
presentedin Harris, but sorre val1.l2S differ. 

The object of this technical note is to evaluate Harris in light of other m:Jre recent research on 
the apparent magnitudes of the planets to determine what val1.I2S should be used for V( 1 ,0) and the 
p:>lynomial degree and coefficients for the phase coefficients that will best serve that Astrommiall 
Almlmc. 

MERCURY 

The phase coefficient currently being used for Jvfercuryis based on Danjon (1949) and 
corrected by Danjan (1950) is given by: 

V(I,O) + Am (I) = -0.36 + 3.80(i/100)- 2.73(illOO)2 + 2.00(illOO)3 
Danjon determined this relation from225 observations of Mercury made b~ October 15, 
1937 and May 22, 1948 over a phase angle of 3° < i < 123°. The m:Jrerecent V\QrkbyIrvine etal 
(1968a) includes 31 observations of Jvfercuryin the V band made b~ June 15, 1963 and May 
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17/ 1965 covering phase angles from 58 ° to 115 0. This VIDrk substantially agrees with the Danjon 
relation for the phase coefficient for Mercury. 

Danjon pubJishedhis data along with his determination of the phase coefficient, but hadnot 
described the IreIhod he had used to reduce his original data nor included an estimate of the errors 
in the phase coefficient. Thus I decided to re-reduce the data to detennine the polynomial that 
VIDuld best minimize both the differences bOO\€en the observed and calculated values of the 
magnitude of 'Mercury as a ftmction of phase and the uncertainty in the coefficients of the phase 
coefficient. I used a standard least squares rrethod to detennine the values of the coefficients of 
the polynomial of the phase coefficient. The uncertaintyin the polynomial coefficients V\6.'e 
detennined from the covariance matrix and the standard deviation of the (0 - Os. Danjon 
determined the photographic magnitude for 'Mercury. de Vaucouleurs (1964) detennined the 
difference ~ the photographic and visual magnitude to be -0.17 magnitudes. Thus the best 
fit for the phase coefficient was fOlmd to be 

V(I,O)+ Am(l) = -0.37 ± 0.D2 + 2.12 ± 0.09(1/100) + 0.81 ± 0.06(i/100)2 
The standard deviation in the (0 - Os was 0.12 magnitudes. Increasing the degree of the 
polynomial for the phase coefficient did not significantlyreduce the standard deviation of the (0 -
Os but did greatly increase the uncertalntyin the coefficients of the polynomial. 

Notice that V(l,O) as v.ell as Am(i} V\6.'epararreters determined in the least squares solution. 
Since V( 1, 0) is not an observable quantity, it becom'S another pararreter in the least squares fit 
and the value is subject to change to fit the observed values of planetary magnitude. 

The difference ~ the root:rrean square deviation of the above quadratic solution for the 
phase effect of 'Mercury and a trial cubic solution was insignificant. Ho~, the uncertalntyin 
the parameters in the solution V\6.'e much greater in the cubic solution than in the quadratic 
solution. Thus the quadratic solution was chosen as the best fit estimate of the magnitude of 
Venus rather than u'>ing the traditional quadratic fit. 

There is one other issue for Mercury. There exists a 3:2 spin-orbit resonance ~ its 
rotation and its orbital rrotion. As a result, the part of 'Mercury seen at eastern elongation each 
present as seen from the Earth is alVVl:l.}S the sarre. Similarly, every -western elongation alVVl:l.}S 
presents the sarre area of Mercury, but it is a different are from that seen at eastern elongation. 
Thus it is possible that albedo markings on the surface of 'Mercurymight cause the brightness of it 
to be different ~ eastern and -western elongations. Thus the observational data was broken 
into eastern and V'."eS1:ern subsets to test if there V\6.'e Significant differences ~ the eastern 
and w:stern elongations. These data V\6.'e subject to the sarre least squares anal:}5is andno 
significant differenoe was f01.md ~ the different elongations. 

VENUS 

Danjan (1949) also determined the magnitude of Venus. He made 335 observations of Venus 
bOO\€en October 3/ 1937 and September 15,1947. The value he gave for the phase coefficient 
was 

V(l,O)+ Am(!) = -4.29 + 0.09(;/100)+ 2.39(i/100)2 - 0.65(i/I00)3 
where the range of phase observed by Danjon was 0?9 $ i $170':7. 

Since Danjon, there have been tV\O major studies of Venus' brightness as a function of 
magnitude: Knuckles et a1. (1961) and Irvine et al. (1968a). 

Knuckles et a1. made 56 observations of Venus between June 4, 1954 and October 20, 1%0 
covering phase angles from 16° to 174°. They then determined the phase coefficient by drawing by 
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~ w-mt they determined to be the best fit line through the observations and tabulating the result. 
The tabulated line gives values for the phase coefficient similar to those of from Danjon's 
algorithm Ho~, the mean magnitu:le determinedfromKmrlles et al. is -0.10 brighter than 
Danjon. 

Irvine et al. (1968a) made 78 observations from l\1ay 1963 through Dec. 1965 coveringphase 
angles from31?5 through 158?7. The observed magnitudes generally agreed with Danjon betw:!en 
35and-about80·. This-is also the fX>rlionof the p}lase:.II'l1lgi.litu:le diagtain ~ Danjori and - - - - - -
Knuckles et al. are in closest agreerrent. At phase angles betw:!en 80° and 120·, the Irvine et al. 
observations generally agree with the Knuckles et al. phase-magnitu:le curve (about 0.5 xmg less 
than Danjon). And at phase angles greater than 120°, the Irvine et al. observations generally fall 
betw:!en the DanjonandKnucldes et al. phase-magnitu:le curves. This is the portion of the 
phase-magnitude diagram V\here Danjon and Knuckles et al. show the "MJrst agreerrent. 

As with Mercury, Danjon published his observations for the magnitude of Venus. Thus I 
re-reduced these observations as ~ to determine both the best pararreters for a least squares fit 
to the data and estimate the uncertainty in the parameters of the fit The best fit to the 
observations, including de Vaucouleurs (1964) correction of -0.13 from photographic to V 
magnitu:le is: 

V(l,O) + Am(l) = -4.35 ± 0.00 + 0.97 ± O.Ol(illOO)+ 0.86 ± 0.00(illOO)2 
The standard deviation in the (0 - qs was 0.05 magnitudes. As with Mercury a quadratic 
polynomial was found to provide a better fit than the cubic fit determined by Danjon. Note that 
the V(l, 0) magnitude is 0.06 less than recoIl1lI51ded by Harris from Danjan's "MJrk This change 
concurs with the values for the magnitude of Venus determined by Knuckles et al. and Irvine et al. 
The scatter in Venus' magnitu:le is not surprising considering the albedo markings fOlmd in the 
abrosphere discussed by Dollfus et al. (1975). 

MARS 

REFERENCES 

Danjon, A 1949, "Pllotometrie et Colori:rretrie des Planetes Mercure et Venus," Bulletin 
Astranomique, 14, 315-345. 

Danjon, A 1950, "Pllotorrroie et Colori:rretrie des Planetes Mercure et Venus - Erratum," Bulletin 
Astranomique, 15, 105. 

Dolifus, A, Camichel, H, Boyer, c., Auriere, M, Bo~ E., & N:tkander:. J. 1975, "Photorretry 
of Venus I. Observation of the Brightness Distribution over the Disk," Ialn& 25, 53-72 

de Vaucouleurs, G.V. 1964, "Geometric and Pllotmretric Properties of the Terrestrial Planets," 
IamlS, 3, 187-235. 

Harris, D.L. 1961, "Photorretry and Colori:n:Etry of the Planets and Satellites," in Planets and 
Satellilel, G.P. Kuiper and BA Mddlehurst eds., (University of Chlcago Press, Chlcago), pp. 
272-342. 

3 

------ -- ---~--.---. - - ---- -------------------



U.S. Naval Observatory 
Astronomical Applications Department 

Hilton, J .L. 1992, ''Phy.>ical Ephemerides of the S1.ll1, MOOn, Planets, and Satellites," in E xplamtory 
Supp/em;ntto theAsI:rorKJmiaU Almlrru; P.K. Seidehnanned., (UniversitySdence Books, Mill Valley, 
CA), pp. 383-420. 

Irvine, W.M, Sirron, T., Menzel, D., Pikoos, C and Young, AT. 1968a, ":Multicolor Photoelectric 
Photorretryof the Bright Planets. III. Observations from Boyden Observatory," Astron. J., 73, 
807-828. 

Knuckles, CF., Sinton, MK., and Sinton, WM 1961, "UBV Photo!rel:ryof Venus," Lawil Obs. 
Bull., 5, 153-156. 

4 

Oo~~ __ OOOO_~_~ __ OOO __ 
o_oo~o __ oooo ____ ~~o __ o _____ o ____ oooo_oo __ ,o ••• ___ o_ooo0 ____ 0_ 


	technote2003-04cover
	USNO-AA-TN-2003-04

