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Introduction:  Since April of 2014, I have meas-

ured the brightness of Mercury, Venus, Mars, Jupiter 
and Saturn.  I have used an SSP-4 solid-state infrared 
photometer along with filters transformed to the Mauna 
Kea J and H system. The purpose of this work is to 
summarize some early results.  Normalized magni-
tudes, color indexes and light curve results are present-
ed.  

The SSP-4 photometer contains a model G5851 de-
tector manufactured by Hamamatsu Corporation [1].  It 
is sensitive to light having a wavelength of between 0.9 
and 2.05 µm.  The J and H filters are sensitive to the 
wavelength ranges 1.15 to 1.35 µm and 1.5 to 1.8 µm, 
respectively. [1]  Transformation coefficients were 
measured using the star-pair method. [2]  All meas-
urements were corrected for atmospheric extinction.  
Mean extinction coefficients, measured between April 
2014 and December 2016, are 0.092 and 0.073 magni-
tudes/air mass for the J and H filters, respectively.  
Measurements were made from Barnesville, GA (ele-
vation ~250 meters).       

Results:  In the following paragraphs, I will sum-
marize my work for each of the bright planets.  In all 
cases, measurements were normalized to planet-Sun 
and planet-Earth distances of 1.0 astronomical units.  
These normalized magnitudes and respective solar 
phase angles were fit to equations.  

Mercury.  The writer made 76 brightness measure-
ments of that planet between May 2014 and October, 
2016.  The phase angle spread was ~40° to ~120° for 
the H filter and was a little lower for the J filter.  The 
selected normalized magnitudes, based on best-fit cu-
bic equations, are summarized in Table 1.  The J(1,60) 
value is the normalized magnitude at a solar phase an-
gle (α) of 60°.  Mercury’s maximum surface tempera-
ture at perihelion is 740 K. [3]  Therefore, thermal 
emission may be a significant amount of near infrared 
radiation given off by the planet.  The J – H color in-
dex for that planet is larger than the corresponding 
value for our Sun.  The V – J color index for Mercury 
is 2.26 which is much higher than the corresponding 
value for our Sun, 1.12. [4, 5]  Therefore it is redder 
than our Sun in the 1.15 to 1.8 µm wavelength range.  
The J – H color index drops as the solar phase angle 
increases which means that at α = 0°, the J – H value is 
probably even higher than 0.66.   This is consistent 
with thermal emission being a significant part of the H 
filter light coming from Mercury.  

Venus.  The J and H filters penetrate to altitudes in 
Venus’ atmosphere where temperatures are ~700 K and 
~500 K, respectively. [6]  These temperatures imply 
that a portion of the H filter light may come from ther-
mal emission.  The J – H color index rises slowly with 
increasing solar phase angle.  At a solar phase angle of 
60° it equals 0.05 and is much lower than the corre-
sponding value for Mercury.  This is somewhat surpris-
ing since the temperature of Mercury is comparable to 
that of Venus’s atmosphere at the levels probed by the 
J and H filters.  The normalized magnitudes were fit to 
several equations and the selected equation was a cubic 
polynomial with α > 0° [7].  Two factors may cause a 
brightness change at the altitudes penetrated by the J 
and H filter.   The longitudes facing Earth may have 
some effect on Venus’ atmosphere.  More importantly, 
diurnal changes may be significant. When Venus is 
near superior conjunction, its central meridian is near 
local noon,.  As that planet moves towards quadrature, 
the central meridian moves away from local noon.  
Therefore, during the time that Venus is visible, the 
central meridian moves though different times of Ve-
nus’ day.  The simplest interpretation of this data is that 
there are little or no brightness changes as a result of 
changing longitude or diurnal changes during 2014-
2016.   The evidence for this is that the standard error 
of estimate for the selected cubic equations is near 0.04 
magnitudes. [7]   
 
Table 1: Preliminary photometric constants for Mercu-
ry and Venus in the J and H filters. 

Parameter Mercurya Venusb 
J(1,0) ‒ ‒5.24 ± 0.14 
H(1,0) ‒ ‒5.11 ± 0.14 
J(1,60) 0.36 ± 0.12 ‒4.62 ± 0.05 
H(1,60) ‒0.30 ± 0.12 ‒4.67 ± 0.05 

J ‒ H, α = 0° ‒ ‒0.13 ± 0.20 
J ‒ H, α = 60° 0.66 ± 0.15 0.05 ± 0.06 
V ‒ J, α = 0° ‒ 0.85 ± 0.15 

V ‒ J, α = 60° 2.26 ± 0.13 1.01 ± 0.06 
pc, J filter ‒ 0.54 ± 0.07 
pc, H filter ‒ 0.36 ± 0.05 

aValues are based on unpublished results; manuscript  
       will be prepared in mid-2017. 
bMost values are from [7]. 
cp = geometric albedo 
 

Mars. The nearly dust-free atmosphere of Mars is 
believed to have a negligible impact on that planet’s 
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near-infrared brightness.  Photometric constants for 
2014-2015 [8] are summarized in Table 2.  Mars has 
nearly the same J – H color index as the Sun (J – H = 
0.31) [4].  This is different from its reddish color at 
shorter wavelengths. [9]  Since Mars’ surface tempera-
ture is so low, practically all of the near-infrared light 
coming from it is believed to be reflected sunlight.  Its 
light curves for 2015-2016 are shown in Figure 1.  Es-
sentially, the normalized magnitude, scaled to a solar 
phase angle of zero degrees, was used in computing 
J(1,0) and H(1,0) values.  The mean solar phase angle 
coefficient for both the J and H filters was found to 
equal 0.0151 magnitudes/degree in late 2015 and 2016.  
As can be seen in Figure 1, the planet brightens by ~0.4 
magnitudes as the longitude changes from 0° W to 130° 
W.  A similar situation was observed in 2014 to 2015 
[8]. 
 
Table 2: Preliminary photometric constants for Mars 
and Jupiter.  

Parameter Marsa Jupiterb 
J(1,0) ‒3.39 ± 0.07 ‒9.54 ± 0.02 
H(1,0) ‒3.71 ± 0.07 ‒9.07 ± 0.02 

J – H, α = 0° 0.32 ± 0.10 0.46 ± 0.03 
V – J, α = 0° 1.79 ± 0.07 0.19 ± 0.03 

Pc, J filter 0.32 ± 0.02 0.22 ± 0.008 
Pc, H filter 0.32 ± 0.02 0.11 ± 0.004 

aMost values are from [8].   
bMost values are from [10] 
cp = geometric albedo 
 
Figure 1: The normalized J and H filter magnitudes 
plotted against longitude for Mars based on measure-
ments made between October 2015 and September 
2016.   

 
 

Jupiter.  Photometric constants, based on measure-
ments made in mid-2014, are summarized in Table 2. 
[10]  Measurements made in 2015 are consistent with 
little or no change in Jupiter’s normalized brightness as 
its phase angle changes from 10° to 0°.  Jupiter’s J – H 
color index is ‒0.46 and is well below that of our Sun.  

Furthermore, its geometric albedo drops from 0.535 for 
the V filter (wavelength = 0.54 µm) to 0.11 for the H 
filter.  This is consistent with reflectance spectra. [11], 
[12]  Banfield and co-workers [13] have shown that the 
south polar region on Jupiter is much dimmer in the H 
band than the North Equatorial Zone.  Therefore, Jupi-
ter undergoes small seasonal brightness changes.    

Saturn. This planet is different from the other four 
just discussed because of the influence of its bright ring 
system.   There are undoubtedly extrasolar planets 
which have a similar ring system.  The selected nor-
malized magnitudes in 2014 for Saturn are J(1,0) = 
‒10.76 ± 0.05 and H(1,0) = ‒10.40 ± 0.05 and the cor-
responding values in 2015 are: ‒10.76 ± 0.03 and 
‒10.51 ± 0.03. [14]  These values are different because 
of the different ring tilt angles.  In 2014 and 2015, the 
rings were tilted at respective angles of ~22.5° and 
~24°.  As for Jupiter, the J – H color index is much 
lower than the corresponding value for our Sun.  This 
is consistent with reflectance spectra. [11] 
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