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the estimates are computed by 
these three empirical rules. 
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success in supercooling water b 
than 115?C (Fig. 1) was gaine( 
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expense of gross contamination (more 
than 60 percent by weight) with glyc- 
erol. Nevertheless I suggest that the 
search for a suitable solute, that in 
trace amounts could suppress the crys- 
tallization of water, might prove 
considerably more rewarding than 
any of the sample purification and size- 
reduction procedures that I have just 
mentioned. 
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A final discussion of the observations 
will be possible as soon as the search for 
older observations has been completed. 
In the meantime, a new analysis of 72 
observations in 28 oppositions was made 
by comparison with two orbits. Orbit 1 
was a numerical integration which did 
not take account of any Vesta pertur- 
bations. Orbit 2 was a numerical inte- 
gration which included the effect of 
Vesta. The value 1.17343 X 10-10 
solar mass, used for the mass of Vesta, 
was obtained in the aforementioned pre- 
liminary solution. The extra figures 
have no physical significance and were 
dropped in the quoted results, but they 
were retained in the construction of 
orbit 2 for computational convenience. 
The residuals before the differential 
corrections were obtained from P. Her- 
get and C. Bardwell of the Cincinnati 
Observatory. 

The whole period from 1879 to 1966 
was divided into five basic differential 
correction intervals, each having the 
time equivalent to one of the five ap- 
proaches near the middle. Fifteen com- 
binations of basic differential correction 
intervals were considered, each consist- 
ing of one, two, three, four, or five 
basic differential correction intervals. 
For each of the 15 combinations three 
solutions were made. One was a cor- 
rection of orbit 1 for an adjustment of 
the position-velocity vector at the epoch; 
the second was a correction of orbit 1 
with a determination of the mass of 
Vesta included. The third solution was 
a correction of orbit 2 consisting of an 
adjustment of the position-velocity vec- 
tor and the determination of a correc- 
tion to the value used for the mass of 
Vesta in constructing orbit 2. 

No meaningful results were obtained 
where only one or two basic differential 
correction intervals were considered. 
Table 1 shows the results for the cases 
where at least three basic differential 
correction intervals have been used. The 
corrections of orbits 1 and 2 in each 
case lead to the same value for the mass 
of Vesta. 

For the cases where three or four 
differential correction intervals were 
used, the results indicate some, although 
not complete, consistency among them- 
selves and with the solution covering 
the whole period. The reason for the 
incomplete consistency may be the 
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incomplete consistency may be the 
paucity of observations. The final anal- 
ysis, when additional observations are 
available, may show whether the in- 
crease in the number of the observa- 
tions would increase consistency and 
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whether the true uncertainties of the 
values obtained for the mass of Vesta 
are larger than those indicated by the 
formal probable errors. The formal 
probable error for the overall solution 
(about 10 percent of the value found 
for the ,mass of Vesta) indicates that 
this value has some substance. 
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O'Keefe (2) has pointed out that the 
value for the mass of Vesta in the over- 
all solution and Barnard's value for the 
diameter (3) lead to a value of 8 g 
cm-3 for the density of Vesta. This 
makes it probable that Vesta consists 
of iron. 

The selection of 7 seconds as a rejec- 
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Fig. 1. Residuals in right ascensions for opposition normals; cos5Aa indicates the ad- 
justed difference between the observed and computed right ascension. 
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Fig. 2. Residuals in declination for opposition normals; as indicates the difference 
between observed and computed declination. 

Table 1. Corrections of orbits 1 and 2 and solutions for the mass of Vesta. Basic differential 
correction intervals (BDC) are: interval 1, from 1879 to 1894; interval 2, from 1894 to 1912; 
interval 3, from 1912 to 1930; interval 4, from 1930 to 1948; interval 5, from 1948 to 1966. 
The probable errors (p, p', and p") of an observation of weight 1 are: p, after correcting orbit 
1 without allowing for mass of Vesta; p', after correcting orbit 1 with effect of mass of Vesta 
included; p", after correcting orbit 2 including correction to mass of Vesta. The masses of 
Vesta (m' and m") (X 10-~-? solar mass) and corresponding probable errors (p'm and 
p"m) are derived from corrections of orbits 1 and 2. Residuals >7 seconds were rejected. 

Number Probable error Mass of Vesta and tBDCvl of obser- (sec) corresponding probable error 
intervals - 

vations p p" m' m" p'm p"m 

1, 2, 3, 4, 5 59 2.24 1.58 1.58 1.19 1.20 0.08 0.08 
2, 3, 4, 5 42 1.47 1.41 1.41 0.65 0.67 .16 .16 
1, 2, 3, 4 40 1.88 1.66 1.66 1.57 1.58 .23 .23 

3, 4, 5 35 1.50 1.44 1.45 1.20 1.21 .31 .31 
2, 3, 4 23 1.23 1.24 1.24 -0.59 -0.57 .45 .45 
1, 2, 3 37 1.90 1.67 1.67 2.26 2.26 .33 .33 
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tion limit may have been too conserva- 
tive. A few trials with different rejection 
limits suggest that in the final analysis 
great care must be exercised with re- 
spect to which observations are to be 
rejected and in assigning weights to the 
observations. 

Figures 1 and 2 show, for right ascen- 
sions and declinations, respectively, the 
mean of the residuals in each observed 
opposition from the corrected orbit 2 
corresponding to the first line of Table 1. 
These data are indicated by crosses. 
Also shown as dots connected by a line 
are the computed positions of orbit 1 
corrected without the effect of Vesta 
included. The data again correspond to 
the first line of Talble 1. The distances of 
the crosses from the dots with the same 
abscissa are the residuals from corrected 
orbit 1 without the mass of Vesta being 
included. The relative closeness of the 
crosses to the line of zero ordinates or 
to the dots indicates whether the value 
derived for the mass of Vesta represents 
the observation better than if no allow- 
ance is made for the mass of Vesta. 
While the data for the right ascensions 
indicate a concentration toward the 
orbit with the mass of Vesta included, 
no preference is strongly indicated in 
the case of the declinations. 

The coefficients of the mass of Vesta 
or of the correction to the mass of 
Vesta in the differential corrections 
were obtained by comparing two nu- 
merical integrations, one constructed 
which includes the effect of Vesta and 
one which does not. It would be inter- 

esting to compute these coefficients 
from the results of an evaluation of 
Vesta perturbations of Arete. Carpenter 
(4) has attempted to determine such 

perturbations but was unable to obtain 

meaningful results because of the close 
approach of the orbits of Vesta and 
Arete. Perhaps a regularization proce- 
dure would be helpful. In the final 
analysis, an attempt will be made to 
allow as much as possible for the fact 
that better star positions are available 
now than at the times of some older 
observations. 

HANS G. HERTZ 
Goddard Space Flight Center, 
Greenbelt, Maryland 
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