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Abstract

The method used in the reduction of two-color
photometric observations is described. Sixteen stand
ard stars of nearly solar type were regularly observed
for 7 years and no systematic changes in their bright
ness were found. The r.m.s. deviation of the yearly
mean blue magnitude for none of these stars exceeds
–O’OO9. No systematic change in the blue magni
tudes of Uranus and Neptune over a period of nine
oppositions is obtained if the following conditions are
fulfilled: 1 the gradient of the energy distribution in
the spectrum of each of these planets within the blue
filter spectral region is assumed to be the same as
for a star with the same B-V color-index as the
planet, and 2 with regard to Uranus only, the
photometric effects due to its oblateness are half as
great as those for the uniform distribution of bright
ness over the apparent disc of the planet.
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I. Introduction
An outline of the purpose of this work, the

methods used and the preliminary results were given
in the first part of this paper by Johnson and Iriarte
1 and in earlier papers by Giclas 2, by Hardie
and Giclas 3 and by Mitchell 4.

The determination of the precise magnitudes of
Uranus and Neptune in blue color is accomplished
in three steps. First, atmospheric extinction and the
coefficients of transformation from the instrumental
to the BV photometric system are determined from
the observations of primary standard stars in blue
and yellow colors. discussed in Section II. Second
ly, the magnitudes and colors of the comparison stars
situated along the paths of Uranus and Neptune are
determined by comparison with the mean values for
16 bright stars called "Ten Year Standards" Section
III. Finally, the difference of blue magnitudes be
tween each of the planets and two comparison stars
situated at small angular distances from the planet
is determined Section IV. The resulting magni
tudes of Uranus and Neptune can be used as indi
cators of the variability of the Sun.

The observations and their discussion were car
ried on at the Lowell Obervatory, with the financial
support of the U. S. Air Force.*

*Contracts Nos. AF 19604-291, 19604-2077 and
19604-8031.
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II. Atmospheric Extinction and
Transformations to The BV System

A. Transformation Equations. The following
observing schedule is used for all two-color photo
metric observations in the present program. The star
is measured first with a blue filter 5mm Corning
.51330 filter -1- 2mm Schott CC 13 and next with a
yellow filter 3.6mm Corning 3384. For each color
two deflections of the Brown recorder which are
separated by the deflection for sky background are
always obtained. All the measurements of the star
and sky background, both with blue and yellow filters
are always taken with the same amplifier gain. The
observation is concluded by measuring the deflection
for a radioactive standard light source without a
filter. This source is green in color and is measured
at a fixed amplifier gain, such as that used for meas
uring 4th magnitude stars. The amplifier gain is
selected so that the deflections with the blue filter
and with the standard source are larger than 0.6 of
full scale on the recorder. The deflections with a
yellov filter for early-type stars were sometimes only
0.15 of full scale; this probably diminished the ac
curacy of measures with the yellow filter.

We denote by B’ the mean of two deflections
for a star observed with the blue filter minus the
deflection for sky background with the same filter.
By V’ we denote the similar difference with a yellow
filter and by 5’ the deflection for the standard source
minus the rlcfleetion for rlark current at the same
gain. Furthermore, let S denote the magnitude dif
ference between the star under consideration and an
imaginary star which would give the same deflections
at a certain fixed, arbitrarily chosen amplifier gain,
the same for all the stars in the program.

We define now the quantities:

C2. = --2.5 log B’/Y’

m21, = 5 2.5 log Y’/S’

The color index B-V and the yellow and blue mag
nitudes of the BV photometric system are connected
with C,0 and m20 by the equations:

A s- A1 C,. -K1 M
B-V =

1 + K2 M

V=m5 + A5 H- A5 B-V-Q1 M

-252 M B-V

B mu,,, + C + A7 -- A0 B-V QO M

Q22 M B-V 5

svherc A in: 1 .2,5,6,7,8 are the coefficients of
transformations to the BV system, K, H- B-V K2 is
the extinction coefficient for blue-yellow color-index
while 21 – B-V 252 and Q’ – B-VQ are the
extinction coefficients for the yellow and blue mag
nitudes.* Equation 5 is obtained by adding the
equations 3 and 4 and by making the following
substitutions

A7 = A/A2 H-A5

A5 = I -i- A5-l/A2

2,1
=

251 -f K A,,

Ql,2 = Qn4K25A2

6

7

8

9

‘1he air mass at tlse time of observation, denoted by
M, is computed by using the hour angle of a star as
i-cad on the telescope’s setting circle at the middle
of each observation. Tables and graphs facilitating
computation of air mass accurate to 0.00 1 were pre
pared on the basis of Bcmporad’s tables of air mass
reprinted by Schoenberg 6.

The coefficients of equations 3 and 4 are
determined only from the observations of the pri
mary standards of tIme TJBV system. The following 8
stars were considered as such standards: fi Cnc,
ii Hya, HR 4550, 90 Leo A + B, a Ser, Lib, s CrB
and r Her. The magnitudes and colors which were
assumed for these stars are those given by Johnson
and Harris 7 ; the values taken from this paper arc
hence-forth denoted by B-V and V,.

1 The coefficients K2 and 252 describing the color-
dependence of extinction are small and their varia
tions are also proportionally smaller than the varia

2 tions of other coefficients in equations 3 and 4.
Therefore, instead of using the nightly values of co
efficients K2 and Q, it is snore reasonable to use the
mean values obtained by averaging the values from
many nights. Since, howeser. the behaviour of these
coefficients is not sufficiently well known and since
rheir dependence on K and Q5’ must be investi
gated, the coefficients K2 and 252 are determined

3 for every night on which a sufficient number of pri
mary standards was observed.

*‘j’hc coefficients K1 and K. are connected with coefficients
4 k and k, in the instrumental system, defined by Johnson

5, by the relations:
K1 = A2k, -- A5k, and K. = k2.
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After multiplying equation 3 by 1 + K2M we
notice that the coefficients B-V M for the unknowns
K1 and are not independent of the coefficients
of other unknowns. Therefore a simultaneous deter
mination of K2 and Q, with other unknowns of
equations 3 and 4 results in a drastic diminution
of the weights of these other unknowns, particularly
of A2 and A6. To avoid such loss of accuracy, we may
write equations 3 and 4 in the form:

B-V -K20M B-V +A’5+A2C,-K’1M 10

-K2-K20 M-M [B-V--V]

V = my0 -F A’, + A’6 B-V -Q’5 M

-Q M-M [BVE:v] ,

where and IVV are the mean air mass and the
mean color-index of the primary standards observed
that night, K2° is the assumed approximate value of
K2 and the new unknowns are connected with the old
ones by the relations:

A’5=[l-K2-K2°M] A

+ K2-K20 M ThV , 12

A’. = [1-K2-K0°M]A2

K’1 = [1- K2-K2°i]K,

+ K9-K20 :v , 14

A’5 = A5 + Q12M B-V , 15

A’6 = A,-Q12M , 16

= + Q12EV

It can be easily shown that equations 10 and
11 are equivalent to equations 3 and 4 if only
the term proportional to K2-K20 is neglected.
The accuracy with which the primed coefficients are
determined from equations 10 and 11 remains
practically unchanged whether we determine K2 -
K2° and Q2 from these equations or whether we
neglect the terms containing K2-K2° and Q2. Since
the accuracy of determining K2-K2° and from
one night’s observations is very low and since for the
purposes of this work except for improving V and
B-V of the primary standards we can assume that
Q5.20, the difference between A,, A2, A3, A6, K5 and

and the corresponding primed coefficients de
fined by equations 12 to 17 can he neglected.
Henceforth we shall omit the prime symbols and A5

will mean A’5 etc.
For a reliable determination of the extinction

coefficients for each night, at least two primary stan
dards should be observed at low altitude. It was
found most practical to observe such stars at alti
tudes between 22° and 28. The accuracy of such
observations is of course much lower than that of the
observations made near the zenith. Following Sieden
topf 8, we assume that the mean errors of photo
metric observations are proportional to the air mass
for air masses between I and 3. Therefore, before
nsaking the least-squares solution of equations 10
and 11 for determining the extinction and trans
formation coefficients, we divide each of these equa
tions by the air mass M. Moreover, since C5 is sub
ject to observational errors and B-V is assumed

11 to be exactly known, we must transform these equa
tions so that the free term is C10 M and not
B-V ,,/M. The final form* of these equations which
‘vere solved for every night when at least 6 primary
standards were observed is

K,/A2 -a A,/A2 --Bl/A2

18

-Q51 + a A5 + BA6-cQ5.2D , 19

13 where the coefficients are

a = 1/M
b = B-V. [1/M + K2°]
c = [1-M/M] [B-V6--V5]
d = C05/ M
B B-V1/M
1 = V. - in20 /M

One of the main factors limiting the accuracy
17 of photometric observations is the change of extinc

tion during the night. The first step towards elimi
nating the influence of this change is to assume that
extinction is changing linearly during the night. To
eliminate extinction changes of this type we need
two groups of observations of standard stars during
each night. preferably one near the beginning and
the other near the end of the observations of the
program stars. Each of these groups should consist

*Unfortunately ouly for a few nights in 1961 could the
equations in "final’ focus be solved. For all the other nights
the equations 10 and 11 were solved by the least
squares nicthod. This means that for most of the observa
tions of primary standards discnsserl in this section the
changc of accuracy with air mass was not taken into con
sideration. The values of A2, A5 and A5 which are used
throughoot this paper may be subject to small systematic
error, usually not exceeding 0.002, resulting from treating
B-V., as a random variable and Crs as exactly known.

20
21
22
23
24
25
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of at least 4 stars, two of them at low altitude and 853 = [ac]
-
83 851

- 32 52
two at high altitude. The least-squares solution of

I hiequations 18 and 19 is then made for both
=[‘] j]J 62

= d j /sgroups together, but the extinction coefficients K1 61
and Q are determined in this solution for each

S 8, -S Sgroup separately. When reducing the observations of 863 = [ad
31 ol 32 62

program stars, values of extinction coefficients inter
polated between the two pairs obtained from the 1 21 2 2
least-squares solution are used. 1b -

- 42
83/S33

B. Solution of Transformation Equations. Since
equations 18 and 19 are likely to be used not 854 = [bcj- 41 55 - - 843853/833
only by the future observers in this program but also
by other photometric observers, it seems worthwhile
to give some details of the least-squares solution of
these equations. = [iJ_ s S -

41 61 42 62 -

We assume that the observations of standard
stars made on any one night can be divided into two 2] - 2 - 2 - 2
groups; let the number of stars in these groups be 8 1C 8 8 s

55 i. 51 52 53denoted by n’ and n11. The coefficients A,, A2, A2,
A1, K2-K2° and Qy2 are determined for both groups = Ed] - s - 8 SStogether while K, and Q, are computed for each 65 51 61 52 62
group separately, so that two pairs, K, Q,, and
K Q1, of these coefficients are obtained. Follow- - s S /s -s $

ing Gauss we shall denote in this section only by 53 63 33 54
44

square brackets the sums of the terms in these
brackets. If the symbol in brackets has a roman
numeral I or II, this means that it should be
summed only over the first or second group of
standard stars. If there are no roman numerals, the
summation is over both groups together.

t41 = [B’] /8 .
[I]

We introduce the following auxiliary quantities* [aB]
- 831 t41

- 32 42

t61 =[] /811 , t62

s11n
‘ 22 "

t63 =[aD]_ 31 61
- 32 62

831 [] ‘11 ‘ 32 = [a"] /822

1 2’ 2 2
t44 =[2]_ t1 - t - t3/s33

833 =a j -
83 - 32 ‘

r ]
41

={b’] /811 , s =[b ] Is
[BC] - t41 851 - 42 - t43s53/s33

843 [ab] - 31 41 - 32 = [BDJ- t t61 - t t62 - t43t63/s33

I Ill
51

= [a’] /811 ‘ 52 = C j ‘22 ‘ 2 2 2 2= [c ] - 51 - 52 - s53/s33-t4/t44

51 6l - 52 62

*The least-squares solution presented here is based om,
the cracovian algorithm introduced by Banachiewicz 9
and thoroughly described by Kopal 10. Our s are con- - 853t61833t54t64/t44
nected with Kopal’s r by the relations: s = r for
j 1, 2 and s j for j3.

161




