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ABSTRACT 

The coudé scanner of the 100-inch telescope has been used as a two-channel photometer to measure 
the fluxes at the centers of stellar H- and K-lines, for the purpose of initiating a search for stellar ana- 
logues of the solar cycle. From the Strömgren-Perry catalogue 139 stars previously observed at 10 Â mm-1 

dispersion were selected for this purpose and included most of those in which H-K emission had been 
seen on the spectrograms. Reasonable agreement between eye-estimated intensities and the photometric 
results shows that the procedure adopted is suitable for specifying chromospheric activity, but with an 
accuracy much improved over eye estimates. The probable error of a single measurement of a line is a 
little less than 2 per cent. 

No undoubted variations have been observed during a year’s observation. However, the measures 
are discussed in connection with the Strömgren-Perry photometric parameters b — y, mi, C\. In this way 
it is possible to trace in some detail the course of chromospheric evolution as stars begin to move off the 
zero-age main sequence (ZAMS) toward the giant region. Doublet ratios of the chromospheric compo- 
nents of H and K are one of the by-products of the observations. They show that, in general, the optical 
thickness of the gas masses involved cannot be very great. 

I. INTRODUCTION 

The solar cycle of approximately twenty-two-year period has been known for over 
two centuries. During this time a vast amount of observational data and theoretical 
speculation relating to the cyclical solar variation has accumulated. Nevertheless, it 
seems very likely that understanding has been severely hampered because all this mate- 
rial relates to a single star with a fixed set of parameters such as age, mass, and surface 
temperature. It is a reasonable supposition that if analogous cycles could be detected in 
other stars with different values of the fundamental stellar parameters, the results would 
be of considerable value in sharpening the theoretical attack on the whole problem. 

The most obvious phenomenon associated with the solar cycle is the periodic rise and 
fall of the numbers of sunspots. At an average maximum the area occupied by spots is 
about 1400-millionths of the solar surface, and the corresponding change in luminosity 
therefore does not exceed about 0.001 mag. Hence the uncovering of analogous stellar 
cycles by luminosity measurements is not practical. On the other hand, calcium spectro- 
heliograms made with K2 or H2 radiation at the centers of the Ca ii H- and K-lines differ 
greatly in appearance between sunspot maxima and minima. At maximum, as compared 
with minimum, the whole calcium network is notably more intense, and plages are more 
numerous and brighter. Since all this radiation is concentrated into narrow bands of the 
order of 0.5 Â width at the centers of the photospheric H and K absorption lines, it is 
quite reasonable to suppose that suitable measures of the strengths of these chromo- 
spheric emissions in stars should provide information on the stellar analogues of the 
solar cycle. This possibility led to the writer’s first interest in stellar chromospheric 
phenomena about thirty years ago. 

Since that time, I have had occasion to look at many spectrograms exhibiting H and 
K emission in stars of various types and luminosities. In many instances, two or more 
plates of the same object, taken some years apart, were available. While this material 
has not been examined with great care, there have been no stars in which rather cursory 
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inspection has suggested variability in the H-K emission lines. If such variability occurs, 
therefore, it is unlikely to be of large amplitude, or else it has a long period. Judging from 
my experience, I am inclined to place the upper limit of variability as being of the order 
of 20 per cent. 

From careful visual inspection of low-dispersion spectrograms of five late-type main- 
sequence stars taken over a five-year period, Popper (1956) was also unable to find any 
significant H-K variation (with the exception of one flare). An upper limit of the order 
of 10-20 per cent appears to be a realistic assessment of Popper’s results, also. On the 
other hand, recent measurements by Sheeley (1967) indicate that the solar K2 may vary 
by as much as 40 per cent during the sunspot cycle. 

If Sheeley’s results are correct, and if other stars exhibit similar amplitudes of H-K 
emission, the observational problem of finding stellar cycles should not be too difficult. 
However, the experiences of Popper and myself suggest a more pessimistic outlook. 
Since a considerable number of stars of various kinds should be kept under observation, 
the technique adopted should not require excessive telescope time per star, but it should 
at the same time be capable of relatively high accuracy—hopefully of the order of at 
most 1 per cent. These requirements can be met only by using a photoelectric procedure. 

Observations intended ultimately to provide information on variability of stellar 
chromospheric emission were begun in March 1966 and have been carried on since then 
as time permitted. The present paper is a progress report on the results of the first year 
of work (March 1966—April 1967) in a limited region of the main sequence. Little can 
be said as yet about variability, but the data collected are of a kind not hitherto available 
and are of interest in other respects. 

II. APPARATUS AND PROCEDURES 

Details of the equipment and methods employed in the investigation and of the 
accuracy attained will be found in the Appendix. Very briefly, the observations are 
made with the coudé scanner of the 100-inch telescope used as a two-channel photometer. 
Entrance and exit slits are both 1 À in width, the exit slit is centered accurately on the 
stellar H- or K-line, and 104 counts are made in this channel. Simultaneously, the other 
channel is counting pulses in two 25 Â lengths of spectrum, separated by about 250 Â, 
on either side of the H-K region. These two monitor windows are the same for both Ca n 
lines and also the same for all stars, except for small Doppler shifts nearly always with- 
in ± 1 Ä. After completing the counts in either H or K, the other line is centered in the 
exit slit and the procedure repeated. 

Because of the nature of the equipment, it was anticipated that spurious variations of 
an incidental character would be introduced from time to time in the ratio between the 
two channels, and this has turned out to be true. To correct for these instrumental effects, 
a standard lamp is observed each afternoon during an observing run. Light from the 
lamp is injected into the spectrograph through the same small length of entrance slit 
used for the stars, and counts are made with the exit slit located at the positions of both 
H and K. 

Let N a and Nm be the pulse counts, corrected for dark current, at the wavelength of 
one of the Ca u lines for the standard lamp, ns and nm the same quantities for a star, and 
let R{ = (iV8/iVm)¿, ri = (ns/n^i. The subscripts s and m refer to the scan and monitor 
channels, respectively, i to a particular observing run. For two runs, i and J, we have 

. Ri/Rj = a , Ti/rj = ß . (1) 

Observation shows that to within a few per cent, on the average, 

a = ß , (2) 

or, in other words, the standard lamp provides a good first-order correction of the in- 
strumental variations. The small residual corrections can be obtained by observation of 
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a series of standard stars and will be of importance in ultimately refining the accuracy 
of the results. These corrections have, however, mostly been ignored in this paper. 

From equations (1) and (2), one has, to a good approximation, 

n. == ^2 = 

Ri R-2 Ri 
(3) 

Equation (3) has been applied to all the stellar measures and provides corrected fluxes 
on an instrumental scale which, while it has no immediate physical interpretation, is the 
same for all observations, which are therefore comparable. 

III. OBSERVATIONS 

Since the Sun is the only star known to undergo cyclical variation of the kind under 
consideration, it is logical to begin the investigation with other main-sequence stars in 
the general neighborhood of the Sun in the H-R diagram. The observing program was 
made up of stars from the Strömgren-Perry catalogue (1962) for which I had already 
obtained 10 Â mm“1 spectrograms (Wilson 1966). This procedure has certain advantages: 
first, the Strömgren-Perry photometry gives information about surface temperature, ab- 
solute luminosity, and metallic content; second, the spectrograms provide knowledge of 
chromospheric emissions visible at 10 A mm“1 and of the stellar rotational velocities. 
Hence, the observing list contained most of the stars in whose spectra I had observed H 
and K emission, plus a sample of others scattered randomly through the main-sequence 
band. Only stars with sin ¿ < 15 km sec“1 were admitted, to avoid significant widening 
of chromospheric features. Observations have been made of 139 stars selected according 
to these criteria. The choice of the 1 Â width for both entrance and exit slits conformed 
to the fact that no chromospheric emissions in the list should exceed about 0.7 Â in 
width. In this way it was expected that virtually all the chromospheric radiation would 
be registered, without excessive dilution by residual photospheric light. 

This phase of the investigation has three goals: (1) to begin the collection of data 
which may ultimately lead to the detection and study of stellar analogues of the solar 
cycle; (2) to establish the validity, or otherwise, of the adopted procedures and to evalu- 
ate in a preliminary fashion the over-all accuracy of the measurements; and (3) to explore 
in a general way chromospheric activity within the limited area of the H-R diagram 
under discussion. 

IV. RESULTS AND DISCUSSION 

a) Dependence of Flux onb — y 

Results of observation are in Table 1, where the first two columns contain, respec- 
tively, the HD and Strömgren-Perry catalogue numbers. The columns (3) and (4) are 
the mean instrumental fluxes for H and K, measured and reduced as described above, 
and multiplied by 104 for convenience. Column (5) gives the number of observations for 
each star, a single observation being defined as a measure of both H and K. The mean 
of the H and K fluxes is given in column (6), and the Strömgren-Perry photometric 
parameters, in units of 0.001 mag., in columns (7), (8), and (9). For all Strömgren-Perry 
stars previously observed spectroscopically, c\ — (b — y) and m\ — (b — y) plots were 
made and the lower boundaries of the distributions drawn in. From these lower bound- 
aries the quantities A¿i and Awi were read off for the stars of Table 1, where they appear 
in columns (10) and (11). As in the usual convention, luminosity increases with Aci, but 
metallic content decreases with Awi. Column (13) contains the Aci’s corrected for the 
effect of mi, following the precept of Strömgren (1963). The remainder of Table 1 will 
be described later. 

Much of the information contained in Table 1 is best shown graphically. Figure 1 is a 
plot of mean H-K flux against b — y, where open circles represent those stars in which 
emission was seen on 10 Â mm“1 spectrograms, and the numbers beside them are eye- 
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estimated emission intensities (Wilson 1966). With due regard for their lower accuracy, 
it is evident that the estimates have, for the most part, placed the stars in the proper 
order of their chromospheric emission strengths. Conversely, this general agreement may 
also be considered evidence that the adopted procedure is a successful method of measur- 
ing the degree of chromospheric activity. 

Points representing other stars overlap somewhat with those for which Ca n emission 
was previously seen, and they extend down to a lower boundary which is quite sharply 
defined. Stars occupying positions on the lower boundary are those with minimum 
chromospheric emission, but it is not clear whether the minimum is zero or whether it 
involves some small residual chromospheric activity. If the latter is true, it would appear 

b-y 

Fig. 1.—Mean instrumental H-K flux plotted against b — y ior all stars. Open circles are stars for 
which emission was seen on 10 Â mm-1 plates, and numbers beside them are eye-estimated emission in- 
tensities. 

that the residual chromospheric radiation is surprisingly constant in amount. It should 
be mentioned here that the probable errors of nearly all the plotted points are of the 
order of their diameters (see Appendix, d). 

The lower boundary in Figure 1 is horizontal for 0.31 < (b — y) < 0.40 but rises on 
the left and, to a lesser degree, on the right. The rise on the left is presumably due to the 
weakening and narrowing of the photospheric H and K absorption lines as the surface 
temperature increases, so that more and more of the inner wings of the lines are included 
in the 1 Â band width. It is likely, however, that the slower rise toward the right has a 
different cause. One must remember that the monitor windows include a number of 
metallic lines and that the flux through these windows is an integration of all the features 
within them. The metallic lines strengthen toward lower surface temperature, thus pro- 
ducing a reduction in the monitor flux and a corresponding apparent increase in the 
central H-K intensities. Both effects just mentioned are either negligible or cancel each 
other in the central portion of Figure 1. 

The upper boundary decreases from the left until b — y ~ 0.290, where it suddenly 
rises. This rise might properly be termed the “chromospheric bulge” and must mark the 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
68

A
pJ

. 
. .

15
3.

 .
22

IW
 

No. 1, 1968 STELLAR H- AND K-LINES 227 

onset of strong chromospheric emission. Its location agrees closely with a previous deter- 
mination and with the place where large stellar rotation terminates (Wilson 1966). With 
this interpretation, stars to the left oíb — y = 0.290 do not have strong chromospheric 
emissions. Weak emissions can and do occur in this region, however, as evidenced by the 
fact that they have been observed at high dispersion in the spectrum of Procyon (Kraft 
and Edmonds 1959). This star lies on the lower boundary of the distribution of points 
with 5 — y < 0.290. 

Figure 1 is the basis of the remaining entries of Table 1. The means of Fh and Fk were 
computed for the thirteen lowermost stars of Figure 1, lying between b — y = 0.300 
and b — y = 0.404, and it is assumed that these means represent the residual photo- 
spheric fluxes for stars in this b — y range, essentially undisturbed by chromospheric 
emissions. Quantities AFh and AFk for other stars with b — y > 0.300 were then ob- 
tained by subtracting these means from their measured fluxes and are entered in col- 
umns (13) and (14). It is thus implicitly assumed that the differential fluxes, AFh and 
AFk, are the chromospheric contributions to the total fluxes in the H- and K-lines. In 
column (15), AF'k is found by multiplying AFk by a factor to be described later, and 
the significance of columns (16) and (17) is obvious. In the remarks (col. [18]), an E 
signifies that H-K emission was seen on 10 Â mm“1 spectrograms. 

For b — y < 0.290, the measured flux is a fairly rapidly varying function of 5 — y. 
Entries in column (17) for stars in this region were obtained by subtracting from the 
measures the appropriate value on the lower boundary shown in Figure 1. 

b) Stars with b — y < 0.290 

For b — y < 0.290 the vertical scatter represents a range of about 30 per cent in the 
H-K flux, and the question arises whether this is due to chromospheric effects. When the 
AF’s for these stars are plotted against Awi, or against (Aci)corr, there are no apparent 
trends in either case, and both plots appear to show only random scatter. It is possible 
that the vertical width of the distribution in this region is due in part to an intrinsic 
scatter among the relatively weak chromospheric emissions in these stars. A test could 
be made by taking well-exposed high-dispersion spectrograms of some of these objects 
near the upper boundary to see if they show stronger emission than does Procyon. 

If the mean H-K fluxes are plotted, rather than the AF's, a curious result is obtained, 
as shown in Figure 2. In Figure 2, a, where the fluxes are plotted against Awi, there is 
no correlation. But in Figure 2, 5, where the abscissae are (Aci)COrr, the stars appear to 
divide into two groups, the lower of which shows a remarkably tight correlation between 
the two parameters in the sense that flux diminishes with (AcjJcorr. The upper group, 
averaging about 30 per cent higher in H-K flux, shows a similar relationship (the dashed 
lines in Fig. 2, 5, are parallel) but a much looser correlation. By picking out corresponding 
points in Figures 2, a, and 2, it is easily verified that the lack of correlation with 
holds within the two groups as well as for the whole collection of points. Metallic content, 
therefore, cannot be responsible for the character of Figure 2, F 

However, the sense of the correlation in Figure 2, è, could be accounted for by variation 
of the photospheric H-K absorption lines with luminosity. In these stars the Sr n line, 
4077, increases in strength with absolute magnitude, and the Ca n lines should behave 
similarly. For given 5 — y, therefore, the H-K absorption lines should strengthen with 
increasing Ac, thus leading to an apparent variation of central flux with luminosity, as 
shown in Figure 2, b. 

The bifurcation in Figure 2, could be due to a considerable difference in calcium 
abundance between the two groups of stars. Since the Mi values for the two groups are 
much the same, this would imply that the abundance of calcium varies independently of 
that of the other metals, unless the Mis are seriously perturbed by microturbulence. 
In any event, it is worth noting that the upper group in Figure 2, b, may represent the 
later-type analogues of the Am stars. 
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Fig. 2.—For stars with b — y < 0.29. (a) Mean H-K flux plotted against Awi. {b) Mean H-K flux 
plotted against (Aci)COrr- 
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c) Stars with b — y > 0.300 

For these stars, the differential fluxes are obtained by subtracting the same quantities 
from the measured fluxes for all objects. Hence it is immaterial whether diagrams are 
constructed from the fluxes themselves or from the differentials. Figure 3a is a plot of 
mean H-K flux against Awi. It is evident that the strong emissions nearly all occur in 
stars with smaller Ami. To some extent, this effect must merely reflect the fact that there 
are more stars with small Ami, he., with nearly solar metal content, than with large 
Ami. A major part of the effect is probably real, however, and presumably indicates that 
in the solar neighborhood the younger stars tend to have larger metal contents than the 
older ones. This is because in Figure 3b the emission-line stars have small Aci also. In 
the band of points at the bottom of the diagram, no trend is discernible. The vertical 
width of this band, some 300 flux units or so, therefore represents a real intrinsic spread 
of chromospheric emission common to all Ami values. The density of points is higher in 
the left-hand half of the band for the reason noted above. 

A plot of mean H-K flux against (Aci)corr is shown in Figure 3b. If two or three points 
are ignored, the bulk of the distribution resembles a hook, with a long shank containing 
the strong emission objects on the left, a band at the bottom with a slight but definite 
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Fig. 3b.—Mean H-K flux versus (Acflcorr for stars with b — y > 0.30 
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downward slope to the right, and a rise on the right-hand side. Unlike Awi, (Aci)corr 
varies with time for each star; Figure Zb must therefore contain information on the 
secular changes in chromospheric emission for stars in this part of the H-R plane. The 
chromospheric evolution suggested by Figure Zb is this: A star arrives in equilibrium on 
the main sequence with strong chromospheric emission such that its representative point 
lies somewhere in the left-hand vertical portion of the figure. With the passage of time, 
the representative point descends until it lies within the band at the bottom. The 
trajectory of a point during this initial descent is vertical. The precise value of the flux 
at which the point comes to rest within the lower band must depend upon parameters 
outside the framework in which we are working. Figure Za shows, for instance, that it 
does not depend on metal content. Conceivably, this residual flux may be a function of 
the ratio of rotational energy to magnetic energy stored in the star upon arrival at equi- 
librium on the zero-age main sequence. 

Next follows a slow and rather small decline in chromospheric flux as the star evolves 
away from the ZAMS, so that the minimum observed H-K fluxes occur among the 
moderately evolved stars. Finally, for (A^i)corr in the vicinity of 0.14^0.18, the flux begins 
to rise again. A reasonable interpretation of this rise is that it marks the beginning of the 
rejuvenation of surface magnetic fields, which must be postulated to account for the 
universal presence of chromospheric emission in the giant region of the H-R plane, 
starting at spectral type GO. 

d) Doublet Ratio for Chromospheric Emission 

The ratio of the emission strengths of the H and K chromospheric components is of 
importance in fixing the physical circumstances under which the emission occurs, in par- 
ticular the optical thickness of the gas masses involved. Table 1 contains information on 
this topic, which we now evaluate for stars with b — y > 0.300. 

It is necessary first to decide on the true relative values of flux units at the wavelengths 
of the H- and K-lines. For the thirteen stars lying on the lower boundary of Figure 1, 
the means of the Fk and Fh are 1153 and 1465, respectively, and, since fifty-three obser- 
vations contribute to these numbers, they should be firmly established. We assume that 
these are the residual fluxes in the photospheric absorption lines of the stars under con- 
sideration. These lines are very strong and heavily saturated; one would expect, there- 
fore, that the ratio of the fluxes in their central regions should not differ greatly from 
unity. The measured ratio is, however, Fh/Fk = 1465/1153 = 1.27, and it must be 
supposed, therefore, that most of the difference between this number and unity has been 
introduced in the instrumentation. That this is indeed the case is borne out by the ratio 
measured for the standard lamp, which is always very close to Fh/Fk = 1.22. For a color 
temperature of 2800° K, this ratio should be 1.07. Unfortunately, the standard lamp 
cannot be compared directly to the stars for two reasons. In the first place, light from 
the lamp passes through an additional filter before entering the spectrograph, and this 
could introduce some, though probably not much, change in the measured ratio. The 
more fundamental reason is that the lamp provides a true continuous spectrum, whereas 
the stars do not. During stellar observation, the monitor channel does not measure the 
true stellar background because the monitor windows contain many absorption lines 
and, consequently, register fewer quanta than they would if the lines could be removed 
while the effective temperature of the star remained constant. Just as an example, typical 
values for the monitor counts, for 104 in the scan channel, are 127000 for the K-line and 
100000 for H. Then FH = 104/105 and FK = 104/1.27 X 105, which lead to FH/FK = 
1.27. Suppose that about 20 per cent more light would be received in the monitor channel 
if there were no stellar absorption lines. The monitor counts would then be 1.20 X 105 

and 1.47 X 105 for H and K, respectively, and Fh/Fk would be 1.22. 
I do not see how the existing data can be used to evaluate accurately the flux ratio, 

Fh/Fk, for the residual photospheric light in the H- and K-lines. On the other hand, the 
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above arguments show that it is quite reasonable to assume this ratio to be unity and 
that, in fact, it is probably close to this value. Accordingly, the AFk of column (14) of 
Table 1 have been multiplied by 1.27 to yield the AF'k of column (15). In this way the 
instrumental effects have been largely eliminated, and the AFb. of column (13) should be 
in very nearly the same units as the AF'k of column (15). Finally, the ratios AF'k/AFu 
are in column (16), and the mean of the differential fluxes are in column (17). 

The stars in Table 1 with (ô — y) > 0.300 and for which thefe are three or more obser- 
vations have been divided into four groups according to their values of ^AFk + AF'k). 
This quantity has the ranges 0-200, 201-400, 401-800, and >801 for the four groups. 
Means of AF'k/AFk and of |(AFh + AF'k) were formed and are plotted in Figure 4, 
where the numbers beside each point are the numbers of stars included in the means. 

The simplest interpretation of Figure 4 is this: Weak chromospheric emission is pro- 
duced in gas masses of moderate, though not extreme, optical thickness, but as the total 
emission increases, the optical thickness diminishes until, for the stronger lines, it is 
sufficiently small for the doublet ratio in Ca n to be approximately 1.25. It is of course 

|(AFh+AF'k) 

Fig. 4.—Mean chromospheric flux versus mean doublet ratio for groups of stars with b — y > 0.30 
and three or more observations Numbers beside points are numbers of stars included in means. 

quite possible that this interpretation is oversimplified and that the conditions of emis- 
sion are complicated to a degree sufficient to render it invalid. Nevertheless, future 
theoretical investigations should, to be successful, provide a natural explanation for the 
results shown in Figure 4. 

Finally, as to variability of chromospheric emission, the only statement which can be 
made is that during the first year of this program there has been no certain evidence of 
change in any of the observed stars. On the other hand, the time-base line is less than a 
year for many of them, and there is hope that the accuracy of observation can be im- 
proved. It is my intention to continue these observations, concentrating mostly on the 
stars with stronger chromospheric emissions, for an indefinite period in the future until 
variations of undoubted reality are found, or until it becomes clear that the technique is 
inadequate for the purpose. 

In this connection a few words concerning the necessary accuracy are in order. Re- 
turning to Figure 1, the mean H-K flux for the stars on the lower boundary is about 1300 
units, and this represents the constant non-variable portion of the flux for all stars. For 
stars in the middle of the lower band, the mean flux is about 1500 units. One per cent 
accuracy in the measurements of the total flux in these objects, therefore, represents 7.5 
per cent precision in the measurement of the chromospheric component, which is much 
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less favorable. About all that can be said is that the accuracy should be as great as pos- 
sible, and that the higher it is, the brighter the prospect of successfully pushing the 
search for chromospheric variability toward the lower boundary of the distribution in 
Figure 1. 

My thanks are due to J. B. Oke and E. W. Dennison for the design and construction 
of the scanner, and to the latter and his associates for prompt and efficient aid in over- 
coming occasional electronic difficulties. A. H. Vaughan, Jr., helpfully provided instruc- 
tion in the operation of the equipment at the beginning of the program. The antiquated 
nature of the 100-inch telescope makes work of the kind described here physically ex- 
hausting for both the observer and the night assistant, especially when, as was frequently 
the case, thirty to forty stars were observed in the course of a night’s work. Therefore, 
sincere thanks are offered to E. Hancock, A. Olmsted, H. Schaefer, and B. Traxler, who 
provided patient and efficient assistance at the telescope. Lastly, the tedious task of 
reducing the observations has been performed with great care by M. R. Riley, and Miss 
Louise Lowen provided invaluable assistance at the Computing Center. 

APPENDIX 

a) Coudé Scanner 

Since the coudé scanner has not been described in detail in the literature, it is necessary, in 
the interest of clarity, to indicate here a few of its essential features. 

The optical portion of the apparatus is mounted on the plate base of the 9-foot camera and 
consists of two parts. The first part provides two windows, about 25 Â wide and separated by 
about 250 Â, which intercept two 25 Â sections of the stellar spectrum. Light from these two 
regions is combined optically and fed into a refrigerated photomultiplier which, with its associ- 
ated electronics, forms the monitor channel. The second, or scanning, section is more compli- 
cated. A prism is mounted so that one end can be moved up or down along a portion of the 
spectrum between the two monitor bands, while the other end projects the spectrum onto a 
scanning slit behind which is a second refrigerated photomultiplier. The prism is rotated by a 
lever arm actuated by a micrometer screw, which is in turn driven by a stepping motor. At- 
tached to the stepping motor is a digital shaft encoder that provides a readout of the prism 
position at the observing station. One readout unit corresponds to approximately 0.011 Â in 
the spectrum. As long as the connection between the encoder and the stepping motor is un- 
changed, setting a given fixed wavelength to a specified readout insures that the same range of 
wavelengths will always appear accurately in the monitor windows. 

The electronic part of the equipment counts photon pulses in both channels to any desired 
preset total in either one. When this total is reached, the count ceases and the results, including 
the HD number of the star and the scan-prism readout, are printed on tape. No means of record- 
ing the integration time is provided; therefore, a small manually operated electric clock is used 
to obtain these intervals which are needed to correct the pulse counts for dark current. Dark 
currents are found from 20 to 30 samplings of 100-sec intervals in both channels during a run, 
and the mean values are then used in all reductions. 

The most suitable photomultipliers available to me when this work was initiated were an 
ITT FW 130 for the scan channel and an RCA 7102 for the monitor, with S20 and SI cathodes, 
respectively. Since the SI has strong red sensitivity, filters are required to remove unwanted 
first-order radiation. Corning 9788 filters are used for this purpose. One is placed inside the 
spectrograph in the monitor beam, a second is in front of the entrance slit during all measure- 
ments, and a third is mounted in front of the aperture in the standard-lamp box. Calculation 
indicates that effects of red radiation should be reduced to less than 1 per cent of the total in both 
channels for all observations. 
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b) Wavelength Calibration 

An accurate wavelength calibration, essential for the work under discussion, is obtained by 
scanning the Fe i 3930 Â line produced in a hollow cathode tube. At the beginning of each run 
this line is located and the grating adjusted until the line center is within about 20 readout units 
of a standard value. As noted above, this procedure insures that the same wavelength intervals 
always appear within the monitor windows, to an accuracy of the order of 0.2 Â. 

The position of X3930 is determinable to about 0.02 Â by recording a scan on a Brown re- 
corder. Once X3930 has been located, the scale of the apparatus yields the readouts for undis- 
placed H- and K-lines. Computer-plotted curves, available for all stars on the program, permit 
the Doppler correction, in readout units, to be read to the nearest unit for every day of the year. 
For any given star and date these corrections, added to the undisplaced H and K values, allow 
the scanning slit to be placed accurately at the centers of the star’s H- and K-lines. A correction 
curve includes, of course, the catalogue value of the star’s radial velocity as well as the com- 
ponent of the Earth’s motion. Since all stars on the program are relatively bright and have radial 
velocities of qualities # or 6 in Wilson’s Catalogue (1953), the setting error due to uncertainty in 
the radial velocity should seldom exceed 0.04-0.05 Â. 

Every effort is made to keep the wavelength errors to within 0.05 Â, and in any event less 
than 0.1 Â. Unfortunately, the equipment is subject to wavelength drifts whose origin is not 
fully understood, but which are probably of thermal origin since they appear to depend on the 
temperature difference between the inside and outside of the spectrograph. Consequently, it is 
necessary to check the wavelength at least three or four times nightly, and, under the most 
unfavorable circumstances, an hourly check is made. The seriousness of this drift was not appre- 
ciated until the work was well along, and some of the earlier measures are probably somewhat 
reduced in accuracy owing to uncorrected wavelength shifts. 

c) Standard Lamp 

Because the scanner is an accessory of a spectrograph used by many individuals for a variety 
of purposes, the photomultipliers are mounted at the beginning of each run and disassembled 
again at the end. As a result, small mechanical shifts can, and do, introduce spurious differences 
between the two channels. To correct for these, a standard lamp is observed each afternoon 
during an observing run. A series of ten counts, to a total of 105 each in the scan channel, are 
made at the wavelengths of the H- and K-lines, thus insuring negligible statistical error. The 
importance of using a standard lamp is shown by the fact that the lamp readings have exhibited 
a range of nearly ± 9 per cent thus far. 

The lamp is mounted in a small wooden box with an aperture in one end which is directed 
down the spectrograph axis toward the slit. A ground glass and filter are placed over the aperture. 
Directly over the slit is a second ground glass and a mask that leaves uncovered about 2 mm of 
slit length centered on the point where star images are held during stellar observations. In this 
way the same areas on the cathodes should be illuminated by the lamp as by the stars. Radiation 
from the lamp overfills the collimator, but tests have shown the effects of this excess light to be 
insignificant. 

The lamp itself is a GE Type 1960 consisting of a coiled tungsten filament inside a small 
quartz envelope. Iodine vapor inside the bulb inhibits deposition of metal on the inner surface 
of the envelope. Nominal operating voltage is 11.0 V, but 10.8 V have been used to insure long 
life. Current is supplied by a modified Technipower M 10.8-12.0 A power supply which, by ac- 
tual measurement, has maintained voltage constant to about 0.005 V during the period of use. 

Results from the standard lamp have not been as satisfactory as hoped. Lamp readings during 
a run usually are constant to within 1 or 2 per cent, but they occasionally show a range as great 
as 4 per cent. The reason for these variations is unknown. In any case, the star observations have 
been reduced using the lamp factors, as explained in the text. Observations for each night have 
been reduced with the lamp factors from the preceding afternoon, but unless the consistency of 
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the lamp readings can be improved, it is evident that numerous observations of standard stars 
will be required to achieve the ultimate in over-all precision consistent with the statistical 
uncertainty. 

d) Accuracy 

One great advantage of the pulse-counting technique is that the number of counts provides 
a basic statistical limit to the precision of the observations, to which the observational error 
must be made to approach as closely as possible. In the present instance, the number of counts 
in the monitor channel exceeds those in the scan channel by factors of the order of 5 to 12, and, 
therefore, even though the dark current is twice as large in the monitor channel, the over-all 
statistical error may be considered to be that due to 104 counts in the scan channel. For 104 

counts, the standard deviation is 1 per cent, and the probable error of an observation, due to 
statistics alone, is 0.7 per cent. 

Probable errors have been computed, after correction by the standard-lamp factors, for thir- 
teen stars for which six or more observations were available. The probable errors of a single 
observation of one line range from 0.6 to 3.2 per cent, with mean values of 1.9 and 1.8 per cent 
for H and K, respectively. This result is perhaps not too disappointing, but there is plenty of 
room for improvement, since these probable errors are nearly three times larger than those of 
purely statistical origin. Since it is not known what accuracy is needed to produce incon- 
trovertible evidence of stellar cycles, every effort will be made to improve the accuracy and to 
approach the statistical error more closely. 
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