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It is shown that a planet having the mass and orbital elements derived by Brady from the 
residuals in the times of perihelion passage of Halley’s comet will affect the motions of the five 
planets Jupiter-Pluto to a degree that is completely incompatible with the observations. 
Furthermore, careful reexamination of plates obtained during the Lowell Proper-Motion 
Survey does not reveal a planetary object anywhere near the position predicted by Brady 
and brighter than magnitude 16™5. It is concluded that the anomalous motion of Halley’s 
comet has some other cause. 
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Brady (1972) has attempted to reduce the resi- 
duals in the times of perihelion passage of Hal- 
ley's comet and other long-period comets through 
the introduction of a hypothetical trans-Plutonian 
planet of mass only slightly less than that of 
Jupiter and moving in a nearly circular, but 
highly inclined (i = 120° ) orbit at 60 a.u. from 
the sun. He acknowledges that the motions of 
many comets, of both long and short period, are 
affected by “nongravitational forces” and that the 
perturbations by this distant planet obviously 
will not explain the anomalies in the motions of 
typical short-period comets with their aphelion 
distances of some 4~6 a.u. The problem with 
cometary motions is essentially a secular accelera- 
tion; the observed delay of about four days at 
each return of P/Halley with a 75-year period 
is equivalent to a delay of 0^04 for a comet of 
period 7.5 years, which is in accord with the 
observed delays for short-period comets (cf. e.g. 
Marsden 1968, Table VI). It seems more reason- 
able to ascribe the anomalies of both short- and 
long-period comets to the same general causes, 
rather than to hypothesize a massive planet as 
the explanation of only long-period comet resi- 
duals. In fact, it is shown that the planet does 
not appear on photographic plates and that the 
observed motions of the outer planets do not 

permit such a hypothetical planet. 
The motions of the five planets Jupiter-Pluto, 

as well as of the hypothetical Planet X, have 
been integrated for an interval of 300 years. The 
integration was fitted to the observational data 
as previously specified (Seidelmann 1971). 
Based on the improved elements, a second inte- 
gration was performed and again fitted to the 
observations. The residuals of this final integra- 
tion are shown in Figures 1-9. It was presumed 
that the effect of Planet X on the four inner 
planets would be negligible. Further, no at- 
tempt was made to improve the masses of the 
outer planets to satisfy the effects of the hypo- 
thetical planet, for the residuals, particularly in 
latitude, were judged to be greatly in excess of 
what could be eliminated by any reasonable 
mass corrections. Table I gives the sums of the 
squares of the residuals in longitude and latitude 
for each of the known outer planets, first for an 
integration of the known planets only and second 
with Planet X included as described above. 

Since the hypothetical new planet has an orbit 
that is considerably inclined to the ecliptic, its 
effect on the latitude of the known planets would 
be very large. Figures 1-5 show this effect for 
Jupiter, Saturn, Uranus, Neptune, and Pluto, re- 
spectively. Even for Jupiter the residuals are 
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TABLE I 

Sums of the Squares of the Residuals 

Jupiter (1913-70) 
Longitude 
Latitude 

Saturn (1913-68) 
Longitude 
Latitude 

Uranus(1830-1968) 
Longitude 
Latitude 

Neptune (1846-1968) 
Longitude 
Latitude 

Pluto (1914-68) 
Longitude 
Latitude 

Known With 
Solar Planet 

System X 

136.0536 172.5313 
145.5703 374.6467 

144.5148 876.2358 
168.1212 1642.6147 

11.3916 13644.3151 
14.3146 3913.0325 

5.4228 2464.3439 
12.0129 3788.3330 

46.8153 43.7333 
42.5415 1298.9459 

quite unacceptable, while the changing ordinate- 
scale (in arc seconds) for the other planets speaks 
for itself 

The residuals in longitude (also in arc seconds) 
are shown in Figures 6-9 for Jupiter, Saturn, 
Uranus, and Neptune, respectively. Since the 
observations of Pluto cover only about one-fifth 
of a revolution, there is no detectable systematic 
effect on the longitude of this planet. It should 
be further noted that the presence of Planet X 
causes the residuals in longitude of the 1795 ob- 
servations of Neptune to increase to 49 arc sec- 
onds. 

Brady (1972) indicates that if the hypothetical 
planet has the albedo of Pluto and any reason- 
able density it will be of 13th or 14th magnitude. 
On the assumption that the geometrical albedo is 
0.13, the density is equal to that of the earth, and 
the empirical quantity ln K equals — 4.6, the 
visual mean opposition magnitude, as calculated 
by Seidelmann (1971), is 11.6. Adopting the 

JUPITER PLANET X 

Fig. 1 — Residuals (in arc seconds) in the latitude of Jupiter caused by the presence of Planet X. 
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SATURN PLANET X 
Fig. 2 — Residuals in the latitude of Saturn. 

URRNUS PLRNET X 
Fig. 3 — Residuals in the latitude of Uranus. 
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NEPTUNE PLANET X 
Fig. 4 — Residuals in the latitude of Neptune. 

PLUTO PLRNET X 
Fig. 5 — Residuals in the latitude of Pluto. 



RE
SI

DU
AL

S 
IN
 L

ON
GI

TU
DE
 

?
 

RE
SI

DU
AL

S 
IN
 L

ON
GI

TU
DE

 
862 SEIDELMANN, MARSDEN, AND GICLAS 

oco«-* «-*«-' cm 0)0)0) 
r- CM O) 

CM CO O) 
OO CO O) 

CO 
O) 

O) 
O) ID O) 

o CO O) 
in co O) O) 

JUPITEB PLANET X 
. 6—Residuals (in arc seconds) in the longitude of Jupiter caused by the presence of Planet X. 
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Fig. 7 — Residuals in the longitude of Saturn. 
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URANUS PLANET X 
Fig. 8 — Residuals in the longitude of Uranus. 

NEPTUNE PLANET X 
Fig. 9 — Residuals in the longitude of Neptune. 
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value ln K equals —5.1 (as more representative 
of the giant outer planets), an albedo of 0.4, and 
a density only one-third that of the earth — values 
which are also compatible with those of the giant 
planets, yet they are still conservative — we find 
a visual mean opposition magnitude of 9.0. 

Even accepting the magnitude of 13-14, it 
seems rather surprising that a planet with an 
annual average motion of 46 arc minutes has 
been overlooked. It ought to have been dis- 
covered in the course of the Lowell Proper- 
Motion Survey (Giclas, Burnham, and Thomas 
1971), for example, which covers the whole 
northern sky down to magnitude 16-17 and is 
reasonably complete for stars of annual proper 
motion 0'.'27 and larger. Luyten (e.g. 1966) has 
also made a rather exhaustive proper-motion 
survey of the northern sky with the 122-cm (48- 
inch) Palomar Schmidt. 

The predicted position of the planet is con- 
tained on plates taken by Tombaugh at Lowell 
in 1940-41. These plates, centered at a = 5h50m, 
8 = +64° 20 ' and covering an area of 12° by 15°, 
have now been carefully blink-examined to limit- 
ing magnitude 16.5, but no planet has been 
found. They have also been blinked against 
Lowell plates obtained of the same area in 1969. 
Reexamination of the notes made at the time 
these plates were blinked, as well as of those 
concerning the region centered at a = 2h00m, 
0= +75° 53' (where the planet should have 
been in 1968.8), has revealed no suspicious ob- 
jects. All these modem plates have again been 
carefully blink-examined in their entirety to a 
limiting magnitude of 16.5 or fainter. It is ex- 
tremely improbable that an object as bright as 

magnitude 13~14 could have escaped detection 
during all these passes over the predicted area. 

A final point concerns the manner in which 
the period of the hypothetical planet was derived. 
The supposition was made that the period of 
revolution was the same as the period in the 
residuals of the P/Halley perihelion times. Fig- 
ure 1 of Brady (1972) shows that the attraction of 
Pluto yields an effect of approximately the same 
500-600 year period; yet the revolution period of 
Pluto is only 250 years. Richardson (1942), based 
on an analysis of the motion of P/Halley, indi- 
cated that Planet X would have been then in 
Libra, not in Camelopardalis. 

We conclude that, while small or very distant 
unknown planets may exist, there is no planet 
having the mass, magnitude, mean distance, and 
orbital inclination hypothesized by Brady 
(1972). The anomalous motion of P/Halley, and 
indeed of the other short-period comets, must 
have some other cause. 

We wish to thank Elizabeth Roemer for com- 
ments and Clyde W. Tombaugh for drawing our 
attention to the earlier calculation by Richardson 
and the search he made as a result. 
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F. D. A. Hartwick and Robert D. McClure  288 
Distribution of gas and dust in M81. Leo P. Connolly, Petros Z. Mantarakis, and Laird A. Thompson  61 
The heating of the interstellar medium by Mira stars (abstract). L. Carrasco and G. Grasdalen  639 
Interstellar motions: minuet or rock? (invited review). Donat G. Wentzel  225 
Interstellar reddening near the north galactic pole. Kent A. Feltz, Jr  497 
On the ratio of total to selective absorption for carbon stars. R. Kent Honeycutt  823 
Reddening and infrared excesses in T Tauri stars (abstract). Catherine L. Imhojf  641 
A search for diffuse interstellar features in stars with circumstellar dust shells. 

Theodore P. Snow, Jr. and George Wallerstein  492 
A spectroscopic study of the molecular constituents of dark clouds (abstract). 

F. H. Chaffee, Jr., S. E. Strom, B. Lutz, and J. G. Cohen  639 

Invited Review Papers : 
Interstellar motions: minuet or rock? Donat G. Wentzel  225 
Measures of time in astronomy. J. Derral Mulholland  357 
The photometric behavior of close binary stars. Robert H. Koch  5 
The structure of chemically homogeneous main-sequence stars. Lloyd Motz  465 

Jupiter: 
Jovian rotational profiles for 1970 and 1971 (abstract). Jay L. Inge  641 
A revision of Jupiter brightness temperatures in the frequency interval 18.5-24.0 GHz (1968). 

D. E. Jones  434 

Lick Observatory: 
The Lick Observatory image-dissector scanner. L. B. Robinson and E. J. Wampler  161 

Luminosity Function: 
The red giants in the Hyades group. O. J. Eggen  406 

McDonald Observatory: 
The computer-controlled spectrometers at McDonald Observatory. Donald C. Wells  203 

Magellanic Clouds: 
Dark nebulae in the Large Magellanic Cloud. Paul W. Hodge  365 

Magnitudes : 
A recalibration of the absolute magnitudes of supergiants. Richard Stothers  373 

Masses of Stars : 
The mass function in spectroscopic binaries. C. Jaschek and O. Ferrer  292 
A photometric and spectroscopic investigation of SV Centauri. John B. Irwin and Arlo U. Landolt  686 

Mass Loss: 
Mass loss and infrared excesses in hot stars. S. Kleinmann and L. V. Kuhi  766 
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Milky Way System: 
Interstellar motions: minuet or rock? (invited review). Donat G. Wentzel  225 
Interstellar reddening near the north galactic pole. Kent A. Feltz, Jr  497 
The stellar population in the nuclear bulge of the Galaxy. Sidney van den Bergh  306 
A test for relative motions of gas and young stars. Elliott Moore  273 

Molecular Spectra: 
A search for C2~ in spectra of HD 201626 and the sun. Theodore D. Faÿ and Hollis R. Johnson  284 

Multiple Stars; Multiple Systems: See Binary Stars 

Nebulae (General): 
Dark nebulae in the Large Magellanic Cloud. Paul W. Hodge  365 
An unusual nebula associated with HD 87634. Sidney van den Bergh  594 

Nebulae (Individual): 
Helix nebula, a new extension of the. G. Araya, V. M. Blanco, and M. G. Smith  70 

Neptune: 
Temperatures of Uranus and Neptune at 24 microns (abstract). David Morrison and Dale P. Cruikshank . . . 642 

Observatories : 
The computer-controlled spectrometers at McDonald Observatory. Donald C. Wells  203 
Experiences with the Cerro Tololo data-acquisition system. Barry M. Lasker  207 
Guest investigators at the Hale Observatories. H. W. Babcock  596 
The Hale Observatories’ computer system. Edwin W. Dennison  190 
The Lick Observatory image-dissector scanner. L. B. Robinson and E. J. Wampler  161 
The 1971 Palomar supernova search. C. T. Kowal, W. L. W. Sargent, L. Searle, and F. Zwicky  844 

Peculiar Stars: See Stars, Peculiar 

Photometry (General): 
An automatic fast digital-photoelectric photometer with polarimeter. N. Visvanathan  249 
A calibration model for a stellar photometer using a SEC Vidicon. W. A. Deutschman  123 
The determination of reddening and ultraviolet excess of clusters from UBV observations of red giants. 

F. D. A. Hartwick and Robert D. McClure  288 
A direct photometric comparison of M67 and the Hyades stars. Conrad Sturch  666 
Infrared excesses in eclipsing binaries of the RS Canum Venaticorum type (abstract). 

Harry L. Atkins and Douglas S. Hall  638 
Interstellar reddening near the north galactic pole. Kent A. Feltz, Jr  497 
A low-cost pulse amplifier and discriminator for photon counting. Donald J. Taylor  379 
Luminosities and motions of A0 to A2 stars. O. J. Eggen  757 
Miscellaneous UBV observations of symbiotic stars. J. D. Fernie  528 
The multianode photomultiplier. C. E. Catchpole and C. B. Johnson  134 
Multichannel area photometry. R. Edward Nather  149 
The photometric behavior of close binary stars (invited review). Robert H. Koch  5 
Photometry of symbiotic and VV Cephei stars in the near infrared (with a note on MWC 56). 

J. P. Swings and D. A. Allen  523 
Photometry of the early-type stars from the Tonantzintla list, near the south galactic pole. A. G. Davis Philip 677 
Pseudo color-magnitude diagrams for three southern hemispheric globular star clusters. 

Raymond E. White and Timothy T. Kraft  298 
Relative luminosity and surface brightness of the components of contact binary stars. Edward L. Robinson . 51 
A search for short-period light variability among stars in h and X Persei. John R. Percy  420 
A silicon Vidicon photometer. James A. Westphal and Thomas B. McCord  133 
Single photoelectron excitation of phosphors. S. R. Smith and J. L. Lowrance  154 
The III-V photocathode: a major detector development. W. E. Spicer and R. L. Bell  110 
Two-dimensional area scanning with image dissectors. William G. Tijft  137 
UBVr photometry of white dwarfs and white-dwarf suspects. Richard D. Schwartz  28 

Photometry (Individual) 
AH Virginis, a time of minimum for. Arlo U. Landolt  448 
AK Herculis, photoelectric light curves of. Beverly B. Bookmyer  566 
BL Lacertae, photoelectric monitoring of. E. F. Milone  723 
CV Serpentis, photometric variability of the Wolf-Rayet star. Nancy D. Morrison and Sidney C. Wolff .... 635 
DK Velorum, light elements for — a corrigendum. D. H. P. Jones  664 
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EH Librae, uvby photometry of. W. J. Boardman and A. M. Heiser  680 
EU Tauri, UBVß photometry of. Edward F. Guinan  56 
HR 6684: a new Beta Cephei-type variable star. Mikolaj Jerzykiewicz  718 
LY Aurigae, differential UBV photometry of. Douglas S. Hall and A. M. Heiser  33 
LY Aurigae, UBV observations of the eclipsing binary. Arlo U. Landolt and Karen L. Blondeau  394 
NGC 6814, brightness variations in the nucleus of the Seyfert galaxy. Glenn J. MacPherson  392 
Proxima Centauri, multicolor photometry of the M dwarf. 

J. A. Frogel, D. E. Kleinmann, William Kunkel, E. P. Ney, and D. W. Strecker  581 
R Coronae Borealis during its recent decline, infrared photometry of (abstract). 

Robert F. Wing, John H. Baumert, Stephen E. Strom, and Karen M. Strom  646 
Stellar ring no. 284, photometric observations of. Terrence W. Rettig  673 
Sun, the (B—V) and (U—B) color indices of the. S. K. Croft, D. H. McNamara, and Kent A. Feltz, Jr  515 
SV Centauri, a photometric and spectroscopic investigation of John B. Irwin and Arlo U. Landolt  686 
SW Cygni, UBV photometry of the ring in. Douglas S. Hall and Coring M. Garrison, Jr  552 
3C 273, electrographic UBV photometry of the jet in. 

Gerald E. Kron, Harold D. Abies, and Anthony V. Hewitt  303 
3C 273 V, UBV observations of Martin S. Burkhead and Terrence W. Rettig  850 
32 Cygni: UBV and spectrophotometric observations, the 1971 eclipse of 

Donald W. Griffiths and Robert E. S t encel  427 
V1057 Cygni, far-infrared and uvby photometry of (abstract). 

Theodore Simon, Nancy D. Morrison, Sidney C. Wolff, and David Morrison  644 
VI057 Cygni, photometry and polarimetry of. George Rieke, Thomas Lee, and George Coyne, S.J  37 
WW Cygni, the eclipsing binary: an unlikely candidate for pre-main-sequence contraction. 

Douglas S. Hall and Anthony S. Wawrukiewicz  541 

Planetary Atmospheres: 
Spectral observations of Venus in the frequency interval 18.5-24.0 GHz: 1964 and 1967-68. 

D. E. Jones, D. M. Wrathall, and B. L. Meredith  435 

Planetary Nebulae: 
A new extension of the Helix nebula. G. Araya, V. M. Blanco, and M. G. Smith  70 
Peculiar southern emission-line objects with strong [Oin] À4363. N. Sanduleak and C. B. Stephenson .... 816 

Planets: 
The case against Planet X. Peter Goldreich and William R. Ward  737 
The effect of a trans-Plutonian planet on Halley’s comet. Joseph L. Brady  314 
Jovian rotational profiles for 1970 and 1971 (abstract). Jay L. Inge  641 
Note on Brady’s hypothetical trans-Plutonian planet. P. K. Seidelmann, B. G. Marsden, and H. L. Giclas . . . 858 
Search for Brady’s hypothetical trans-Plutonian planet. A. R. Klemola and E. A. Harlan  736 
Tempertaures of Uranus and Neptune at 24 microns (abstract). David Morrison and Dale P. Cruikshank . . . 642 

Polarization: 
An automatic fast digital-photoelectric photometer with polarimeter. N. Visvanathan  248 
An inexpensive astronomical control computer system. J. Harneen-Anttila  185 
Photometry and polarimetry of V1057 Cygni. George Rieke, Thomas Lee, and George Coyne, S. J  37 
A polarimetric method of measuring radial velocities. K. Serkowski  649 
Polarization of light by circumstellar material. Benjamin H. Zellner and Krzysztof Serkowski  619 

Quasi-Stellar Objects: 
Electrographic UBV photometry of the jet in 3C 273. 

Gerald E. Kron, Harold D. Abies, and Anthony V. Hewitt  303 
UBV observations of 3C 273 V. Martin S. Burkhead and Terrence W. Rettig  850 

Radial Velocities: 
Motions in the outer layers of the 27-day cepheid T Monocerotis. George Wallerstein  656 
On the nature of HD 161227. Myron A. Smith  281 
Orbit of the double-lined binary mercury star Chi Lupi. Michael M. Dworetsky  254 
A photometric and spectroscopic investigation of SV Centauri. John B. Irwin and Arlo U. Landolt  686 
A polimetric method of measuring radial velocities. K. Serkowski  649 
Radial velocities in the tail of NGC 4676A. J. C. Theys, E. A. Spiegel, and Juri Toomre  851 
Radial velocities of some stars in NGC 1893. F. Shirley Jones  459 
A spectroscopic study of AG Virginis. Graham Hill and Jeannette V. Barnes  382 
A spectroscopic study of AT Pegasi. Graham Hill and Jeannette V. Barnes  430 
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Radio Astronomy: 
A data acquisition and control system for a 46-meter radio telescope. 

D. J. Bradt, L. A. Higgs, S. C. Jones, T. G. O’Neill, and J. L. Wolfe  194 
An experiment to detect related optical and radio pulses of astrophysical origin (abstract). Eon O’Mongain . 642 
A revision of Jupiter brightness temperatures in the frequency interval 18.5-24.0 GHz (1968). 

D. E. Jones  434 
Some characteristics of microwave type IV radio bursts and the acceleration of solar cosmic rays. 

Kunitomo Sakurai  531 
Spectral observations of Venus in the frequency interval 18.5-24.0 GHz: 1964 and 1967-68. 

D. E. Jones, D. M. Wrathall, and B. L. Meredith  435 

Review Papers: 
Infrared excesses in early-type stars: free-free emission. H. M. Dyck and R. W. Milkey  597 
Optical and infrared observations of young stellar objects — an informal review. S. E. Strom  745 
See also Invited Review Papers 

Shell Stars: See Stars, Shell 

Solar Activity : 
On the east-west asymmetry of white-light faculae. D. H. Burning  856 
Some characteristics of microwave type IV radio bursts and the acceleration of solar cosmic rays. 

Kunitomo Sakurai   531 

Solar Flares: 
A study of D3 emission in a solar flare by use of narrow-band filtergrams. 

Robert W. Milkey and Karen L. Harvey  400 

Solar System: 
The case against Planet X. Peter Goldreich and William R. Ward  737 
The effect of a trans-Plutonian planet on Halley’s comet. Joseph L. Brady  314 
Note on Brady’s hypothetical trans-Plutonian planet. P. K. Seidelmann, B. G. Marsden, and H. L. Giclas . . . 858 
Search for Brady’s hypothetical trans-Plutonian planet. A. R. Klemola and E. A. Harlan  736 

Spectrophotometry : 
The computer-controlled spectrometers at McDonald Observatory. Donald C. Wells  203 
An image-tube scanner for the Wisconsin echelle spectrograph. 

John F. McNall, Donald E. Michalski, and Terrel L. Miedaner  145 
The 1971 eclipse of 32 Cygni: UBV and spectrophotometric observations. 

Donald W. Griffiths and Robert E. Stencel  427 
The spectrum of the symbiotic star AG Pegasi, 1970-71. J. B. Hutchings and Russell O. Redman  240 

Spectroscopic Binaries: See Binary Stars; Stellar Spectra 

Spectroscopy: 
The automation of the Wisconsin echelle spectrograph. 

John F. McNall, Donald E. Michabki, and Terrel L. Miedaner  176 
The effect of systematic gf-value errors on stellar curves of growth. J. D. Evans and Leon W. Schroeder . . . 454 
Electronic systems for the new multichannel spectrometer at Sacramento Peak. 

Robert W. Hobbs, Gary D. Harris, and Gabriel Epstein  74 
A 1.1 micron spectrogram of the central coma of Comet Bennett (1969 i). 

David D. Meisel and John L. Deutsch  732 
New ultraviolet line identifications for early-type stars. William R. Luebke, Jr  697 
Spectroscopic observations of EZ Pegasi. Nelson J. Irvine  671 
A spectroscopic study of the molecular constituents of dark clouds (abstract). 

F. H. Chaffee, Jr., S. E. Strom, B. Lutz, and J. G. Cohen  639 

Stars : 
Spectroscopic observations of stars in two star rings. George W. Preston  25 

A-Type: 
Fourteen new peculiar stars. Howard E. Bond  446 
Luminosities and motions of A0 to A2 stars. O. J. Eggen  757 
Rotational velocities and spectral types of some A-type stars. O. H. Levato  584 
Spectrum variations in 56 Arietis III. Lines of hydrogen, magnesium, and calcium. 

Walter K. Bonsack  260 
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Carbon: 
Carbon stars with peculiar red spectra (abstract). Paul M. Rybski  643 
On the ratio of total to selective absorption for carbon stars. R. Kent Honeycutt  823 
A search for C2

- in spectra of HD 201626 and the sun. 
Theodore D. Fay and Hollis R. Johnson  284 

Two new faint carbon stars at high galactic latitudes. John S. Drilling  35 
Early-Type: 

Infrared excesses in early-type stars: free-free emission. H. M. Dyck and R. W. Milkey  597 
New ultraviolet line identifications for early-type stars. William R. Luebke, Jr  697 
Photometry of the early-type stars from the Tonantzintla list, near the south galactic pole. 

A. G. Davis Philip   677 
Emission-Line: 

Appearance of A4650 emission in Cygni X-2. B. W. Bopp and P. A. Vanden Bout  68 
On emission-line stars in the £ Sculptoris cluster. Howard E. Bond  583 
On the nature of X Persei: evidence from the 1957 outburst. Lloyd R. Wackerling  827 
Paschen Beta emission in the spectrum of Omicron Ceti. 

R. P. Kovar, A. E. Potter, N. S. Kovar, and L. Trafton  46 
Peculiar southern emission-line objects with strong [Om] A4363. N. Sanduleak and C. B. Stephenson . 816 
Spectroscopic changes in the suspected X-ray source X Persei. 

A. P. Cowley, D. B. McLaughlin, J. Toney, and D. J. MacConnell  834 
An unusual emission object and a new S star. William P. Bidelman and Larry E. Krumenaker  685 

Giants: 
The red giants in the Hyades group. O. J. Eggen  406 

Helium-Rich: 
Additional observations of some stars with strong helium lines. P. Lee and P. Daigle  842 

Hydrogen-Poor: 
Discoveries on southern objective-prism plates, III. Three new hydrogen-deficient stars and a 

bright B-type subdwarf. D. J. MacConnell, R. L. Frye, and W. P. Bidelman  388 
Individual: 

Alpha Herculis, the infrared spectrum of, from 4000 to 4800 cm-1. 
Harold L. Johnson, Rodger I. Thompson, Fred F. Forbes, and David L. Steinmetz  775 

Alpha Herculis, the infrared spectrum of, from 5700 to 6700 cm-1. 
Rodger I. Thompson, Harold L. Johnson, Fred F. Forbes, and David L. Steinmetz  779 

HD 87634, an unusual nebula associated with. Sidney van den Bergh  594 
Proxima Centauri, multicolor photometry of the M dwarf. 

J. A. Frogel, D. E. Kleinmann, William Kunkel, E. P. Ney, and D. W. Strecker  581 
Metal-Deficient: 

The metal deficiency of two members of M67. M. S. Bessell  489 
On the metal deficiency of the secondary component of S Velorum. Howard E. Bond  839 

Metallic-Line: 
Abundance anomalies as probes of envelopes in Am stars (abstract). Myron A. Smith  644 
Fourteen new peculiar stars. Howard E. Bond  446 
Is HR 5491 really a pulsating Am star? Michel Breger, Hans M. Maitzen, and Anne P. Cowley  443 
On the nature of HD 161227. Myron A. Smith    281 
The orbit of 53 Tauri (B9p-Mn). M. M. Dworetsky  652 
A pulsating metallic-line star. M. S. Bessell and O. J. Eggen  72 

M-Type- 
Multicolor photometry of the M dwarf Proxima Centauri. 

J. A. Frogel, D. E. Kleinmann, William Kunkel, E. P. Ney, and D. W. Strecker  581 
Two heavily reddened M supergiants near the galactic center (abstract). 

Robert F. Wing and John W. Warner  646 
Peculiar: 

Fourteen new peculiar stars. Howard E. Bond  446 
Peculiar southern emission-line objects with strong [O m] A4363. 

N. Sanduleak and C. B. Stephenson  816 
Photometry of symbiotic and VV Cephei stars in the near infrared (with a note on MWC 56). 

/. P. Swings and D. A. Allen  523 
Red: 

Carbon stars with peculiar red spectra (abstract). Paul M. Rybski    643 
Shell: 

The spectrum of the periodic shell variable HR 2142, 1968-71. Geraldine J. Peters  334 
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S-Type: 
An unusual emission object and a new S star. William P. Bidelman and Larry E. Krumenaker  685 

Subdwarf: 
Discoveries on southern objective-prism plates, III. Three new hydrogen-deficient stars and a 

bright B-type subdwarf. D. J. MacConnell, R. L. Frye, and W. P. Bidelman  388 
Supergiants: 

Infrared excesses in supergiant stars: evidence for silicates. E. P. Ney  613 
A recalibration of the absolute magnitudes of supergiants. Richard Stothers  373 
Two heavily reddened M supergiants near the galactic center (abstract). 

Robert F. Wing and John W. Warner  646 
Wolf-Rayet: 

On the Wolf-Rayet stars HD 90657 and HD 117688. Virpi S. Niemela  450 
Photometric variability of the Wolf-Rayet star CV Serpentis. Nancy D. Morrison and Sidney C. Woljf . 635 
Remark on the Wolf-Rayet binary CV Serpentis. Anne Cowley  772 

Stellar Atmospheres: 
Abundance anomalies as probes of envelopes in Am stars (abstract). Myron A. Smith  644 
Monte-Carlo treatment of Lyman-a radiation in an inhomogeneous spherical atmosphere (abstract). 

Sarma B. Modali  642 
Temperature reversal in a LTE atmosphere. Stephen J. Hill  669 

Stellar Dynamics : 
Luminosities and motions of AO to A2 stars. O. J. Eggen  757 
A test for relative motions of gas and young stars. Elliott Moore  273 

Stellar Evolution: 
The eclipsing binary WW Cygni: an unlikely candidate for pre-main-sequence contraction. 

Douglas S. Hall and Anthony S. Wawrukiewicz  541 
The main sequence of the H-R diagram: its significance and role in stellar evolution (abstract). 

Edwin B. Weston  645 
Optical and infrared observations of young stellar objects — an informal review. S. E. Strom  745 
Stellar evolution in eliptical galaxies (abstract). Beatrice M. Tinsley  645 
The structure of chemically homogeneous main-sequence stars (invited review). Lloyd Motz  465 

Stellar Populations: 
An apparent discontinuity in the properties of giants of the disk population. 

F. D. A. Hartwick and James E. Hesser  813 
Luminosities and motions of AO to A2 stars. O. J. Eggen  757 
The stellar population in the nuclear bulge of the Galaxy. Sidney van den Bergh  306 

Stellar Rotation: 
Rotational velocities and spectral types of some A-type stars. O. H. Levato  584 

Stellar Spectra (General): 
Discoveries on southern objective-prism plates, III. Three new hydrogen-deficient stars and a 

bright B-type subdwarf. D. J. MacConnell, R. L. Frye, and W. P. Bidelman  388 
High-resolution stellar and circumstellar spectra of SiO and CO 4 fi and 5 ¡l (abstract). 

T. R. Geballe, E. R. Wollman, and D. M. Rank  640 
Low-dispersion spectroscopic classification of the unidentified sources in the “Two-Micron 

Sky Survey” (abstract). Steven S. Vogt  645 
Minimum-light spectra of nine M-type variable stars. S. Wyckoff and P. Wehinger  424 
Rotational velocities and spectral types of some A-type stars. O. H. Levato  584 
Spectroscopic observations of stars in two star rings. George W. Preston  25 

Stellar Spectra (Individual): 
AG Pegasi, the spectrum of the symbiotic star, 1970-71. J. B. Hutchings and Russell O. Redman  240 
Alpha Herculis, the infrared spectrum of, from 4000 to 4800 cm-1. 

Harold L. Johnson, Rodger, I. Thompson, Fred F. Forbes, and David L. Steinmetz  775 
Alpha Herculis, the infrared spectrum of, from 5700 to 6700 cm-1. 

Rodger I. Thompson, Harold L. Johnson, Fred F. Forbes, and David L. Steinmetz  779 
56 Arietis, spectrum variations in. III. Lines of hydrogen, magnesium, and calcium. Walter K. Bonsack . . . 260 
HD 90657 and HD 117688, on the Wolf-Rayet stars. Virpi S. Niemela  450 
HD 201626 and the sun, a search for C2~ in spectra of. Theodore D. Fay and Hollis R. Johnson  284 
HR 1886 and HR 1887, the atmospheres of the visual binary (abstract). Geraldine J. Peters  643 
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HR 2142, the spectrum of the periodic shell variable, 1969-71. Geraldine J. Peters  334 
Omicron Ceti, Paschen Beta emission in the spectrum of. 

R. P. Kovar, A. E. Potter, N. S. Kovar, and L. Traf ton  46 
Sun, a search for C2

_ in spectra of HD 201626 and the. Theodore D. Faÿ and Hollis R. Johnson  284 
S Velorum, on the metal deficiency of the secondary component of. Howard E. Rond  839 
X Persei, on the nature of: evidence from the 1957 outburst. Lloyd R. Wackerling  827 
X Persei, spectroscopic changes in the suspected X-ray source. 

A. P. Cowley, D. R. McLaughlin, J. Toney, and D. J. MacConnell  834 

Sun: 
The (B— V) and (U— B) color indices of the sun. S. K. Croft, D. H. McNamara, and Kent A. Feltz, Jr  515 
A heliostat for measuring the solar flux spectrum. David F. Gray  721 
On the east-west asymmetry of white-light faculae. D. H. Bruning  856 
A search for C2

_ in spectra of HD 201626 and the sun. Theodore D. Faÿ and Hollis R. Johnson  284 
A study of D3 emission in a solar flare by use of narrow-band filtergrams. 

Robert W. Milkey and Karen L. Harvey  400 

Supernovae : 
The 1971 Palomar supernova search. C. T. Kowal, W. L. W. Sargent, L. Searle, and F. Zwicky  844 

Symbiotic Objects: 
Miscellaneous UBV observations of symbiotic stars. J. D. Fernie  528 
A new symbiotic-like object behind the Coalsack. Wm. Bruce Weaver  854 
Photometry of symbiotic and VV Cephei stars in the near infrared (with a note on MWC 56). 

J. P. Swings and D. A. Allen  523 
The spectrum of the symbiotic star AG Pegasi, 1970-71. J. B. Hutchings and Russell O. Redman  240 

Symposia: 
Infrared Symposium: 

Circumstellar infrared emission. Wayne A. Stein  627 
Infrared excesses in early-type stars: free-free emission. H. M. Dyck and R. W. Milkey  597 
Infrared excesses in supergiant stars: evidence for silicates. E. P. Ney  613 
Polarization of light by circumstellar material. Benjamin H. Zellner and Krzysztof Serkowski  619 

Symposium for Electronic Systems for Astronomy: 
Advanced X-ray observatories. H. Gursky  99 
The automation of the Wisconsin echelle spectrograph. 

John F. McNall, Donald E. Michalski, and Terrel L. Miedaner  176 
A calibration model for a stellar photometer using a SEC Vidicon. W. A. Deutschman  123 
CAMAC concepts. Dick A. Mack  167 
CAMAC multicrate systems. I. G. Van Breda  212 
The computer-controlled spectrometers at McDonald Observatory. Donald C. Wells  203 
A data acquisition and control system for a 46-meter radio telescope. 

D. J. Bradt, L. A. Higgs, S. G. Jones, T. G. O'Neill, and J. L. Wolfe    194 
A digital image recorder. Howard G. Sachs  127 
Electronic systems for the new multichannel spectrometer at Sacramento Peak. 

Robert W. Hobbs, Gary D. Harris, and Gabriel Epstein  74 
Experiences with the Cerro Tololo data-acquisition system. Barry M. Lasker  207 
The Hale Observatories’ computer system. Edtvin W. Dennison  190 
An image-tube scanner for the Wisconsin echelle spectrograph. 

John F. McNall, Donald E. Michalski, and Terrel L. Miedaner  145 
Increasing the time resolution of a multichannel scaler. E. C. Silverberg and C. A. Steggerda  217 
An inexpensive astronomical control computer system. J. Harneen-Anttila  185 
The large space telescope instrumentation. Anne B. Underhill  84 
The Lick Observatory image-dissector scanner. L. B. Robinson and E. J. Wampler  161 
The MIT automated astrophysical observatory. Thomas B. McCord, Grant Snellen, and Steven Paavola 220 
The multianode photomultiplier. C. E. Catchpole and C. B. Johnson  134 
Multichannel area photometry. R. Edward Nather  149 
A note on the calculation of photon loss in an image-tube scanner. John F. McNall  182 
The SAS-D ultraviolet astronomical satellite. Anne B. Underhill  91 
A silicon Vidicon photometer. James A. Westphal and Thomas B. McCord  133 
Single photoelectron excitation of phosphors. S. B. Smith and J. L. Lowrance  154 
The III-V photocathode: a major detector development. W. E. Spicer and R. L. Bell  110 
Two-dimensional area scanning with image dissectors. William G. Tijft  137 
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Time: 
Measures of time in astronomy (invited review). J. Derral Mulholland  357 

Uranus: 
Temperatures of Uranus and Neptune at 24 microns (abstract). David Morrison and Dale P. Cruikshank . . . 642 

Variable Stars (General): 
The calculation of heliocentric corrections. Arlo U. Landolt and Karen L. Blondeau  784 
The heating of the interstellar medium by Mira stars (abstract). L. Carrasco and G. Grasdalen  639 
Infrared excesses in eclipsing binaries of the RS Canum Venaticorum type (abstract). 
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