
160 COMMISSION 14 

COMMITTEE 3 : COLLISION CROSS SECTIONS AND LINE BROADENING 

1. LINE BROADENING 

Recent review articles have been published in four books dealing with atomic processes in 
astrophysical plasmas (1, 2, 3, 4). A complete compilation of references will be available very 
soon (5). Information on the bibliography of papers on line broadening, relaxation processes and 
interaction potentials is provided by the Oak Ridge information centre (6). 

1.1. Collision broadening by neutral atoms. There is now much experimental and theoretical 
evidence that the broadening due to collisions with light atoms like H and He does not arise from 
the Van der Waals interaction but from a shorter ranger interaction. This is true at low thermal 
temperature for experiments with He (7, 8, 9,10,11,12) and is a fortiori true at stellar temperatures 
for the broadening by H (13, 14). This has been confirmed by recent detailed calculations (15, 16). 
It is then necessary to know the interatomic potentials. Detailed calculations have been carried out 
for a few cases (15,17,18). In the case of the broadening of Na by He the agreement between recent 
calculations (8,11) and experiments - not yet published - is very good at low temperature. There is 
still an important disagreement with one experiment at high temperature (22). Emphasis is now 
put on the connection between the broadening mechanisms and other relaxation processes 
(see below 2.2) like fine structure transfer of excitation or depolarisation. Sensitivity of the results 
with respect to the interatomic potential and to the exact collisional processes is now under study 
(11,16). Non-adiabatic effects in the Van der Waals broadening have been studied (21). Calculations 
of the broadening of Lyman alpha in collisions with H atoms have been carried out in the quasi-
static approximation using the accurate interaction potential (19). Measurements of line broadening 
in the extreme wings of spectral lines have been carried out (20). 

1.2. Line broadening by charged particles. For non-hydrogenic lines the impact approximation 
is valid (3, 23). Most of the calculations have been done using a semi-classical approach. Compari­
son between semi-classical calculations (24, 25) in the case of Mg+ and Ca+ resonance lines with 
quantum calculations (28, 29, 30) and with experiments (24, 25, 26) shows that the semi-classical 
impact approximation gives good results. Quantum calculations have been done for hydrogenic 
neutral and ionized systems (27). 

Many semi-classical calculations have been done recently for isolated lines in neutral and ionized 
atoms, for N n, C n, C iv, Si n, Si ni, Si iv (31) for the singly charged ions Li through Ca (32), for N n 
and Ar II (33), for Si ii and Si m (34), for Na (35), Oi (36). Theoretical aspects of collision broaden­
ing of ionic lines have been studied (37, 39, 23). Experiments have been carried out for many non-
hydrogenic lines: C n and N n (40), N n (41), Be ii and Ba n (42), Si n (43), C iv (44). The He 4471 A 
and its forbidden component have been subjected to further experimental and theoretical studies 
(45,46,47,48). Improvement in the agreement with experimental data is obtained when ion dynamic 
corrections are included (44, 50, 51, 52). 

1.3. The broadening of hydrogenic lines. In this case the usual impact approximation is not always 
valid for electrons. Good results can be obtained in many cases (H„ Hv He, H6-H12) when the 
impact approximation is corrected in an empirical way (using the Lewis cutoff instead of a Debye 
cutoff for large impact parameters) (3, 4, 53). For the Lyman lines and for Ha the agreement given 
by this improved impact approximation is not so good and for all lines there are serious discrep­
ancies between theory and experiment near the line centre. This explains the need for a more 
complete theory, a 'unified' theory valid for the whole profile. More theoretical approaches have 
been developed (54,55,56,57, 58,59, 60). Many more articles discussing the validity of the 'unified' 
theories cannot be cited here. 
Many experimental works and comparisons with accurate calculations have been carried out for 
Balmer lines broadened by electrons and protons, in particular for H«, Hfl, Ha (61, 63) and for high 
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Balmer lines (H6-H12) (62) More accurate calculations are going to be published very soon (3). 
Additional references can be found in a recent very detailed study (61). New calculations using more 
refined data on the inelastic cross sections have been made for the radio frequency transitions in 
hydrogen (64, 65, 66, 67, 68, 69) and new measurements of nx lines of ionized helium have been 
compared to theoretical calculations (70). Many more Hen lines in the visible and ultraviolet 
region have been measured and provide a good test for theory (71, 72, 73). More theoretical work 
has been done on the coupling effects between the Doppler and the impact broadening (74, 75, 76). 

2. COLLISION CROSS SECTIONS 

In addition to the importance references given in the last IAU report (77) new general reviews 
have been published recently. Progress reports on many topics given to a recent international 
conference on atomic collisions (78) are available as well as complete abstracts of recent works (79). 

Two volumes on case studies in atomic collision physics include many good review articles 
(80,81), in particular one on interpretation of spectral intensities from laboratory and astrophysical 
plasmas and one on atomic processes in astrophysical plasma. A recent book on Molecules and 
Atoms in Astrophysics includes lectures on collision physics given at a summer school (82). A general 
course on atomic collision theory (83) and a book devoted to calculation methods of atomic col­
lision processes (84) have been recently published. 

Further bibliographies are also available (6, 85, 86, 87). 

2.1. Heavy particle collision at high energies. A recent book (88) deals with excitation in heavy 
particle collisions. Impact parameter calculations have been made for excitation in the collision 
of two ground state H atoms (89) and have been extended to the problem of excitation and ioniza­
tion of an excited H atom by H (90, 91). The Born approximation has been used for H + H col­
lisions (92). Accurate calculations using the close coupling method have been used for excitation of 
the n=2, 3 levels of H by proton impact (93). The same processes have been studied using the 
Glauber approximation (94, 95, 96) and a distortion method (97). 

Results have been obtained for excitation of the same H levels by a impact using the second 
Born approximation (98). 

Quantum mechanical and classical methods commonly used to calculate cross sections for 
electron capture from atoms by charged nuclei are reviewed in a recent book (99) which gives many 
comparisons between experiments and available calculations at high and low impact energies. The 
close coupling method has been used for charge exchange in H+ +H (Is) collisions (93). The cross 
section for charge exchange in H~ + H + has been measured (100) and calculated (101). 

Many more papers have been published on excitation and charge transfer in H+ +H collisions 
(102, 103, 104, 105), in H + +He (104), in He++He (106, 107, 108). More references on proton 
and He+ collisions with different atoms are given in (99) and (6). 

Data and references on inner shell ionization and X-ray production by proton impact can be 
found in (109). The subject of X-ray production in heavy ion atom collisions has been reviewed 
recently (110). 

2.2. Heavy particle collision at low energies. Recent progress have been made in the study of 
atom-atom and atom-ion collisions involving excitation transfer, spin exchange or depolarization 
at low energies (111, 112). 

A recent review gives many references on the problem of transfer of excitation between fine 
structure levels by collision with rare gases (113). Further work has been done on excited alkali + He 
(114,115). 

Fine structure transitions by H collisions have been studied with semi-classical methods (116, 
117), and by quantum mechanical methods (118, 119), for transition within the ground state level 
of C II. Collisions between C, N, O atoms and H are now under study (118, 120, 121). The cross 
section for fine structure transitions are calculated for collisions with protons (122, 123). 
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Many recent papers deal with different processes of collisional relaxation of atomic levels, 
mainly with depolarization cross section of resonance radiation by atomic collisions (124,125,126, 
127,128,129,132,133). Effects of collisional relaxation in connection with the interaction of atoms 
with polarized light have been reviewed (130) as well as the problem of spin states of atoms and 
molecules in the cosmic medium (131). 

The effects of collisions on the redistribution of resonance radiation has been investigated (134). 
The question of equilibrium of H~ has been discussed (135) in particular the importance of 

charge exchange H~ + H + for which the cross section has been measured (136) and calculated (137). 
More papers deal with excitation and charge exchange in atom-atom collisions at low energies (138). 
They are reviewed in a recent book (99). New theoretical (139, 140, 141) and experimental work 
(143) have been made on Penning ionization of H by metastable He. 

Rotational excitation cross sections in H2 by impact with H atoms (142) and with H2 molecules 
(144) have been calculated. 

Estimations of rate constants for reactions important for interstellar molecular formation are 
given in many papers on the physics of interstellar matter (145, 146). New works have been done 
to explain the formation of molecules like CH, CN, OH, rates of formation of CH and CH+ by 
radiative association (147, 148, 149), of CH and CN (150) by inverse predissociation, of excited 
OH by collisional dissociation of water (151, 152). A few quantitative results exist on rotational 
excitation in molecule-molecule collisions in connection with the problem of eventual collision 
pumping in the interstellar medium (153). A new calculation has been done on excitation of form­
aldehyde by H2 molecules (154). See also a recent review on excitation processes in H i regions (155). 

An excellent review, not cited in the last IAU report, deals with the production of rotational and 
vibrational transitions in encounters between molecules (156). More recent references can be found 
in (157) and, in relation with applications in aeronomy and in planetary atmospheres, (158). 

The problems of ion-molecule reactions in the energy range from thermal to hundred electron 
volts have been reviewed in a recent book (159). 

The calculation of molecular wave functions and of potential curves and surfaces, their use in 
atom-atom collisions are discussed in a recent progress repprt (160). 

2.3. Electron collisions with molecules. Three recent reviews have been published on low energy 
electron molecule scattering with emphasis on rotational excitation (161,162) completed by (163). 
In the reviews, experiments and calculations are compared, the validity of the Born approximation 
is discussed for rotational excitation for N2, N 2 ,0 2 , C02. Discussions are given in (161) on problems 
relating to the resonant state H2~ in electron-H2 collisions, including the production of H" by 
dissociative attachment of H2. 

More details on the application of the adiabatic nuclei theory can be found in (164, 165, 166). 
The close coupling method is now applied to the problem of excitation of H2 (167,168,169). The 
corresponding rotation and vibration cross sections have been measured by swarm technique 
(170, 171) and by electron beam method (172). Many more papers have been published on more 
complex molecules like CN (173), N2 (174, 175, 176) CH and OH (177), CO and CN (178), HC1 
and CN (179). Rotational excitations of polyatomic molecules of astrophysical interest have been 
studied using the Born approximation in a series of papers (181,182,183). More recent references 
are given in (157, 86). A recent review (180) on dissociative recombination is available. 

2.4. Excitation and ionization of atoms by electron impact. A general review on excitation and 
ionization by electron impact is now available (184). Emphasis on collisions with positive ions is 
given in a recent review (185) in relation with the interpretation of spectral line intensities in labo­
ratory and astrophysical plasmas. References on experimental papers can be found in (86, 87). 
New review articles on theoretical methods have appeared (186,187) and many recent papers deal 
with accurate computational methods of calculation (188, 189,190). Two recent books have been 
published (83, 84), Approximate methods and interpolation formulae have been studied for cal­
culating excitation and ionization rates (191, 192, 193, 194). More progress has been made for 
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obtaining classical cross sections particularly for excitation and ionization of excited states (195, 
196, 197, 198). 

New accurate theoretical results have been obtained for excitation in H (199, 200), for Li (202), 
for Na (203), for different alkalis (201,204), as well as new measurements of excitation cross sections 
in H (205), and in Li, Na and K (206,207,208,210). A detailed paper deals with theoretical methods 
for excitation of hydrogenic ions (211). The Coulomb-Born or the distorted wave approximation 
is valid in many cases and has been applied for Ca II (212), for C in, N iv, O v (213) for the Li 
isoelectronic ions (215), for Si XII (216), for N v, Si xn, Fe xm, Fe xv, Fe xvn (217, 218) and for 
C in (190). Measurements have been made of different cross sections in N v, O vi, Ne vra (219), 
in N v (220), in N iv, O v, Ne vn, Si ix (221) Ar vm (222), Ne vra (223), and Ne vn (225). More 
references can be found in (224). 

Cross sections for excitation of forbidden lines are available for C in (190, 312, 226) N iv and 
O v (213), for neutral O (227, 228, 229), for ions with ground configuration p3 (230). References 
related to the cooling mechanism of interstellar matter can be found in (155) and (231). 

Many recent works concern the recombination lines in H n regions and the methods of obtaining 
the intensities of these lines using correct atomic data in particular for the cross sections for transi­
tion between highly excited states (232, 233, 234, 235, 236). The cross sections are calculated using 
classical methods (195,196,197) or use of a binary encounter theory (237, 238). Results are discus­
sed in three recent papers (240, 197, 239). 

In addition to reference (184) additional information on atom or ion ionization by electron is 
available in a few progress reports (241, 242, 243, 244, 245). Emphasis has been given recently to 
ionization of positive ions; Li u and Mg n (246), Li n, Mg n, Na n, Mg in, K n (248), C ii, N m, 
N n, O m, Ne II, Na n, Mg in (249), C n, N in, O iv (251). Experimental cross sections are available 
for C ii, N m, O m, O n (250), N n, N m, Ne in, Ar n, Ar iv (252) Ne vin (253). The inner shell 
ionization process of neutral atoms with outer 2p, 3s and 3p electrons by electron and proton 
impact has been studied (247). 

More work has been done on electron detachment in H~ (255,256, 257). Useful information on 
negative ions and electron affinities can be found in a recent review (254) on photodetachment. 
Further work has been done on the theory of dielectronic recombination (258, 259, 260). 

REFERENCES 

1. D. Mihalas 1969, Stellar Atmospheres, ch. 9, W. H. Freeman and Co. 
2. T. L. Swihart 1971, Basic Physics of Stellar Atmosphere, ch. 4, Pachart Publ. House. 
3. V. P. Myerscough, G. Peach 1972, in Case Studies in Atomic Collision Physics, 2, Ed. McDaniel 

and McDowell, North Holland. 
4. H. Van Regemorter 1972, in Atoms and Molecules in Astrophysics, Ed. T. R. Carson and M. J. 

Roberts, Academic Press. 
5. Bibliography on Atomic Line Shapes and shifts (1889-1972), by J. R. Fuhr, W. L. Wiese, L. J. Roszman, 

National Bureau of Standards publication 366. 
6. Bibliography of Atomic and Molecular processes. Published by the Oak Ridge Nat. Lab., Oak Ridge, 

Tennessee. 
7. E. Roueff 1970, Astron. Astrophys., 7, 4. 
8. E. Roueff 1972, / . Phys. B. (London), 5, L79. 
9. W. R. Hindmarsh, A. N. Du Plessis, J. M. Farr 1970, / . Phys. B. (London), 3, 15. 

10. F. Rostas, J. L. Lemaire 1971, / . Phys. B, 4, 555. 
11. E. L. Lewis, L. F. McNamara 1972, Phys. Rev. A, 5, 2643. 
12. J. M. Evans, J. Cooper 1972, J.Q.R.S.T., 12, 259. 
13. E. Roueff, H. Van Regemorter 1971, Astron. Astrophys., 12, 317. 
14. H. Holweger 1971, Astr. Astrophys. 12, 128, and 1972, Solar Physics, 25, 14. 
15. E. L. Lewis, L. F. McNamara, H. H. Michels 1971, Phys. Rev. A, 3, 1939. 
16. E. Roueff 1972, Phys. Letters A, 38, 8 and thesis (unpublished). 
17. W. E. Baylis 1969, / . Chem. Phys., 51, 2665. 
18. W. Fullerton, C. Cowley 1970, Astrophys. J., 162, 327. 

https://doi.org/10.1017/S0251107X00024524 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00024524


164 COMMISSION 14 

19. K. M. Sando, R. Doyle, A. Dalgarno 1969, Ap. Letters, 157, 143 and K. M. Sando, 1972, 
/ . Chem. Phys., in press. 

20. R. E. M. Hedges, D. L. Drummond, A. Gallagher 1972, Phys. Rev., A 6, 1519. 
21. D. N. Stacey J. Cooper 1971, J.Q.R.S.T., 11, 1271. 
22. D. D. Burgess, J. E. Grindlay 1970, Ap. J., 161, 343. 
23. H. Van Regemorter 1971, in Highlights in Astronomy, 2, 561, IAU. Ed. C. De Jager. 
24. J. Chapelle, S. Sahal 1970, Astron. Astrophys., 6, 415. 
25. W. N. Jones, A. Sanchez, J. R. Greig, H. R. Griem 1972, Phys. Rev. A, 5, 2318. 
26. D. Roberts, A. J. Barnard 1972, J.Q.R.S.T., 12, 1205. 
27. A. Tsuji, H. Narumi 1970, 44, 1557. 
28. O. Bely, H. R. Griem 1970, Prog. Theor. Phys. Rev. A, 1, 97. 
29. K. S. Barnes, G. Peach 1970, / . Phys. B., 3, 350. 
30. K. S. Barnes 1971, / . Phys. B., 4, 1377. 
31. S. Sahal, E. Segre 1971, in Highlights in Astronomy, 2, 566, IAU; 1971 Astron. Astrophys., 13, 161. 
32. W. N. Jones, S. M. Bennet, H. R. Griem 1972, Technical Report 71-128, University of Maryland. 
33. D. E. Roberts 1970, Astron. Astrophys., 6, 1. 
34. E. A. Yukov 1971, Soviet Astronomy, 15, no. 5. 
35. H. J. Kusch, H. P. Pritschow 1970, Astron. Astrophys., 4, 31. 
36. R. Assous 1970, J.Q.R.S.T., 10, 975. 
37. H. R. Griem 1970, Comments atom, molec. Phys., 1, 145. 
38. G. A. Kobsev 1971, Optics Sped., 30, 106. 
39. S. Klarsfleld 1970, Phys. Let., 33A, 437. 
40. J. D. E. Fortna, R. C. Elton, H. R. Griem 1970, Phys. Rev., A, 2, 1150. 
41. N. W. Jalufka, J. P. Craig 1970, Phys. Rev., A, 1, 221. 
42. M. Platisa, J. Puric, N. Konjevic, J. Labat 1971, Astron. Astrophys., 15, 325. 
43. N. Konjevic, J. Puric, L. J. Cirkovic, J. Labat 1970, J. Phys. B., 3, 999. 
44. P. Bogen 1972, Zeits. Natur forschung, 27a, 210. 
45. D. D. Burgess, C. J. Cairns 1970, / . Phys. B., L 67. 
46. R. H. Nelson, A. J. Barnard 1971, J.Q.R.S.T., 11, 161. 
47. D. D. Burgess, C. J. Cairns 1971, / . Phys. B, 4, 1364. 
48. B. O'Mara, R. W. Simpson 1971, Astron. Astrophys., 15, 334. 
49. R. W. Lee, 1972, / . Phys. B, 5, L23. 
50. J. Cooper, E. W. Smith, W. R. Chappell 1971, Phys. Let., 34A, 363. 
51. J. W. Duffy 1970, Phys. Rev. A, 2, 534. 
52. H. R. Griem 1971, Comments Atom. Molec. Phys., 2, 206. 
53. H. R. Griem 1970, Comments Atom. Molec. Phys., 2, 19. 
54. C. R. Vidal, J. Cooper, E. W. Smith 1970, J.Q.R.S.T., 10, 1011. 
55. H. Pfennig 1971, Phys. Let., 34A, 292. 
56. H. Pfennig 1972, J.Q.R.S.T., 12, 821. 
57. U. Frisch, A. Brissaud 1971, J.Q.R.S.T., 11, 1753 and 1767. 
58. J. T. Godfrey, C. R. Vidal, E. W. Smith, J. Cooper 1971, Phys. Rev. A., 3, 1543. 
59. V. S. Lisitsa, G. V. Sholin 1972, Soviet Physics, JETP, 34, 484. 
60. N. Tran Minn, H. Van Regemorter 1972, / . Phys. B, 5, 903. 
61. W. L. Wiese, D. E. Kelleher, D. R. Paquette 1972. Phys. Rev. A, 6, 1132. 
62. R. D. Bengston, J. D. Tannich, P. Kepple 1970, Phys. Rev. A, 1, 532. 
63. R. A. Hill, J. B. Gerardo, P. C. Kepple 1971, Phys. Rev. A, 3, 855. 
64. M. Brocklehurst, S. Leeman 1971, Ap. Letters, 9, 35. 
65. M. Brocklehurst, M. J. Seaton 1971, Ap. Letters, 9, 139. 
66. C. G. Wynn-Williams 1970, Ap. Letters, 6, 189. 
67. D. HoangBinh 1971, Astron. Astrophys., 10, 159. 
68. G. Peach, M. J. Seaton 1972, Comments Atom. Molec. Phys., 3, 107. 
69. L. A. Jones, J. R. Creig, T. Oda, H. R. Griem 1971, Phys. Rev. A, 4, 833. 
70. A. Eberhagen, R. Wunderlich 1970, Z. Physik, 232, 1. 
71. P. Bogen 1970, Z. Naturforsch, 25A, 1151. 
72. J. E. Jenkins, D. D. Burgess 1973, / . Phys. B., 
73. P. C. Kepple, 1972, Phys. Rev. A, 6, 1. 
74. E. Smith, J. Cooper, W. R. Chappekl, T. Dillon 1971, J.Q.R.S.T., 11, 1547 and 1576. 
75. V. J. Kogan, V. S. Lisitsa 1972, J.Q.R.S.T., 12, 881. 

https://doi.org/10.1017/S0251107X00024524 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00024524


FUNDAMENTAL SPECTROSCOPIC DATA 165 

76. E. Bielicz, E. Czuchaj, J. Fiutak 1972, Acta Phys. Polonica, A, 41, 327. 
77. Transactions IAU, 14B, 1970, 125. 
78. The Physics of Electronic and Atomic Collisions, 1971, 7 ICPEAC invited papers and progress report, 

Ed. T. R. Govers and F. J. De Heer, North Holland, 1972. 
79. Electronic and Atomic Collisions, 1971, Abstract of papers, 7 ICPEAC, North Holland. 
80. Case Studies in Atomic Collision Physics, Vol. I, 1969, Ed. E. W. McDaniel and M. R. C. McDowell. 
81. Case Studies in Atomic Collision Physics, Vol. II, 1972, Ed. E. W. McDaniel and M. R. C. McDowell. 
82. Atoms and Molecules in Astrophysics, 1972, Ed. T. R. Carson and M. J. Roberts, Academic Press. 
83. Atomic Collision Physics, 1970, by B. H. Bransden, W. A. Benjamin Inc. 
84. The Calculation of Atomic Collision Processes, 1971, by K. Smith, Wiley-Interscience. 
85. J1LA Report 10 1970, Low energy electron collision cross section data. 
86. L. J. Kieffer 1969, Atomic Data, 1, 19 and 22. 
87. L. J. Kieffer 1971, Atomic Data, 2, 293. 
88. Excitation in Heavy Particle Collisions by E. W. Thomas, 1971, Wiley-Interscience. 
89. M. R. Flannery 1970, Ann. Phys. N.Y., 61, 465. 
90. M. R. Flannery 1971, / . Phys. B., 4, 892. 
91. M. R. Flannery 1972, / . Phys. B., 5, 334. 
92. K. Omidvar, H. L. Kyle 1970, Phys. Rev. A, 2 408. 
93. I. M. Cheshire, D. F. Gallaher, E. J. Taylor 1970, / . Phys. B, 3, 813. 
94. V. Franco 1970, Phys. Rev., A, 1, 1741. 
95. H. Tai, R. H. Bassel, E. Gerjuoy, V. Franco Phys. Rev. A, 1, 1819. 
96. A. S. Ghosh, N. C. Sil 1971, / . Phys. B, 4, 836. 
97. J. Chauduri, D. M. Bhattachaya, N. C. Sil 1972, / . Phys. B, 5, 525. 
98. J. Chauduri, D. M. Bhattachaya 1970, Indian J. Phys., 1, 63. 
99. R. A. Mapleton 1972, The Theory of Charge Exchange, Wiley-Interscience. 

100. T. D. Gaily, F. A. Harrison 1970, / . Phys. B, 3, L25. 
101. G. A. Victor, A. Dalgarno 1969, J. Chem., Phys. 50, 2535. 
102. S. K. Knudson, R. W. Thorson 1970, Can. J. Phys., 48, 313. 
103. A. Salin 1970, / . Phys. B. 3, 937; and / . Phys. B, 4, L125. 
104. D. R. Bates, D. Sprevak 1970, / . Phys. B, 3, 1483. 
105. R. Gayet 1972, / . Phys. B, 5, 483. 
106. M. R. Flannery 1970, / . Phys. B, 3, 306. 
107. H. Rosenthal, H. M. Foley 1969, Phys. Rev. Let., 23, 1480. 
108. H. Rosenthal 1971, Phys. Rev. A, 4, 1030. 
109. G. S. Khandelwal, B. H. Choi, E. Merzbacher 1969, Atomic Data, 1, 103. 
110. F. W. Saris in ref. (78), p. 181. 
111. H. S. W. Massey, E. H. S. Burhop, H. B. Gilbody 1971, Electronic and Ionic Impact Phenomena, 

Vol. Ill, Clarendon Press. 
112. H. S. W. Massey 1972, Contemp. Phys. 13, 375-392. 
113. L. Krause 1971, in Phys. Electr. Atom. Collisions, VII ICPEAC, North Holland, 1972. 
114. F. Masnou 1970, / . Phys. B, 3, 1437. 
115. R. H. G. Reid, A. Dalgarno 1970, Chem. Phys. Let., 6, 85. 
116. E. L. Lewis, L. F. McNamara 1971, Phys. Rev. A, 3, 1939. 
117. E. Roueff 1972, Thesis, Paris, unpublished. 
118. S. Wofsy, R. H. G. Reid, A. Dalgarno 1971, Astrophys. J., 168, 161. 
119. J. C. Weisheit, N. F. Lane 1971, Phys. Rev. A, 4, 171. 
120. S. Wofsy to be published. 
121. D. C. S. Allison, P. G. Burke, W. D. Robb 1970, / . Phys. B, 5, 1431. 
122. F. Masnou, R. MacCarroll 1972, Astron. Astrophys., 17, 441. 
123. O. Bely, Faucher 1970, Astron. Astrophys., 6, 88. 
124. E. P. Gordeev, E. E. Nikitin, Ovchinikova 1971, Opt. and Spectr., 30, 189. 
125. M. Elbel 1971, Z. Physik, 248, 375. 
126. W. B. Schneider 1971, Z. Physik, 248, 387. 
127. M. Elbel, W. B. Schneider Z. Physik, 241, 244. 
128. F. Masnou, E. Roueff 1972, Chem. Phys. Let., 16, 593. 
129. A. Dalgarno, C. Bottcher, G. A. Victor 1970, Chem. Phys. Let., 7, 265. 
130. F. K. Lamb, D. Ter Haar 1971, Phys. Report, 2, 253. 
131. D. A. Varshalovitch 1971, Soviet Phys., 13, 429. 

https://doi.org/10.1017/S0251107X00024524 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00024524


166 COMMISSION 14 

132. E. I. Dashevskaya, E. E. Nikitin, A. I. Reznikov 1970, Optics and Spectr., 29, 540. 
133. E. I. Dashevskaya, E. A. Kobzeba 1970, Optics and Spectr., 29, 807. 
134. A. Omont, E. W. Smith, J. Cooper 1972, Astrophys. J., 175, 185. 
135. F. Praderie 1971, Astrophys. Let., 9, 27. 
136. J. Moseley, W. Aberth, J. R. Peterson 1970, Phys. Rev. Let., 24, 435. 
137. R. K. Janev, A. Salin 1972, to be published in Fizika. 
138. S. A. Evans, J. S. Cohen, N. F. Lane 1971, Phys. Rev., 4, 2235. 
139. W. H. Miller, C. A. Slocomb, H. F. Schaefer 1972, J. Chem. Phys., 56, 1347. 
140. H. Fujii, H. Nakamura, M. Mori 1970, / . Phys. Soc. Japan., 29, 1030. 
141. K. L. Bell 1970, / . Phys. B, 3, 1308. 
142. E. F. Hayes, C .A. Wells, D. J. Kouri 1971, Phys. Rev. A, 4, 1017. 
143. H. Hotop, E. Illenberger, H. Morgner, A. Niehaus 1971, Chem. Phys. Let., 10, 493. 
144. H. Shimamura, K. Takayanagi 1971, Inst. Space. Aeronaut. Sc, 36, 327. 
145. W. Klemperer 1970, in Highlights of Astronomy, 2, 421, U.A.I. 
146. M. M. Litvak 1972, in Atoms and Molecules in Astrophysics (see (82)). 
147. P. Solomon, W. B. Klemperer 1972, Ap. J., in press. 
148. R. A. Rain, J. N. Bardsley 1972, J. Phys. B, 5, 277. 
149. B. L. Lutz 1972, Ann. New York. Acad. Sc, 194, 29. 
150. P. S. Julienne, M. Kraus, B. Donn 1971, Ap. J., 170, 65. 
151. B. E. Turner 1970, / . Roy. Astr. Soc. Can., 64, 221. 
152. W. D. Gwinn, B. E. Turner, W. M. Goss, G. L. Blackman 1973, Ap. J., 179, 789. 
153. R. W. Patch 1971, J.Q.R.S.T., 11, 1311. 
154. P. Thaddeus 1972, Ap. J., 173, 317. 
155. A. Dalgarno, R. A. McCray 1972, Annual Rev. Astron. Astrophys., 10, 375. 
156. K. Takayanagi 1965, Adv. Atom. Mol. Phys., 1, 149. 
157. Studies of Atomic Collisions. Progress Report, Ed. Prof. K. Takayanagi, March 1971. 
158. A. Dalgarno 1971, see ref. (78) 
159. Ion Molecule Reaction by E. W. McDaniel, V. Cermak, A. Dalgarno, E. Ferguson, L. Friedman, 

1970, Wiley-Interscience. 
160. J. C. Browne 1971, Advan. At. Mol. Phys., 7, 47. 
161. D. E. Golden, N. F. Lane, A. Temkin, E. Gerjuoy 1971, Rev. Mod. Physics, 43, 642-678. 
162. K. Takayanagi, V. Itikawa 1970, Advan. At. Mol. Phys., 6, 105-153. 
163. K. Takayanagi 1972, Comments At. Mol. Phys., 3, No. 4. 95. 
164. S. Hara 1969, / . Phys. Soc. Japan., 27, 1592. 
165. E. S. Chang, A. Temkin 1969, Phys. Rev. Let., 23, 399. 
166. E. S. Chang 1970, Phys. Rev. A, 2, 1403. 
167. N. F. Lane, S. Geltman 1969, Phys. Rev., 184, 46. 
168. R. J. W. Henry, N. F. Lane 1969, Phys. Rev., 183, 221. 
169. R. J. W. Henry 1970, Phys. Rev. A, 2, 1349. 
170. R. W. Crompton, B. K. Gibson, A. Mcintosh 1969, Austr. J. Phys., 22, 715. 
171. R. W. Crompton, B. K. Gibson, A. G. Robertson 1970, Phys. Rev. A., 2,1386. 
172. F. Linder, H. Schmidt 1971, Zeit. f. Naturforschg, 26 A, 1603. 
173. A. C. Allison, A. Dalgarno 1971, Astron. Astrophys., 13, 331. 
174. F. H. M. Faisal 1970, / . Phys. B, 3, 636. 
175. P. G. Burke, A. L. Sinfailam 1970, / . Phys. B, 3, 641. 
176. P. G. Burke, N. Chandra 1972, / . Phys. B, 5, 1696. 
177. O. H. Crawford, A. Dalgarno 1971, / . Phys. B, 4, 494. 
178. O. H. Crawford, A. Dalgarno, A. C. Allison 1969, Astron. Astroph., 2, 451. 
179. Y. Itikawa, K. Takayanagi 1969, / . Phys. Soc. Japan, 26, 1254. 
180. J. M. Bardsley, M. A. Biondi 1970, Adv. Atom. Mol. Phys., 6. 
181. Y. Itikawa 1971, / . Phys. Soc. Japan., 30, 835. 
182. Y. Itikawa 1971, / . Phys. Soc. Japan, 31, 852. 
183. Y. Itikawa 1972, / . Phys. Soc. Japan, 32, 217. 
184. O. Bely, H. Van Regemorter 1970, Ann. Rev. Astron. Astrophys., 8, 329. 
185. A. H. Gabriel, C. Jordan 1972, see ref. (81) 
186. P. G. Burke 1972, see ref (82). 
187. I. C. Percival 1972, see ref. (82). 
188. P. G. Burke, M. J. Seaton 1971, Meth. Comput. Phys., 10, 1. 

https://doi.org/10.1017/S0251107X00024524 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00024524


F U N D A M E N T A L SPECTROSCOPIC D A T A 167 

189. K. Smith 1972, see ref. (78). 
190. W. Eisnner 1972, see ref. (78), p. 470. 
191. L. B. Golden, D. H. Sampson 1971, Ap. J., 163, 405. 
192. L. B. Golden, D. H. Sampson 1971, Ap. / . , 170,169 and 181. 
193. M. M. Felden, A. Felden 1972, Ap. J., 174, 219. 
194. L. P. Presnyakov, A. M. Urnov 1970, / . Phys. B, 3, 1267. 
195. I. C. Percival, D. Richards 1970, Astrophys. Let., 4, 235. 
196. I. C. Percival, D. Richards 1971, / . Phys. B, 4, 918 and 932. 
197. I. C. Percival 1972, JILA Report. 
198. L. Vriens 1969, see ref. (80), p. 335. 
199. P. G. Burke, T. G. Webb 1970, / . Phys. B, 3, LI 31. 
200. S. Geltman, P. G. Burke 1970, / . Phys. B, 3, 1062. 
201. P. McCavert, M. Rudge 1972, / . Phys. B, 5, 508. 
202. N. Feautrier 1970, / . Phys. B, 3, L153; and thesis, Paris 1971. 
203. D. L. Moores, D. W. Norcross 1972, / . Phys. B, 5, 1972. 
204. E. M. Karule 1970, / . Phys. B, 3, 860. 
205. W. R. Ott, W. Kaupila, W. L. Fite 1970, Phys. Rev. A, 1, 1089 and 1099. 
206. K. Rubin, B. Bederson, M. Goldstein, R. E. Collins 1969, Phys. Rev., 182, 201. 
207. R. E. Collins, B. Bederson, M. Goldstein 1971, Phys. Rev. A, 3, 1976. 
208. P. J. Visconti, J. A. Slevin, K. Rubin 1971, Phys. Rev. A, 3, 1310. 
209. M. Goldstein, A. Kadsan, B. Bederson 1972, Phys. Rev. A, 5, 660. 
210. E. A. Enemark, A. Gallagher 1972, Phys. Rev., 6, 192. 
211. A. Burgess, D. G. Hummer, J. A. Tully 1970, Phil. Trans. Roy. Soc. London, 266, 225. 
212. H. E. Saraph 1970, / . Phys. B, 3, 952. 
213. D. E. Osterbrock 1970, / . Phys. B, 3, 149. 
214. M. Blaha 1971, Bull. Americ. Astron. Soc, 3, 902. 
215. O. Bely, D. Petrini 1970, Astron. Astrophys., 6, 318. 
216. S. Kastner, T. S. Smith, C. Wade, M. Blaha 1972, / . Phys. B. 5, 1351. 
217. D. R. Flower 1971, Highlights in Astronomy, IAU. 
218. D. R. Flower 1971, / . Phys. B, 4, 697. 
219. H. J. Kunze, W. D. Johnston 1971, Phys. Rev., 3, 1384. 
220. B. Boland, F. Jahoda, T. J. L. Jones, R. W. McWhirter 1970, / . Phys. B, 3, 1134. 
221. W. D. Johnston and H. J. Kunze 1971, Phys. Rev., 4, 962. 
222. R. U. Datla, H. J. Kunze and D. Petrini 1972, Phys. Rev. A, 6, 38. 
223. H. J. Kunze, 1971 Phys. Rev. A, 4, 111. 
224. H. J. Kunze 1972, Space Sci. Rev., 13, 565. 
225. G. Tondello, R. W. P. McWhirter 1971, J. Phys. B, 4, 715. 
226. J. M. Launay, D. R. Flower 1972, / . Phys. B, 5, L207. 
227. M. Conneely, L. Lipsky, K. Smith, P. G. Burke, R. J. Henry 1970, Comp. Phys. Comm., 1, 306. 
228. Vo Ky Lan, N. Feautrier, M. Le Dourneuf, H. Van Regemorter 1972, J. Phys. B, 5, 1506. 
229. M. Le Dourneuf, H. E. Sarph, M. J. Seaton, Vo Ky Lan 1972, / . Phys. B, 5, L87. 
230. S. J. Czyzak, T. K. Krueger, P. A. P. Martins, H. E. Saraph, M. J. Seaton 1970, M.N.R.A.S. 148,361. 
231. M. Jura, A. Dalgarno 1972, Ap. J., 174, 365. 
232. A. K. Dupree, L. Goldberg 1970, Ann. Rev. Astr. Astrophys., 8, 231. 
233. A. K. Dupree 1972, Ap. J., 173, 293. 
234. L. E. Goad, L. Godberg, J. L. Greenstein 1972, Ap. J., 175, 117. 
235. M. Brocklehurst 1970, M.N.R.A.S., 148, 417. 
236. M. Brocklehurst 1971, M.N.R.A.S., 153, 471. 
237. M. R. Flannery 1970, / . phys. B, 3,1610. 
238. M. R. Flannery 1971, / . Phys. B, 4, 892. 
239. C. Bottcher 1972, / . Phys. B, 5, 2199. 
240. I. C. Percival, M. J. Seaton 1972, Astr. Let., 11, 31. 
241. K. T. Dolder 1969, see ref. (80) p. 249. 
242. K. T. Dolder in Highlights of Astronomy 2, IAU, p. 527. 
243. G. Peach 1972, see ref. (81) p. 293. 
244. L. Vriens 1970, Physica, 47, 267. 
245. I. L. Beigman, L. A. Vainsthein, 1.1. Sobelman 1970, JETP, 30, 920. 
246. D. L. Moores, N. Nussbaumer 1970, / . Phys. B, 3, 161. 

https://doi.org/10.1017/S0251107X00024524 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00024524


168 COMMISSION 14 

247. G. Peach 1970, /. Phys. B, 3, 328. 
248. G. Peach 1971, /. Phys. B, 4, 1670. 
249. D. L. Moores 1972, / . Phys. B, 5, 286. 
250. K. L. Aitken 1971, J. Phys. B, 4, 1176 and 1189. 
251. E. Stingl 1972, /. Phys. B, 5, 1160. 
252. J. B. Hasted, G. L. Awad 1972, / . Phys. B, 5, 1719. 
253. H. J. Kunze 1971, Phys Rev. A, 3, 937. 
254. B. Steiner 1972, see ref. (81) p. 483. 
255. B. Peart, D. S. Walton, K. T. Dolder 1970, /. Phys. B, 3, 1346. 
256. D. S. Walton, B. Peart, K. T. Dolder 1971, /. Phys. B, 4, 1343. 
257. F. H. Faisal, A. K. Bathia 1972, Phys Rev., 5, A2144. 
258. A. H. Gabriel, T. M. Paget 1972, /. Phys. B, 5, 673. 
259. H. P. Summers 1972, Mon. Not. R. Astron. Soc., 158, 255. 
260. M. Blaha 1972, Astro. Let., 10, 179. 

HENRI VAN REGEMORTER 

Chairman of the Committee. 

COMMITTEE 4 : STRUCTURE OF ATOMIC SPECTRA 

An excellent review of the present state of the analysis and of future trends has been prepared 
by B. Edlen (10). He discusses the electronic structure of the ground configurations, "arranged in 
order of the total number of electrons, N, for the first half of the periodic system". "The intervals 
within the ground-configurations are of particular astrophysical significance. The Z-dependence of 
these intervals can be expressed with remarkable accuracy by quite simple relations." He points 
out that the electrostatic term intervals, which account for the forbidden nebular lines, have a 
linear Z-dependence, while the spin-orbit intervals, increasing with the fourth power of Z, explain 
some of the forbidden lines in the solar corona. 

More work needs to be done on the third and fourth spectra in the iron group to meet the needs 
of astronomers, but progress is being made with selected spectra in this group. 

This review contains a current bibliography and an appraisal of the present state of analysis of 
individual spectra arranged by sequences. The spectra on which "work is in progress" are also 
indicated. He is preparing a similar report on spectra of the elements of the second half of the 
Periodic Table (Z> 30). 

Current work on atomic spectra has been reported from several laboratories. At the Institute of 
Physics in Lund, B. Edlen lists the following spectra as being investigated: Be in, O n, F iv, F v, 
F vi, P ill, P iv, P v, S ii, K ix, Ca x, Sc n, Sc iv, Sc v, Ti m, Ti iv, Ti xn, V v, V vi, Fe iv. 

At the Lund Institute of Technology, L. Minnhagen and his associates have work in progress on 
O in, Mg in, Mg iv, Ar i, K n, Sr in, Sr iv, Ba in, Ba iv. 

R. D. Cowan has noted several references to investigations of highly-ionized spectra of V, Cr, 
Mn and Ni, and their significance in the interpretation of lines observed in the far ultraviolet solar 
spectrum and in solar flares (5, 7, 8). 

W. R. S. Garton and his colleagues have continued their work in the short-wave region. They 
have observed Rydberg series and autoionization resonances in the adsorption spectra of alkali 
and alkaline-earth atoms. 

An annual report from the Spectroscopy Section of the National Bureau of Standards, prepared 
by L. B. Hagan is in press (29). Encouraging progress is being made on the analysis of rare-earth 
spectra. A general description of the present status of these spectra is described by W. C. Martin in 
two papers on the energy-level structures of lanthanide atoms and ions (46, 47). From 19 known 
energy differences of the type 4fN_1 nl(6sM)—4fN(6sM) (with each configuration represented by its 
lowest level) he has predicted 23 values. "The resulting data confirm striking regularities among the 
/-shell graphs first used by Racah" to predict unknown system differences. 

From absolute measurements in He n E. G. Kessler has determined the Rydberg constant to be 
109737.3208±0-0085cm-1 (41). 
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