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YOUR MEETING WITH GROMYKO IN STOCKHOLM, 
JANUARY 18, 1984 

SUGGESTED PRESENTATION 

I. Opening Statement 

(As host, Gromyko will probably invite you to speak first.) 

-- Our meeting comes at an important time. Hope you have · 
had the opportunity to study the President's speech. President 
has restated his commitment to constructive and productive 
relationship with Soviet Union, and high-level dialogue in 
pursuit of it. That will be my approach in this meeting. 

- - President has what I thirik you would call a "principled 
and consistent• policy for managing our difficult 
relationship. In speech he specified the objectives: reducing 
burden of armaments, reducing use and threat of force in 
international relations, increasing trust and confidence in our 
relationship. 

-- The President and I think these are objectives our two 
countries should share. 1984 will be a year that shows whether 
or not this is true. £l: is an election year for us. As I told 
Ambassador Dobrynin, the Pre · t intends to play it straight 
in soviet policy. He will base his ec1s on what is good 
for the country, without regard to partisan pol1 

-- We would like to ~ake some real progress, and will do 
our part if you will. If you decide this is not the year for 
progress, we will be in a position to protect our interests. 
But we would prefer forward movement. 

-- I value my exchanges with Ambassador Dobrynin and your 
exchanges with Ambassador Hartman in Moscow. President and I 
are pleased with your agreement to move forward with 
confidential private exchanges on th9rny questions in this 
channel. 

-- At same time, we recognize that the quality of our 
dialogde has not been what it should be, and we would like to 
improve it. 
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-- You and Art Hartman have had what I thought was a good 
exchange on the question of rhetoric in our relationship. I 
think it is worth reiterating his point that we do not inject 
rhetoric into our private exchanges. And you should consider 
the President's speech a significant effort to improve the 
atmosphere. We would like to see similar efforts on your 
part. Recent Soviet statements about the President and the 
U.S. have not helped. 

-- However, I think we should both recognize that if our 
relations are bad, the reasons go far beyond rhetoric. We have 
different interests and values, and it will always be bard to 
manage relations well. We have differences not just over 
words, but over real issues, and these can knock the 
relationship off track at unexpected times. 

-- In our view, dialogue between our two countries should 
have the objective of reducing the chances for confrontation 
and for resolving problems that can be solved. That is why, as 
I tol-0 Ambassador Dobrynin January 3, we agree that cont~nt 
will be the key to productive dialogue. 

-- I should like to concentrate on content in this meeting. 
When I met with Ambassador Dobrynin January 3, I sketched out 
the issues I would like to discuss here in Stockholm: arms 
control (especially START, INF and MBFR), regional issues 
(especially the Middle East), and human rights. ·Of course each 
side should be.free to raise any topic it chooses. 

II. Arms Control 

-- I would now like to turn to arms control. Your decision 
to put formal arms control negotiations in abeyance has created 
an abnormal situation which is disquieting to us and to most of 
the rest of the world. We are ready to resume our negotiations 
at any time. 

START 

It is time to make our dialogue on strategic arms 
reductions more constructive. The President believes that it is 
a matter of great importance that we move ahead with reducing the 
nuclear arsenals of both sides. 

-- ~hus · far, however, the absence of a common conceptual 
structure or framework in START has impeded progress toward an 
agreement. The US and Soviet approaches to START have been so 
far apart on basics that after five rounds of talks, give-and-take 
negotiations on specifics have not yet really begun. 
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We have carefully considered what might be done at this 
point. Alternative approaches may offer greater promise. The 
concept of trade-offs that Ambasador Rowny put forward in the 
last round provides a way to develop a foundation for progress 
towards a START agreement satisfactory to both nations. 

-- In seeking a more stable strategic balance at levels lower 
than now exist, the US recognizes that there are important 
asymmetries between the strategic forces of ,our two countries, 
and that equality can be achieved without requiring forces to be 
mirror-images. Although our goal is to move toward a more stable 
balance and achieve substantial reductions in the nuclear 
arsenals of both our countries, we do not seek to restructure the 
forces of the Soviet Union. 

As a means of seeking progress, we could explore various 
trade-offs of US and Soviet interests involving discrete elements 
of our respective strategic forces. The development of simple, 
less comprehensive steps, could generate progress towards a START 
agreement. We can, for instance, envisage a simple trade-off 
between constraints on air-launched cruise missile levels in 
exchange for reductions on ballistic missiles. 

-- A better approach might be to work together to try to come 
up with a common structure which could contain the key elements 
of both the us and soviet positions, including the concept of 
trade-offs.· 

-- We would welcome your ideas in this regard. We are 
prepared to discuss ideas for developing a comraon framework ·for 
reductions that would involve mutual acceptance of parts of the 
Soviet Union's current proposal and parts of our own proposal. 

For our part, we would look for meaningful reductions in 
the number of Soviet and us ballistic missile warheads, and to 
reduce the asymmetry in the destructive power of our two 
strategic forces. Significant reductions in Soviet missile 
throw-weight are of particular importance to the United States. 

-- In turn, we would be prepared to accept counterbalancing 
limits on US heavy bombers and air - launched cruise missiles about 
which the Soviet Union has expressed concern. 

-- We are seeking a common framework that is simple, straight­
forward, · and would explicitly recognize the concerns already 
expressed by both sides in the START negotiations -- one that 
would account for the Soviet Union's concerns over limiting US 
bombers and cruise missiles, while meeting our concerns about the 
large Soviet ICBM force. It would not have to make each other's 
forces identical or to achieve equality in every measure. 

SECRET 
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-- The best solution would be for us to agree to continue 
serious START negotiations in Geneva this February and to explore 
mutually acceptable approaches that result in the reduction of 
both nation's strategic arsenals. 

START: Contingency Points if Gromyko shows interest 
and responds constructively: 

-- One approach would be agreement on a formula according to 
which the U.S. would agree to limit missiles and bombers 
together, as the Soviet Union has suggested, and your country 
would agree to sufficient limits on the ballistic missile 
capabilities that we consider especially threatening. 

-- Such an arrangement might involve two parallel networks of 
limits and sublimits, one on delivery vehicles (as emphasized by 
the soviet side), the other on warheads (as emphasized by the 
U.S.). 

For delivery vehicles: 

o A single overall ceiling on the number of ballistic 
missiles and heavy bombers; and 

o Sublimits on the number of heavy ICBMs and heavy bombers 
equipped with air-launched cruise missiles (ALCMs), with 
some explicit trade-off between these two areas of 
relative advantage. 

For warheads: 

o A single overall ceiling on ballistic missile warheads 
and air-launched cruise missiles; and 

o A series of sublimits on specific categories of 
warheads, particularly warheads on MIRVed missiles, 
similar to the sublimits the USSR has proposed for 
delivery vehicles with multiple warheads. These could 
be structured in a way that gives more favorable 
treatment to single-warhead missiles and air-launched 
cruise missiles. 

This is a framework for negotiation which explicitly 
recognizes the concerns already expressed by both sides in the 
START negotiations. It accounts for the Soviet Union's expressed 
concerns over limiting U.S. bomber and cruise missiles, while 
meeting our concerns about the large soviet ICBM force. But it 
does not require . that we count each other's forces identically or 
that we achieve equality in every measure. 

SECRET~SI~I'{E ,. ,. 
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-- If agreement were reached on the principles of such an 
agreement, our two delegations in Geneva could then negotiate the 
actual levels of the various limits and sublimits, as well as 
other details of a final document. 

-- We are prepared to continue confidential exploratory 
discussions of this idea through senior diplomatic channels, 
either in Washington or in Moscow. 

INF 
\ 

-- we regret the interruption of INF talks. Despite the 
impasse over treatment of LRINF missiles, we had been encouraged 
by the degree of convergence achieved last fall on key issues. 

-- For example, in September we offered to explore limits on 
LRINF aircraft. President Andropov's interview one month later 
modified the Soviet position on aircraft. In subsequent 
discussions, Ambassadors Nitze and Kvitsinskiy were able to 
narrow considerably our differences over treatment of aircraft. 

Second, our September initiative included an offer to 
discuss a specific commitment with regard to U.S. deployments in 
Europe. One month later, your government indicated a willingness 
in principle to freeze SS-20s in Asia. Thus, a degree of 
convergence was beginning to emerge on the geographic issue. 

-- We believe INF negotiations should resume, but as in START, 
we would be interested in maintaining an INF dialogue with you 
through other channels. 

-- For our part, we see a possibility of forward movement in 
such discussion. For instance, under a global ceiling of 420 
LRINF warheads, we would be prepared to .limit the actual level of 
U .. S. deployments in Europe to two-thirds of that figure -- 280 
warheads -- and to limit to 20 percent of that total -- about 56 
warheads -- the number of warheads on deployed Pershing IIs. 

-- I would welcome an expression of Soviet interest in 
exploratory discussions of this sort, which would not commit 
either side. 

START/INF Merger (if Gromyko raises) 

-- While we recognize the relationship between strategic and 
intermetiiate-range nuclear forces, we continue to believe that 
the most practical approach is to negotiate separately in START 
and INF. 

SECREJ)<§,ENSI~ivE, ' ,,. 



SECR~NSITIVE 
- 6 -

-- If the Soviet Union wishes to propose some formula that 
would relate the two fora more closely, we would of course be 
prepared to consider it in a constructive spirit. 

-- But under no circumstances will we agree to limits on our 
intermediate-range systems such as the Pershing II and GLCM 
without reciprocal limits on soviet INF systems like the SS-20. 

MBFR 

East should return to MBFR talks in Vienna. · 

West has proposed resumption and is prepared to hold 
plenary on any early date. 

West gives high priority to MBFR. 

We recognize that Eastern proposals of February and June, 
with subsequent clarifications, represent positive steps, 
particularly on subjects of verifiGation and specificat.:.; on of 
reductions. We are studying ways to build on them. 

-- West is prepared to continue dialogue on these as well as 
other points, which can be further developed to bring us closer 
to an agreement. 

-- I should like to reiterate points made last fall to 
Dobrynin -- i~ there were progress on verification, there would 
be flexibility on our side on data issue . 

-- A constructive Soviet response to this suggestion could 
open the way to genuine progress toward an agreement. 

-- we are prepared simultaneously to resume a dialogue on 
MBFR issues in both bilateral channels and in the multilateral 
negotiating forum in Vienna. 

CDE 

CDE brought us to Stockholm, and this meeting is an 
important event in East-West relations at a time when we are not 
talking formally in other areas of arms control. 

-- Our delegation chiefs worked well together during the 
preparatory meeting, and we agree with the point you have made in 
diplornatic ·channels . that we should continue to remain in close 
touch and consult in businesslike fashion as the meeting proceeds. 

SECR~Nsr;~IY? 
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-- The NATO Allies will be presenting proposals for concrete 
confidence-building measures, to improve the notification and 
observation of military activities, and to provide for improved 
exchanges of information and communication and for improved 
verification. 

-- Thus, we see the meeting as a real opportunity to reach 
agreement on steps that will modestly enhance the security of all 
our countries, based on the mandate worked out at Madrid. We do 
not see it as an occasion for competitive rhetoric, and we hope 
you will adopt the same practical approach. \ · 

Compliance 

-- A practical approach also governs the way we will be 
handling the difficult issue of observance of existing treaties 
in the arms control field and elsewhere. Th is is · not a new issue 
in our relations, but one which has been and will continue to be 
.a matter of vital importance. our most recent concerns have been 
raised repeatedly in diplomatic channels. -

We have already explained to your Embassy in Washington 
the report the President will make in fulfillment of a commitment 
to the Congress. The President's report will be classified, and 
we are not planning an expanded public campaign to publicize it. 
The United States will also not alter the President's · 
determination to seek ~ffective arms control. 

-- I must stress again, however, as we have stressed in 
raising specific compliance questions, that the very existence of 
the issue has a most corrosive effect on the whole arms control 
process. Soviet programs which stretch the terms of agreements 
to the breaking point, together with efforts to impede U.S. 
ability to monitor those programs, seriously undercut the 
confidence needed if we are to make further progress. 

-- our concerns are real, but our purpose in pursuing these 
questions is constructive. It is not our intention to embarrass 
the Soviet Union. We want resolve these issues in a way that 
strengthens the arms control process. Thus, we would like to 
continue to work with you in diplomatic channels and in the sec 
to elucidate these questions and resolve them where it is 
possible to do so. 

-- The President and I would therefore welcome further 
clarifications or, better yet, corrective action to remove our 
concerns. 

-- I would ask you to interest yourself personally in these 
issues, and encourage your people to work with ours to get these 
questions resolved. 

~ \~ , . 
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DABM (if Gromyko raises) 

-- This is a research and development program similar to the 
one the Soviet side has bad underway for some time. 

-- Given the importance of the implications, it is not 
possible for us to allow you a unilateral advantage in such 
research and development. 

-- But our program 
strategic superiority. 
our secret desire, but 
without foundation. 

is not designed to reestaplish American 
Your side sometimes claims that this is 

I hope you yourself realize that claim is 

-- You may be sure that our activities in this area are in 
strict compliance with our obligations under the ABM Treaty, 
which does not prohibit research for ABM systems. We have no 
intention or plans to alter either the Treaty or those 
obligations. 

-- If our research turns up results which could affect the 
Treaty, we will consu_lt with you as prescribed by the ABM Treaty, 
and we hope you will do the same if your program has such results. 

-- In the meantime, our offer to reinforce our START and sec 
delegations with experts knowledgeable in this field in order to 
discuss the issues involved remains on the table,. 

January 10 soviet Proposal 
on Chemical weapons in Europe (if Gromyko raises) 

-- We have noted the proposal you made last week ·to eliminate 
chemical weapons from Europe. We and our Allies will want to 
discuss this proposal among ourselves before responding formally, 
but on the face of it we believe any proposal should be studied 
carefully. 

-- There are some obvious problems. For · exarnple, chemical 
weapons can be easily transported, and a regional ban would not, 
in our view, be sufficient. 

our goal is to ban all chemical weapons everywhere, and we 
and our Allies have been negotiating at the Conference on 
Disarmament toward this end. Vice President Bush presented a 
major proposal in Geneva last February. 

' 
-- The most essential component of any such agreement -- the 

only sure means of providing adequate assurances -- is effective 
procedures for verification. our efforts in Geneva have been 
aimed at reaching agreement on verification. 

SECR~ENSI~+VE ,,-... ,1 
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-- As a further stimulus to the Geneva negotiations, I will 
be instructing our negotiators to present a draft treaty for the 
complete and verifiable elimination of chemical weapons on a 
global basis, in the upcoming round of the Conference on 
Disarmament. 

III. Regional Issues 

-- I would like to touch on a number of the issues which have 
figured on our agenda in this area, including southern Africa and 
Afghanistan, but I believe the situation in the Middle East is 
such that we should focus on it. 

Middle East 

{Note: The following points are cleared by NEA and EUR.) 

Our exchanges on the Middle East have been useful, at 
least to me, and I think that given the dangerous potential for 
confrontation in the area now that both countries have troops in 
close proximity on the ground, we should continue to maintain a 
dialogue in order to eliminate unnecessary misunderstandings. 

1. Lebanon: U.S. and Soviet Roles 

Agree ~ith your statement to Hartman that Lebanon should 
not be object of conflict between our countries. That is why we 
should both encourage progress toward Lebanese reconciliation and 
complete withdrawal of foreign forces. 

-- We have been using our influence to this end and have 
contributed to progress made; we will continue. 

-- We recall your statement to Hartman that you have exerted 
•a restraining influence• on Syria. We remain very skeptical 
about Syria's intentions in Lebanon. Still far from clear that 
Syria has decided to cooperate on reconciliation and troop 
withdrawals. 

' -- R~cognize Syria's interest in developments in Lebanon, and 
have made this clear in our dialogue, which Ambassador Rumsfeld 
is pursuing with Damascus. 

--'At the same time, Israel must also have confidence that 
its interests are being addressed. our relations are intended to 
provide Israelis with security and reassurance they need to 
participate in peace process. Constant attacks on our 
relationship with Israel do not help. 

SEC~SENS½TIY~ '' .. 
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2. Lebanon: Current Situation 

-- Security plan which Government of Lebanon hopes to 
implement would be positive developments; some problems remain. 
Reconcilation talks are accelerating. success should lead to 
more stable Lebanese Government and reduction of sectarian 
violence. 

-- We will be watching to see whether Jumblatt behaves more 
responsibly following his recent trip to Moscow / 

-- Stronger Lebanese Government should be able to deal better 
with Syrian and Israeli security concerns and be in better 
position to negotiate withdrawal of all foreign forces. 

3. Lebanon: MNF, Withdrawal of Foreign Forces 

-- MNF has been important factor in encouraging progress in 
Lebanon; we do not desire a long term military presence, but 
significant progress toward internal settlement and withJrawal of 
foreign forces needed to allow departure of the MNF. 

-- Similarly, Israel has made public commitment to withdraw 
its forces in May 17 agreement. We see no advantage to 
criticizing this agreement; rather, Lebanese should be put in 
position to redeem this Israeli commitment. 

-- Althoug~ everyone understands that Syrian concerns must be 
taken into account in settlement, it would be extremely useful 
for Syria to match Israeli commitment with a commitment to 
withdraw its forces in Lebanon. 

-- At a later phase, we believe an expanded ON peacekeeping 
or observer role may be useful to help the Government of Lebanon 
preserve stability and maintain its authority. Would appreciate 
your views on desirability of using an expanded UN presence. 

5. Progress toward General Settlement 

-- Looking beyond Lebanon, the Arab-Israeli conflict remains 
a serious threat to the stability of the region. We want to 
press ahead with the peace process on the basis of UNSC 
resolutions 242 'and 338, the Camp David framework and President 
Reagan's September 1, 1982 proposals. Ambassador Rumsfeld is 
also pursuing this as well as Lebanon diplomacy. 

' 
-- Jordan's entry into peace negotiations, hopefully with 

representative Palestinian participation, is the essential next 
step in the proader peace process. We hope Arafat's move toward 
reconciliation with Egypt will lead to Arab and Palestinian 
willingness to support Hussein. 

I \~ t I 

SEC~NSITIVE 
......... 



SEC~TIVE .. 
- 11 -

-- What is the Soviet view toward Palestinian support for 
peace talks between Jordan and Israel? We hope all interested 
parties will encourage this. 

6. Iran-Iraq 

-- would like to reiterate some of the points Ambassador 
Hartman made to you December 15. 

-- we are not trying to determine to whom Gulf states should 
sell oil, nor arrogating to ourselves right to order affairs in 
region. 

-- Rather, our concern is over very real threat that 
prolonged conflict creates for right of free navigation in 
international waters and security of non-belligerent Gulf states. 

-- we are aware that soviet Union has also traditionally 
supported right of free navigation. Precisely because free 
navigation is threated by continued Iran-Iraq conflict, is one 
reason world - community should increase efforts to encourage 
negotiated settlement that protects territorial integrity and 
sovereignty of both Iran and Iraq. 

-- This is context in which we are committed to continued 
freedom of navigation in international waters and would be 
obliged to act~ to protect that freedom if it wer·e threatened. 

-- Would appreciate soviet views on current dangers in Gulf, 
and what international community can do to deal with them in 
practical terms. Is our assumption that the soviet Union 
supports the right of freedom of navigation in the Gulf correct? 

Southern Africa 

(Note: The following points were cleared by AF and EUR.) 

Has appeared to me to be an area where both countries could 
profit by progress toward peaceful resolution of current tensions. 

suspect our approaches will continue to differ in 
important respects, but would like to believ~ that events over 
past month have opened up fresh opportunities, and that you share 
our view that it would be a shame to let them pass unexplored. 

-- ~ope· you have had a chance to examine the non-paper 
submitted by our Embassy in Moscow on Saturday. Here I would 
like briefly to touch on significant recent developments. 
Government of south Africa's DeceQber 15 offer to withdraw its 
forces from Angola, and now the end of forward ~ilitary 

SEC~NSil;IVr:,. ,. 
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operations there, were not steps taken to please us, but we 
encouraged them, and they were also responsive to concerns you 
and Government of Angola had pressed quite strongly. President 
Dos Santos' December 31 letter to UNSYG could also be an 
encouraging sign. 

-~ Believe it worthwhile for us to exchange views on these , 
developments in more depth, and would be willing to make 
Assistant Secretary Crocker available for another round of 
discussions with an appropriate Soviet official. If you agree, 
timing and venue can be worked out in diplomatic channels. 

Afghanistan 

(Note: The following points were cleared by NEA and EUR.) 

Would like also to touch briefly on Afghani~tan. 

Secretary General is considering renewal of indirect talks 
through his Personal Representative for some time in spr_~ng. 
Although these talks have not brought the results they deserved, 
we continue to support them as efforts to achieve a political 
solution to the problems in Afghanistan. 

-- We continue to believe that the Afghanistan problem can 
only be resolved through political means: the use of force 
cannot succeed in imposing a solution. 

-- You should also be aware that we continue to believe that 
any successful political solution must include four interrelated 
elements: return of your troop contingent to its homeland; 
reestablishment of Afghan independence and non-alignment under a 
government responsive to the will of Afghanistan's people; safe 
and honorable return of the refugees; and appropriate guarantees 
of the stability of the settlement. 

-- It seems to us that despite your refusal to set a date for 
full return of your troop contingent and your apparent loss of 
interest last spring, some progress had been made concerning 
certain of these ·elements in the UN-sponsored talks. We will 
welcome any signs of renewed interest on your part in serious 
forward movement. 

Central America and the Caribbean (if Gromyko raises) 

-- our purpose remains the one both I and Secretary Haig have 
consistently identified to you: to help the countries of the 
area resolve tensions on terms acceptable to them, without 
outside interference. 

SE~ENSI'IJVE '\ ,. ' . 
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-- It was for that reason that the President agreed to accept 
the request of Grenada's neighbors to join in restoring 
democratic government there after the previous elected government 
had been eliminated. The purpose was limited, specific and 
worthwhile. Most of our troop contingent has already been 
withdrawn. 

-- Grenada was not part of a pattern of U.S. policy. There 
still seems to be a pattern of Soviet policy in the region, 
however: a pattern of arms shipments to Cuba an~ Nicaragua far 
in excess of any reasonable defense need, used to · support the 
export of revolution to their neighbors. 

-- This pattern is not constructive either in regional or in 
bilateral terms, and we will protect our interests and help our 
friends in the region protect theirs. In particular, I must 
reiterate that continued massive arms shipments to ,Cuba are 
dangerous, and that the arrival of Cuban combat units or jet 
combat aircraft in Nicaragua would be unacceptable to us. 

Korea (if Gromyko raises) 

(Note: EA agrees in substance with the following points drafted 
in EUR.) 

-- We are looking seriously at the North Korean proposal for 
tripartite talks and a North-South dialogue. 

-- We share the ROKG's strong preference for direct talks 
between North and South or a larger forum in which both Korean 
parties would be represerited equally, such as a quadripartite 
meeting. 

-- But the main point is that the U.S. takes seriously its 
responsibility for the maintenance of peace on the peninsula, a 
responsibility we share with other outside powers including the 
Soviet Union. Peaceful reunification is a question that must be 
worked out primarily by the Koreans themselves, but we are 
willing to help facilitate a North-South dialogue and participate 
in efforts to reduce tension. 

-- I would be interested in hearing your views on the 
recently announced North Korean proposal for talks including the 
South. 

IV. Human Rights 

There has been no change in the priority the President and 
I and all Americans attach to human rights: no set of issues in 
our relationship is more important. 

SEC~~~~V~. 
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-- In no other area has the Soviet approach so damaged the 
trust and confidence of Americans that is needed to have con­
structive relations with the Soviet Union; in no other area can 
constructive soviet steps have such a positive impact on our rela­
tions. It was in that spirit that we appreciated your uecision 
to permit the Pentecostalist families to emigrate last year. 

-- Here as elsewhere the President and I are committed to a 
practical approach to resolving problems. We will not be silent 
when the Soviet approach is not in keeping i ~ith international 
commitments the soviet Union has solemnly undertaken. But we 
strongly believe that specific issues can best be resolved 
through quiet diplomacy. 

-- In this brief meeting I will mention only a few specific 
issues , (fuller background on each is in your briefing book): 

1. Anatoliy Shcharanskiy's case is perhaps the best 
candidate for early resolution. 

2. Andrey Sakharov remains in poor health in his exile, and 
together with scientists and scholars from all over the world I 
would urge you to make available to him the medical facilities of 
the Academy in Moscow. 

3. The arrest and conviction of Iosif Begun seems to us an 
unjustified and wholly needless act of persecubion against a man 
who cannot possibly harm the interests of a powerful state. 

4. The level of Jewish emigration from the USSR was lower 
last year than at any time in recent history, and the number of 
anti-semitic statements and allusions appearing in ~oviet media 
appears to be growing. We do not accept the claim soviet 
spokesmen make that no more Jews wish to leave: the evidence is 
overwhelmingly to the contrary. 

-- It would help our relations a great deal if steps were 
taken to reverse these regrettable trends. World Jewish Congress 
President Edgar Bronfman has informed me that he may be coming to 
Moscow to discuss these issues with responsible Soviet officials, 
and I hope this will be one means to resolve specific cases. 

-- On a more traditional note, meetings between U.S. and 
Soviet foreign ministers have provided the occasion in the past 
to hand over various lists. You will recall that in our first 
meetirrg I gave you a short list of persons with a claim to 
American citizenship under our law who have long been denied exit 
permission, and that you undertook to have it reviewed. 

TIVE 
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After our meeting I would like Ambassador Hartman to 
provide Minister Korniyenko with an updated version of that list 
and of two others: persons seeking reunification with members of 
their family in the United States, and binational divided spouses. 

V. Bilateral Issues; Conclusion on Dialogue 

-- I do not propose to spend much time. on strictly bilateral 
issues in this , relatively short meeting, but I think it would be 
unrealistic to dismiss the range of topics we hav~ under 
discussion as unimportant. Let me note them briefly. 

-- I was pleased that last week's discussions on the Hotline 
went so well and hope that we can continue -to make prompt 
progress in a follow-on meeting this spring . . We have presented 
various ideas for · strengthening and expanding our communications 
in addition to the Hotline, and are interested in exploring not 
only thes~ proposals but any ideas the Soviet Onion might have in 
this field, formally or informally as you choose. 

-- Similarly, we look forward to another round of bilateral 
consultations on nuclear non-proliferation matters in mid­
February. This is surely an area where the interests of our two 
countries are often the same or are parallel. 

-- Depi~tion of our Pacific maritime bounaary is another such 
area. We are pleased you have responded positively to our propo­
sal to resolve our technical differences on this issue, and we are 
looking forward to the talks you proposed for end of this month. 

-- We continue to believe that trade can go forward as long 
as it is mutually beneficial, conducted on commercially sound 
terms, and not militarily related. Agribusiness is a good 
example of mutually beneficial, non-strategic trade. 

-- we are of course willing to consider any ideas you may 
have about appropriate topics for bilateral discussion. 

-- (If raised) We were encouraged by the limited progress 
that was achieved at last year's Consular Review Talks. We are 
considering the question of when to move forward with these talks. 

-- I think we should pay particular attention to issues that 
can µnexpectedly knock our relations off course. That is one 
reason why I sent Ambassador Hartman in to see you December 15 on 
the Middle East, and why I have devoted so much time to this 
topic here. The Middle East is perhaps the foremost current 
example of a situation that could get out of control if we are 
not very careful and in touch with each other. 

SE~~I~!VE 
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-- But there are also other issues that can hurt or help 
relations much more than their substance might suggest. The 
airliner tragedy is a clear example. The President and I were 
encouraged by progress we were making in relations last summer, 
before the plane was shot down, and of course that trage~y made 
it impossible to continue along same lines and at same pace. 

-- Now, however, the airliner issue provides an opportunity 
for useful action which could help our relationship far beyond 
the civil aviation field. If you could join in implement1ng the 
technical steps available to avoid repetitio~ of such terrible 
events, it would have a beneficial effect in other areas of our 
relations as well. 

-- This could include placement of radio beacons and other 
fixed navigation aids in that area, and better communications 
links among the responsible civil aviation officials. We want to 
cooperate with you · to the maximum extent possible within ICAO and 
welcome both multilateral and appropriate bila~eral discussion 
with you on this t0pic. 

-- Steps such as these would make it easier to move forward ­
on issues like opening Consulates in Kiev and New York, and 
beginning negotiations on a new Cultural Agreement. The 
agreement in principle we made last summer to move forward here 
still stands. However, the timing must be right. 

-- we would also like to apply this same practical approach 
to the other topics in our dialogue, and concentrate on content. 
It will be a hopeful sign if you take the same approach. 

-- As the President announced once again in his speech, he 
believes strongly in the need for and potential benefits of 
dialogue between our two countries. And he is setting no 
artificial limits to the range of our communications: the way we 
talk should be determined by what we are talking about and by the 
progress we are making. If we are making sufficient progress, 
and there is adequate careful preparation, he is of course 
willing to envisage discussion at the highest level. 

-- But there may be other ways to proceed short of that. If 
we are going to enrich the dialogue, this will mean contacts at 
different levels on specific subjects. But to make this work 
well, you and I will have to manage the process. This could mean 
more frequent meetings between us . What is your thinking on thi! 

' 
-- (If Gromyko seems interested, in addition to mentioning a 

possible trip by you to Moscow, you might mention a Weinberger­
Ustinov or Vessey-Ogarkov meeting, stressing latter is and will 
remain private suggestion . ) 

2854m 
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CONFIDENTIAL 
January 16, 1984 

MEETING WITH MRS. SUZANNE MASSIE 

DATE: 
LOCATION: 

January 17, 1984 
Oval Office 

TIME: 9:35 - 9:40 A.M. 

FROM: ROBERT C. MCFARLANE~ 

I. PURPOSE: To introduce Mrs. Massie to you before her trip to 
Moscow, where she will be discussing unofficially and privately 
the possibilities for expanding cultural and information exchanges. 

II. BACKGROUND: Mrs. Massie is a noted author of books about 
Russia. She and her husband co-authored Nicolas and Alexandra, 
about the last Tsar and his family, and she has written several 
others on her own. She was in Moscow in September and October 
(just after the KAL shoot-down) and found her Russian friends in 
the cultural and intellectual world fearful of the U.S. and eager 
to see an improvement of cultural ties and better communication. 
She offered to return to Moscow, if we wished, to convey our 
interest in improving contacts and to solicit private and unoffi­
cial suggestions as to how this can be done best. If the Soviets 
issue a visa for her, she will leave Thursday. 

III. PARTICIPANTS: 

The President 
The Vice President 
Robert C. McFarlane 
Meese, Baker and Deaver at their discretion 

IV. PRESS PLAN: 

None 

v. SEQUENCE OF EVENTS: 

Introduction 
Conversation for five minutes 

Attachments: 

Tab A 

C~NTIAL ..... 

Talking Points/card 

cc: Vice President 
Edwin Meese 
James Baker 
Mike Deaver 

Prepared by: 
Jack Matlock 



TALKING POINTS 

--Appreciate your undertaking this visit; hope it will help us 
find ways to improve contacts with Russian people. 

--Please stress with your Russian contacts that they should take 
my speech yesterday as a serious and sincere effort to improve 
relations. 

--Above all, we want the Russian people to understand that we 
want peace as much as they do. If there are problems, it is with 
their government, not with us. 



MEMORANDUM 

ACTION 

MEMORANDUM FOR 

FROM: 

SUBJECT: 

NATIONAL SECURITY COUNCIL 

ROBERT C. MC,:RLANE 

JACK MATLOC~ ._,,,.r-

0288 

January 13, 1984 

Suzanne Massie's Call on the President 

In response to Mrs. Massie's request (TAB I), you have agreed 
that she will accompany you for five minutes of your meeting with 
the President at 9:30 A.M., January 17. 

Mrs. Massie desires only to see the President briefly so she can 
tel~- her Soviet contacts that she has seen him and knows that he 
is sincere in his desire to improve relations. I believe it will 
be sufficient to introduce her as a renowned writer about Russia 
who will be travelling to the Soviet Union in a few days, and who 
has an interest in doing what she can to improve contacts in the 
cultural area. 

The Soviet Embassy has not yet issued a visa for Mrs. Massie, but 
she is hoping to leave on her trip January 19 if it comes 
through. All other arrangements have been made or are in train. 

RECOMMENDATION: 

That Mrs. Massie accompany you for five minutes of your meeting 
with the President at 9:30 a.m., January 17, ~ ~ "\""' sc~ ~ 4o 

Approve 

Attachment: 

Tab I 
Tab II 

✓ 
,PA.CA.~ --t- T 4,-:ir 

------ Disapprove ------

Letter from Mrs. Massie 
Memorandum for the President 

OADRS[ 



Dear Mr. MacFarlane, 

SUZANNE MASSIE 

60 WEST CLINTON AVENUE 

IRVINGTON, NEW YORK 10533 

I regret, but fully understand that the pressure 

of your schedule did not permit us to meet when I was 

in Washington on Friday. I hope that a meeting with you 

will be possible at some future date before my departure. 

I am aware that Jack Matl6ck has fully info~med you 

of our conversations and of my feeling that it is extremely 

important £or me to see the President even if only for 

a short time before I leave on this mission. Nevertheless, 
I wish to explain to you directly rny reasons for feeling 
so strongly about this. 

It is my considered assessment, knowing the Russians 

as I do, that it is vital to the potential success of 

this initiative for me to be able to say that I have seen 
the President and that he has personally assured me of his 

interest in the resumption of dialogue between our two 
countries on the subject of cultural exchange. For Russians, 

personal contact is far more important than it is for us, 

a psychology that we often do not completely understand or 

share. For them, everything is decided at the top, and only 
at the top. If I say that I have spoken with the President's 

highest advisors but am forced to admit that I have not 
seen him personally, the results will not be the same. Not 
only will it diminish my credibility, but far more important~y 
I fear, it will reflect on his. As you are aware, an 
important part of the problem for them now is not only the 
question of issues and substance, but the matter of style 
and personality. They simply do not understand our President 

and do not trust him. Because of this they are deeply suspicious 
of his motives and all of his initiatives, however reasonable. 
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Mr. MacFarlane 2. 

Given the state . of communication between our countries 

at this time, this will not be an easy perception to dispel. 

My task of persuasion will be made much more difficult if 
I have to say that I have never actually met him. I know them. 

Their reaction may _very well be, "We trust you, but if you 

have never met him, why do you trust him? How do you know 

this is a genuine gesture?" It will make it much easier for 
them to dismiss this initiative as" just another American 

ploy", rather than the sincere and genuine action I know 
it to be. 

I hope you will give me the fullest support as 
I believe you understand that I would not presume on the 

President's time if I did not think a face to face meeting 

to be a necessary and perhaps vital ingredient in the 

success of this mission. 

Thank you for your trust in me. I shall do 
my best to serve the interests of our nation and of peace. 

c::: ~incerel~:-) 

t'Z..CL,v\.d Vl. c.. cs~ l ~ 
Suzann·e Massie 
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MEMORANDUM 

NATIONAL SECURITY COUNCIL 
ACTION 

January 18, 1984 

MEMORANDUM FOR ROBERT C. MCFARLANE 

FROM: PETER R. SOMMER f.).,,.-..., 

SUBJECT: International Reaction to the President's Speech 

State has forwarded you an excellent summary of initial 
international reactions to the President's speech on U.S.-Soviet 
relations. While largely favorable and positive, the overall 
reaction is predictable. There is heavy emphasis on European 
reaction in State's summary (Tab A). 

State's summary is concise and readable. Given the President's 
strong interest in o.s.-soviet relations and all the time he 
spent on the speech, I thought you may wish to forward him a copy 
of State's summary. 

RECOMMENDATION 

That you sign the memo to the President at Tab I. 

Approve --- Disapprove 

Tab I 
Tab A 

jL 

Memo to the President 
State Summary 

---

John Lenczowski concurs and Jack Matlock is out of town. 

c_ 
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INFORMATION 

MEMORANDUM FOR THE PRESIDENT 

FROM: 

SUBJECT: 

ROBERT C. MCFARLANE 

International Reaction to u.s.-soviet Relations 
Speech 

State has prepared an excellent summary of international reaction 
to your speech on u.s.-soviet relations. While by and large very 
favorable and positive, overall international reaction (i.e., 
from the Soviets and certain Third World countries) has been 
highly predictable. We should get a better feel for Soviet 
reaction following George Shultz' private meeting with Gromyko. 
In the interim, I thought you might wish to review State's useful 
summary of international reactions (Tab A). 

Tab A State summary 
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United States Departm ent of State 

Washingt.on , D.C. 20520 

CO~ENTIAL ., January 17, 1984 

MEMORANDUM FOR MR. ROBERT C. MCFARLANE 
THE WHITE HOUSE 

SUBJECT: International Reaction to President's Speech 
On US-Soviet Relations 

Initial response to the President's January 16 speech, with 
the predictable exception of negative Soviet bloc comments, was 
positive. Official reaction from our European allies was 
especially helpful, and much press coverage in non-aligned 
nations also w~lcomed the President's remarks, expressing 
interest and hope that improved atmospherics would lead to 
early progress on arms control and a reduction of international 
tensions. 

The Soviets indirectly acknowledged the significance of the 
address by issuing a virtually simultaneous TASS rejoinder 
January 16 emphasizing the •propaganda nature• of the remarks. 
Citing the opinions of Western •political observers,• perhaps 
to avoid the appearance of presenting considered official 
Soviet views, TASS stated that the speech was found to contain 
no new ideas and to provide •no indication of any positive 
changes in the Reagan Administratibn's approach to the solution 
of problems of limiting and reducing arms, first of all nuclear 
ones.• The report claimed that the address was motivated by 
the Administration's desire •to dispel growing concern in the 
U.S. itself and in Western Europe over the militaristic policy 
pursued by the White House.• Subsequent reports on Radio 
Moscow also followed this line. 

The only official Soviet reaction to date is an informal 
remark by Deputy Foreign Minister Komplektov to our Charge, 
when the latter delivered an advance text of the President's 
speech January 16, reflecting skepticism that the address would 
be followed by meaningful changes in the U.S. approach to the 
USSR. Komplektov did indicate, however, that a more 
authoritative response to the speech would be made shortly. 

East European countries generally followed the Soviet lead 
in their responses, commenting through the press rather than 
with direct official statements. Poland and the GDR hewed the 
closest to the Soviet line. The Polish press claimed the 
speech had •1ittle credibility• and was motivated by the 
upcoming Presidential election campaign. East Berlin radio, 
echoing TASS precisely, said the address was of a •propagan-

\ distic character• and contained no new ideas. On the other 
hand, initial Hungarian reports provided a factual ac6 nt of 
the President's remarks, without commentary. C IFIED ~ 
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Among Soviet allies -- indeed among all commentaries -- the 
Cubans provided the sharpest assessment, calling the speech 
•demagoguery• and, perhaps a little nervously, stating that the 
President's remarks would have no effect on the Soviets and 
would increase existing problems between the U.S. and its 
European allies. 

Official Western European reaction to the address was 
positive. British Foreign Minister Howe termed the speech •a 
very deliberate move• to improve East-West relations, and 
Swedish Prime Minister Palme called it •definitely a more 
conciliatory note than we have heard before.• In a statement 
January 16, the West German government welcomed the President's 
remarks as •an expression of joint Western readiness for talks 
and cooperatioR with the Soviet Union,• and expressed hope that 
the USSR would accept the offer of a serious dialogue. Foreign 
Minister Genscher also welcomed the speech as a message of 
goodwill to the Soviets on the eve of the CDE opening in 
Stockholm. However, SPD foreign policy spokesman Voigt, while 
approving the •conciliatory tone• of the speech, regretted the 
•1ack of substance in terms of constructive proposals for arms 
control and economic cooperation between East and West.• 

Reports of the President's address which dominated West 
European newspapers and television the morning of January 17 
were overwhelmingly favorable. Geneva's Le Journal de Geneve 
claimed to see the speech as signalling a new beginning for 
detente. Although the French press used words such as 
•conciliatory,• •positive• and •a turning point• in describing 
the address, several commentators -- noting Gromyko's harsh 
line against U.S. policy in his meeting with Cheysson in 
Stockholm January 16 -- believed the Soviets would reject the 
President's offer. Certain commentators, such as Le Figaro's 
Denis Legras, approved the President's expression of confidence 
in U.S. strength as the basis for improved relations: noting 
that the speech was aimed at Europeans, Legras called it •a 
profession of faith -- faith in U.S. power.• 

British and German press reaction was favorable, although 
caution was expressed about the actual possibilities for 
improving East-West relations. The Italian media welcomed the 
speech, several underlining the fact that Prime Minister Craxi 
had received an advance text with the President's thanks for 
Craxi's •good advice.• 

Press coverage in Asia was generally favorable, especially 
in Japan, with many commentators noting that the President's 
approach to Moscow was based on an upswing in U.S. power. In 
China Xinhua gave its readers a factual report of the speech 
under the headline, •Reagan Launches Peace Off~nsive Against 
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USSR.• Xinhua also reported the initial TASS treatment in a 
factual manner. 

Most press treatment in non-aligned countries was factual 
in reporting and cautious in analysis. Many noted with 
approval a change in the Administration's rhetoric and hoped 
that a positive Soviet response might lead to concrete 
improvements in East-West relations. However, there was a 
great deal of skepticism -- in places such as India, Saudi 
Arabia, Mexico, and throughout Africa -- that superpower 
policies would change along with rhetoric. Several comments, 
echoing a senior Foreign Ministry official in Zimbabwe, 
expressed hope that reduced East-West tensions would lead both 
the U.S. and the USSR to stop treating Third World countries as 
surrogates of the superpowers. . 

1 
(\... 
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E. O. 12958 
AsAmended 

Sec. t,,I (c) 

OiRECTORATE OF INTELL~GENCE 

30 December 1983 

Soviet Thinking on the Possibility 

of Armed Confrontation with the United States 

Summary 

Contrary to the impression conveyed by Soviet propaganda, . 
Moscow does not appear to anticipate a near-term military 
confrontation with the United States. With the major exception of 
the Middle £ast, there appears to be no region in which the 
Soviets are now apprehensive that action in support of clients 
could lead to Soviet-American anned collision. By playing up the 
"war danger; Moscow hopes to encourage resistance to INF 
deployment in Western Europe, deepen cleavages within the Atlantic 
alliance, _and increase public pressure in the United States for a 
more conci 1 i atory posture toward the USSR. -

. Soviet policymakers, however, almost certainly are very 
concerned that trends they foresee in long-term US military 
programs could in time erode the USSR's military gains of the past 
fifteen years, heighten US political le~ and perhaps 
increase the chances of confrontation .... 

or 
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Moscow's sense of pressure and challenge from the United 
States is probably magnified by difficult near-tenn policy 
dilemnas which US actions pose. The Kremlin must consider painful 
any increases in the rate of military spending; it must provide or 
deny additional assistance to client regimes under serious 
insurgent attack; and it must react to a sharp ideological 
offensive against cOITITlunist rule at a time of growing public 
demoralization arising from stagnation in living standar-ds in the 
USSR and Eastern Europe. Not surprisingly, Moscow is frustrated 
by and angry at the Reagan Administration .... 

1. Soviet rhetoric would suggest that Moscow believes the 
Reagan Administration has sharply increased -the likelihood of 
armed confrontation between the United States and the USSR. 
Soviet spokesmen have accused the President and his advisers of 
"madness," "extremism" and "criminality" in the conduct of 
relations with the USSR. They have charged that the United 
States is pursuing a nuclear first strike capability and 
preparing to unleash nuclear war as a means of crushing 
communism. The Soviets maintain that the Reagan Administration 
is eager to apply military force in the Third World and has no 
intention of resolvin · differences with Moscow throu h 
negotiation. 

2. Conversations by Westerners with Soviet citizens 
indicate that the "war danger" propaganda line is probably 
widely believed by the public at large, and that various 
elements of this line are acce t d w· h'n 1·c 
advisor 

3. The question of whether Soviet leaders actually 
believe that war.could break out, and whether they are basing 
policy on such a judgment, is _cri~ical. If the answer to this 
question were positive, then Moscow would have a strong 
incentive to pre-empt the United States and might be so 
h y p e r s e n s i t i v e t o II S mo v e s t ha t t he c h a n c e s o f a c ·c i de n t al 
conflict would be greatly increased. In our view, however, 
Soviet leaders do not believe their own war danger propaganda 
and are not likely to h~se policy on it. Rather, they have a 
fundamental and transparent policy interest in making it appear 
to the world public that the USSR is de<licated to preserving the 
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0 Soviet policymakers almost certainly realize that the 
developments most disturbing to thern--full lJS INF 
deployment, the broad US strategic buildup, and 
strengthening of US general purpose forces--could 
influence the military balance only gradually, would not 
affect the near-term US calculus of risks, and are still 
subject to substantial political uncertainty. 

0 Historically, Soviet policy has generally bee~ driven bj 
prudent calculation of interests and dogged pursuit of 
long-term objectives, even in the face of great adversity, 
rather than by sudden swells of fear or anger. 

0 However disturbed Soviet policymakers might be by the 
Reagan Administration, they also have a sense of the 
USSR's strengths and of potential domestic and 
i n t e r n a t i o n a 1 v u 1 n e r a b i 1 i t i e s o f t h e ll n i t e.d St a t e s • Th e y 
typically take a longer view of Soviet prospects, and the 
perception from the Kremlin is by no means one of 
unrelieved gloom. 

6. These considerations imply that any anticipations of 
near-term confrontation · th~t may exist in Moscow are likely to 
affect policy more at the margin than at the core. We believe 
this generalization is supported by how the Soviets probably 
assess the risk of conflict with the United States arising from 
two most 1 i k e 1 y q u a rte r s : n u c 1 e~ e g i c r i v a 1 r y , a n d 
competition in the Third World ....... 

The Nuclear-Strategic Rivalry 

7. Despite their impassioned rhetoric about the "nuclear 
danger," we strongly believe that the Soviets are fundamentally 
concerned not about any hypothetical near-term US nuclear attack, 
but about possible five-to-ten year shifts in the strategic 
balance. In a TV interview on 5 necemher, the Ch~ef of the 
General Staff, Marshal Ogarkov, pointed to the factors that would 
presumably now deter even the most hostile US administration from 
a deliberate first strike atternpt--the large Soviet stockpile of 
nuclear weapons, diverse delivery systems, "repeatedly redundant 
systems of controlling them," and the vulnerability of the United 
States to retaliation. And, in a speech on 18 necember, Minster 
of nefense Ustinov stated~as no need to "dramatize" the 
current tense situation • ...,,,. 

8. The Soviets probably do believe that IIS INF missiles, 
when fully deployed, would significantly affect their plans for 
conducting nuclear war. They think that the Pershing II is part 
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of a broader US strategic plan to acquire forces to fight a 
limited nuclear war in the European theater, and that it would be 
able tQ strike critical strategic targets--particularly the 
Soviet command and c·ontrol system--in the Western USSR, reducing 
Moscow's confidence in its launch-on-tactical warning option. 
They probably believe their public assertion that the range of 
the Pershing II is 2,500 km rather than the 1,800 km claimed by 
NATO, which would--as they assert--substantially increase the 
vulnerability to a sudden disabling nuclear attack of the Soviet 
leadership and strategic command and control facilities located 
in the Moscow region. But they . apparently were willing to run 
the risk of passing up a possible INF deal involving no Pershing 
II deployments, in order to pursue their maximum objective of no 
US INF deployment at all. They are aware that full INF 
deployment is not scheduled to he completed until 1988, that it 
will be attended by heavy political opposition in Western Europe, 
and that it could be aborted or limited. Their l1kely near-term 
countermeasures to INF deployment are not provocative, and do not 
appear to be emotionally inspired. I.n Europe, in fact, there has 
been no serious Soviet threatening, and efforts to woo the 
democratic Left and maintain economic ties continue. -

_ _ 9. As INF deployment is completed about the same time new 
US strategic systems are being fielded, the Soviets could see a 
greater possibility of confrontation with the United States. We 
do not believe the Soviets think that deployment will decisively 
alter the strategic balance, but they could think it would 
embolden the United States to take more risks and increase the 
chance of accidental war. With the sharp reduction in warning 
time ~ccompanying deployment of the Pershing Ils, the Soviets 
could also well fear--as some spokemen have obliquely implied-­
that they themselves might mistakenly trigger a nuclear 
exchange ·11111 
Competition in the Third World 

10. nespite the truculent mood in Moscow, we see no signs 
of any emerging general pattern of Soviet behavior risking armed 
confrontation with the IJnited States in the Third World. Nor, by 
the same token, do we detect much fear that US actions in most 
parts of the Third World might precipitate an armed clash with 
Soviet forces that Moscow could not avoid • .alll' 

11. The single case today in which Moscow clearly does 
foresee a heightened threat of armed confrontation with the 
!Jnited States is Syria-Lehanon. The Soviets almost certainly are 
apprehensive that the proximity of US and Soviet combat units 
could spark a direct conflict. They may also fear that the 
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recent US-Israeli security agreement could increase the risk of a 
US-Soviet clash in the event of renewed major hostilities between 
Israel and Syria. The Soviets have given no sign of interest in 
attempting actively to use their military resources in Syria and 
Lebanon to provoke Washington. And Moscow's public response to 
recent Syrian-US - hostilities has been quite cautious. Yet, the 
Soviets have not been moved by fear of confrontation with the 
United States to qualify their support of Assad. ~hus, in 
attempting to protect their equities in relations with Syria, 
they have assumed a posture toward a possible clash with the US 
that remains basically reactive. The Soviets have privately 
warned the United States not to attack the Syrians, have pledged 
to match with their support any IIS escalation of hostilities, and 
have asserted that they will use whatever means are needed to 

E O 12958 m a i n t a i n t h e i r p r e s e n c e i n Sy r i a • Th e y w i 1 1 f.e e 1 u n d e r p r e s s u re 
~ ~nded to demonstrate that they and their client cannot be pushed around 8ec t (1) by the United St~tes. Should US or Israeli military operations 

• 'ki.!-+ expand i n to Sy r i a i ts el f , the So v i et s mi g ht be w i l 1 i n g to prov i de 
much greater (and riskier) military support to Syria.JIIIIIII 

.S 

12. In attempting to make good on their threats, the 
Soviets might face choices that could lead directly to 
confrontation with the ;,nited States. Rut Moscow's capability to 
act militarily in the Lebanese-Syrian theater itself in ways that 
threatened armed confrontation with the United States is limited 
physically by severe constraints on the Soviet ability to project 
force rapidly into the region during hostilities, and would be 
i nfluenced psychologically by considerable uncertainty about 
reactions that might be anticipated from the White House. The _ 
Soviets might agree to expand the number of Soviet advisers in 
Lebanon if the Syrians demanded this, but would strive hard to 
limit their combat exposure. They would probably prefer to 
ignore US-caused casualties among their advisers in Lebanon. At 
higher escalation levels, they might choose to increase their 
naval presence in the eastern Mediterranean if trhey had not 
already done so, dispatch some fighter aircraft to Syria, and 
deploy small numbers of airborne or naval infantry troops to rear 
areas in Syria--with the intention of showin the fla more and 

the deterrent tri 

would allow Soviet advisers w1 yrian air defense units 
1n yria to participate in combat operations, and probably would 
authorize Soviet pi1ots already in Syria to fly c~mbat missions 
within Syrian air space. They would try to use the SA-5s only in 
defense of Syrian territory, and even then might restrain 
themselves if IIS attacks on Syrian targets were not extensive. 
They would certainly attempt to defend SA-5 sites against us · 
strikes. -

1E.<m.1t29-58 · 
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Soviet Concerns 

13. Having ass~rted that the Soviets basically are not 
acting on· the belief that war is likely to "break out" soon, we 
must add that in . Moscow the Reagan Administration is nevertheless 
the least loved of any US administration since that of President 
Truman; that some Soviet officials may have talked themselves 
into believing their own war scare propaganda; and that the 
general level of frustration and anxiety surrounding relations 
with the United States is substantially higher than it was in the 
1970s. 1111' 

14. Soviet officials have perceived a hardening of US 
policy beginning in the latter part of the Carter 
Administration. But US actions since President Reagan's election 
have heightened Soviet Bnxieties. The major foreign policy 
defeat represented by the initiation of INF deployment, the 
perceived unyielding current IIS posture in the START talks, the 
US action in Grenada, the deployment of marines in Lebanon, US 
aid to insurgencies against Soviet client regimes, the Reagan 
Administration's perceived political "exploitation" of the KAL 
shootdown, and in general the Administration's perceived 

· unwillingness to acknowledge the legitimacy of the Soviet regime 
or ·to treat the Kremlin with the "superpower" deference it 
desires, appear to have combined to generate a sense of anger 
toward the United States among Soviet officials and a belligerent 
mood.... · 

1~. Moscow, moreover, is probably genuinely concerned or 
uncertain about several developments that seem to have changed 
the terms of reference in bilateral relations and could 
potentially increase the likelihood of hostilities between the 
United States and the USSR or constrain opportunities for Soviet 
political gains abroad. These include: 

--A possible adverse shift downstream in the overall 
military balance with the United States arising from the 
acceleration of US defense spending, support in America 
for a broad range of new strategic force programs, and 
increased momentum behind development of US general 
purpose forces. 

--The perceived lower priority accorded by the Reagan 
Administration to arms control negotiations with Moscow, 
its unwillingness to accommodate Soviet interests jn arms 
talks, and its apparent intention of developing weapons 
systems that Moscow may have thought were blocked simply 
by the fact that arms talks were ongoing. 
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--The end of the "Vietnam syndrome" and readiness of 
Washington to use force once again in the Third World, 
either by supporting insurgencies against Soviet client 
regimes--as in Nicara~r acting directly--as in 
Lebanon and Grenada • .11111111111119 

16. The immediate psychological and political impact of 
these developments--the enlivened sense of US pressore and 
"imperialist encirclement 11 --is probably greatly magnified by the 
difficult near-term policy dilemmas they pose for the Kremlin. 
In the defense area, US plans to deploy the Peacekeeper, R&D on 
the 11 Midgetrnan, 11 -development of the Bl and Stealth bomber, the 
beginning of deployment of Pershing Ils and GLCMs, development of 
precision guided munitions to attack armored force5, and 
announcement of a program to develop space-based defense systems 
confront Soviet leaders with a painful and possibly contentious 
choice of accelerating the growth of defense spending in the 
1986-90 five-year plan. necisions on the plan must be made over 
the next 12-18 months, and even the costs at the margin of 
slighting either investment or some improvement of living 
standards are clearly viewed by the Soviet leadership as very 
high indeed • .., . 

17. Insurgenci~s against client regimes also create 
unpleasant near-term policy choices which probably reinforce a 
certain seige mentality on Moscow's part. Instead of being on 
the attack, the USSR has been placed on the defensive. It is 
constrained either to up the ante of military and economic aid, 
or pay the price of loss of political influence. Increases in 
Soviet assistance carry with it possible indirect costs in 
relations with third parties. Not least, the existence of 
insurgencies casts an unwanted propaganda spotlight on the 
repressiveness of allies of the USSR ... 

18. While the Soviets have an obvious interest in 
portraying their own side as deeply offended by the militancy of 
the Reagan Administration's ideological offensive against 
communism, they probably do in fact find it quite unsettling. On 
a purely personal level, the top Soviet leadership undoubtedly 
does resent being challenged publ .icly by the President of the 
United States. More importantly, perhaps, Moscow is no longer 
inclined to treat the Administration's words as 11 ~hetoric, 11 but 
sees them as reflecting a serious policy aimed at actively 
exploiting political vulnerabilities across the board in the USSR 
and the Soviet bloc. The Soviets are well aware of public 
malaise generated by stagnating consumption and corruption, and 
of repressed nationalism throughout their empire; and they do not 
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planners--despite the further strain this woulrl place 
already taut economy. The extent of such a response, 
might not be visible to us for several years. JIIII 
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ACTION 

MEMORANDUM FOR 

FROM: 

0557 

NATIONAL SECURITY COUNCIL 

January 20, 1984 

ROBERT C. MCJt.RLANE 

SUBJECT: 

JACK MATLOC~\,v\. 

Further Foreign Reaction 
u.s.-soviet Relations 

to President's Speech on 

State has supplied additional foreign reactions to the 
President's January 16 speech in the memorandum at Tab A. It 
provides further evidence that the speech was welcomed almost 
universally by the Allies (with Greece a qualified and 
predictable exception), and by most of the neutral and 
non-aligned. All the foreign ministers with whom Shultz met in 
Stockholm expressed approval and often enthusiasm, except of 
course -- Gromyko. 

I have attached a memorandum to the President at Tab I in case 
you feel he would be interested in these reactions. 

J' v k' d ' Lenczows 1, Kraemer an Sims concur. 

RECOMMENDATION: 

That you forward the memorandum at TAB A to the President if you 
feel he would be interested in further foreign reactions to his 
speech on u.s.-soviet Relations. 

Approve Disapprove 

Attachments: 

Tab I 

Tab A 

Memorandum from State 

Memorandum to the President 

OADR 
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INFORMATION 

THE WHITE HOUSE 

WASHINGTON 

MEMORANDUM FOR THE PRESIDENT 

FROM: ROBERT C. MCFARLANE 

0557 

State has prepared a summary of additional reactions abroad to 
your speech on u.s.-soviet relations. They continue to be 
excellent among the Allies and many of the neutral and 
non-aligned countries, while those in the Soviet bloc have 
predictably followed the Soviet line. State's report is 
attached. 

Attachment: 

Tab A State Summary 

on: OADR 
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United States Department of State 

. 0557 
Washmgton, D.C. 20520 

January 19, 1984 

MEMORANDUM FOR MR. ROBERT C. MCFARLANE 
THE WHITE HOUSE 

SUBJECT: Further Reaction to the President's 
Speech on us-soviet Relations 

The most notable element in second-day reaction to the 
President's speech was official commentary from the Soviets and 
West Europe. Press reports continued to be largely favorable. 

Although the Soviets still have not made public a detailed 
analysis of the President's remarks, Foreign Minister Gromyko 
did allude to the speech in his address before the CDE in 
Stockholm January 18. Speaking of an improvement in East-West 
dialogue, Gromyko said that •what is needed is deeds and not 
verbal acrobatics, resort to which has particularly often been 
made lately in Washington. They clearly are a sign of 
short-term considerations, and people already know sufficiently 
well the worth of such tricks.• He called for a substantive 
change of U.S. policy from •militarism and aggression• to 
•peace and international cooperation.• 

Also at the CDE, French Foreign Minister Cheysson told a 
press conference that the NATO allies are •singing the same 
song• and quoted from the President's speech as proof of the 
U.S. search for dialogue with the USSR. In a response to 
parliamentary questions January 16, Canadian Prime Minister 
Trudeau welcomed the •conciliatory• tone of the President's 
remarks and called upon the soviets to respond in kind. 
Outgoing NATO Secretary-General Luns told Ambassador Abshire 
January 16 that the speech was •masterful,• an evaluation 
seconded by Norway's Ambassador to NATO. Advisors to Italian 
Prime Minister Craxi and Portugese Prime Minister Soares both 
told U.S. diplomats that the speech was well-received by the 
leadership of their countries. 

Press coverage, especially in West Europe, continued to be 
overwhelmingly positive, with the exception of the committed 
leftist commentary ordinarily sympathetic to the Soviet 
position. As the CDE opened in Stockholm, the evening 
newspaper Expressen commented that the President's speech 
indicated that, following the successful start of Western INF 
deployments in Europe, the NATO governments now believe they 
can negotiate with the Soviets from a position of strength; 
tying this willingness to negotiate to the CDE, the a er added 
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that, in contrast, the Soviets have •tried to play down the 
importance of the Stockholm meeting.• 

Spain's most popular evening television program (with an 
estimated audience of 14 million) gave extensive coverage to 
the President's remarks January 17, contrasting his moderate 
statements with the brusque reaction of the Soviets. Among 
press reaction in NATO countries, only the Greeks struck a 
discordant note. Athens newspapers gave the speech secondary 
play, and the pro-government Eleftheri Gnomi alleged that 
•Reagan has become pacifist because of the upcoming election 
and a need to change his image as a warmonger and war-lover.• 

Third-world and non-aligned press commentary in general 
continued to be favorable to the speech, if cautious about the 
chances for an early upturn in US-Soviet relations. Sao 
Paulo's O Estado de Sao Paulo was typical among moderate, 
balanced reports. The paper said the President's speech 
displayed •realism and optimism, firmness and pragmatism,• 
adding that •his program aims at peace and security with 
negotiations but from a position of strength.• 

,r 
Charles Hill 

Executive Secretary 

CON~NTIAL 
\ 
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MEMORANDUM FOR Byron Morton 

UNITED STATES DEPARTMENT OF COMMERCE 
National Bureau of Standard• 
Washington, D.C. 20234 

Deputy Director, EUR/SOV 
Department of State 

From: Edward L. Brady tJ.,,.~ -f, ~ 
Associate Director for 
International Affairs 

SUMMARY: The National Bureau of Standards recommends that, 
subject to overriding foreign policy objections, it be autho­
rized to propose to the USSR Academy of Sciences that the 
current Memorandum on Cooperation (MoC) between the two insti­
tutions, now scheduled to terminate December 12, 1983, be 
renewed for an additional five-year period. NBS officials 
have critically reviewed the implementation of the MoC and 
have concluded that NBS has acquired technical information on 
work in progress in institutes of the Academy of Sciences that 
would be difficult, if not impossible, to obtain by other means. 
This information has been of significant benefit to the accom­
plishment of NBS scientific objectives. END SUMMARY 

Background: The NBS/ASUSSR Memorandum on Cooperation, a copy of which 
is attached as Attachment A, derives from extended negotiations dating 
back to a proposal originally made in 1974 by the late President of the 
USSR Academy ~f Sciences, M. v. Keldysh. It was signed at Moscow by 
Academy Vice President Ye. P. Velikhov and NBS Director Ernest Ambler 
on December 13, 1978, with a period of validity of five years. It has 
the status of an implementing protocol of the intergovernmental Agreement 
on Cooperation in the Fields of Science and Technology, dated May 24, 
1972. Despite the non-renewal, on foreign policy grounds, of this umbrella 
Agreement upon its termination in 1982, it was determined by a committee 
representing the Department of State and other agencies of the Executive 
Branch that activities under the MoC should continue because NBS acquisi­
tion of information under the program was considered beneficial to U.S. 
interests. The possibility of such continuation was allowed for in 
Paragraph 2 of Article 8 of the umbrella Agreement which states that 
"The termination of this Agreement shall not affect the validity of 
agreements made hereunder between agencies, organizations and enterprises 
of both countries." This, then, is the legal basis under which implemen­
tation of the MoC has continued to the present time. 

History of Implementation of the MoC: During the past five years, the 
MoC has provided NBS with an operating flexibility and broad technical 
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scope hitherto unavailable in our interactions with leading institutions 
and scientists of the USSR and has effectively served to promote the 
acquisition of unpublished information from USSR research institutions 
and the achievement of mutually desired scientific objectives, through 
joint work in their own laboratories as well as in ours. Each side has 
appointed its own Coordinating Council to evaluate, monitor, and guide the 
joint activities and scientific progress under the Moc. The high-level 
significance that the Soviet side attaches to the Moc is demonstrated by 
the composition of its Coordinating Council, comprised of Academician Yu. 
A. Osip'yan, Director of the USSR Institute for Solid State Physics, as 
Chairman, plus eight other renowned Soviet scientists, many of whom are 
directors of leading research institutes and have Academy rank. The 
NBS Coordinating Council consists of the NBS Director, Ernest Ambler, 
as Chairman, plus senior members of the NBS staff. 

As written, the MoC permits a broad program of scientific cooperation 
between NBS and research institutes of the ASUSSR and specifically mentions 
the fields of thermal physics and thermodynamics, materials science, spec­
troscopy, chemistry and chemical kinetics, and cryogenic science. However, 
other fields of science may be included by mutual agreement. Although the 
MoC provides for an annual quota of up to 14 man-months of long-term visits 
(2-6 months) by each side to the other, plus a quota of up to 6 man-months 
of short-term visits b1 senior scientists and program managers, we have 
not yet approached these upper limits in our cooperative activities. 
Rather, the program has progressed on a more modest and selective scale 
at an annual cost to NBS of about $8-12K for transportation and sub­
sistence. The Soviet side has preferred visits of longer duration (up to 
3 months), whereas NBS scientists have concentrated on shorter visits (2 
weeks to 1 month). The overall usage of the quota has been in favor of 
the Soviets by a ratio of about 2 Soviet visitors to 1 NBS, but the techni­
cal benefits are judged to have been generally equal. 

NBS scientists who have participated in the program have without exception 
reported that Soviet willingness to cooperate at the working scientist 
level in an effort to make activities scientifically valid and productive 
is quite high. For example, NBS scientist Dr. Daniel Kelleher, who 
returned just last month from a two-week familiarization visit to Soviet 
laboratories, has reported that he encountered a number of forefront Soviet 
scientific programs that had not previously been known to him and that he 
had identified several areas where a joint effort would probably lead to 
significant, mutual scientific payoff. He further commented that non­
renewal of the MoC would cut off a source of useful information for him. 
This observation is in accord with the general view of NBS that the full 
potential of benefit from the MoC has not yet been exploited. 
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This is not to say, however, that the program runs entirely smoothly. 
Bureaucratic and logistical problems on the Soviet side continue to 
interfere with gaining the maximum possible benefit from the cooperation. 
The recent one-month visit of NBS scientist Dr. J. Reader in the USSR is 
an example. Although considered by us to be a technical success, it 
nevertheless did not succeed in achieving the full benefits that were 
expected because of failure on the Soviet side to provide already agreed­
upon arrangements and laboratory visits. NBS has sent a message of 
protest to the Soviets in which we request an explanation of this case 
before we proceed with processing of the applications of three Soviet 
scientists who have applied to visit NBS under the Moc. 

At present, five applications for exchange visits are pending under the 
MoC--three from the Soviet side (involving three scientists), and two 
from the NBS side (involving six scientists). The Soviet proposals are 
in the fields of atomic and molecular spectroscopy, and the NBS proposals 
are in the fields of chemical thermodynamics and measurement methodology 
for non-ionizing electromagnetic radiation. We anticipate significant 
scientific benefit from both of the U.S. proposals, but we are particularly 
interested in the last-mentioned because of the wide difference between 
current U.S. and USSR exposure standards in this area. 

Assessment of Scientific and Technical Benefits and Their Balance: All 
NBS participants say that the scientific benefit to their own programs 
has been significant. One NBS scientist has said that only by visiting 
and asking qc~stions could he have learned all the details of the experi­
mental techniques used by Soviet scientists in his field. Such details 
are ordinarily not published, or if they are published, they appear in 
USSR journals or reports that are difficult to obtain and difficult to 
read because of the language barrier. The NBS program of collaboration 
with the USSR in the compilation and evaluation of quantitative data on 
the physical and chemical properties of matter, which started several 
years before the establishment of the umbrella agreement for cooperation, 
has given NBS the benefit of several dozen man-years of high-quality 
scientific output. Similar benefits are characteristic of all of the 
cooperative interactions between NBS and USSR laboratories. 

As a tangible product of the cooperation, joint publications in the 
archival technical literature have appeared or are in preparation in the 
fields of thermodynamic data analysis, crystal st~cture, molecular spec­
troscopy, and atomic spectroscopy. Several reprints of joint publications 
in the latter area are attached as Attachment B. These illustrate the 
contributions that joint research can make to NBS priority programs, in 
this case, the provision of data useful for diagnostic work in the DOE 
fusion energy efforts. 
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In some cases, the scale of benefits is decidedly tipped in favor of NBS. 
For example, NBS scientist Dr. K. Evenson reported that the Soviet effort 
he observed in Novosibirsk in the field of stabilized lasers, laser 
frequency measurements, and the scientific application of both of these 
is about seven times greater than that currently in progress at NBS and 
that their accomplishments probably surpass ours in several areas. NBS is 
currently employing some techniques that were originally suggested by the 
Novosibirsk group. 

Dr. Kharlamov of the Soviet Academy spent most of his three-months' visit 
at NBS developing computer algorithms and programs for NBS data logging 
systems. He wrote and left with NBS a set of four useful computer 
programs that we now use in connection with data acquisition and processing 
in certain experimental areas connected with our diode laser spectrometer. 

As a result of Dr. Givargizov's visit to NBS, we gained possession of a 
worthwhile collection of whisker crystal specimens that he brought with 
him from the USSR and that will benefit our future work. 

Of course, NBS feels that it has not always received the full scope of 
technical benefit that it expected. However, these cases relate to only 
portions of the originally proposed programs, the remaining portions of 
which were achieved to our satisfaction. 

Potential for Technology Loss to the United States: At the very beginning 
of implementation of the MoC, the Director of NBS established an internal 
NBS Coordinating Council to approve and monitor joint activities under the 
MoC to ensur~ that these activities provided technical benefits to NBS 
and the United States. The Director serves as the Chairman of this Council. 
In its appraisal of applications under the MoC, the Council pays particular 
attention to the questions of reciprocity, mutual benefit, scientific 
soundness, and any potential for significant technological loss to the 
United States. Subject areas are limited to those considered to be basic 
rather than applied research. In addition, before responding to the 
Soviet Academy, NBS routinely transmits Soviet applications to the State 
Department and to the Committee on Exchanges (COMEX) to obtain a thorough 
inter-agency appraisal of any potential technological loss. As a result 
of these evaluations and other internal considerations (such as whether 
the proposed program coincides with areas of current NBS interests), NBS 
has either rejected or modified several proposed Soviet visits. (No 
proposed visit by NBS scientists to the USSR has been rejected by the 
Soviet side.) While the Soviet visitors are in residence at NBS, care is 
taken to limit their access to the agreed areas only. 
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Cost Savings Achieved through Implemenation of the MoC: As noted above, 
the budgetary outlay in the implementation of the MoC is quite modest in 
comparison with the technical benefits achieved. Technical benefits 
translate directly into cost savings through contributions to our own 
domestic objectives. One example of cost savings and avoidance of 
duplication of effort has already been mentioned--the joint production of 
a compilation of critically evaluated thermophysical data that will be a 
major publication of the U.S. National Standard Reference Data System 
that is overseen by NBS. This effort also includes exchanges of 
bibliographic references, which serves to strengthen the NBS knowledge of 
the availability of Soviet data in this field--data that might otherwise 
have been overlooked. During the past 2 years, the Soviet side has 
provided NBS with about 60,000 microfiche images containing such information, 
and NBS has provided the Soviet side with an equivalent number of 
references to U.S. literature. 

NBS Recommendation: In recent months, NBS has received several inquiries 
from Soviet visitors and from officials in Moscow regarding NBS wishes to 
renew the agreement. At a reception in early 1983 at the Soviet Embassy 
in Washington, Academy Vice President Velikhov suggested that the Academy 
would be interested in an extension if NBS were. 

In the judgment of NBS- participants, the NBS/ASUSSR program of collaboration 
(1) has been of significant benefit to the technical objectives of NBS 
and (2) has provided a means of acquiring information on scientific 
programs within USSR laboratories that is not available from any other 
source. We recommend, therefore, that if there are no overriding 
objections on .foreign policy grounds., authorization be given to NBS to 
propose to the USSR Academy of Sciences that the existing Memorandum on 
Cooperation be renewed for another five-year period. 

Attachments 

cc: 
L. Starbird 
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The 3p6 3d8-3p5 3d9 transitions in Sr XIII , Y XIV, Zr xv, Nb XVI, and Mo XVII have been newly measured by means 
of a low-inductance vacuum spark and a 10.7-m grazing-incidence spectrograph. The measurements have led to 
an improved analysis of this complex transition group in these ions. All levels of the combining configurations have 
been established. The energy parameters determined from least-squares fits to the observed levels are compared 
with Hartree-Fock calculations. The effective interaction aL(L + 1) for the 3p6 3d8 configuration decreases 
markedly with increasing ionization. The effective electrostatic interactions D1(3p3d) and X 2(3p3d) for the 
3p5 3d9 configuration are practically constant through the sequence. 

Ions of the isoelectronic sequence Sr Xlll-Mo XVII have the 
ground configuration 3p6 3d8• The lowest excited configu­
ration is 3p5 3d9. In each ·ion the 3p6 3d8-3p5 3d9 transitions 
form a complex group of lines that span a region of only about 
18 A. This region also contains complex spectra that are due 
to 3p6 3d"-3p5 3d"+ 1 transitions of higher stages of ioniza­
tion. The investigation of these transition groups thus re­
quires selective excitation and high resolution. A photograph 
of this complex spectral region for Mo, as o~erved in spectra 
of the DITE Tokamak and a laser-produced plasma, has been 
given by Mansfield et al. 1 

The 3p6 3d8-3p5 3d9 transitions in Y XIV, Zr xv, Nb XVI, 
and Mo XVII were investigated recently by Bogdanovichene 
et al. 2 They used a low-inducuince vacuum spark together 
with 2- and 3-m grazing-incidence spectrographs to identify 
about 25 lines in each spectrum. From these identifications 
most of the energy levels of the two configurations were es­
tablished. In a parallel investigation, Burkhalter et al. 3 used 
a low-inductance vacuum spark and a 2.2-m grazing-incidence 
spectrograph to identify 14 prominent 3p6 3d8-3p5 3d9 

transitions in Mo XVII. 
In the present work we observed spectra of strontium, yt­

trium, zirconium, niobium, and molybdenum with a low­
inductance vacuum spark and the 10.7-m grazing incidence 
spectrograph at the National Bureau of Standards (NBS). 
With these observations we were able to extend and partially 
revise the analyses of the ions Y XIV-Mo XVII as well as to 
provide the first spectral data for Sr XIII. About 40 lines have 
been identified in each spectrum. All levels of the 3p6 3d8 and 
3p5 3d9 configurations have now been established for these 
ions. 

EXPERIMENT 

The measurements were taken largely from spectrograms 
made in connection with recent investigations of several highly 
charged copperlike and zinclike ions.4-8 These observations 
were made with the NBS 10.7-m spectrograph at an angle of 
incidence of 80°. The grating had 1200 lines/mm. At this 
angle of incidence the lowest wavelength that could be re-

corded was about 70 A. As several important transitions for 
the present ions were expected to lie below 70 A, new expo­
sures were taken on the 10.7-m spectrograph at an angle of 
incidence of 85 °. At this angle, spectra could be observed to 
about 33 A. Wavelength-calibration procedures and further 
experimental details are given in Refs. 4-8. 

The wavelengths, intensitie!>", and classifications of the 
3p6 3d8-3p5 3d9 transitions of Sr XIII-Mo XVII obtained in 
the present work are given in Table 1. The uncertainty of the 
wavelengths is ±0.005 A. For perturbed lines the uncertainty 
is ±0.010 A. The intensities are visual estimates of photo­
graphic blackening. As noted in the table, many of the values 
represent new measurements for lines given originally in Refs. 
2 and 3. 

ANALYSIS OF THE SPECTRA 

To extend the analyses we first made least-squares fits for the 
most-reliably determined 3p6 3d8 and 3p5 3d9 levels.2 The 
3p6 3d8 levels included 3F2,3•4, 3P 1.2, and 1D 2. The 3p5 3d9 

levels included 3F2,3,4, 3P1,2, 3D 1.2,3, and 1D 2. These levels 
were confirmed by additional combinations found in the 
present observations. The levels 3p6 3d8 3P0, 1G4, 1S0, and 
3p5 3d9 3Po, 1Fa, and 1P 1, which previously2 were either 
doubtful or missing altogether in some ions, were thus ex­
cluded. Initial values for the parameters were taken from 
Hartree-Fock (HF) calculations made with the computer 
program of Froese-Fischer.9 No effective interactions were 
included. These calculations proved to be satisfactory from 
the standpoint of regularity of parameter values and mean 
errors. The predicted level values were thus adopted as a 
basis for further analysis of the spectra. 

3p5 3d' tpl 

This level had been established by a single transition in each 
ion, 1Dz--1P1• Our new low-wavelength data provided the 
3Pz--1P 1 combinations, confirming the previous identifications 
in Y, Zr, and M9. For Nb XVI the previous 1Dr1P 1 identi­
fication (70.474 A) was replaced by a line at 70.718 A, resulting 
in a revised value for 3p5 3d9 1P 1• 
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3p1 3d' 1s, 3p1 3d' 1G, and 3p5 3d' 1F3 

The 1G4- 1F3 transition is easily identified as an intense line 
This level was based on the single transition 1So--1P 1. The on the low-wavelength side of the transition group. 2•3 It has 
identification was listed2 as doubtful in Y and Zr and was the highest predicted line strength within the present array. 
absent in Nb and Mo. We have now replaced these identifi- In Ref. 2 these levels were connected to the main body of levels 
cations with those given in Table l, which includes values for through the single transition 1G 4- 3D3. We have now replaced 
Nb and Mo as well. These lines were the most prominent the 1G 4- 3D3 identifications with those given in Table 1. This 
unidentified lines in the expected region and, although there in turn revises the 1G4 and 1F3 level values. The new values 
are no confirming transitions, there is little doubt that the are confirmed by the four additional combinations, 3F:r1Fa, 
identifications are correct. They are strongly supported by 3Fz-IF3, IDz-IF3, and IG,-3F3. The line identified as 
the least-squares calculations. 1G 4- 3D3 in Y XIV was previously identified as 3P1-3Po-

Table l. Observed 3p6 3d8-3p5 3d' Transitions in Sr XIII, Y XIV, Zr xv, Nb XVI, and Mo xvn • 
Sr XIII YXIV Zrxv Nb XVI MoXVII 

Transition A(A) Int. A(A) Int. A(A) Int. >.<X> Int. >.<X1 Int. 

3p6 3d8 3Fa--3p 5 3d9 1F 3 76.229 10 72.455 10 68.989 10 65.770 4 
3Fz-3p5 3d9 1F3 76.506 lh 72.692 lh 69.li4 2 65.891 lh 
3Pz-3p 5 3d9 1P1 7i.268 25 73.239 15 69.540 15 66.100 3 
1Vz-3p 5 3d9 1P1 82.758 75 78.395b 50p 74.395b 40 70.718 40 67.302' 15 
1Vz-3p5 3d9 1F3 78.813 10 74.966 3 71.448 5 68.188 3h 
1G.-3p5 3d9 1F3 83.656 2000 79.338b 3000 75.385b 2000 71.759 1200 68.390' 800 
3Fa--3ps 3d9 ap2 85.311 120 80.714b 150 76.509b 70 72.656 100 69.088 30 
3Fz-3ps 3d9 ap2 81.030b 20 76.777 10 72.870 5 
3Pz-3ps 3d9 ap2 82.334 50 78.Q06b 20 74.049 20 70.386' 15 
3Fa--3ps 3d9 3F2 82.628 5 74.132 2 70.367 3 
3Fz-3ps 3d9 3F2 87.831 100 82.963b 120 78.483b 30 74.352 20 70.494 5 
3P,-3ps 3d9 3p2 88.151 200 83.397b 140 79.046b 70 75.060 70 71.359' 30 
tVz-3ps 3d9 3p2 83.614 70 79.318 15 71.750 5 
1So-3p5 3d9 1P1 88.631 70 83.970 50 79.689 30 75.754 20 72.092 20 
apz-3p5 3d9 av, 88:568 500 84.211 b 200 80.247b 250 76.631 b 120 73.289' 200 
aF4-3ps 3d9 ava 88.754 800 84.266b 400 80.li6b 400 1,A6.442b 300 72.990' 300 
spz-3ps 3d9 ap 2 84.326 25 79.766 2h 75.590 20p 71.705 7 
3Fa--3ps 3d9 ava 89.797 200 85.372b 160 81.350b 250 77.685b 120 74.306' 200 
apz-3ps 3d9 av, 85.618b 25 77.949b 30 74.600 5 
1Vz-3ps 3d9 aF2 90.618 150 85.673b 150 81.140b 200 76.980b 120 73.122' 150 
3Po-3p6 3d9 av1 91.253 60 86.767b 70 82.696b 25 78.986b 40 75.580 15 
aF a--3ps 3d9 av2· 91.181 500 87.Q09b 400 82.948 300 79.241 500 75.840b 150 
apz-3ps 3d9 ava 91.757 100 87.184b 100 83.048b 100 79.284b 50p 75.816 15 
aF4-3ps 3d9 3Fa 92.664 600 87.984b 600 83.727b 700 79.839b 500 76.269' 600 
spz-3ps 3ds ap, 92.734 150 88.186b 140 84.061 b 100 80.298b 150 76.863b 200h 
'Vz-3ps 3d9 svs 88.623 5 84.534 2 77.396 Sp 
spz-3ps 3d9 av2 93.517 150 88.893b 150 84.708b 100 80.890b 80 77.410b 20 
3P1-3ps 3d9 apo 93.772 80 89.190d,, 600 85.031 b 200 81.213' 80 77.727 30 
3Fa--3ps 3ds 3Fa 93.800 100 89.190d,, 600 85.011 70 81.202 100 77.706 20 
JG4-3p5 3d9 ava 93.967 50 89.287d 75 85.064 30 81.213' 80 77.666b 30 
apo-3Ps 3d9 ap, 89.408d,, 150 85.236 20 81.412d 20 77.898 15 
3P,-3ps 3d9 ap, 89.408b,, 150 85.269b 40 81.489 80 78.019b 40 
tVz-3ps 3d9 av2 94.955 50 90.389b 120 86.256b 70 82.495b 50 79.062b 100 
3F4-3ps 3d9 3F• 95.528 1500 90.871b 1500 86.630b 1500 82.749b 1500 79.186' 1500 
aFa--3p5 3d9 1V2 90.96i 5 82.993 50bl 79.532 5 
apz-3ps 3d9 aFa 91.177 Sh 82.945 2 79.359 5 
3Fz--3p6 3d9 1D 2 95.998 400 91.371 b 600 8i.147b,.r 600 83.275b 600 79.711' 700 
3Fa--3p6 3d9 aF• 96.739 2001 92.160 40 88.Q06b 20h 84.211 b 100 80.734 30 
'Vz-e3ps 3d9 apa 97.450 100 92.749 25 88.486 20 84.619 40 81.080 20p 
3Pz-3p5 3d9 1V2 97.766 400 93.031 b 400 88.732b 300 84.823b 150 81.261 b 100 
1G4-3p5 3d9 3Fa 93.478 15 89.069 20 85.058 10 81.382 20 
sp1-3ps 3d9 1v2 94.390 10 90.080 10 86.154 30 82.556 20 
1Vz-3p5 3d9 1V2 99.341 100 94.671b 100 90.434b 100 86.586b 30 83.079b 50 

• Symbols: bl, blend of two lines; h, hazy; p, perturbed by close line. 
• Present value for line given originally by Bogdanovichene et al., Ref. 2. 
< Present value for line given originally by Bogdanovichene et al., Ref. 2, and by Burkhalter et al .• Ref. 3. 
d Present value for line given originally by Bogdanovichene et al., Ref. 2, revised cluaification. 
• Doubly cluaified. 
I Blended with 96.731 A of Ti. (The Sr exposures were made with an anode of Sr and a cathode of Ti.) 
• Blended with a line of Zr XII; see Ref. 7. 
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Table 2. Energy Levels (in cm-1) ofthe 3p6 3d8 and 3p5 3d' Configurations of Sr XIII, Y XIV, Zr xv, Nb XVI, and 
Mo XVII 

Configuration Term J Sr xm• YXIV Zrxv Nb,XVI Mo XVII 

3p6 3d8 3F 4 0 0 0 0 0 
3 13 080 15 380 18030 20960 24 250 
2 18000 20 230 22560 24 890 27030 

3p 2 36 850 39 760 43080 46840 51000 
0 51 230 55 230 59470 63830 68 350° 
1 50840 55 240 59940 65 020° 70310 

ID 2 53 040 58380 64 280 70790 77 960 
IG 4 62 500 66 780° 71660° 76 870° 82 420° 
is 0 133 120 143 060° 153 590° 164 790° 176 700° 

3p5 3d9 3F 4 1046 800 1 100 460 1 154 330 1208470 1262 860 
ID 2 1059690 1 114 670 1170 060 1 225 740 1 281 600 
3F 3 1079180 1 136 550 1194 370 1252520 1 311160 
3D 2 1 106 180 1164 700 1223610 1282970 1342 800 
3p 1 1 115 200 1173720 1 232 700 1292180 1352050 
3p 0 1117 250 1 176 440° 1 235 980° 1296360° 1356 860° 
3D 3 1 126 700 1 186 740 1 247 240 1308200 1370010 
3D 1 1147 080 1 207 730 1268720 1329 840 1391 470 
3f 2 1156 570 1225610 1 296 720 1369820 1445 570 
3p 2 1185 260 1 254 340 1325040 1 397 270° 1 471 690 
IF 3 1 257 880 1 327 220° 1 398 200° 1470450° 1544 660° 
1p 1 1 261 390 1 333 960 1408 460 1 484 850° 1563830 

• New level; all levels for Sr XIII are new. 

3p5 3d' 3Po 
This level makes only one combination within the present 
array, 3P 1- 3P0• Although this transition is expected to be 
fairly strong, its identification is made difficult by the com­
plexity of the spectrum in the expected region, · Based on the 
present observations and calculations, we propose the new 
identifications for this transition given in Table 1. In Zr and 
Mo there is not much doubt about the assignments, because 
there is only one clear choice. In Y and Nb the proposed lines 
represent blends with other tra:-:"itions of the same array. 
However, these identifications are well supported by iso-

electronic regularities. The evidence for a blend in Y is par­
ticularly strong because there is no other possible choice 
within a reasonable distance of the predicted position and, 
furthermore, the other member of the blend, 3F:r-3F3, appears 
to be anomalously strong compared with its appearance 
elsewhere in the sequence. 

3p1 3d' 3Po 
This level can make three transitions, of which two, 3Po--3P 1 

and 3P 0- 3D1, are expected to be reasonably strong and one, 
3Po--1P1, is expected to be weak. In Ref. 2, values for 3Po were 
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given for Y, Zr, and Nb based on the single transition 3Po-3D1• 

No value was given for Mo. We have now observed the 
3Po-3D1 as well as the 3Po-3P 1 transition for the present ions, 
confirming the previous identifications and providing values 
for Mo. In Y the 3p6 3d8 3P 0 and 3P 1 levels are nearly coin­
cident and the 3Po-3P1 and 3P1- 3P1 transitions thus cannot 
be resolved. Our value for 3Po-3D 1 in Mo replaces the iden­
tification for this transition given in Ref. 3. 

Sr XIII 

The spectra for this ion were relatively weak, but with the help 
of isoelectronic regularities the principal lines of the array and 
all of the levels could in fact be located. The presence of 
3P 1- 3P0 as a fairly strong line in Sr further supports the pro­
posed blend of 3P 1- 3P0 and 3F:r3F3 in Y. 

Finally, we confirm the value for 3F :r3D2 of Mo XVII given 
in Ref. 2 (75.843 A), compared with the value given in Ref. 3 
(75.624 A). The resulting levels are supported by several 
other combinations. 

The values of the energy levels are given in Table 2. These 
values were determined by an optimization procedure10 that 
minimizes the differences between the observed and calcu­
lated wave numbers. The uncertainty of the level values is 
about ±50 cm- 1• 

Table 3. Energy Parameters (in cm-1) and Mean Errors A or Least-Squares Fits for the 3p6 3d8 Configurations 
of Sr XIII, Y XIV, Zr xv, Nb XVI, and Mo XVII. • 

Ion Parameter HF Fitted Fitted-HF 

Sr xm E.,. 36440 34 031: 63 
F2(3d3dl 214 978 194 218: 513 0.903 : 0.002 
F4(3d3dl 136 981 115 570: 468 0.844 : 0.003 
a(3d3d) 203: 12 
!3d 6133 6 207 ± 74 1.012 ± 0.012 
A 167 

YXIV E ... 39578 37 009 ± 61 
F2(3d3dl 225 641 204 477 ± 496 0.906 ± 0.002 
F 4(3d3d) 143 929 123 560 ± 456 0.858 ± 0.003 
a(3d3d) 171: 11 
r3d 7196 7 226 ± 70 1.004 ± 0.010 
A 161 

Zrxv Eav 42 883 40 323 ± 82 
F2(3d3d) 236 241 215 429 ± 678 0.912 ± 0.003 
F 4(3d3d) 150 838 131 717 ± 627 0.873 ± 0.004 
a(3d3d) 156 ± 15 
r3d 8388 8365±92 0.997 ± 0.011 
A 218 

Nb XVI E .. 46 430 43 903 ± 103 
F2(3d3d) 246 787 226 602 ± 847 0.918 ± 0 .003 
F 4(3d3d) 157 711 140 221 ± 789 0.889 ± 0.005 
a(3d3d) 138 ± 19 
r3d 9 717 9641±108 0.992 ± 0.011 
A 272 

Mo XVII Eav 50 238 47 735 ± 118 
F2(3d3d) 257 286 238 019 ± 975 0.925 ± 0.004 
F 4(3d3dl 164 554 149180 ± 918 0.907 ± 0.006 
a(3d3d) 123: 22 
r3d 11195 11080±117 0.990: 0.010 
A 312 

• The value of £ 0 • liated in the HF column is that obtained by diagonalizing the energy matrix with the HF parameters, 3F 4 level set at zero. 
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Table 4. Percentage Compositions for the 3p6 3d8 The levels of the 3p6 3d8 configuration of Mo XVII are 
Levels of Sr XIII, Zr xv, and Mo XVII plotted in Fig. 1. Although a few distort,ions are evident, the 

J Term Percentage Composition (LS) levels can be designated fairly well in the LS scheme. The 
3p5 3d9 levels of Mo XVII are plotted with LS designations in 

0 3p 96, 95, 93% 3P + 4. 5, 7% 1s Fig. 2 and with jj designations in Fig. 3. Clearly, neither 
is 96, 95, 93% 1s + 4, 5, 7% 3P scheme is satisfactory. Although, as discussed below, the 

1 3p 100, 100, 100% 3P coupling is a little closer to jj than to LS, we have retained LS 
2 3F 79, 69, 57% 3F + 19, 27, 34% 1D + 2. 4, 9% ~p designations for the levels in order to facilitate comparison 

3p 47, 52, 55% 3P + 37, 24. 12% 1D + 16, 24, 33% 3F with Ref. 2, in which LS designations are used throughout. 
ID 45, 50, 52% 1D + 51 , 43, 37% 3P + 4, i , 11% 3F 

3 3F 100, 100, 100% 3F THEORETICAL INTERPRETATION 
4 3F 99, 99, 98% 3F + 1, 1, 2% 1G The results of fitting the theoretical energy parameters to the 

IG 99, 99, 98% 1G + 1, I. 2% 3F 
observed 3p6 3d8 level values by least-squares calculations are 

Table 5. Energy Parameters (in cm- 1) and Mean Errors~ of Least-Squares Fits for the 3p5 3d9 Configurations 
of Sr XIII, Y XIV, Zr xv, Nb XVI, and Mo XVII 

Ion Parameter HF Fitted Fitted-HF 

Sr XIII Eav 1 112 692 1 131 5i7 :I: 46 
F2(3p3d) 202 415 193 004 :I: 546 0.954 :I: 0.003 
G1(3p3d) 235 516 199 797 :I: 237 0.848 :I: 0.001 
G3(3p3d) 150 323 141 352 :I: 456 0.940 :I: 0.003 
D 1(3p3dl -13 736 :I: 412 
X 2(3p3d) -6 063 :I: 569 

!3p 55 838 58 728 :I: 87 1.052 :I: 0.002 

!3d 6096 5 984 :I: 60 0.982 :I: 0.010 
A 148 

YXIV Eav 1 166 512 1192 951 :I: 60 
F2(3p3dl 210 891 201 963 :I: 736 0.958 :I: 0.003 
G1(3p3d) 244 026 208 819 :I: 312 0.856 :I: 0.001 
G3(3p3d) 156 264 147 262 :I: 617 0.942 :I: 0.004 
D 1(3p3d) -13 522 :I: 544 
X 2(3p3d) -5 883 :I: 743 
!3p 63 880 67 429 :I: 110 1.056 :I: 0.002 
{3d 7 152 7 004 :I: 78 0.979 :I: 0.011 
A 193 

Zrxv E.,. 1220111 1255174::1:83 
F2<3p3d) 219 314 210 733 :I: 1056 0.961 :I: 0.005 
G1(3p3d) 252 433 218 008 :I: 438 0.864 :I: 0.002 
G3(3p3d) 162 142 153 534 :I: 889 0.947 :I: 0.005 
D 1(3p3d) -13 722 :I: 764 
X 2(3p3d) -6 304 :I: 1038 
f3p 72 760 77 094 :I: 148 1.060 :I: 0.002 
!3d 8 335 8 162 :I: 107 0.979 :I: 0.013 
A 267 

Nb XVI E._. 1 274 595 1 318 169 :I: 117 
F 2(3p3d) 227 690 219 792 :I: 1527 0.965 :I: 0.007 
G1(3p3d) 260 ';'52 226 922 :I: 622 0.870 :I: 0.002 
G 3(3p3d) 167 965 159 526 :I: 1295 0.950 :I: 0.008 
D 1(3p3d) -13 771 :I: 1085 
X 2(3p3d) -7 039 :I: 1469 
{3p 82 533 87 640 :I: 204 1.062 :I: 0.002 
{3d 9657 9 475 :I: 148 0.981 :I: 0,015 
A 374 

Mo XVII E._. 1328831 1 382 222 :I: 132 
F2(3p3d) 236 026 228 252 :I: 1772 0.967 :I: 0.008 
G1(3p3d) 268 994 235 911: 713 0.877 :I: 0.003 
G3(3p3d ) 173 740 165 595 :I: 1518 0.953 :I: 0.009 
D 1(3p3d) -14 052 :I: 1242 
X 2(3p3d) -6 745 :I: 1679 
!3p 93 255 99 559 :I: 226 1.068 :I: 0.002 
!3d 11125 10 918 :I: 166 0.981 :I: 0.Ql5 
0 422 
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Table 6. Percentage Compositions for the 3p5 3d' Levels of Sr XIII, Zr xv, and Mo XVII 

J Term 

0 

2 

3 

4 

Percentage jj 

100, 100, 100% (3/2,3/2) 

81 , 78, 75% (3/2,3/2) 
63, 66, 66% (3/2,5/2 ) 
80, 85, 89% (1/2,3/2) 

70, 73, 77% (3/2,5/2) 
67, 72, 76% (3/2,3/ 2) 
93, 96, 98% (1/2,3/2) 
97, 98, 98% (1/2,5/2 ) 

66, 63, 60% (3/2,3/2) 
66, 62, 58% (3/2,5/2) 
62, 67, 71% (1/2,5/2) 

100, 100, 100% (3/2,5/ 2) 

given in Table 3. The HF values of the parameters are also 
given here. The parameter a for the effective electrostatic 
interaction aL (L + 1) is small but well defined. Its intro­
duction into the calculation reduced the mean error of the fit 
considerably; for Y XIV, for example, the mean error decreased 
from 1300 to 161 cm-1• The present values of a are consistent 
with the value of 108 cm-1 obtained by Podobedova et al. 11 

for the isoelectronic ion Ge VII. A value for a of 48 cm-1 was 
obtained by Meinders12 for Cu IV, but this fit included two 
additional effective interactions, so a direct comparison may 
not be valid . Interestingly, for the present series of atoms, 
a decreases significantly with increasing ionization. 

The ratios of the fitted values of the parameters to the HF 

Table 7. Differences between Observed Level Values 
and Those Calculated with the Fitted Values of the 

Parameters for the 3p6 3d8 and 3p5 3d9 Configurations 
of Sr XIII, Y XIV, Zr XV, Nb XVI, and Mo XVII (in cm- 1) 

Configuration J Term Sr XIII Y XIV Zr XV Nb XVI Mo XVII 

3p6 3d8 0 3p 110 100 110 30 10 
IS -20 10 30 40 70 

1 3p -110 10 70 190 220 
2 3F 220 220 210 180 -10 

3p 80 -110 -220 -250 -230 
ID -80 -130 -180 -240 -290 

3 3F -90 30 150 270 420 
4 3F -130 -110 -160 -180 -150 

IG 0 -10 -20 -20 -40 

3p5 3d9 0 3p 10 100 90 160 120 
1 3p -110 -240 -280 -410 -370 

3D 100 - 10 - 60 -150 -220 
1p -30 0 30 70 120 

2 ID 10 20 30 50 60 
3D 80 150 230 310 340 
3F -70 -110 -170 -240 -290 
3p 90 110 160 200 220 

3 3F 100 120 200 250 330 
3D -190 -140 -220 -270 -360 
IF 20 10 30 40 70 

4 3F -30 -40 -40 -20 0 

Percentage Composition (LS) 

100. 100, 100% 3P 

84, 85, 86% 3P + 16, 14, 12% 3D + 0, 1, 2% 1P 
68, 65, 63% 3D + 22, 27, 32% 1P + 10, 8, 5% 3P 
78, 72, 66% 1P + 16, 20, 25% 3D ,+- 6, 8, 9% 3P 

75, 74, 73% 1D + 17, 15, 14% 3F + 8, 10, 12% 3P 
45, 49, 51% 3D + 31, 31 , 31% 3P + 23, 20, 18% 3F 
59, 63, 66% 3F + 19, 20, 20% 1D + 12, 9, 7% 3D 
51 , 51 , 51% 3P + 43, 42, 41% 3D + 5, 6, 6% 1D 

79, 72, 65% 3F + 21, 27, 34% 3D 
75, 66, 57% 3D + 17, 22, 28% 3F + 8, 12, 15% 1F 
91, 88, 84% 1F + 5, 7, 9% 3D + 4, 5, 7% 3F 

100, 100, 100% 3F 

values shown in Table 3 are gerierally close to unity. This is 
surprising because the HF calculation9 does not include the 
effects of relativity. The ratios vary smoothly through the 
sequence. 

The percentage compositions for the 3p6 3d8 configurations 
of Sr XIII, Zr XV, and Mo XIII are given in Table 4. As already 
noted, the coupling is close to LS, although the 3P2 and 1D 2 

states are strongly admixed. 
The parameters for the 3p5 3d9 configurations are given in 

Table 5. The fitted-HF ratios are again close to unity and 
vary smoothly through the sequence. The parameters 
D 1(3p3d) and X 2(3p3d) for the direct and exchange effective 
electrostatic interactions13 are well defined. Of the two, the 
direct interaction D1(3p3d) is the more important. Its in­
troduction into the calculation reduced the mean error for Y 
XIV from 2300 to 700 cm- 1. Addition of X2(3p3d) further 
reduced the mean error to 193 cm-1• (When X2(3p3d) is 

·added alone, the mean error is reduced only to 2200 cm- 1.] 

These parameters are thus significant. Their values are 
nearly constant through the sequence. 

The percentage compositions for the 3p5 3d9 configurations 
of Sr XIII, Zrxv, and Mo XVII are given in Table 6. As already 
mentioned, the major components in the jj scheme are gen­
erally higher than in the LS scheme. In the jl scheme the 
major component percentages were found to be a little lower 
on the average than in the jj scheme. 

The differences between the observed level values and those 
calculated with the fitted values of the parameters are given 
in Table 7. The differences generally vary smoothly, although 
there are a few irregularities, such as for 3p6 3d8 3F 2 and 3P 2. 

In view of the uncertainties of the level values, we do not 
consider these irregularities to be significant. 

A. Ryabtsev would like to thank W. C. Martin for generous 
hospitality in making possible his stay as a guest worker at 
NBS. This work was supported in part by the Office of 
Magnetic Fusion Energy of the U.S. Department of En­
ergy. 

• Permanent address, USSR Academy of Sciences, Institute 
for Spectroscopy, Troitsk, Moscow Region 142092, USSR. 



J. Reader and A. Ryabtsev 

REFERENCES 

1. M. W. D. Mansfield et al. , "The XUV spectra of highly ionized 
molybdenum," J . Phys. B 11, 1521-1544 (1978) . 

2. M. I. Bogdanovichene et al., "3d8-3p5 3d9 transitions in spectra 
of Y XIV-Mo XVII," Opt. Spektrosk. 49, 447-452 (1980) . 

3. P . G. Burkhalter, J . Reader, and R. D. Cowan, "Spectra of Mo 
XIII-XVIII from a laser-produced plasma and a low-inductance 
vacuum spark," J . Opt. Soc. Am. 70, 912-919 (1980) . 

4. J . Reader and N. Acquista, "4s-4p resonance transitions in highly 
charged Cu- and Zn-like ions," Phys. Rev. Lett. 39, 184-187 
(1977). 

5. J . Reader, G. Luther, and N. Acquista, "Spectrum and energy 
levels of thirteen-times ionized molybdenum (Mo XIV)," J. Opt. 
Soc. Am. 69, 144-149 (1979) . 

6. J . Reader and N. Acquista, "Spectrum and energy levels often­
times ionized yttrium (Y xi) ," J . Opt. Soc. Am. 69, 1285-1288 
(1979) . 

7. J . Reader and N. Acquista. "Spectrum and energy levels of 
eleven-times ionized zirconium (Zr XII )," J . Opt. Soc. Am. 69, 
1659- 1662 (1979). 

Vol. 71 , No. 3/March 1981/J. Opt. Soc. Am. 237 

8. J . Reader and N. Acquiata, "Spectrum and energy levela of 
twelve-times ionized niobium (Nb XIII)," J. Opt. Soc. Am. 70, 
317-321 (1980) . 

9. C. Froese, "Numerical solution of the Hartree--Fock equations," 
Can. J. Phys. 41, 1895-1910 (1963); C. Froese-Filcher and M. 
Wilson, "Programs for atomic structure calculations," Argonne 
National Laboratory Report No. 7404 (National Technical In­
formation Service, Springfield, Va., 1968). 

10. Optimization of the level values was done with the computer 
program ELCALC programmed by L. J. Radziemaki, Jr. 

11. L. I. Podobedova, A. A. Ramones, and A. N. Ryabt:lev, "Analysis 
of the spectrum of Ge vu," Opt. Spektrosk. '9, 453--459 (1980). 

12. E. Meinders, "Revised analysis of the Cu IV spectrum," Physics 
(Utrecht) 84C, 117-132 (1976) . 

13. This notation for the effective electrostatic interactions is that 
given by J . Sugar and V. Kaufman, "Fourth spectrum of lute­
tium," J . Opt. Soc. Am. 62,562-570 (1972). In our energy matrix 
the coefficients of D 1(3p3d) are [5)11'l/10 for 1.3P, [5)11'l/3() for 1.3D, 
and -[5)112/15 for 1•3F; the coefficients of X 2(3p3d) are 1/10 for 
1P, -1/10 for 3P, -1/6 for 1D, 1/6 for 3D, -1/15 for 1A and 1/15 
for 3F . 



692 J . Opt. Soc. Am.Nol. 71, No. 6/June 1981 Wyart et al. 

3d-4p Transitions in the zinclike and copperlike ions Y x, XI; 
Zr XI, XII; Nb XII, XIII; and Mo XIII, XIV 

Jean-Fran~ois Wyart,• Joseph Reader, and Aleksandr Ryabtsevt 

National Bureau of Standards. Washington . D.C. 20234 

Received December 16, 1980 

Lines occurring as satellites on the long-wavelength side of the 3d10- 3d94p resonance lines of Ni-like ions have been 
investigated with a low-inductance vacuum spark and a 10.7-m spectrograph for the elements Y, Zr, Nb, and Mo. 
The lines are interpreted all 3d104s-3d94s4p and 3d104p-3d94p2 transitions in the Cu-like ions Y XI, Zr XII, 
Nb XIII , and Mo XIV and 3d104s2-3d94s24p transitions in the Zn-like ions Y X, Zr Xl, Nb XII, and Mo XIII. The 
spectra of the Cu-like ions were interpreted by generalized least-squares fits for the energy levels of the sequence 
of four ions. Thirty-nine levels of 3d94s4p were interpreted simultaneously with a root-mean-square deviation 
of 122 cm- 1; forty-four levels of 3d94p 2 were interpreted in the same way with a root-mean-square deviation of 
200 cm- 1. Line identifications and energy levels were obtained for the 3d107p configuration of the Cu-like ions 
Yx1- Mox1v. 

The use of highly ionized molybdenum for plasma diagnosis 
in controlled-fusion research has stimulated spectroscopic 
investigations of this element in recent years. As a member 
of the Cu I isoelectronic sequence, Mo XIV has the ground 
configuration 3d104s. Its one< 1ectron spectrum and those 
of the neighboring members of the sequence Y XI, Zr XII, and 
Nb XIII have already been well described.1-4 In a recent de­
scription5 of the spectra of Mo XIII-XV1II from laser-produced 
plasmas and low-inductance vacuum sparks, satellite lines 
occurring on the high-wavelength side of the 3d10-3d94p 
resonance transitions of the Ni-like ion Mo xv were inter­
preted as 3d104s-3d94s4p transitions of Mo XIV and 
3d104s2-3d94s24p transitions of Mo XIII. Unfortunately, 
three prominent lines near the middle of the satellite group 
remained unexplained. 

In the present work we photographed spectra ofY, Zr, Nb, 
and Mo on the 10.7-m grazing-incidence spectrograph at the 
National Rureau of Standards (NBS) and theoretically in­
terpreted the corresponding satellite line groups in each of 
these spectra. The unexplained lines in Mo were interpreted 
as 3d104p-3d94p 2 transitions of Mo XIV. 

EXPERIMENT 
The experimental material for this work was the same as used 
for a recent study of 3p63d8-3p53d9 transitions of Y XIV, 
Zr xv, Nb XVI, and Mo xvn.6 Briefly, the 10.7-m grazing­
incidence spectrograph at NBS was used at angles of incidence 
of 80° and 85° to record spectra from a low-inductance vac­
mun spark between metallic electrodes. The grating had 1200 
lines/mm. The plate factor was about 0.12 A/mm at the 85° 
angle of incidence. 

UNE IDENTIFJCA TJONS AND TIIEORETICAL 
INTERPRET A TJON 

3cfl04s-3ci'4s4p Transitions 
As was seen in Mo XIV,5 the strongest satellite lines are due 
to 3d104s-3d94s4p transitions. We thus interpreted these 
transitions first. The 3d94s4p configuration contains 23 
levels, of which eleven have J = 1/2 or 3/2 and can therefore 
combine with 3d104s 2S 112• Our line identifications were 
made with the help of theoretical calculations of the 
3d94s4p-level structures and 3d104s-3d94s4p line strengths 
in the four ions that were investigated. Initial energy pa­
rameters for the 3d94s4p configurations were obtained by 
Hartree-Fock (HF) calculations.7 After identifying the 
strongest and most reliable transitions in each ion, we repeated 
the calculations with values of the parameters determined 
from least-squares fits to the observed energy levels. New line 
identifications were then carried out. In this way, 10 of the 
11 possible transitions in each ion could be identified. Only 
the transition 3d104s 2S 11z-3d9 (2D)4s4p( 1P) 2D312, which is 
calculated to be 400 times weaker than the strongest transition 
of the array, could not be identified. The low -calculated line 
strength for this transition results from the fact that the upper 
level corresponds to a fairly pure 2D312 state. The previous5 
identification of this transition in Mo XIV is probably spu­
rious. 

The wavelength,; and classifications of the identified 
3d104s-3d94s4p transitions are given in Table 1. The un­
certainty of the wavelengths is ±0.005 A. The intensities are 
visual estimates of photographic plate blackening. The line 
identifications are well supported by the calculated line 
strengths, which predict the observed trends well. Because 

- . • · ~ • • _ ... _ _ _,! __ 



Wyart et al. Vol. 71, No. 6/June 1981/J. Opt. Soc. Am. 693 

Table 1. Lines Classified u 3d104s-3d'4•4p and 3d104p-3d'4p2 Transitions in Y XI, Zr xn, Nb XIII, and Mo XJV 0 

YXI Zrxn Nbxm MoXJV 
Cluaification Code .>. <A > Int. >-<Al Int. >-<Al Int. .>. <Al Int. 

"'2S11r-(2D, IP) 2Pj/2 A 73.639 15 64.466 20 57.001 15 50.788 10 
4p 2J>°an-(2D, IS) 2Dr.12 a 73.908 2 64.794 lw 57.393 2 51.20 1 
4p 2Pi1r(2D, 3P) 4Pa12 b 74.175? 1 57.187 1 
4p 2Pjtr(2D, ap) 2P112 C 74.391 5 65.059 2 57.468 2 51.158 1 
48 2S11z-(2D, IP) 2p-3/2 B 74.456 30 65.200 50 57.662 30 51.398 20 
4p 2Pjtr(2D, ID) 2D312 d 74.896 8 65.466 5 57.797 3 51.434 1 
4p 2J>°31r(2D, ID) 2F5/2 e 74.954 2p 65.540 3 57.884 2 51.531 1 
4p 2P-31r(2D, 3P) 4P112 ( 65.609 
4p 2P 31r(2D, 3P) 'Pa12 g 75.209 10 
4p 2Pi1r(2D, 3P) 'Fa12 h 75.233 15 65.760 10 58.053 10 51.666 5 
4p 2J>°31r(2D, ap) 2Pa12 75.307 25 65.896 10 58.241 15 51.894 8 
4p 2Pjtr(2D, ID) 2P112 j 65.816? 1 
4p 2J>°31r(2D, ap) 2P112 k 75.438 10 66.029 5 58.362 5 52.00 2u 
4p 2J>°31r(2D, ap) 2D512 I 75.521 35 66.080 20 58.386 20 52.013 l0u 
4p 2Pi1r(2D, 3P) 2Da12 m 75.584 25 66.115 10 58.40i 10 52.019 Su 
4p 2Pi1r(2D , 3Pl 'D112 n 75.945 2 66.327 2 
4s 2S11r-(2D , 3P) 'D512 C 76.274 25 66.597 8 58.728 10 52.225 5 
4p 2Pjtr(2D, ID) 2p3/2 0 76.283? 2u 66.687? 3 58.888* 5 52.415* 2 
4p 2P;1r(2D, 3P) 'Fs12 p 58.909 3 
4p 2Pi1r(2D , 1D) 2S112 q 76.331 10 66.71 7 Sp 58.888* 5 52.415* 2 
4p 2P-31r(2D, 1D) 2P112 r 76.434? 151 66.792? 5 
4p 2Pitr<2D, 3P) 'Da,2 s 76.584? 15 
4s 2S11r-(2D, 3P) 'Di12 D 76.66 1 66.928 3 59.016 Sw 52.473 5 
48 2S11r-(2D, sp) 2Pi12 E 76.843 40 67.121 30 59.214 20 52.687 10 
48 2s11r-(2D, ap) 2p312 F 76.920 50 67.201 50 59.285 40 52.750 20 
4, 2S11r-(2D, ap) 2D512 G 77.340 35 67.569 30 59.612 20 53.044 10 
4p 2J>°31r(2D, ID) 2p3/2 t 59.826 2 
4p 2P-31r(2D , 1D) 2S112 u 77.436 51 
4, 2S11z-(2D , 3P) 'Pi12 H 7i.667 5 67.768 5 59.722 5 53.095 3 
4, 2S11r-(2D, sp) 'Fb I 77.!UO Sw 68.022 2 59.971 5 53.335 3 
4s 2S11r-(2D, sp) 'P;12 J 78.424 25 68.476 15 60.383 10 53.725 5 

• Levels are designated in LS coupling: The parent terms for 3d9 and for the coupled external electrons 484p or 4p2 are given in parentheaes. A code hu been 
attributed to the transitions to facilitate correspondence with Fig. 1. Capital letters denote 3d104s-3d94a4p transitions; lower-cue letters denote 3dl04p-3d14p2 
tranaitions. Symbols: u, unres<.>lved; u·, ,wide; I. shaded to longer wavelength.; p , perturbed by cloee line; • , doubly clauified. Lines for which a question mark 
is given have obeerved intensities much la•!!"" than expected; they may be blended with lines of other ionization stages. Not all the transitions are shown in Fig. 
I. 

the transitions may be written as [3d10( 1S)]4s­
[3d94p(L,S)]4s, the intensities are proportional to the amount 
of [3d94p(1P)]4s 2Pi12 state in the upper level. For the line 
marked D in Fig. 1, this is calculated as 4.9% for Mo, 3.9% for 
Nb, 2.5% for Zr, and 0.9% for Y. Therefore the low intensity 
found for this transition in Y XI is theoretically justified. 
Tracings of a portion of the satellite spectra observed in each 
element are shown in Fig. 1. 

The least-squares calculation for the 3d94s4p levels involves 
fitting the ten observed levels with the eight Slater parameters 
for the 3d94s4p configuration: A, Ji"l(3d4p), G1(3d4p) , 
G3(3d4p), G1(4s4p), G2(3d4s), fat1, and {4p. As G3(3d4p) 
has a constant contribution to the terms having J = 1/2, 3/2 
levels (2,4P, 2,4D, 4F), its value could be fixed at the HF value, 
leaving seven parameters to be varied. 

By optimizing the remaining seven parameters, we could 
obtain good agreement between calculated and observed 
energies. Also, the resultant scaling factors for the HF pa­
rameters of the four ions were found to be quite similar. 
Nevertheless, their variation along the sequence was not 
completely regular. The irregularities are undoubtedly due 
to small perturbations that may be expected for such high 

configurations. For example, the 3d1O7p configuration 
overlaps 3d94s4p and, 88 the relative position of the two 
configurations varies along the sequence, different repulsion 
effects may be expected. As the ratio of observed levels to free 
parameters is small, the parameter values are thus sensitive 
to such small perturbations. 

In order to reduce the number of free parameters and im­
prove their reliability, we adopted a generalized least-squares 
(GLS) procedure in which the four observed spectra were 
treated simultaneously. In this procedure the HF values of 
the integrals were entered explicitly into the e!)ergy matrices 
88 coefficients of the angular factors and the scaling factors 
for the HF parameters considered as free parameters. The 
scaling factors SF(Z) were constrained to be linearly depen­
dent on Z: SF(Z) • SF av + a(Z - Zav>• (For the present 
ions, Zav =- 40.5.) However, with this constraint, the coeffi­
cient a of the linear term in the GLS procedure was undefmed 
for all parameters except G1(4s4p) and !3d· We thus set a 
• 0 except for these two parameters, leaving 13 parameters 
to account for the 40 observed levels. The resultant root­
mean-square deviation of this fit, 122 cm-1, is comparable 
with the uncertainty of the energy-level values, which is about 
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Fig. 1. Comparison of the spectra of Y XI , Zr XII , Nb XIII, and 
Mo XIV showing isoelectronic regularities in the region of the strongest 
3d104s-3d94s4p transitions (capital letters) , 3d104p-3d94p2 transi­
tions (lower-case letters), and 3d104s-3d 10ip transitions (Greek let­
ters). Complete designations are given in Tables 1 and i . Lines 
marked with dots pertain to higher ionization stages in Y; two of them 
have been classified as Y x iv.a 

140 cm-1. Compared with the independent calculations, the 
GLS process does not produce changes in any of the line 
identifications. Only nine lines have deviations fl,; = ,; exp_ -

,;cak larger than the experimental uncertainty. 
The 3d94s4p energy levels are listed in Table 2. The levels 

are designated in the 3d9(2D)4s4p(1•3P 0
) SLJ scheme, which 

proved to be the best of the several possible schemes. 
The fitted values of the scaling factors and parameter values 

are given in Tables 3 and 4, respectively. In Table 5 we list 
the HF values of the parameters. 

3c/114p-3d'4p2 Transitions 
With the strongest satellite lines accounted for by the 
3d104s- 3d94s4p transitions, we then tried to correlate the 
remaining lines with the group expected to be next in _strength, 

Wyartet al. 

3dl04p-3d94p2• When we did this, application of the GLS 
procedures used for the 3d94s4p configurations proved to be 
important. 

The 3d94p2 configuration is expected to lie below the ion­
ization limit in the present ions. It has a total of 28 levela, of 
which 21 have J • 1/2, 3/2, 5/2 and can combine with 4p 
2Pi12,312. Because of strong electrostatic interactions within 
the n • 4 shell, the 3d94p2 configuration is expected to be 
perturbed by the 3d94s2, 3d94s4d, and 3d94d2 configurations, 
which do not radiate to the 3d10nl levels. They show their 
presence mainly by perturbing the 3d94p2 levels. The 3d9482 

and 3d94d2 configurations are expected to be far enough from 
3d94p2 that their perturbations can be treated by effective 
electrostatic interactions. However, 3d94s4d is close to 
3d94p2 and must be specifically included in the energy matrix. 
Our matrix thus included the 18 ordinary electrostatic and 
spin-orbit parameters for these two interacting configurations 
plus a correction of the type aL (L + 1) for the terms of the 
subconfiguration 4p2 and a similar one for the final terms of 
3d94p 2• 

From an initial set of scaled HF parameters, -predicted 
wavelengths and line strengths for the 3d104p-3d94p2 tran­
sitions could be calculated. This led to the identification of 
several strong lines of this array and also made it evident that 
the levels of 3d94s4d and about 10 levels of 3d94p2 would not 
be observable with the present data. Ensuing least-squares 
calculations were made by fixing the internal 3d94s4d pa­
rameters at their HF values. The position of the 3d94s4d 
configuration relative to 3d94p2 was fixed in such a way that 
the separation between their lowest levels would equal the 
value of E(3d104d)-2E(3d104p) as given by the known levels 
of the one-electron system. Thus all 3d94s4d parameters 
were fixed except the 3d94s4d-3d94p2 configuration inter­
action integral R 1(4p4p , 4s4d). Again, a GLS procedure was 
used for fitting the 3d94p2 parameters and R 1(4p4p, 4s4d). 
The scaling factors of Fl(3d4p ), G.1(3d4p ), G3(3d4p ), {3d, and 
R 1(4p4p , 4s4d) were assumed to be constant along these­
quence. Scaling fa_ctors for F2(4p4p) and {4p were left un­
constrained. 

By reducing the numJ~er of free parameters to 17, and 
carrying out successh'.e Jin·~ identifi~ations and least-squares 
calculations, we could obtain values for 44 3d94p2 energy 

, levels in the four ions . . The fitted and HF values of the pa­
rametef s for the 3d94p 2 configur ations are given in Tables 4 
and 5, respectively. Tafile 5 also includes the HF values for 
3d94s4d. In the least-squares fits to the observed levels, the 
aL (L + 1) correction for the final terms of 3d94p2 remained 
undefined and .was dropped. The fitted values of a for the 
terms of 4p2 are given in Table 4. The final root-mean-square 
deviation of the calculated values was 200 cm- 1• 

The identified 3d104p-3d94p2 transitions are given in Table 
1. The 3d94p2 energy levels are given in Table 6. For des­
ignating the levels, no entirely satisfactory coupling scheme 
could be found. We have adopted the (3d9 S1Li, 4p2 S2L2) 

SLJ scheme, although it is not appreciably better than the 
(3d9 S1L1J1, 4p2 S2L:zJ2) J scheme. The lack of a pure cou­
pling scheme results from the presence of elecirostatic and 
spin-orbit terms of comparable magnitude in the Hamilto­
nian. The labeling of levels is further complicated by the 
changing importance of these interactions along the sequence. 
For example, the ratio Fl(4p4p)/r,.P decreases from 5.5 in 
Y XI to 3.5 in Mo XIV. Therefore significant changes occur 
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Table 2. Experimental Energy Levels of the 3d'4s4p Configurations of Y XI, Zr XII, Nb XIII, and Mo x1v 0 

YXI Zr XII Nbxm Mo XIV 
Per- Per- Per- Per-

J Designation E (cm- 1) /lE. cent E(cm-1) /lE. cent E (cm-1) /lE. cent E (cm-1) /lE. cent 

1/2 (2D, 3p) ,po 1287 540 -20 81 1475 630 -120 77 1674 4-40 50 73 1883 400 -50 68 
(2D, 3p) 2po 1301350 50 90 1489 840 10 85 1688 800 60 82 1898000 0 79 
(2D, 3p) 'Do 1304 450 •b 79 1494150 90 71 1694 450 20 63 1905 750 140 56 
(2D, IP) 2po 1357 980 -90 98 1551 210 260 97 1754350 -170 97 1968 960 130 96 

3/2 (2D,3P) ,po 1 275120 70 64 1460 370 -80 58 1656 ll0 230 52 1 861 340 90 46 
(2D, 3P) ,po 1283 530 60 86 1470100 -200 85 1667 480 -10 84 1874 940 -60 84 
(2D, 3p) 2no 1292 990 -30 54 1479 960 -100 53 1677 520 50 52 1885 220 -so 50 
(2D , 3p) 2po 1300 060 150 59 1488080 -40 58 1686 760 20 57 1895 720 -60 57 
(2D, 3P) 'Do 1 3ll 070 50 52 1501560 20 52 1702750 -60 52 1914 770 -90 51 
(2D, IP) 2po 1343 080 -80 92 1533 750 160 91 1734240 -180 90 1945 620 -50 89 
(2D, IP) 2no (1372610] 96 (1566430] 96 (1770900] 95 (1986 080) 94 

• The deviation& t.E • Eeap - Et1, are taken from the generalized least-squares treatment of the whole sequence. The percentage of the leading LS component 
ia given. Predicted energies for the (2D , 1P) 2D 312 levels are given in bracket&. 

b •Level value baaed on eyepiece measurement; not used in least-squares fit. 

Table 3. Fitted Scaling Factors for the Hartree-Fock Integrals 

Parameter 

F2(4p4p) 
F2(3d4p) 

G1(3d4p) 

G3(3d4p) 
G2(3d4s) 
G1(4s4p) 
)3d 

)4p 

R 1(4p4p, 4s4d) 

• GLS fit of 3d'4p2 + 3ds4,4d. 
b GLS fit of 3d14s4p. 

Y XI 

0.772 :I: 0.014 
0.987 :I: 0.007 
0.992 :I: 0.006 
0.983 :I: 0.008 
0.981 :I: 0.007 
0.983 
1.012 ::1:0.oI8 
0. 786 :I: 0.001 
1.049 :I: 0.012 
1.028 :I: 0.006 
1.090 :I: 0.012 
1.121> J: 0.005 
0.956 :I: 0.066 

1 An equal value hu been auumed for the four elements. 

Zr XII 

0.769 :I: 0.013 
0.987 
0.992 
0.983 
0.981 
0.983 
1.012 
0.789 :I: 0.001 
1.049 
1.024 :I: 0.006 
1.088 :I: 0.008 
1.125 
0.956 

2 The IIUlle ICaling factor has been uaumed for G3(3d4p) and G1(3d4p). 

Nbxm MoXJV Footnotes 

0.733 :I: 0.013 0.720 :I: 0.013 a 

0.987 0.987 a .I 

0.992 0.992 b,I 

0.983 0.983 a .I 

0.981 0.981 b.l 

0.983 0.983 a.2 

1.012 1.012 b,I 

0.791 0.794 b,3 

1.049 1.049 o,I 

1.021 1.018 b,3 

1.094 :I: 0.007 1.095 :I: 0.007 a 

1.125 1.125 b,1 

0.956 0.956 a .I 

3 The ICaling factors are constrained to be linearly dependent on the atomic number. 

in the eigenvectors, as is seen in Table 6, and also in some of 
the calculated line strengths. Our names for levels having 
leading percentages of less than 50% are assigned mainly for 
use with the classified line list. 

Identification ofthe 3c/1"7p 2Po Term 
Comparison of the spectra in Fig. 1 shows that in Y XI line F 
is weaker relative to the other 3d104s-3d94s4p transitions and 
is split into two components. The two components (76.920 
and 76.928 A) both have the excitation character of Y XI. If 
these lines are taken as transitions to the ground state, they 
would involve upper levels with effective quantum numbers 
n • • 6.0737 and n • • 6.0725, respectively. As the known 
members of the 3d10np 2P 312 series have effective quantum 
numbers n*(4p) • 3.0245, n*(5p) = 4.0546, and n*(6p) = 
5.0667, there is little doubt that one of these lines is 4s 
2S 11r1P 2P 312. Ifwe identify a line at 77.058 A as 4s 2S11r1P 
2Pj12, we obtain a value of ~n• = n*(j = 3/2)-n*(j = 1/2) of 
0.0196 if 76.920 A is identified as 4s 2S11r 7p 2P312 and 0.0184 

if 76.928 A is used for this transition. Because of the regu­
larity of ~n • for the lower members of the np series (0.0192 
for 4p, 0.0188 for 5p, and 0.0187 for 6p) , we consider 76.928 
A as the best choice for 4s 2S11r7P 2P;312• The reduced in­
tensity of F in Y XI is undoubtedly caused by mixing between 
the 3d9(2D)4s4p(3P) 2p312 and 3d1D7p 2P 312 states, which 
makes unambiguous identification of the two lines diffi­
cult. 

In Mo XIV Curtis et al. 8 classified lines at 53.19 ± 0.05 A and 
53.30 ± 0.05 A as 4s 2S11r1P 2P312 and 4s 2S11r1p 2Pi12 
transitions, respectively. These wavelengths agree with our 
present values for these lines, 53.221 ± 0.005 A and 53.335 ± 
0.005 A. However, it is clear from isoelectronic considerations 
that most of the intensity of the 53.335-A line is due to the 
3d104s 2S112-3d9(2D)4s4p(3P) 4F312 transition. Our new value 
for the 7p 2P312 level, 1 878 940 cm- 1, is confirmed by obser­
vation of the 4d 2D51r1P 2P 312 transition at 87.717 A. 

Our wavelengths for the 4s-7p transitions in Y XI, Zr XII, 
Nb XIII, and Mo XIV are given in Table 7. The lines are noted 
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Table 4. Fitted Parameter Values (in cm-1) Cor the 3d94s4p and 3d'4p2 
Configurations or y XI, Zr XII, Nb XIII, and Mo XIV 

Configuration Parameter YXI Zr XII Nbxm MoXIV 

3d94,4p A 1339595 1529 988 1 730788 1 241 997 
G2(3d4s) 19 422 20452 21479 22 501 
Fl(3d4p) 53 883 57 598 61 268 64 899 
G1(3d4p) 17 428 18610 19 779 20935 
G3(3d4p) 17 362° 18 605° 19 832° 21 046° 
G1(4s4p) 93059 98402 103 703 108 974 
!3d 6 959 8 103 ~376 10 787 
!4p 13128 15 770 18 741 22068 

3d94p2 A 1565 492 1774993 1994 607 2 225 502 
Fl(3d4p) 53462 57155 60803 64 413 
G1(3d4p) 17404 18590 19 763 20924 
G3(3d4p) 17 013 18 236 19 444 20639 
Fl(4p4p) 69 351 72 864 73 041 75 265 
a(4p4p) -1017 -1 017 -1 0li -1 017 
!3d 7 107 8 302 9638 11125 
!4p 12 684 15 214 18184 21 435 

Configuration R 1(4p4p, 4s4d) 105 857 112 338 118 640 124 790 
Interaction 

° Fized at HF value. 

Table 5. Hartree-Fock Integral& (in cm- 1) Cor the configurations 
3d94.s4p, 3d94p2, and 3d94.s4d of Y XI, Zr XII, Nb XIII, and Mo XIV 

Configuration Integral Yx1 

3d94s4p Eav 1326636 
G2(3d4sl . 19184 
Fl(3d4p) 54 307 
G1(3d4p) 17 764 
G3(3d4p) 17 362 
G 1(4s4p) 118 392 
!3d 6 770 
!4p 11668 

3d94p2 Eav 1 525 782 
Fl(3d4p) 54193 
G1(3d4p) 17 698 
G3(3d4p) 17 300 
Fl(4p4p) 89 810 
!3d 6 772 
!4p 11640 

3d94s4d E.,. 1643121 
Fl(3d4d) 46395 
F4(3d4d) 21681 
G0(3d4d) 15 728 
G2(3d4d) 18 298 
G4(3d4dl 13 49i 
G2(3d4sl 19 224 
G2(4s4d) 80 820 
!3d 6 780 

S•d 1147 

Configuration R 1(4p4p, 4s4d) 110 744 
Interaction 

as a and /3 in Fig. 1. The 7p energy levels are given in Table 
8. 

3d-4p Transitions In Zn-like and NI-like Ions 
The remaining satellite lines are the 3d104s 2-3d94s 24p tran­
sitions in the Zn-like ions. Our identifications for the 

Zr XII Nb XIII Mo XIV 

1519359 1 724 419 1937001 
20 202 21 216 22 226 
58052 61 751 65 410 
18969 20 160 21 339 
18605 19 832 21046 

124 758 131 028 137 217 
7 909 9183 10600 

14 015 16 65i 19 613 
1733589 1 953 431 2 181 418 

57 937 61635 65 294 
18904 2009i 21 27i 
18 544 19 772 20 98i 
94 775 99 675 104 519 

7 911 9184 10 601 
13 985 16 624 19 579 

1862 502 2 093 Bil 2 332 554 
50995 55 546 60053 
24038 26 379 28 705 
17 215 18673 20105 
20 210 22099 23966 
15 45i 16 954 18 438 
20 230 21 234 22 235 
866il 92 274 9i 663 

7 920 9 193 10 610 
1 435 1 766 2 146 

117 524 124 116 130 550 

3d94s24p 1Pj and 3Dj levels ofY x, Zr XI, and Nb XII are given 
in Table 9. Our new measurements for these transitions in 
Mo XIII are also given here. The 3d104s 2 1S0-3d94s 24p 3Pj 
transition, expected to be weak, has not been observed. 

Our measurements for the 3d10-3d94p resonance lines of 
the Ni-like ions Y XII. Zr XIII, Nb XIV, and Mo xv are given in 
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Table 6. Experimental Levels or 3d'4p2 a 

YXI Zr XII Nbxm Moxrv 
Per- Per- Per- Per-

J Designation E(cm-1) t:.E cent E (cm- 1) t:.E cent E(cm-1) t:.E cent E (cm-1) t:.E cent 

1/2 (2D, IDJ 2s 1499 890 150 57 1704070 -160 57 1918750 180 59 2143 950 40 59 
(2D, ap) •D 1506 550 -160 79 1712880 0 79 (1929 750] 81 (2157 680] 81 
(2D, ID)2P 1516750? 62 1 724 700? 62 (1942150] 62 (2 171190) 62 
(2D, ap) 2p 1534 050 100 86 1742110 160 86 1960 760 -10 87 2190 700 80 88 
(2D, ap) •p 11541140) 83 1 751 810 -30 81 (1973 850] 80 12 207 330] 78 

3/2 (2D, ap) •D 1 495 570? 69 1 699 310 70 67 11913240] 64 (2137 880) 62 
(2D, ID) 2p 1500720? 66 1 704 740? 65 1918760? 64 2 143 940? 63 
(2D, ap) 2D 1512840 -60 42b 1717720 -20 46 1 932 740 70 49 2158460 270 51 
(2D, ap) •p 1 519 020 50 36< 1725880 40 40 1943180 -320 44 2171600 -500 46 
(2D, ID) 2D 1524990 -40 56 1 732 710 -20 55 1950 830 -30 55 2180 320 0 54 
(2D, ap) 2p 1536320 -120 24d 1745170 -150 57 1964 340 -170 61 2 194 630 -120 62 
(2D, ap) •p 1538 060 270 31' 11 747 680) 46 1969 260 160 45 12 202 130] 43 
(2D, IS) 2D 11577960] 86 II 790 120] 84 12 011970] 82 12 246 300] 80 

5/2 (2D, 3Pl 4D [l 484 890) 52 (1685 980] 48 (1896 670] 45 12117 650) 42 
(2D , ap) 2p 11503800] 53 [l 707 860] 53 [1922 230) 51 12147 280) 50 
(2D, ap) •p [l 506 180] 38 [l 710 790] 41 11925540) 43 (2151 050) 45 
(2D, ap) •p [l 520 030] 281 1 727 180 150 32 1944 890 110 35 [2173 560) 39 
(2D, ID) 2F II 522 800] 23 11 [l 730 340] 25h 11948520] 28 12 177 840] 31 
(2D, 3p) 20 l 532 560 -50 54 l 740 950 -40 53 1960 070 140 52 2 190 210 110 51 
(2D, ID) 2F 1542590 -100 58 1 753 410 -20 56 1974930 60 51 2 208 210 380 47 
(2D, IS) 2D 1 561 470 40 83 1770980 110 80 1989 710 -100 76 2 220 830 -160 71 

0 The deviations t.£ • Eup - E,h are taken from the generalized least-squares treatment of the whole sequence. Predicted energies for unknown levels are given 
in brackets. The designations are given in LS coupling with parent term of 4p2 in parentheses. The percentages of the leading eigenvector components are also 
ll(iven. 

b Leading component, (3P) •F, 49'li. 
< Leading component. (3Pl 2D. 40o/c . 
d Leading component, (ID) 2P, 26%. 
• Leading component. (3P) 2P, 47"-t . 
f Leading component, (3P) •p, 30'!i . 
• Leading component, (3P) •F, 29%. 
h Leading component, (3P) •F, 26%. 

Table 7. 3d104s-3d107 p Transitions in Y XI, Zr XII, 
Nb XIII, and Mo XIV 

Transition Code YXI Zr XII 

3cfl045 2S 1/Z- a 76.931 67.440 
3d10ip 2P:112 

3cfl045 2S 1/Z- /3 77.064 67.576° 
3d10ip 2Pi12 

• Blended with 3d104s 2S11z-3d94s4p (2D. 3P) 2D312. 
b Blended with 3d104s 2S 11r3d94s4p (2D. 3P) 'Fh 

Nbxm Moxrv 

59.666 53.228 

57.793 53.341 b 

Table 8. Energy Levels (in cm- 1) orthe 3d107p 
Configurations or Y XI, Zr XII, Nb XIII, and Mo XIV 0 

Designation 

3dl0jp 2Pi12 
3dl0jp 2p3/2 

Yx1 Zr XII 

1 297 620 (1479820) 
1 299 870 1 482 800 

Nbxm 

1672440 
1676 000 

• The values in parentheses are derived from blended lines. 

MoXI\" 

(1874 730) 
1878710 

Table 9. 3d-4p Transitions in Ni-like and Zn-like Ions 

MAI Int. MA> Int. .>.<Al Int. .>.<Al Int. 
Transition Y XII Zr XIII NbXI\" Moxv 

3cfl0 1so-3cf94p 3Dj 72.103 80 63.234 100 55.963 100 49.914 100 
IPj 72.734 100 63.828 150 56.523 150 50.448 150 
api 73.588 5 64.538 5 57.119 5 50.956 5 

Yx Zr XI Nbx11 Mo XIII 
3d104s2 1So-3d94s24p 3Dj 78.706 10 68.562 5 60.332 10 53.551 10 

IPj 79.338° 100 69.161 15 60.902 20 54.101 20 

• Blended with 3p63d8 1G4-3p63d9 1F 3 transition of Y XI\" . 
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Table 9. For some lines they differ significantly from the 
earlier values of Alexander et al. 9 Our assignment of the line 
at 73.588 A as 3d10 1Scr3d94p 3Pj in Y XII represents a revised 
line identification from that given in Ref. 9. 
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• NBS Guest Worker, on leave from Laboratoire Aime 
Cotton, CNRS, France. 

t NBS Guest Worker; permanent address, USSR Academy 
of Sciences, Institute for Spectroscopy, Troitsk, Moscow 
Region, 142092, USSR. 

Note added in proof: Recent measurements in second and 
third orders have indicated systematic shifts in our wavelenths 
for Zr XII and Nb XIII. The improved values for Zr XII (in A) 
are as follows (intensities are in parentheses): 

64.488 (20) 65.775 (10) 66.341 (2) 67.130 (30) 
64.814 (lw) 65.910 (10) 66.608 (8) 67.209(50) 
65.080 (2) 65.832 (1) 66.699 (3) 67.576 (30) 
65.218 (50) 65.044 (5) 66.727 (Sp) 67.774 (5) 
65.484 (5) 66.094 (20) 66.803 (5) 68.028 (2) 
65.557 (3) 66.129 (10) 66.938 (3) 68.479 (15) 

The improved values for Nb XIII are: 

58.367 (8) 
58.391 (20) 
58.413 (10) 
58.735 (10) 
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Spectra of the cobaltlike ions Sr XII , Y XIII , Zr XIV, Nb XV, and Mo XVI have been observed by means of a low-in­
ductance vacuum spark and a 10.7-m grazing-incidence spectrograph in the region 40-95 A. For Y XIII, Zr XIV, 
Nb xv, and Mo XVI more than 40 transitions of the type 3d9-3d84p were identified in each ion. For Sr XII about 
20 such transitions were identified. The identifications were made with the aid of Hartree-Fock and least-squares 
parametric calculations. New wavelengths were obtained for the 3p63d9- 3p53d 10 transitions in these ions. The 
previous analysis of Mo XVI was partially revised and extended. 

The spectra of atoms of highly ionized molybdenum have 
been of increased interest lately because of their use in con­
nection with tokamak fusion research. Spectra of the co­
baltlike ion Mo XVI have been observed in the TFR tokamak 
in France1 as well as in the DITE tokamak in England.2 

Current studies also indicate the likely use of niobium and 
zirconium in future reactors. It is thus important to obtain 
well-established line identifications for hig~Jy ionized atoms 
of these elements. In the present paper we report line iden­
tifications and energy levels for the isoelectronic sequence of 
cobaltlike ions Sr XII, Y Xlll, Zr XIV, Nb xv, and Mo XVI. 

Ions of the Co I isoelectronic sequence have the ground 
configuration 3p63d9. The first excited configuration is 
3p53d10, which gives rise to three strong resonance transitions 
at relatively Jong wavelengths (70 A in Mo XVI). The next 
excited odd configuration is 3p63d84p , which gives rise to a 
complex group of resonance lines at somewhat shorter wave­
lengths (45 A in Mo XVI ). 

The 3p63d9-3p53d10 transitions of Sr XII, Y Xlll, Zr XIV, 
and Mo XVI were first observed by Edlen,3 although no 
wavelength measurements were reported. Edlen's prelimi­
nary wavelengths for these ions can be inferred from the data 
in Table 27 of his review monograph4; for Sr XII, Y XIII, and 
Zr XIV, the wavelengths may also be inferred from the level 
values given in Atomic Energy Levels. 5 In 1971, Alexander 
et al. 6 reported measurements for the 3p63d9-3p53d10 tran­
sitions of Y Xlll- Mo XVI. New wavelengths for these tran­
sitions in Mo XVI were given in 1980 by Burkhalter et al. 7 

Wavelengths for the same tra"iisitions in Sr XII were given 
recently by Acquista and Reader.8 

The 3d9-3d84p transitions of Sr XII and Y XIII were first 
observed by E<llen. The transition groups are indicated on 
the spectrograms in Fig. 2 of Ref. 3 and in Fig. 49 of Ref. 4. No 
wavelengths were given. Alexander et al. 6 published wave­
lengths with no identifications for about 25 lines of this group 
in each of the ions from Y XIII to Mo XVI. Mansfield et al. 2 

used a laser-produced plasma to observe this group in Mo XVI. 
They reported identifications for 25 lines. These identifi ­
cations were revised and extended to a total of 38 lines by 

Burkhalter et al. 7 Our present work further revises these 
identifications and extends the number to 43. 

EXPERIMENT 

The measurements were taken from spectrograms made in 
connection with a recent investigation9 of the spectra of the 
ironlike ions Sr XIII-Mo XVII. The spectra were made on the 
10.7-m grazing-incidence spectrograph at the National Bureau 
of Standards (NBS). The grating had 1200 lines/mm. The 
angle of incidence used for Y, Zr, Nb, and Mo was 85° . This 
resulted in a plate factor of 0.12 A/mm at 60 A. The spectrum 

. of Sr was photographed at an angle of incidence of 80°. The 
plate factor was 0.17 A/mm. The spectra were excited by 
means of a low-inductance vacuum spark operating at a ca­
pacitance of 14 µF and a voltage of 10 kV. 

One set of plates was measured with the aid of a semiauto­
matic comparator at the Institute for Spectroscopy in Mos­
cow .10 Wavelengths were calculated by using a computer 
code that provided an approximation of the plate-correction 
curve by a cubic polynomial. Secondary standards of wave­
length were obtained by measurements of lines in the second 
order relative to impurity lines of oxygen and fluorine as well 
as lines of Y-Mo in various stages of ionization.9,11- 14 A 
second set of plates was measured at NBS. For this set all 
lines were measured in the second order. Averages of the 
wavelengths from the two sets were used for the finally 
adopted values. 

Intensities for the observed lines of Y-Mo were derived in 
Moscow from densitometer recordings of the spectrograms 
by use of an estimated characteristic curve to represent the 
response of the photographic plate. For Sr XII the intensities 
were visually estimated from the photographic blackening. 
The intensity of the 3d9 2D51z-3d8( 3F)4p 2F712 transition in 
each spectrum was given a value of 1000. 

The wavelengths, intensities, and classifications of the 
3d9-3d84p transitions are given in Table 1. The uncertainty 
of the wavelengths is estimated as :t:0.005 A. The present 
values for the 3p63d9-3p53d10 transitions are give_n in Table 
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Tab.le 1. 3d9-3d84p Transitions in Sr XII, Y XIII, Zr XIV, Nb xv, and Mo XVI 

Sr,m Y XIII Zr XIV Nbxv Moxv1 

Transition X(A) lnt. x (A> Int. X(A) Int. Int.• X(A) Int. X(A) Int. 

2Da1z-(1S) 2P312 60.662 20 53.847 90 116 48.138 80 43.324b 60 
2Daiz-(1S) 2P312 61.303 10 54.437 20 33 48.685 30 43.837b 30 
2D :11z-(1S) 2P112 62.111 30 55.190 100 130 49.399 160 44.509b 100 
2D51z-(IG) 2G 112 63.408 90 56.141 170 177 50.091 120 45.000h 220 
2Dstz-(3P) 2D312 63.964 30 56.585 110 104 50.451 110 45.290h 60 
2Dstz-(1D) 2F 112 64.012 60 56.597 110 44 50.435 80 45.250 30 
2D 51z-(3P) 2D512 64.112 10 56.706 10 14 
2D :11z-13Pl 2P1 12 64.272 200 56.879 260 664 50.732 250 45.553b 300 

2D stz-(3P) 2pm 73.329 50 64.279 250 56.854 270 459 50.678 170 45.483b 220 
2D~iz-(3P ) 4Ds12 64.469 90 56.986 220 226 50.770 240 45.545 250 
2Dstz-(ID) 2P312 73.679 150 64.555 200 57.083 290 628 50.877 400 45.659h 300 
2D312-( 1G) 2F512 73.631 250 64.569 600 57.138 700 1177 50.958 850 45.756h 700 
2D31z-(3P) 2S112 64.646 40 57.230 380' 200 51.055 280' 45.867 150 
2D31z-(3P ) 2D a12 64.677 40 57.230 380' 92 51.055 280 ,. 45.853h 170 
2D51z-(3P) 4D,12 73.772 500 64.691 600 57.241 800 659 51.038 650 45.809h 500 
2D 31z-(3P) 2D st2 73.932 50 64.825 200 57.360 320 340 51.155 450 45.938h 500 
2D51z-(3Pl 4D312 64.851 10 17 
2D51z-( 1D) 2D 512 74.074 150 64.906 250 57.393 290 269 51.147 200 45.887d 200 
2Daiz-(3Pl 2P312 74.129 100 65.003 250 57.513 450 453 51.286 700' 46.04:lb 1ooor 
2D51z-(IG) 2F,12 74.208 500 65.013 700 57.494 1000 1337 51.257 1300 46.024h 1600 
2D51z-(ID) 2D312 65.047 150 57.526 450 700 51.286 700 .. 46.04:Jh 1 ooor 

2D31z-(3P) 4Ds12 74.405 100 65.194 60 57.647 180 177 51.380 220 46.11:Jh 300 
2D31z-(1D) 2P312 65.278 20 57.748 40 136 51.490 140 46.229h 220 
2Dstz-(1D) 2Fs12 65.304 90 57.715 260 242 51.419 400 46.131 h 600 
2Dstz-(3Fl 2D312 65.500 40 57.851 90 120 51.516 50 46.197 110 
2Dstz-(3Fl 2Fs12 74.855 500 65.522 600 57.905 800 929 51.592 700 46.291 b 650 
2D31z-(3P) 4D312 74.795 50 65.584 250 58.036 900" 671 51.763 900 ' 46.478h 1000' 
2D31z-(1D) 2D5/2 . 65.641 100 58.064 380 254 51.76:l 900,· 46.463h 440 
2D31z-(1D) 2P112 65.667 30 2 
2D:m-(3Pl 4D112 58.095 190 91 51.828 140 46.573d 750' 
2D::,tz-(3Fl 2G 112 65.710 120 58.036 900r 155 51.682 300 46.352b 450 
2D31z-(1D) 2D312 75.056 250 65.785 400 58.201 500 637 51.908 400 46.623h 250 
2D::,tz-(3P) 4Ps12 75.127 500 65.823 650 58.209 1000 706 51.889 700 46.573d 750•· 

2D51z-(3F) •F1n 75.294 250 65.847 350 58.134 500 199 51.i45 350 46.378h 260 
2Dstz-(3P) 4P312 65.939 10 58.284 70 19 51.935 80 46.592d 80 
2Dsiz-(3F) 4Fs12 75.427 250 65.970 150 58.247 350 158 51.849 250 46.478b 1ooor 
2D31z-(1D) 2Fs12 75.400 100 66.046 40 58.395 60 77 52.045 90 46.712b 130 
2D31z-(3F) 2Da12 75.687 500 66.247 250 58.534 300 255 52.145 150 46.781 b 120 
2D31z-(3F) 2Fs12 66.271 100 58.588 180 197 52.228 1200•· 46.877 150 

2Dstz-(3F) 2D.v2 75.876 1000 66.390 1000 58.645 1000 1000 52.228 12oor 46.841 b 900 
2D51z-(3Fl 2F112 75.955 1000 66.449 1000 58.688 1000 491 52.258 1000 46.859 1000 
2D 31z-(3P) 4P112 58.844 35 3 
2D 31z-(3P) 4Ps12 66.580 40 58.902 120 114 52.527 100 47.165b 170 
2Daiz-(3P) 4P312 66.696 40 58.978 130 69 52.573 120 47.186d 140 
2D 31z-(3Fl 4Fs12 76.262 50 66.728 100 58.939 160 67 52.486 140 47.068b 90 
2D 51z-(3Fl 4F312 66.845 10 59.LdO 40 23 
2Daiz-(3Fl •Gs12 66.914 70 59.126 190 55 52.676 190 47.262d 180 
2D 51z-(3F) 4G 112 67.074 10 59.237 40 8 52.750 80 47.302 20 
2D a12-(3Fl 4Ds12 67.234 20 59.360 50 12 52.846 110 47.382 30 
2D aiz-(3F) 4Da12 67.335 20 59.482 15 14 
2D aiz-(3Fl 4Fa12 67.627 110 59.790 210 74 53.309 160 47.871 d 150 
2D :11z-(3Fl 4Gs12 67.692 10 59.836 30 5 
2D ,,rr( 3Fl 4D112 67.973 15 60.038 90 11 53.471 130 47.959d 90 

• Calculated from fitted values of energy parameters. 
b Present value for line given by Burkhalter et al .. Ref. i . 
< Doubly classified. 
d Present value for line given by Burkhalter et al .• Ref. i , revised classification. 

2. along with the values previously reported. The present SPECTRUM ANALYSIS 
values for Sr xn are not compared with those of Ref. 8 because 
the measurements were taken from the same exposures and The observations were interpreted by comparing the observed 
thus differ only slightly. spectra with calculated wavelengths and intensities of the five 
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Table 2. 3p63d9-3p53d10 Transitions in Sr XII, Y XIII, Zr XIV, Nb xv, and Mo XVI 

Sr XII Y XIII Zr XIV Nbxv Mo XVI 
Transition MW X (A) 0 X (A) b X (A) 0 X (A)h X (A) 0 X (A)h >. 1X1• X (A)h X(A)' 

3p63d9 2Datz-3pf>3d 10 2P1 12 86.413 81.610 81.604 77.249 77.245 73.273 73.315 69.596 69.580 69.589 
2Ds1z- 2P312 92.029 87.394 87.382 83.196 83.181 79.374 79.357 75.869 75.861 75.863 
2D31z- 2P312 93.288 88.731 88.716 84.612 84.602 80.871 80.845 77.456 77.450 77.450 

• This work. 
b Alexander et al., Ref. 6. 
< Burkhalter el al., Ref. 7. 

Table 3. Energy Levels (in cm- 1) of Sr XII, Y XIII, Zr XIV, Nb xv, and Mo xv1° 

Configuration Term J Sr XII Yxm Zr XI\' Nb x,· Mo XVI 

3p63d9 2D 5/2 0 0 0 0 0 
3/2 14 660 17 230 20 140 23 380 27 020 

3p~3d 10 2p 3/2 1 086 610 1 144 240 1 201 990 I 259 890 1 318 070 
1/2 1171890 1 242 570 1 314 660 I 388 140 I 463 880 

3p63d84p FIF)4D 7/2 () 287 050) 1 471 170 1665610 I 870 170 2 085 110 
(3F)•G 9/2 (] 294 130) () 478 120) (I 672 850) (I 877 6701 (2 092 710) 
(3F)•D 5/2 (1300810) 1 487 340 I 684 640 1892290 2 110 510 
(3F)•G 7/2 (1 304 fiOO) 1490890 1 688 130 I 89!', i:lO 2 114 080 
(3F)•G 5/2 (1308000) 1 494 480 1 691 340 I 898 400 2 llfi 860 
(3F)•G 11/2 (1 307 760) (I 495 300) (1 693 740) (I 903 070) (2 12:l 170l 
(3F)•F 3/2 (1 309 240) 1495960 1692640 I 899 240 2 115 970 
(3F)4[J 3/2 (] 314 560) 1502340 1 701 320 (I 910 9801 (2 1:i1 4~0) 
(3F)4F 9/2 (1314230) (I 502 500) (I 701 4101 (I 911 1001 12 1:n 5401 
(3F)2F 7/2 1 316 570 1 504 910 1703930 I 91 :l .')80 2 1:J4 060 
(3F)4D 1/2 (1 316 9301 (1505990 ) (I 706 010) ( I 916 4fi01 (2 137 5801 
(3F)2D 5/2 I, 317 940 1 506 250 1705180 1914680 2 134 880 
(3F)2G 9/2 (1 324 150) (1 513 830) (I 715 1001 (I 927 2901 (2 150 740) 
(3FJ4F 5/2 1325860 1515840 1 716 820 1928660 2 151 610 
(3PJ4P 3/2 (] 327 960) 1 516 560 1 715 720 I 92fi 490 2146290 
(3F)•F 7/2 1 328 130 1518670 1720160 1 932 550 2 156 190 
(3Pl 4P 5/2 1 331 080 1 519 200 1 717 920 1 927 180 2 147 240 
1ap1•p 1/2 (] 332 740) (1520560) 1 719 550 (19288.'>01 (2 148 770) 
(3F)~G 7/2 (1331 850) 1 521 840 1723070 1 934 910 2 157 400 
(3fl ~F 5/2 1335920 1 526 200 1726970 1938290 2 160 260 
(3F)~D 3/2 1335890 1526720 1728560 1 941120 2 164 640 
(ID)2F 5/2 1340920 1 531 320 1732640 1944800 2 167 770 
(ID)2D 3/2 1347000 1 537 340 1738330 1949870 2171880 
('G)2F i/2 1 347 560 1 538 150 1 739 310 1950950 2 172 780 
(ID) 2p 1/2 (1348 800) 1540 060 (] 742 530) (191i5360) (2 179 420) 
(1G12H 9/2 (1352680) (1540 680) (] 740 3/iO) (1 950 3901 (2170640) 
('D) 2D 5/2 1350000 1540 680 1 742 380 1 9;;5 150 2 179 270 
(3P)•D 1/2 (1 351 070) (1 541 330) 1 741 460 1952840 2 174 190 
(3P)4D 3/2 1 351 650 1542000 1 743 210 1 95,'i 260 2 1781i80 
(3p)•D 7/2 1355530 1 54;; 810 1 747 000 1959320 2 182 980 
(ID)2p 3/2 1 357 240 1 549100 1 751 820 1 965 /ilO 2 190 160 
( 3Pl4D 5/2 1358660 1 551 120 1 754 830 1969660 2 19fi 620 
(3P)2P 3/2 1363 690 1555670 1758880 1 973 240 2 198 620 
(3P)2D 5/2 1 367 250 1559800 1 763 500 1978220 2 203 870 
( 1G)2H 11/2 (1 368 780) (1560220) (1763 660) (1978120) (2 203 340) 
(ID)2F 7/2 (1368 940) 1 562 210 1766880 1 982 750 2 209 940 
1ap12D 3/2 (1 370 640) 1563380 1 767 250 1982120 2 207 940 
(3p)2S 1/2 (1 371 270) 1564120 1 767 48(1 1982050 2 207 240 
(IG)2F 5/2 1372780 1565960 1770290 1 98fi 780 2 212 530 
(JP1•s 3/2 (1375020) (] 568 520) (1 772 :,30) (1987640) (2 213 610) 
(3P)2P 1/2 (1 378 010) 1573120 1 778 '.::611 1 994 520 2 222 270 
(IG)2G 'i/2 (1383560) 1577090 1 781 230 1996370 2 222 220 
( 1Gl2G 9/2 (1 385 820) (1 579 410) (17838601 (1 999 340) (2 225 390) 
(IS)2P 1/2 (1429980) 1 627 250 1832060 2 047 710 2 273 760 
(IS)2p 3/2 (1 447 620) 1648480 1857120 2 077 400 2 308 200 

• Values for unobserved levels, given in parentheses, are those calculated with the fitted ,·alues of the energy parameters. 
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ions. The calculations were made with a set of computer 
codes developed by the Institute of Physics of the Lithuanian 
Academy of Sciences. 15•16 The radial integrals were first 
computed by a Hartree-Fock (HF) calculation and then scaled 
by factors obtained by extrapolation along the Co I isoelec­
tronic sequence.17,18 

Although the observed spectra are complex and blended in 
some regions, the predicted isoelectronic trends yielded un-

f 
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1810 

1780 

1700 

,'s,2,f 

1/2 3/2 5/2 112 

Zr XIV 

3d8 4p 

9/2 11/2 

..; 
I 

I 

J - VALUE 

Fig. 1. Structure of the 3d84p configuration of Zr XIV. The calcu­
lated positions of unobserved levels are shown as dashed lines. 

Table 4. Spin-Orbit Parameters r3d (in cm- 1) for the 
3p63d9 Configurations of Sr XII, Y XIII, Zr XIV, Nb xv, 

and Moxv1 

Ion 

Sr XII 
Yxm 
Zr XI\' 

Nbxv 
MoX\'I 

HF 

5 836 
6 863 
8016 
9304 

10737 

Obs. 

5 864 
6 892 
8056 
9 352 

10808 

Obs./HF 

1.005 
1.004 
1.005 
1.005 
1.007 

Table 5. Energy Parameters (in cm- 1) for the 3p53d10 

Configurations of Sr XII, Y XIII, Zr XIV, Nb XV, and 
~OXVI 

Ion Parameter 

Sr XII Ea,· 
S3p 

y XIII E •• 
sap 

Zr XI\' Eav 
sap 

Nb xv Eav 
sap 

Mo XVI Eav 
sap 

HF 

1100 410 
54 326 

1155130 
62188 

1 209140 
70877 

1264360 
80448 

1317920 
90958 

Obs. 

1115 040 
56 853 

1177 020 
65 553 

1239550 
75113 

1302640 
85 500 

1366670 
97 207 

Obs./HF 

1.0465 

1.0541 

1.0598 

1.0628 

1.0687 
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Table 6. Energy Parameters and Mean Erron A (in 
cm- 1) for the 3tfl44p Configurations of Sr XII, Y XIII, 

Zr XIV, Nb xv, and Mo XVI 

Ion 

Sr XII 

Yxm 

Zr XIV 

Nbxv 

MoXVI 

Param­
eter 

E.,. 
F2(3d3dl 
F4(3d3d) 
a 1(3d3d) 
F2(3d4p) 
G1(3d4p) 
G3(3d4pl 
a(3d4p) 

S3d 
S4p 
t:,, 

E.,. 
F2(3d3d) 
F 4(3d3dl 
a 1(3d3dl 
F2(3d4pl 
G1(3d4pl 
G3(3d4pl 
a(3d4pl 

S3d 
S4p 
t:,, 

E •• 
F2(3d3dl 
F 4(3d3d) 
ai(3d3d) 
F2(3d4pl 
G1(3d4p) 
G3(3d4p) 
a(3d4pl 

S3d 
S4p 
t:,, 

Eav 
F2(3d3d) 
~(3d3d) 
a1(3d3d) 
F2(3d4p) 
G1(3d4p) 
G3(3d4pl 
a(3d4p) 

S3d 
S4p 
t:,, 

E.,. 
F2(3d3d) 
F4(3d3d) 
a1(3d3dl 
F2(3d4p) 
G1(3d4pl 
G3(3d4p) 
a(3d4p) 

S3d 
S4p 
t:,, 

HF 

1356870 
214 010 
136 318 

55 593 
18 218 
17 886 

6088 
11 329 

1 551 260 
224 667 
143 263 

59 275 
19 399 
19 106 

7 144 
13 586 

1755480 
235 264 
150 169 

62 917 
20569 
20 312 

8 328 
16 127 

1 972 210 
245 805 
157 039 

66 526 
21 729 
21 507 

9650 
18 974 

Fitted Fitted/HF 

1 340 470 ::i: 130 
192 820 ::i: 910 0.901 ::i: 0.004 
116 630 ::i: 3480 0.856 ::i: 0.026 

107 ::i: 40 
54 830 ::i: 930 0.986 ::i: 0.017 
17 740 ::i: 340 0.974 ::i: 0.019 
20 560 ::i: 2040 1.150 ::i: 0.114 

69 ::i: 56 
6 180 ::i: 90 1.015 ::i: 0.QJ5 

12 540 ::i: 230 1.107 ::i: 0.020 
200 

1530440 ::i: 70 
204 370 ::i: 610 0.910 ::i: 0.003 
130 100 ::i: 520 0_908 ::i: 0.004 

71 ::i: 24 
60 220 ::i: 530 1.016 ::i: 0.009 
19 210 ::i: 230 0.990 ::i: 0.012 
20 800 ::i: 1090 1.089 ::i: 0.057 

32 ::i: 22 
7 180 ::i: 70 1.005 ::i: 0.010 

15 150 ::i: 120 1.115 ::i: 0.009 
240 

60 1 731 230 ::i: 
214 890 ::i: 
136 350 ::i: 

76 ::i: 
63 970 ::i: 
20 360 ::i: 

580 0.913 ::i: 0.002 
480 0.908 ::i: 0.003 

24 
450 1.017 ::i: 0.007 
220 0.990 ::i: 0.QJ 1 

22 150 ::i: 1170 1.090 ::i: 0.058 
34 ::i: 23 

8 410 ::i: 70 1.010 ::i: 0.008 
17910::i: 110 1.111 ::i:0.007 

240 

1942 790 ::i: 70 
226 020 ::i: 740 
143 220 ::i: 610 

66 ::i: 28 
67 860 ::i: 640 
21 630 ::i: 260 
22 950 ::i: 1490 

45 ::i: 27 
9690 ::i: 70 

21120 ::i: 130 
270 

0.920 ::i: 0.003 
0.912 ::i: 0.004 

1.020 ::i: 0.010 
0.995 ::i: 0.012 
1.067 ::i: 0.069 

1.004 ::i: 0.007 
1.113::i:0.007 

2 198 910 2 165 110 ::i: 80 
256 302 
163 880 

70106 
22 879 
22692 

11119 
2~ 150 

235 430 ± 760 
149 560 ::i: 650 

51 ::i: 27 
71150 ::i: 660 
22 810 ::i: 250 
23 710 ::i: 1550 

51 ::i: 27 
11180 ::i: 70 
24 690 ::i: 130 

270 

0.919 ::i: 0.003 
0.913 ::i: 0.004 

1.015 ::i: 0.009 
0.997 ::i: 0.011 
1.045 ::i: 0.068 

1.005 ::i: 0.006 
1.115::i:0.006 

ambiguous classifications for all the identified lines. The 
identifications were greatly facilitated by the fact that the 
3d9-3d84p group is well isolated from lines of other ionization 



. . 
i)4 .J. Opt. Soc. Am./Vol. 72, No. 6/June 1982 

stages. The identifications are supported by repetititon of 
the 3d9 2D fine-structure interval in the measurements. 
Nearly all 3d84p levels with J • 3/2 or J = 5/2 have observed 
transitions to both of the 3d9 2D levels. 

A. Ryabtsev and J . Reader 

±200 cm-1. The relative values within 3d84p are uncertain 
by about ±100 cm- 1• The 3d9 2D intervals were derived from 
all observed pairs, with double weight given to the 3p63d9 

2Ds12.a1r3p53d10 2Pa,2 pair because of its longer wave­
length. In general, the observed intensities compare well with the 

calculated values. As an example, the calculated values for 
Zr XIV are shown following the observed intensities in Table 
1. The scale for the calculated values was obtained by setting 
the intensity of the 3d9 2Dstr3d8(3F)4p 2Ds12 transition equal 
to its observed value. 

The structure of the 3d84p configuration of Zr XIV i.& shown 
in Fig. 1. Although the levels are designated in the LS-cou­
pling scheme, the coupling is far from pure. In Table 3 we 
have given common designations to levels that derive from 
specific spectral lines that can be traced through the isoelec­
tronic sequence. However, because the coupling changes 
along the sequence, for some levels it is not possible to adopt 
an LS name that corresponds to the major eigenvector com-

The energy levels derived from the wavelength measure­
ments are given in Table 3. The uncertainty of the values of 
the 3d84p levels relative to the ground term is approximately 

Table 7. Percentage Compositions for the 3d84p Configurations of Sr XII, Zr XIV, and Mo XVI 

J Term PercentJJ Percentage Composition (LS) 

1/2 (3F)•D 73, 62, 48% (3F2, 3/2) 74,62,48% (3F)4D + 19, 25, 30% (3P)4D + 6, 8, 11% (1Dl2P 
(3P)•P 62, 66, 72% (3P1, 1/2) 86, 86, 84% (3P)4P + 5, 4, 2% (ID)2P + 2, 3, 5% (3P)4D 
(3P)4D 61 , 51 , 51% (3P 0, 1/2) 69, 48, 50% (3P)4D + 12, 31, 26% (3Fl4D + 11, 0, 12% ( 1Dl2P 
(ID)2P 42, 47, 32% ( 1D2, 3/2) 42, 47, 32% (ID)2P + 32, 19, 31% (3P)2P + 11. 2, 17% (3F)4D 
(3P)2S 66, 66, 68% (3P1, 3/2l 57, 61, 61% (3P)2S + 27, 22.19% (3P)2P + 6, 7, 8% (3Pl4D 
(3P)2P 60, 53, 47% (3P 2, 3/2) 33, 33, 34% (3P)2P + 32, 24, 19% (3P)2S + 30, 35, 38% ( 1D)2P 
(IS)2P 93, 91, 88% PS0• 1/2) 93, 91, 88% < 1s>2P + 3, 3, 4% c 1v,2P + 2. 3, 4% <3P)4D 

3/2 (3F)•F 60, 55, 42% 13F2, 1/2) 27, 26, 20% (3F)4F + 37, 14, 6% (3F)4D + 10, 21. 26% ( 1D)2D 
(lF)•D 35, 39. 31 % (3F 3, 3/2) 40, 54, 50% (3F)4D + 13, 20, 24% (3Pl4D + 7, 10, 13% (3P)4P 
(3P)•P 38, 38, 30% ( 3P 2, 1/2) 39, 40, 33% (3P)4P + 33, 25, 19% (3F)4F + 14, 9, 7% ( 1D)2P 
(3FJ2D 34. 35, 23% ( 3F 2, 3/2) 37, 27, 16% (3F)2D + 31, 41, 40% (3F)4F + 23, 15, 14% (3Pl4P 
(1Dl2D 31, 13, 2% ( 1D2, 1/2) 31, 20, 11% (ID)2D + 29, 22, 15% (3Fl2D + 12. 22, 28% (3P)2P 
(3P)•D 66, 37, 17% (3P1, 1/2) 50, 29, 14% (3P)4D + 6, 20, 36% (3F)2D + 6, 15, 21% ( 1D)2D 
(ID)2P 75, 57, 35% ( 1D2, 3/2) · 61, 53, 38% (ID)2P + 19, 11, 5% (ID)2D + 3, 9, 17% (3P)2P 
(3P)2P 48, 34, 17% ( 3P2, 3/2l 65, 52, 37% (3P)2P + 10, 16, 17% ( 1D)2D + 10, 13, 15% (3P)4D 
(3P)2D 50, 45, 33% (3P 0, 3/2) 78. 74, 69% (3P)2D + 12, 12, 9% (3P)4D + 3, 4, 5% ( 1S)2P 
(3P)•S 47, 47, 47% (3P1, 3/21 Si, 82, 75% (3P)4S + 4, 5, 8% ( 3P)2P + 3, 4, 3% (3P)4P 
(IS)2P 95, 93, 91% < •so, 3/2) 95, 93, 91% ( 1S)2P + 2, 2, 2% ( 1D)2P + 1, 2, 2% (3P)2D 

5/2 (3F)•D 59, 60, 56% (3Fa, 1/2) 72, 66, 60% (3F)4D + 17, 19, 18% (3F)4F + 7, 8, 9% (3P)4D 
(3F)•G 62, 55, 43% (3F 2, 1/2) 64, 56, 46% (3F)4G + 11, 15, 19% (ID)2F + 9, 9, 12% (3F)4F 
(3F)2D 30, 29, 25% (3F 4, 3/2) 48, 46, 41% (3F)2D + 18, 22, 26% (3F)4G + 16, 11, 7% (3F)4F 
(3F)•F 65, 69, 66% (3F 3, 3/2) 37, 35, 33% (3F)4F + 21, 19, 16% (3F)2F + 14, 19, 19% (3F)4D 
(3P)•P 28, 31 , 29% (3P 2, 1/2) 31, 27, 20% (3P)4P + 22, 29, 32% (3F)2D + 14, 11, 10% ( 1D)2F 
(3F)2F 48, 33, 21% <3h 3/2) 54, 43, 36% (3F)2F + 15, 17, 15% (ID)2F + 6, 13, 18% (ID)2D 
(ID)2F 31 , 31.34%( 1D2, 1/2) 35, 26, 22% ( 1D)2F + 45, 38, 28% (3P)4P + 8, 11, 13% (3F)4G 
(ID)2D 9, 17, 25% (3P 2, 3/2) 36, 21, 9% ( 1D)2D + 29, 29, 24% (3P)2D + 11, 18, 26% (3F)2F 
(3P)4D 32, 33, 28% PD2, 3/2) 24, 17, 14% (3P)4D + 23, 27, 24% ( 1D)2D + 14, 22, 30% ( 1G)2F 
(3P)2D 55, 56, 57% (3P 1, 3/2) 46, 40, 36% (3Pl2D + 36, 38, 40% (3P)4D + 13, 16, 18% ( 1G)2F 
( 1G)2F 63, 53, 43% ( 1G •• 3/21 63, 53, 43% ( 1G)2F + 7, 11, 16% ( 1D)2D + 10, 11, 11% ( 1D)2F 

7/2 (3F)•D 87, 89, 91% ( 3F 4, 1/21 77, 73, 69% (3F)4D + 13, 15, 16% (3F)4F + 5, 6, 8% (3F)2F 
(3F)•G 87, 89, 91% (3h 1/2) 68, 66, 65% (3F)4G + 13, 14, 15% (3F)2G + 14, 12, 12% (3F)4F 
(3F)2F 67, 74, 79% ( 3F 4, 3/21 53, 57, 59% (3F)2F + 25, 20, 15% (3F)4F + 12, 15, 18% (3F)4D 
(3F)4F 79, 86, 90% (3F3, 3/2) 47, 52, 53% ( 3F)4F + 36, 28, 22% (3Fl2F + 6, 9, 14% (3F)2G 
(3F)2G 68, 61, 50% (3F2, 3/2) 64, 52, 36% ( 3F)2G + 20, 28, 37% ( 1D)2F + 12, 13, 12% ( 3F)4G 
( 1G)2F 29, 49, 69% ( 1G4, 1/2) 32, 50, 64% ( 1G)2F + 32, 14, 2% (ID)2F + 13, 15, 14% (3F)2G 
(3P)4D 44, 51, 56% (3P 2, 3/2) 44, 51, 56% (3P)4D + 43, 26, 8% (1G)2F + 1, 5, 14% (3F)2G 
(ID)2F 43, 47, 48% ( 1D2, 3/2) 43, 48, 48% (ID)2F + 35, 33, 30% (aP)4D + 10, 4, 1% ( 1G)2F 
(IG)2G 86, 88, 88% ( 1a •. 3/2) 88, 83, 77% (IG)2G + 11, 14, 17% (IG)2F + 1, 2, 3% ( 1D)2F 

9/2 (3F)4G 97, 98, 98% (3F 4, 1/2) 42, 40, 37% (3F)4G + 33, 36, 37% (3F)2G + 24, 23, 23% (3F)4F 
(3F)4F 97, 98, 98% (3F 4, 3/2) 71, 71, 70% (3F)4F + 23, 25, 26% (3F)2G + 5, 3, 2% ( 3F)4G 
(3F)2G 96, 98, 99% (3F 3, 3/2) 43, 37, 34% (3F)2G + 53, 57, 60% (3F)4G + 4, 5, 6% (3F)4F 
(IG)2H 92, 93, 94% 11a •. 112> 92, 90, 87% ( 1G)2H + 7, 9, 10% (IG)2G + 1, 1, 2% (3F)2G 
( 1G)2G 92, 93, 94% 11a •. 3/21 92, 90, 88% (1G)2G + 7, 8, 10% (IG)2H + 1, 1, 1% (3F)4F 

11/2 (3F)4G 99, 99, 98% (3F 4, 3/2) 99, 99, 98% (3F)4G + 1, 1, 2% (IG)2H 
(IG)2H 99, 99, 98% ( 1G., 3/2) 99, 99, 98% (IG)2H + 1, 1, 2% (3F)4G 
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Table 8. Percentage Composition or the Levels Designated as 3d8( 1 D)4p z Pl/z and 3d8( 3 P)4p • Dl/z in Sr XII, 
Y XIII, Zr XIV, Nb xv, and Mo XVI 

Level Designation Percentage Composition 

42, 19, 47, 40, 32% ( 1D)2P + 31 , 36, 19, 28, 31% (3P)2P + 11, 23, 2, 10, 17% (3F)4D + 1, 13, 13, 3, 1% (3P)4D 
+ 5, 2, 11, 10, 11% (3P)2S + 3, 4, 1, 2, 2% ( 1S)2P + 7, 3, 7, 7, 6% (3P)4P 

69, 53, 48, 54, 50% ( 3PJ4D + 11 , 30, 0, 5, 12% (ID)2P + 12, 5, 31, 28, 26% < 3F)4D + 3, 7, O, 2, 5% (3P)2S 
+ 2, 4, 0, 0, 0% ( 3Pl4P + 2, 1, 17, 8, 4% ( 3P)2P + 1, 0, 4, 3, 3% (IS)2P 

ponent in every ion. Because of this and the inherently im• 
pure coupling within the individual ions, for many levels the 
LS name is useful only as a convenient means of referring to 
the level. 

In Table 4 we compare the observed values of the spin-orbit 
parameter r3d for the 3d9 configuration with those calculated 
with the HF program ofFroese-Fischer.19 In Table 5 we give 
a similar comparison for the 3p53d10 configuration. 

In Table 6 the values of the energy parameters obtained at 
NBS from least-squares fits to the observed 3d84p levels are 
compared with the HF values. The least-squares calculations 
include the parameters a 1(3d3d) and a(3d4p) for effective 
electrostatic interactions within the 3d8 core and between the 
3d8 core and the 4p electron. The former has matrix elements 
a 1L 1(L 1 + 1), where L 1 is the total orbital angular momentum 
of the 3d8 core; the latter has matrix elements aL(L + 1), 
where L is the total orbital angular momentum. 

The percentage compositions for Sr Xll, Zr XIV, and Mo XVI 
calculated with the fitted values of the parameters are given 
in Table 7. As was already mentioned, the average purities 
in the LS scheme are low. The purities in both the J J and 
the J 1l schemes are similarly low. The values.~f unobserved 
3d84p levels calculated with the fitted parameter values are 
given in parentheses in Table 3. Inasmuch as none of the 
levels with J = 9/2 or J = 11/2 has an allowed transition to the 
3d9 ground configuration. the values for these levels are all 
necessarily calculated. Most of the other unobserved levels 
are J = 1/2 levels whose transitions to 3d9 2D312 are calculated 
to be very weak. For Sr Xll no J = 1/2 levels were ob­
served. 

DISCUSSION 

Our 3d9-3d84p line identifications for Sr XII-Nb xv are en­
tirely new. Our wavelengths for Mo XVI are higher than those 
of Burkhalter et al.' by about 0.007 A on the average. Con­
sidering that the wavelength uncertainty of Burkhalter et al. 7 

was ±0.010 A and that our present uncertainty is ±0.005 A, . 
the wavelengths are in satisfactory agreement. Five of the 
Mo XVI lines in Table 1 were not observed by Burkhalter et 
al.; Three of the lines listed by them were not observed by 
us. The identifications of seven lines have been changed. 

As is seen in Table 6, the effective parameters a 1(3d3d) and 
a(3d4p) are small and poorly defined. The effective pa­
rameter for the core a-1 (3d3d) decreases though the sequence. 
This is the same trend as that found for the 3d8 configuration 
of the Fe I sequence.9 In the Co sequence a-1 (3d3d) has its 
maximum value17•18 at about Kr x. This may be the conse­
quence of a perturbation of the 3p63d84p configuration by 
3p 53d10, which is nearly coincident in energy in this ion. In 
Sr Xll the 3p63d8( 1D)4p 2P 3;2 level appears to be perturbed 
by 3p53d10 2P312, and we therefore omitted it from the least­
squares fit. 

A point of some interest is the croasing of the (3F)2F 512 and 
(3P)4Ps12 levels between Zr XIV and Nb xv. Although these 
levels have the same J value, there is no evidence of a per­
turbation caused by their closeness in energy. A more com­
plicated crossing occurs for the (3P)•D112 and (1D)2P112 levels. 
The (3P)4D 112 level is calculated to lie above (1D)2P 112 in 
Sr XII and Y XIII but below it in Zr XIV, Nb xv, and Mo XVI. 
However, the eigenvectors of these two levels do not change 
smoothly through the sequence. The percentage composi­
tions for these two levels in all five ions are given in Table 8, 
where abrupt changes in composition are evident. In 
Y XIII-Mo XVI a transition to 3d9 is observed from the lower 
of these two levels but not from the upper. Thus, in spite of 
the crossing, it is always the lower of the two levels that is 
observed. 
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Revised 3p63d8 1S0 level of Sr XIII, Y XIV, Zr xv, Nb XVI, and 
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Following an observation by Wyart et al. !Phys. Ser. 26,141 (1982)]. we have revised the position of the 3p63d8 1S<, 
level in Sr XJIJ , Y XIV, Zr xv, Nb XVI, and Mo XVII and have redetermined the 3p63d8 energy parameters in these 
ions. 

Recently, Reader and Ryabtsev1 analyzed the 3p63d8-

3p53d9 transitions in the isoelectronic ions Sr Xlll-Mo XVII. 
In this analysis the 3p63d8 1S0 level was established by the 
single transition 3p63d8 1So-3p53d9 1P1• Subsequently, 
3p63d9-3p63d84p transitions were analyzed in Sr XII-Mo XVI 
by Ryabtsev and Reader2 and in Y Xlll-Ag XXI by Wyart et 
al. 3 In their report Wyart et al. 3 noted that the parameters 
for the 3p63d8 core of the 3p63d84p.configuration differed in 
some important respects from those of the 3p63d8 configu­
ration of the next ion. They concluded that the differences 
were due to an incorrect 3p63d8 1S0 level. for the ions 
Sr XIII-Nb XVI in Ref. 1. Further, they proposed new iden­
tifications for the ·3p63d8 1So-3p53d9 1P1 transitions in 
Y XIII-Nb XVI. 

We have reviewed our bpectra ;_~ this regard and have found 
transitions of the type 3p63d8 1So-3p53d9 3D1 that support 
the proposed identifications of Wyart et al. 3 A 3p63d8 

1So-3p53d9 3D 1 transition was present in our original array 
for Mo XVII, but it was not included in Ref. 1 because of its 
apparent absence in the isoelectronic spectra. On the basis 
of revised calculations for the 3p63d8 configuration we have 
also revised the 3p63d8 1So-3p53d9 1P 1 identification in 
Sr XIII. The lines identified as 3p63d8 1So-3p53d9 1P 1 

Y XIV-Nb XVI in Ref. 1 are actually 3p63d7-3p53d8 transi­
tions of the next higher stage of ionization, that is, of man­
ganeselike ions.4 

In Table 1 we give the 3p63d8 1So-3pf>3d9 1P 1 and 3p63d8 

1So-3p53d9 3D1 transitions in the ions Sr XIII-Mo XVII. The 
revised positions of the 3p63d8 1S0 level in these ions are given 
in Table 2. The revision of 3p63d8 1S0 in Mo XVII is due to 
our inclusion of the 3p63d8 1So-3p53d9 :ID 1 transition in the 
array, which produces a slightly different average value for 
the 3p63d8 1So level. 

The revised energy parameters for the 3p63d8 configuration 
are given in Table 3. The ratios of the fitted value of F4(3d3d) 
to the Hartree-Fock (HF) value, which previously1 varied 
from 0.844 for Sr XIII to 0.907 for Mo XVII, are now nearly 
constant through the sequence. The values of a(3d3d), which 
previously1 varied from 203 cm- 1 for Sr xm to 123 cm- 1 for 
Mo XVII, are also now nearly constant through the sequence. 
The differences between the observed level values and those 
calculated with the revised energy parameters are given in 
Table 4. The percentage compositions obtained with the 
revised parmeters do not differ significantly from those of Ref. 
1 and are therefore not given here. 

ACKNOWLEDGMENT 
This work was supported in part by the Office of Magnetic 
Fusion Energy of the U.S. Department of Energy. 

Table 1. 3p63d8 1So-3p53d9 1P 1 and 3p63d8 1S0-3p53d9 3D 1 Transitions in the Ions Sr XIII-Mo xvn° 
Sr XJIJ YXIV Zrxv Nb XVI Moxv11 

Transition >.<Al Int. MAl Int. >.<Al Int. >.<Al Int. >.(Al Int. 

3p63d81So-3p53d9lpl 88.915 30 84.180 40 79.830 20 75.828 15 72.092 20 
3p63d8 1So-3p53d9 3D 1 94.186 10 89.853 15 85.938b 60 82.317 10 

• Intensities are visual estimates of photographic blackening. 
b Blended with 4p 2P 3tr& 2S 112 transition of Nb XIII . 

Table 2. 3p63d8 1S0 Levels of Sr XIII-Mo XVII (in cm-1) 

Configuration Term J Sr Xlll Y XIV Zr X\' Nb XVI Mo XVII 

0 136 720 146 020 155 800 166 070 176 680 

0030-3941 /83/091207-02$01 .00 @ 1983 Optical Society of America 
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Table 3. Energy Parameters (in cm-•) and Mean Errors 4 of Least-Squares Fits for the 3p63d" Configurations of 
Sr XIII, Y XIV, Zr xv, Nb XVI, and Mo xvn° 

Ion Parameter HF Fitted Fitted/HF 

Sr XIII E .. - 36440 34 047 ± ll0 
F 213d3dl 214 978 195 749 ± 886 0.9ll ± 0.004 
F4(3d3dl 136 981 123 012 ± 814 0.898 ± 0.006 
a(3d3dl 121 ± 20 
hi 6 133 6 103 ± 124 0.995 ± 0.020 
fl 292 

YXI V Eav 39578 37 084 ± 114 
F213d3dl 225 641 206 447 ± 928 0.915 ± 0.004 
F4(3d3d) 143 929 129 622 ± 856 0.901 ± 0.006 
a(3d3dl 124 ± 21 
rid 7196 7 127 ± 129 0.990±0.018 
fl 304 

Zrxv £.,. 42 883 40 376 ± 121 
F2(3d3dl 236 241 216 969 ± 987 0.918 ± 0.004 
F413d3d) 150 838 136 286 ± 913 0.904 ± 0.006 
a(3d3d) 120 ± 22 
hi 8 388 8 284 ± 134 0.988 ± 0.016 
fl 320 

Nb XVI £.,. 46430 43 937 ± 125 
F2(3d3d) 246 787 227 526 ± 1027 0.922 ± 0.004 
F4(3d3d) 157 711 142 891 ± 957 0.906 ± 0.006 
a(3d3dl 118 ± 23 
53d 9 717 9 596 ± 132 0.988 ± 0.014 
fl 330 

Mo XVII £.,. 50 238 47 730 ± 118 
F213d3d) 257 286 238000 ± 971 0.925 ± 0.004 
F4(3d3d) 164 554 149 128 ± 914 0.906 ± 0.006 
a(3d3dl 123 ± 22 
S:ld 11195 11081 ± 116 0.990 ± 0.010 
fl 3ll 

• The value for £ 0• listed in the HF column is that obtained by diagonalizing the -energy matrix with the HF parameters, 3F4 level set at zerv. 

Table 4. Differences Observed Minus Calculated (in cm- 1) between Observed Level Values and Those Calculated 
with the Fitted Values of the Parameters for the 3 p63cl8 Configurations of Sr XIII, Y XIV, Zr xv, Nb XVI, and 

Moxvn 

Configuration J Term Sr XIII 

3p63dri 0 3p 170 
is 80 

1 3p 130 
2 3F 210 

3p -270 
ID -360 

3 :1p 170 
4 :iF -100 

JG -60 

• Permanent address, Institute for Spectroscopy, USSR 
Academy of Sciences, Troitsk, Moscow Region 142092, 
USSR. 
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M E M O R A N D U M 
On Cooperation Between the US National Bureau of Standards 

and 
the USSR Academy of Sciences 

In accordance with the US-USSR Agreement on Cooperation in the Fields 
of Science and Technology, dated July 8, 1977, the US National Bureau of 
Standards and the USSR Academy of Sciences, referred to below as the 
Sides, desiring to facilitate -the expansion of scientific cooperation for 
mutual benefit to the two Sides, have agreed as follows: 

Article 1 

Scientific cooperation may be conducted in the fields of thermal physics 
and thermodynamics, materials science, spectroscopy, chemistry and chemical 
kinetics, and cryogenic science. Other fields may be additionally included 
by mutual agreement. 

This cooperation will be carried out pursuant to, and within the framework 
of, the US-USSR Agreement on Cooperation in the Fields of Science and 
T?chnology. 

Article 2 

Such cooperation may be implemented by exchange of scientists, exchange of 
sci er.ti fi c and techn.i-cal infom.ati on and docu;ner.taticn, jcfot :::eeti ngs and 
seminars, joint research projects, and by other means as may be mutually 
agreed. 

Article 3 

Each Side shall designate a coordinator for determining the scientific 
directions. of the cooperation and for ensuring the scientific usefulness 
of this cooperation. 

Article 4 
. 

The Sides agree to exchange up to five scientists annually from each Side, 
with a total length of stay of up to 14 man-months, for carrying out jo;nt 
research, and also to exchange up to 10 leading specialists from each 
Side representing the scientific disciplines listed in Article 1 of this 
Memorandum, for a total length of stay of up to 6 man-months. 

Article 5 

The selection of scientists described in Article 4 rests with the sending 
Side, and all visits will be undertaken subject to acceptance by the 
receiving Side. In addition, each Side may suggest scientists it would 
like to receive from the other Side within Article 4, and each Side, insofar 
as possible, will take into account these desires of the other Side. 

-✓ 



Article 6 

Exchange of scientists and other activities under this Memorandum will be 
conducted on a receiving-side-pays basis, which means: 

1. The receiving Side will assume the expenses for receiving 
scientists and will pay: 

a) per diem in the amount of 12 rubles in the USSR and, corre­
spondingly, the equivalent in dollars in the US for each day of the 
visit; 

b) lodging in a hotel or the provision of an apartment; 

c) travel expenses within the country in accordance with the 
program of visits; 

d) emergency medical care, including emergency dental care; 

e) expenses for automobile transportation for meeting and 
seeing off; 

2. Expenses for transportation to and from the mqin destination, 
1-,·hich as a rule will be Washington or Moscow, wil 1 be borne by the sending 
Side. 

3. Each Side will provide scientists of the other Side the oppor­
tunity to conduct spi en~ i fi c research work in l aboratcri es a;,d libraries 
without cost. 

4. Expenses for procuring materials, apparatus, literature, photo­
copies, am! microfilm, which are essential for the completion of the agreed 
plan of work by scientists of the. other Side will be borne by the receiving 
Side. 

5. The receiving Side will not pay expenses for the stay of members 
of the family of visiting scientists in the receiving country. 

Article 7 

fiominations of scientists for exchange visits will be submitted to the 
receiving Side no later than four months before the proposed date for 
starting the visit. For each scientist nominated, the sending Side will 
provide the follO\·ling information: the full name of the scientist, date 
an~ place of birth, education and academic degrees, place of work, scien­
tific speciality, a list of the main scientific works and publications. the 
proposed program of scientific work with a suggested list of the scientific 
establishments or laboratories to be visited and the scientists to be met, 
knowledge of foreign languages, topics of lectures that could be delivered 
by the scientist, proposed date of arrival. and the length of stay. 
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Article 8 
; . 

The Receiving Side will respond to this nomination· no later than three 
months after its receipt. If the nomination is acceptable. the receiving 
Side will infonn the sending Side of a possible date of arrival of the 
scientist in the country and will give its agreement to the program or 
will propose alternatives to the program. 

After receiving the consent of the receiving Side to accept a given scien­
tist, the sending Side shall infonn the receiving Side by telegram or 
telex. two weeks or more in advance. of the exact date of the arrival of 
the scientist in the country. 

Article 9 

The receiving Side will facilitate the timely receipt of visas by the 
scientists of the other Side traveling in accordance with this Memorandum. 

Article 10 

The National Bureau of Standards authorizes its Office of International 
Relations, and the USSR Academy of Sciences authorizes its Foreign Relations 
Department, to conduct administrative affairs in connection with this 
cooperation. 

· Article 11 

This Memorandum shaTl enter into force upon signature by both Sides .and 
shall remain in force for five years. Additions and modifications may be 

-made to it, and its period of validity extended, by mutual agreement of 
the Sides, and with the concurrence of the Executi~a Agents designated in 
Article Vll of the US-USSR Agreement on Cooperation in the Fields of 
Science and Technology. · 

DONE at Moscow this 13th day of December. 1978, in duplicate, in the 
English and Russian languages. both equally authentic • 

For the US National Bureau 
of Standards 

Director 

. 
For the USSR Academy 
of Sciences 
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