........................................................................
T AT T Wl h Nl I e

CHEMICAL ———+—+———
LASERS —— : ;

Edited by
Michele Onorato




GAS FLOW AND
CHEMICAL LASERS

Edited by
Michele Onorato

Polytechnic Institute of Turin
rin, Italy

PLENUM PRESS * NEW YORK AND LONDON



Library of Congress Cataloging in Publication Data
International Symposium on Gas Flow and Chemical Lasers (4th: 1982: Stresa, Italy)
Gas flow and chemical lasers.

“Proceedings of the Fourth International Symposium on Gas Flow and Chemical
Lasers, held September 13-17, 1982, in Stresa, ltaly” — Verso of t.p.

Includes bibliographical references and index.

1. Gasdynamic lasers —Congresses. 2. Chemical lasers — Congresses. 3. Laser beams
—Congresses. 4. Optics — Congresses. 1. Onorato, Michele. II. Title.
TA1695.154 1982 621.36’6 83-27016
ISBN 0-306-41478-3

Proceedings of the Fourth International Symposium on Gas Flow and Chemical
Lasers, held September 13-17, 1982, in Stresa, Italy

© 1984 Plenum Press, New York
A Division of Plenum Publishing Corporation
233 Spring Street, New York, N.Y. 10013

All rights reserved

No part of this book may be reproduced, stored in a retrieval system, or transmitted,
in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording, or otherwise, without written permission from the Publisher

Printed in the United States of America



GAS FLOW AND
CHEMICAL LASERS



SCIENTIFIC ADVISORY COMMITTEE

H.G.Ahlstrom, USA; J.R.Airey, USA; V.Y.Baranov, USSR; N,G.Basov,
USSR; L.R.Bissonnette, Canada; W.L.Bohn, West Germany; G.Born, West
Germany; H.Brunet, France; H,P.Brunne, Poland; J.P.Caressa, France;
J.Daugherty, USA; C.Fenstermacher, USA; M.Fiebig, West Germany; M.H.
Flaum, Sweden; B.Forestier, France; G.Fournier, France; A.Hertzberg,
USA; H.E.Hliigel, West Germany; G.Inglesakis, France; R.Jalin, France;
A.F.Kaye, U.K.; K.Kasuya, Japan; E.M.Kudriavtsev, USSR; A.V.La Rocca,
Italy; M.M.Mann, USA; R.A.Meinzer, USA; H.Oguchi, Japan; F.Pandarese,
Italy; P.E.Philippe, France; A.N.Pirri, USA; N.L.Rapagnani, USA; J.P.
Reilly, USA; P.Rigny, France; J.Rom, Israel; D.C.Smith, USA; S.
Solimeno; Italy; R.I.Soloukhin, USSR; J.Spalding, U.K.; Y.M.Timnat,
Israel; C.Verdier, France; W.R.Warren, USA; W.S.Watt, USA; J.F.Wendt,
Belgium; L.E.Wilson, USA; W.J.Witteman, Holland; J.D.L.H.Wood, U.K.

SYMPOSIUM SPONSORS

Consiglio Nazionale delle Ricerche (CNR); European Office of Aero-
space Research and Development (EOARD); European Research Office

(ERO); Office of Naval Research - London Branch (ONRL); Politecnico
di Torino

EXECUTIVE COMMITTEE

M.S.0ggiano, M.Onorato, B.Piombo



SESSION CHAIRMEN

C.M.Bowden, USA; J.D.Daugherty, USA; B.Forestier, France; R.W.Gross,
USA; A.Hertzberg, USA; H.E.Higel, West Germany; A.V.La Rocca, Italy;
0.A.Volkovitsky, USSR; J.F.Wendt, Belgium

SYMPOSTIUM CHAIRMAN

M.Onorato, Italy

Vi



PREFACE

This volume contains eight invited papers and seventy-three
contributed papers presented at the Fourth International Symposium on
Gas Flow and Chemical Lasers, which was held in Stresa, Italy, from
September 13 to 17, 1984.

The purpose of the Symposium was to record and discuss current
research developments and applications related to high power lasers.
Papers were solicited from the entire spectrum of activities, includ-
ing basic physics, aerothermodynamics, new laser media, laser
design, diagnostic techniques, laser propagation, interaction phenom-
ena, applications.

The Symposium was an opportunity for scientists and engineers
representing all these disciplines to come together to report their
recent work, to exchange ideas and to provide an up-to-date account
of international progress in these fields.

The contributed papers were reviewed by the members of the
Scientific Advisory Committee, who also took responsibility for
formulating the program of invited lectures.

As editor I wish to express my appreciation and my gratitude to
people and organizations that made this Symposium a success: the
Members of the Scientific Advisory Committee, the Members of the
Local Organizing Committee, the Sponsors and the Symposium Secretary.
A grateful acknowledgement is expressed to Dr. M. Sandra Oggiano for
assistance in the organization of the Symposium and publication of
these proceedings.

Michele Onorato
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CHEMICALLY PUMPED ELECTRONIC TRANSITION LASERS

Petras V. Avizonis
Air Force Weapons Laboratory

Kirtland Air Force Base, New Mexico

For a number of years we have been examining the ability to
partition the chemical reaction energy directly into electronic
transitions. The obvious advantage with this approach is that
energy, which comes basically from chemistry, is partitioned
directly into electronically excited states rather than going
through an electrical power generation step with its associated
inefficiencies. The disadvantage of such pumping schemes is that
the excitation energy is limited to that of the chemical bond, 3
to 4 ev. Thus, unless multiple collisions are invoked, only
electronic states below 4 ev could be pumped by such energy
partitioning.

A successful demonstration of such an approach has been the
oxygen/iodine transfer laser. Oxygen molecules are produced
from a chemical reaction directly in the a'A state with 100%
quantum efficiency. This is a highly forbidden state (60 minutes
radiative lifetime), and the only way that lasing can occur from
such electronic energy reservoir is to transfer such energy to a
radiating state. This occurs in the resonant transfer of energy
to iodine atoms (the 2P, ,, state) which has a weak magnetic moment
and radiates 1.315p photéns (to the 2P3/2 state).

The success of the 0,/I laser has an indicated "roadmap'" for
direct partitioning of chemical energy into electronic states.
What has become evident both experimentally and from quantum
mechanics is that for such partitioning to be successful, the
desired electronic state in the product molecule has to be
forbidden and the reaction pathway to such a product molecule/
state has to be spin allowed. Under these conditions, and only



