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GENERAL INTRODUCTION

PROVENANCE

The papers of Professor Herbert Fréhlich were received for cataloguing from Special Collections and

Archives, Sydney Jones Library, University of Liverpool in September 2007.

OUTLINE OF THE LIFE AND CAREER OF HERBERT FROHLICH

Frohlich was born in Rexingen in the Black Forest in Germany on 9 December 1905, and grew up in
Munich. After leaving school at 15 he spent a brief period in commerce. In 1927 he entered the
University of Munich as an undergraduate where, under Arnold Sommerfeld's direction, he obtained
his D.Phil (for work on the photoelectric effect in metals) after only three years and without taking a
first degree. He then became Privatdozent at the University of Freiburg where his role was to

introduce medern physics. He was dismissed from his post on the electicn of Hitler to power and left

Germany for the USSR in 1933 to work as a ‘foreign expert’ in A.F. Joffe's Physico-Technical Institute

in Leningrad. Here he worked on his book Elektronentheorie der Metalle (Springer 1936, 1969). In
1935 the political situation obliged him to flee the USSR and he found refuge in the Bristol Physics
Department where A.M. Tyndall obtained for him a stipend from the Academic Assistance Council.
Here he collaborated with fellow refugee W. Heitler in work on nuclear forces and with N.F. Mott and
others on solid-state physics. One of his principal areas of activity was dielectrics in which he was
supported by the Electrical and Allied Industries Research Association, and in which he became an
acknowledged world authority. This led to his book Theory of Dielectrics (1949, 1958). Frohlich
remained at Bristol, where he was promoted to a Readership, until 1948. He then accepted an
invitation from Sir James Chadwick to move to Liverpool where he directed an independent research
department of theoretical physics to 1973. Here his main achievements were in our understanding of
nuclear physics/elementary particles, polarons, the theory of superconductivity, the connexion
between micro- and macro-physics, and biology. After his retirement he served for three years as
Professor of Solid State Electronics at the University of Salford. Also in retirement, from 1979 until his
death, he was a foreign member of the Max Planck Institut fur Festkérperforschung in Stuttgart, where
he regularly made extended visits, as he did also to many other parts of the world, lecturing and

discussing physics.

Frohlich's career in theoretical physics spanned some 60 years. Although he made many
fundamental contributions, the most influential was his introduction around 1950 of methods of
quantum field theory into solid-state physics, which revolutionised the development of the subject.
One of the key theoretical challenges of the time was to explain the origin of superconductivity. From

his earlier experience (with Heitler) with the meson theory of nuclear forces, Frohlich realised that
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there could be an attraction between electrons arising from their mutual interaction (mediated by an
exchange of virtual phonons) with the metal's lattice vibrations. This interaction immediately
accounted for the isotope effect and formed the basis of a complete understanding of

superconductivity somewhat later by others.

Later Frohlich introduced some of the concepts of modern theoretical physics to biology. ‘In 1967 he
introduced to biology the quantum mechanical concept of coherence, which in superconductivity
manifests itself in macroscopic wave functions. Coherence, he discovered, can be imposed upon the
dipolar field associated with the vibration of cell membranes provided energy is provided to the
system above a certain rate. These coherent excitations entail a novel mechanism of long-range
selective biological control with possible implications for understanding the mechanisms involved in
cancer. Much supportive experimental evidence from microwave spectroscopy has already
accumulated and continues to do so. Fréhlich's novel ideas are now being developed by others and
have most recently been invoked in connection with consciousness’. (Obituary by G.J. Hyland,
Physics World, March 1991).

Fréhlich was elected Fellow of the Royal Society in 1951, was awarded the Max Planck Medal of the

German Physical Society in 1972, and received numerous honorary degrees worldwide.

In 1950 he married an American postgraduate philosophy student, and later artist, Fanchon Aungst.
He died on 23 January 1991.

A more detailed account of his career and research may be found in N.F. Mott's memoir in
Biographical Memoirs of Fellows of the Royal Society, vol. 38 (1992), 147-162. See also Herbert
Fréhlich, FRS. A physicist ahead of his time edited by G.J. Hyland and P. Rowlands (2006).

DESCRIPTION OF THE COLLECTION

The archive is presented in the order given in the List of Contents. Although it covers an extended

period, 1930-c.1996, the great bulk dates from the last twenty-five years of Frohlich's life with a strong

focus on his interest in applying the ideas of modern theoretical physics to biclogy.

Section A, Biographical, is slight, comprising obituaries of Fréhlich and articles by G.J. Hyland on his

scientific work.

Section B, Research, is the most substantial in the archive. It covers the period 1934-1990 and
presents a particularly good record of Fréhlich's later biological interests. There is a little material

relating to funding applications in the 1970s (NATO Scientific programme, Leverhulme) but the bulk of
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the material comprises Frohlich’s topic folders, series of offprints by others, and theses supervised by
him or in which he acted as adviser or examiner. The topic folders are presented in alphabetical
order by folder title. The contents of the folders may include offprints and copies of papers sent to
Frohlich, correspondence, Frohlich’'s manuscript notes, experimental data and transparencies. Topics
include ‘ATP’, ‘Biology’, ‘Bio Magnetics’, ‘Bone Healing (Electricity) Bioelectricity & Regeneration’,
‘Cell Water ...", ‘Coli’, ‘Dielectrics ...", ‘Electricity’ and ‘Enzymes ...". There are two major sequences
of offprints, preprints, duplicated typescript copies of papers and similar by others, an alphabetical
sequence arranged by author, covering the period, 1959-1987, and a chronological sequence, 1934-
1990. There may be annotation and marginal emphasis and underscoring by Frohlich and an
occasional manuscript note or letter found with the papers. A number of bound copies of theses were
found with Frohlich's archive. Those supervised at Liverpool, copies of which are already available at
the University, have not been retained with the archive. Nine theses have been retained with the

archive including a number supervised by Fréhlich at the University of Bristol.

Section C, Publications, covers the period, 1930-1992. There is a copy of the full bibliography
prepared by G.J. Hyland after Frohlich's death, correspondence and papers relating to his own

publications and editorial and advisory work undertaken by him for publishers and journals. The

great bulk of the material relating to Frohlich’'s own publications is for Biological coherence and
response to external stimuli published by Springer-Verlag in 1988. Frohlich acted as editor of this
volume and contributed the opening chapter on ‘Theoretical Physics and Biology'. The material
includes Frohlich’s correspondence with publisher and contributors, drafts of his contribution, copies
of contributions of others, and background material including offprints. The most substantial group of
editorial correspondence is with Oxford University Press, 1967-1989, for whom Fréhlich was an editor
for the series Physics and Chemistry of Materials. There is also a folder of correspondence relating to
Collective Phenomena, 1971-1985. Frohlich was Editor-in-Chief of this ‘international journal of

discussion and speculation’.

Section D, Lectures, includes both lectures by Frohlich and others, 1946-1983. The characteristic
representation of Frohlich’s lectures is duplicated typescript notes taken by members of the audience,
for example graduate students, or transcribed from a sound recording. Examples are lectures on ‘The
Many Body Problem’ Purdue University, West Lafayette, Indiana, Fall semester 1956, ‘Lectures
Macro/Micro’, Instituut-Lorentz for theoretical physics, University of Leiden, The Netherlands, 1966
and ‘The Connection between Microscopic and Macroscopic Physics', University of Alberta,
Edmonton, November 1968. Other physicists whose lectures are represented by a similar record
include J. Bardeen, C. Maller, L. Tisza, W. Weidlich and C.N. Yang.

Section E, Visits and conferences, presents a substantial but not comprehensive record of visits
during the last twenty-five years of Frohlich’s life. Of particular interest are a series of multi-

destination visits to North America, which included regular stays at the University of California, San
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Diego and the University of Alberta, Edmonton and a sequence of conferences organised by the

Institut de la Vie on Theoretical Physics and Biology initiated in 1967 (10th conference 1988). By
contrast his regular visits to Germany, for example to the University of Stuttgart and the Max Planck

Institute, Stuttgart, are not very well represented in the documentary record.

Section F, Correspondence, is a significant record of Frohlich's scientific connexions, especially in the
last two decades of his life. There is a substantial alphabetical sequence of scientific correspondence
covering the period 1952-1990, though few of the individual correspondents are represented by more
than a handful of letters. Miscellaneous sequences of correspondence include ‘an original deposit’ of
papers made by Frohlich to Liverpool University in 1973, the contents of a bulky folder inscribed
‘Miscellaneous’, 1963-1990, and the contents of a folder inscribed ‘Bio Correspondence’, 1973-1986.
The ‘original deposit’ of papers comprised just three letters including a characteristic letter from R.P.
Feynman, September 1954, which Frohlich described as laying ‘the foundation to what is now a very

wide line of research’. There is also a group of references and recommendations, 1974-1990.

There is also an index of correspondents.
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SECTION A

BIOGRAPHICAL, A.1-A.4

Obituaries

The Times, 30 January 1991. By G.J. Hyland.
Independent, 30 January 1991. By C. Michael.
Daily Telegraph, 31 January 1991.

Guardian, 1 February 1991. ‘Appreciation’ by R.E.
Peierls.

Electromagnetics News, January/February 1991. By C.
Smith.

Physics World, March 1991. By G.J. Hyland.
University of Liverpool Recorder, n.d. By G.R. Allcock.

Physikalische Blatter, n.d. By L. Genzel, H. Haken and
M. Wagner.

Articles on Fréhlich's scientific work by G.J. Hyland

‘H. Fréhlich - Contributions to Particle Physics - 1958-
1991’

‘Quantum coherence and the understanding of life’

Latest bibliographical reference 1996.

‘Coherent GHz-THz Excitations in Active Biosystems,
and their Implications’

Latest bibliographical reference 1996.

1991-¢.1996

1992-¢.1996

1992
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SECTION B RESEARCH, B.1-B.366 1934-1990

B.1,B.2 FUNDING

B.3-B.173 TOPIC FOLDERS

B.147-B.262 OFFPRINTS BY OTHERS: BY AUTHOR

B.263-B.355 OFFPRINTS BY OTHERS: CHRONOLOGICAL

B.356, B.357 RUSSIAN PAPERS

B.358-B.366 PhD THESES

FUNDING 1976-1979

‘NATO Grant Application’

Contents of folder so inscribed: correspondence,
application, information.

In January 1976 Frohlich applied for a research grant in
the NATO scientific programme to carry out
‘Investigations on Extraordinary Microwave, Electric, and
Magnetic Properties of Biological Materials'. The
application was unsuccessful.

‘Leverhulme Trust Award’ 1977-1979

Contents of folder so inscribed: correspondence re
award, interim and final reports.

Frohlich was awarded an Emeritus Fellowship in 1977 to
enable him 'to extend, and where possible complete your
theoretical work on dielectric and related physical
properties of biological materials’.
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B.3-B.173

B.12-B.19

B.20-B.26

Research, B.1-B.366

TOPIC FOLDERS

A sequence of folders predominantly relating to the work
of the last twenty-five years of Frohlich's life, and
including much material relating to his biological interests.
The folders are arranged alphabetically by folder title.

The contents of the folders may include offprints and
copies of papers sent to Fréhlich, correspondence,
Frohlich's  manuscript notes, experimental data,
transparencies, etc.

At the end of the sequence are presented for
convenience miscellaneous research notes by Fréhlich
found loose.

ATP

Papers bearing on this topic found together: offprints,
photocopies of papers.

9 folders.

Probably kept formerly in folder or other container
inscribed or labelled ATP (see B.124-B.128). A few
papers inscribed ‘ATP’.

‘Bilz etc Solitons Lal'

Contents of folder so inscribed divided into eight for ease
of reference: offprints and photocopies of papers,
manuscript drafts by P. Lal ‘Biological Excited
Metastable State & Soliton Dynamics' and ‘Kink-Solitons
and the Meta-Stable Excited Modes', manuscript notes
by Fréhlich, etc. 1967-1982

H. Bilz was based at the Max-Planck-Institut fir
Festkorperforschung, Stuttgart, West Germany. P. Lal
was based at the Department of Applied Mathematics
and Theoretical Physics at Liverpool. Lal's work was
influenced by both Fréhlich and Bilz.

‘Biology’

Contents of folder so inscribed divided into seven for
ease of reference: offprints, photocopies of papers,

1946-c.1989

1971-1982

1967-1982

1968-1985
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B.27-B.29

B.31-B.34

B.35-B.38

B.39-B.44

B.45-B.49

Research, B.1-B.366

manuscript notes by Fréhlich, correspondence.

Many of the papers by others specifically address
Frohlich’s ideas.

‘Biology - Dielectrics & Diel. Calculations’, ‘Water: v.
Hippel', Engelman & Ruppin: Polaritons'

Contents of folder so inscribed divided into three for ease
of reference: variously paginated sequences of
manuscript notes by Frohlich and others, offprints.

‘Biology Various Problems'

Contents of folder so inscribed: manuscript and typescript
notes by Fréhlich.

‘Bio magnetics'’

Contents of folder so inscribed divided into four for ease
of reference: offprints and photocopies of papers.

‘Biophysical Engineering including Prospectus of Lecture
courses’

Contents of folder so inscribed divided into four for ease
of reference: offprints, duplicated copies of papers,
‘Nagoya University Catalogue’ and ‘Curriculum’ of

Department of Biophysical Engineering, Faculty of
Engineering Science, Osaka University, Japan.

‘Bone Healing (Electricity) Bioelectricity & Regeneration’

Contents of folder so inscribed divided into six for ease of
reference: offprints and photocopies of papers.

‘Cell Water (Drost-Hansen) & related (without Palma)’

Contents of folder so inscribed: offprints, photocopies of
papers

4 folders and 1 bound volume.

1962, 1968,
n.d.

€.1965-1980

1964-1973

1959-1982

1964-1980




H. Frohlich
NCUACS 159/2/08

B.50-B.56

B.65-B.67

B.68-B.80

B.68-B.70

B.71-B.75

Research, B.1-B.366

‘Coli’

Contents of folder so inscribed divided into seven for
ease of reference: correspondence, data, manuscript
notes by Frohlich and others, photocopies of papers.

The papers at B.50, B.51 were found in a plastic folder
within the original folder.

‘Cyril Smith Various results Enzyme reactions’

Contents of folder so inscribed divided into seven for
ease of reference: offprints and duplicated papers by
Smith and others, Fréhlich's comments on papers by
Smith, manuscript notes by Fréhlich, correspondence etc.

‘Dielectric Response Suggestions / Linhard formulae /
Mandel’

Contents of folder so inscribed: Frohlich's manuscript
notes and photocopies of papers.

‘Dielectrics: Water'

Contents of folder so inscribed divided into three for ease
of reference: offprints, photocopies of papers, manuscript
notes by Frohlich, etc.

‘Electricity’

Contents of folder so inscribed: four folders of papers.

‘Electrodynamics & General Remarks'
Contents of folder so inscribed divided into three for ease

of reference: offprints by Frohlich and others, variously
paginated sequences of manuscript notes by Frohlich.

‘Space’

Contents of folder so inscribed divided into five for ease
of reference: loose papers (B.71) and two folders of

1970-1982

1967-c.1989

1972, 1974

1946-1977

1963-19686,
n.d.

1963-1968,
n.d.

1965, n.d
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B.76-B.78

B.79-B.80

B.82-B.83

Research, B.1-B.366

papers inscribed ‘Space’ (B.72, B.73) and ‘Current
Physics' (B.74, B.75), offprints and variously paginated
manuscript sequences of notes by Fréhlich.

‘Commutators and remarks on further steps’.

Contents of folder so inscribed divided into three for ease
of reference: loose papers (B.76, B.77) and folder of
papers inscribed ‘Tetrads & Fields and others’ (B.78),
variously paginated sequences of manuscript notes,
offprint by Frohlich.

‘Il Dual Paper’

Contents of folder so inscribed divided into two for ease
of reference: offprint, manuscript notes entitled ‘Dual
transform’, typescript draft of paper by Frohlich
‘Generation of dual transformation through fields in
electrodynamics' [Progr. Theoret. Phys.]

‘Enzymes and correspondence’
Contents of folder so inscribed: includes offprint of

Frohlich’s paper ‘Long Range Coherence and the Action
of Enzymes’, Nature, vol . 228, 12 December 1970.

‘Enzymes old’

Contents of folder so inscribed divided into two for ease
of reference: offprints and photocopies of papers.

‘Extension to Statistical Mechanics Large Systems etc’

Contents of folder so inscribed: includes manuscript
notes by Frohlich, typescript draft headed ‘Material for
Stanford’ and ‘Taylor', and offprint.

‘Hydrodynamics Problems & Suggestions  Solids -
displacement field’

Contents of folder so inscribed: variously paginated
manuscript notes by Fréhlich.

1965, n.d.

1965, n.d.

1970, 1972

1962-1983

1970, n.d
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B.86-B.87

B.88-B.92

B.93-B.94

B.97-B.100

Research, B.1-B.366

‘Information Theory’

Contents of folder so inscribed divided into two for ease
of reference: includes at B.86 typescript of lecture by
Frohlich ‘Order and Organisation in Physics and Biology’,
which was ‘arranged by C. Terreaux from the tape
recording of a Faculty lecture delivered on 15th January
1976'.

‘Josephson Effect, Steps, etc.’

Contents of folder so inscribed divided into five for ease
of reference: offprints and duplicated papers, manuscript
notes by Frohlich, data, transparencies and
carrespondence.

‘Large Systems’

Contents of folder so inscribed divided into two for ease
of reference: typescript draft by Frohlich titled
““Measurement” and the n-Body Problem’ and manuscript
notes by Fréhlich.

‘Limit Cycle in external field’

Contents of folder so inscribed: manuscript notes by
Froéhlich (on University of Salford headed notepaper),
offprint.

‘Long Range Coherence & Forces'

Contents of folder so inscribed: manuscript notes
including notes on Chadwick Laboratory, University of
Liverpool headed notepaper ‘From The Professor of
Theoretical Physics H. Fréhlich, F.R.S."; offprint of paper
by Frohlich ‘Selective long range dispersion forces
between large systems’, Physics Letters, vol. 39A, no.2,
24 April 1972.

‘Macro Micro Superconductivity'

Contents of folder so inscribed divided into four for ease
of reference: manuscript notes by Fréhlich, offprint.

1952-1976

1965-1976

1980, n.d

1972, n.d.

1870, n.d.
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B.101-B.102

B.103-B.105

B.106-B.115

B.117-B.121

B.122-B.123

Research, B.1-B.366

Papers at B.99, B.100 were found in a folder (within
original folder) inscribed ‘Superconductivity’.

‘Magnetics’

Contents of folder so inscribed divided into two for ease
of reference: offprints and exchange of correspondence,
1975-1976, with K. Antonowicz, Institute of Physics,
Nicolas Copernicus University, Torun, Poland.

‘Magnetics'
Contents of folder so inscribed divided into three for ease

of reference: offprints, manuscript and typescript notes,
etc.

‘Milan & related’

Contents of folder so inscribed divided into ten for ease of
reference: offprints and typescripts of papers, principally

of E. Del Giudice and colleagues, University of Milan,
correspondence.

‘Modern Bioelectrochemistry Fluctuating Enzymes'’

Contents of plastic folder so labelled: offprints.

‘Photosynthesis’

Contents of folder so inscribed divided into five for ease
of reference: offprints, manuscript notes by Frohlich,
correspondence, typescript draft of Frohlich's paper
‘Storage of Light Energy and Photosynthesis’, Nature vol.
219, 783, 1968, etc.

‘Photosynthesis (Purdue Papers)’

Contents of folder so inscribed divided into two for ease
of reference: offprints and copies of papers.

Original folder retained at B.122, Frohlich’s manuscript
notes inside front cover.

1967-1982

1973-1975

1981-1988

1974-1983

1958-1974

1971-1975
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B.124-B.128

B.130-B.133

B.134-B.138

B.139-B.143

Research, B.1-B.366

‘Photosynthesis Witt etc but also in ATP’

Contents of folder so inscribed divided into five for ease
of reference: offprints and copies of papers.

See also B.3-B.11.

‘PNAS [Proceedings, National Academy of Sciences] and
quoted papers & calculations Scaife - Kollias & Melander
Mascarenhas’

Contents of folder so inscribed.

The material in the folder seems to relate to work of
B.K.P. Scaife only: manuscript notes by Fréhlich, letter
and manuscript draft by Scaife. There is no explicit
reference to the PNAS.

‘Quantum Hydrodynamics'

Contents of folder so inscribed divided into four for ease
of reference: offprints and copies of papers, manuscript
notes by Frohlich.

‘Smell’, ‘Hartley has reprints of Wright', ‘Hartley & recent
Wright'

Contents of folder so inscribed divided into five for ease
of reference: offprints and copies of papers, data,
correspondence with A.J. Hartley, R.H.Wright and others,
manuscript notes by Fréhlich.

‘Solitons & related Scott Davydov Bilz et al in separate
file'

Contents of folder so inscribed divided into five for ease
of reference: offprints and copies of papers.

For H. Bilz and solitons see B.12-B.19.

‘Stuttgart Hanke Bilz’

Contents of folder so inscribed: letter from H. Bilz, 19
December 1984 enclosing copy of lecture by H. Bilz

1963-1971

1974-1975

1955-1971

1969-1976

1978-1983

1971-1984
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B.145-B.149

B.150-B.161

B.163-B.166

Research, B.1-B.366

‘Struktur und Symbol - Aspekte der moderne Physik mit
einem Exkurs tUber Musik', manuscript notes by Fréhlich,
offprints by Fréhlich and others.

‘Stuttgart Older Results & Remarks’, ‘& Recent on
Raman’, ‘also various Keilmann Grundler’

Contents of folder so inscribed divided into five for ease
of reference: typescript draft by F. Keilmann, manuscript
notes by  Frohlich, correspondence,  offprints,
transparencies, efc.

‘Theory except mine'

Contents of folder so inscribed divided into twelve for
ease of reference: offprints and copies of papers and a
little related correspondence.

Frohlich listed on the folder in no particular order the
scientists represented by offprints within: ‘Wu & Austin
Mills Bhaumik et al Paul Pokorny  Achimowicz
Holland Kaiser Moskalenko et al Zon Genzel Lefever

Gomez-Jeria  Kurzynski  Paul- Chatterjee et al -
Tuszynski (Calgary) Takeno Bedmar Duffield'.

‘Wrong Papers & Statements’

Contents of plastic folder so labelled: copies of papers,
manuscript notes by Froéhlich.

‘Yeast'

Contents of folder so inscribed divided into four for ease
of reference: manuscript notes by Fréhlich titled ‘Growth
of Yeast + microwaves’, offprints and copies of papers.

Contents of unlabelled folder: offprints and manuscript
notes by Frohlich relating to work of P. Lal, University of
Liverpool and S. Kobayashi, Nagoya University, Japan

Contents of unlabelled folder: offprints and manuscript
notes by Frohlich relating to work of F. Kaiser, University

1976-1984

1972-1985

1982, n.d.

c.1956-1977

1964-1985

1975-1978
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B.170-B.173

B.174-B.262

B.174-B.176

Research, B.1-B.366

of Stuttgart

Contents of unlabelled folder: offprints, copy of letter from
Fréhlich to W. Grundler, manuscript notes by P. Lal

Miscellaneous manuscript notes by Fréhlich
4 folders.

Predominantly undated but a few pages of notes are
attached to or enclosed within offprints.

OFFPRINTS BY OTHERS: BY AUTHOR

Offprints, preprints, duplicated typescript copies of
papers, etc., re Frohlich’s biological interests. Organised
by author.

There may be annotation and marginal emphasis and
underscoring by Fréhlich and an occasional manuscript
note or letter found with the papers.

J. Achimowicz
Papers found together.
3 folders.

Achimowicz was based at the Military Institute of
Aviation, Warsaw, Poland.

L.G.E. Bell

‘Bell Thonemann'. Contents of folder so inscribed:
duplicated papers by Bell, manuscript notes by Frohlich,
efc.

Bell was based at the Department of Zoology, University
of Southampton. No papers of [P.C.] Thonemann were
found in the folder.

1987, n.d.

1963-1981,
n.d.

1959-1987

1977-1981

1965-1971,
n.d
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B.178-B.179

B.180-B.181

B.182-B.187

B.188-B.190

B.191-B.197

Research, B.1-B.366

D. Bhaumik

‘Bhaumik etc.’. Contents of folder so inscribed divided
into two for ease of reference.

Includes manuscript notes by Frohlich and duplicated
typescript paper by S.Takeno.

Bhaumik was based at the Physics Department, Kalyani
University, West Bengal, India.

G. Biczo

‘Biczd’. Contents of folder so inscribed divided into two
for ease of reference.

Includes brief correspondence.

Bicz6 was based at the Central Research Institute of
Chemistry, Hungarian Academy of Sciences, Budapest.

J.D. Cowan

‘Cowan’. Contents of envelope so inscribed divided into
six for ease of reference.

Includes correspondence.

Cowan was Chairman of the Department of Theoretical
Biology, University of Chicago.

F. Drissler

Papers found together.

3 folders.

Includes letter from Drissler, ‘11.5.79' (B.190).

Drissler was based at the Max Planck Institut fur
Festkérperforschung, Stuttgart, West Germany.

H. Frauenfelder
and colleagues at the University of lllinois, Urbana-
Champaign

1976-1985

1977-1979

€.1964-1973,

n.d.

1974-1980

1975-1982
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B.199-B.204

B.205-B.207

B.209-B.210

Research, B.1-B.366

Papers found together.
7 folders.

Frauenfelder was based in the Department of Physics at
the University of lllinois.

W. Grundler 1983-1984
‘Dr Grundler’. Contents of envelope so inscribed.
Includes covering letter from Grundler, 13 February 1984.

Grundler was based at the Gesellschaft fur Strahlen- und
Umweltforschung MBH, Munich, West Germany.

J.B. Hasted 1981-1985

‘Hasted’. Contents of folder so inscribed divided into six
for ease of reference.

Includes correspondence.

Hasted was based in the Department of Physics,
Birkbeck College, University of London.

J.H. Heller 1959-1974
‘Heller Biology Reprints’. Contents of folder so inscribed

divided into three for ease of reference: offprints by Heller

and others, correspondence, manuscript notes by

Fréhlich.

Heller was based at the New England Institute for
Medical Research, Ridgefield, Connecticut.

B. Hess 1977-1979

‘Hess'. Contents of envelope so inscribed.

L. Ingber

Contents of envelope inscribed ‘Take to Stuttgart in
Summer’, divided into two for ease of reference: letter
and papers by Ingber.
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B.213-B.218

B.219-B.221

B.222-B.223

Research, B.1-B.366

Includes invited lecture by Ingber to UCSD Frontiers of
Science seminar on ‘Consciousness - Physics or
Metaphysics', 156 January 1980

Ingber was President of the Institute for the Study of
Attention, Solana Beach, California.

T. lzuyama
‘lzuyama Japan'. Contents of folder so inscribed.

lzuyama was based at the Institute of Physics, College of
General Education, University of Tokyo.

F. Keilmann
Papers found together.

Keilmann was based at the Max Planck Institut fir
Festkorperforschung, Stuttgart, West Germany.

D.B. Kell

‘Kell'. Contents of folder so inscribed divided into six for
ease of reference.

Includes correspondence, 1981-1985, and manuscript
notes by Fréhlich.

Kell was based at the Department of Botany and
Microbiology, University College of Wales Aberystwyth.

R. Landauer
Papers found together.
3 folders.

Includes Landauer's ‘note’ on ‘Manuscript Selection by
Scientific Journals’, July 1975.

N. Liron

Papers found together.

1980-1985

1975-1977

1979-1985

1975-1978

1976, 1978
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B.224-B.226

B.224-B.225

B.227-B.235

B.227-B.233

B.234-B.235

B.236-B.237

Research, B.1-B.366

2 folders.
Liron was based at the Department of Applied

Mathematics, Weizmann Institute of Science, Rehovot,
Israel.

E. Neumann

Neumann was based at the Polymer Department,
Weizmann Institute, Rehovot, Israel.

Papers found together

2 folders.

Includes papers co-authored with A. Katchalsky and
manuscript notes by Fréhlich.

Contents of unlabelled plastic folder

M.U. Palma and colleagues at the University of Palermo

Papers found together

7 folders.

‘Palermo’

Contents of folder so inscribed divided into two for ease
of reference.

E.W. Prohofsky

Papers found together.

2 folders.

Prohofsky was based at the Physics Department, Purdue

1970-1982

1970-1974

1980-1982

1962-1981

1962-1979

1977-1981

1971-1977
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B.238-B.239

B.241-B.245

B.246-B.247

B.248-B.253

Research, B.1-B.366

University, West Lafayette, Indiana.

M.R. Schroeder

‘Reprints of Dr Schroeder [not in Frohlich's hand]' and
‘Dielectrics: Solutions in Water. Contents of folder so
inscribed divided into two for ease of reference.

Includes letter from Schroeder, 25 June 1975, enclosing
‘promised reprints of our work on Micelles in Water'.

Schroeder was Director of the Drittes Physikalisches
Institut Universitat Goéttingen.

H.P. Schwan

Papers of Schwan and collaborators found together.

Schwan was based at The Moore School of Electrical
Engineering, University of Pennsylvania, Philadelphia.

H.M. Sobell

‘Sobell'. Contents of folder so inscribed divided into five
for ease of reference.

Includes assessment of grant application and
correspondence, 1984-1987.

Sobell was based at the University of Rochester School
of Medicine and Dentistry, New York.

S. Takashima
Papers found together.
2 folders.

Takashima was based at the University of Pennsylvania,
Philadelphia.

R. Thom

Thom was based at the Institut des Hautes Etudes
Scientifiques, Bures-sur-Yvette, France.

1973-1975

c.19569-1970

1974-1987

1963-1975

1970-1971,
n.d.
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B.248-B.249

B.250-B.253

B.255-B.256

B.257-B.259

Research, B.1-B.366

‘Thom Various'

Contents of folder so inscribed divided into two for ease
of reference.

Papers by Thom and about his work found together

4 folders.

A. Wada

Papers found together.

Includes manuscript notes by Fréhlich.

G.D. Wassermann
‘Wassermann'. Contents of envelope so inscribed
divided into two for ease of reference: letter from
Wassermann, 19 November 1987, enclosing recently
published papers.

Wassermann was Reader in the Theory and Philosophy
of Biology, University of Newcastle upon Tyne.

H.T. Witt
and colleagues at the Technische Universitat Berlin

Papers found together.

3 folders.

Woo, C.H
Contents of unlabelled plastic folder
Includes correspondence.

Woo was based at the Department of Physics and
Astronomy, University of Maryland, College Park.

1970, n.d.

1971, n.d.

1962-1972

1982-1987

1971-1985
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B.261-B.262

B.263-B.355

Research, B.1-B.366

U. Zimmermann

‘Zimmermann'. Contents of envelope so inscribed
divided into two for ease of reference.

Zimmermann was based at the Institut fur Medizin der
Kernforschungsanlage, Julich, West Germany.

OFFPRINTS BY OTHERS: CHRONOLOGICAL

Offprints, preprints, duplicated typescript copies of
papers, etc.,, predominantly re Fréhlich’s biological
interests. Organised chronologically.

There may be annotation and marginal emphasis and
underscoring by Fréhlich and an occasional manuscript
note or letter found with the papers.

1934-1938

1942, ¢.1942

1952-1953

1954-1958

1960-1961

1980-1982

1934-1990
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B.272-B.275 1965

4 folders.

B.278-B.280 1968

3 folders.

B.282-B.289 1970, ¢.1970

8 folders.

B.291-B.292 1972

2 folders.

B.293-B.296 1973

3 folders and 1 volume.

B.297-B.301 1974

5 folders.
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B.302-B.303 1975

2 folders.

B.304-B.306 1976

3 folders.

B.307-B.312 1977

6 folders.

B.313-B.317 1978

5 folders.

B.318-B.320 1979

3 folders.

B.321-B.324 1980

3 folders and 1 volume.

B.325-B.329 1981

4 folders and 1 volume.

B.330-B.331 1982

2 folders.

B.333-B.343 1984

11 folders.
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Research, B.1-B.366

B.344-B.345 1985

2 folders.

B.346-B.347 1986

2 folders.

B.348-B.351 1987

4 folders.

1988-1989

B.354-B.355 N.d

2 folders.

B.356, B.357 RUSSIAN PAPERS 1969-1976

Photocopies of papers in Russian.

'Russian’ 1969-1976

Contents of folder so inscribed.

'‘Russian haemoglobin’ 1970-1975

Contents of folder so inscribed.
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B.358-B.366

Research, B.1-B.366

PhD THESES

A number of bound copies of theses were found with
Fréhlich's archive.

Those supervised at Liverpool, copies of which are
already available at the University, have not been
retained with the archive:

G.R. Allcock ‘Formulistic aspects of modern relativistic
quantum theory' (1955)

A.B. Bhatia ‘Thesis on A) Scattering of polarised neutrons
by protons and perturbation calculation of phase shifts for
central and non-central interaction B) On the electrical
properties of cold worked iron carbon alloys of low carbon
content Supplemented by C) Angular distribution of
protons in (d — p) reactions’ (1950)

A.J. Buckingham 'Electrons in metals and ionic crystals’
(1954)

A.C. Clark ‘The capture of mesons’ (1952)

Pyare Lal Desauar ‘Perturbation theory and nuclear
Ferromagnetism’ (1962)

S. Doniach ‘Collective electron effects in the theory of
electrical conduction’ (1958)

W.A.B. Evans 'Analytic continuation formalism for the
response of many-body systems at finite temperatures
(with applications)’ (1965)

D.G.H. Frood ‘A dielectric theory of impurity conduction
and Debye losses from donors in Germanium’ (1960)

G.J. Hyland ‘Electronic phase transitions in transition-
metal oxides’ (1968)

A.N. Kemal ‘Low energy pion-pion scattering’ (1962)

M.W. Kermode ‘Topics in the scattering of charged
particles’ (1966)

T.K. Mitra ‘Electron phonon interaction in the tight binding
approximation’ (1966)

B.V. Paranjape ‘Electrons in semiconductors’ (1957)

V.V. Paranjape ‘Field dependent conductivity in
semiconductors’ (1963)

1941-1967
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Sheila N. Ruddlesden ‘The disintegration of light nuclei
by mesons’ (1952)

AW.B. Taylor ‘lnvestigations in the theory of
superconductors’ (1962)

C.B. Wilson ‘The characteristic energy losses of fast
electronics in metals’ (1960)

S. Zienau ‘The motion of electrons in the ionic crystal
(1954)

S.T. Ma, ‘Investigations in the meson theory of nuclei and
cosmic rays’

The thesis was supervised by W. Heitler at Cambridge
and Bristol. Froéhlich was one of a number of scientists to
whom Ma acknowledged great indebtedness ‘for many
valuable discussions and suggestions'.

The thesis is dated at ‘Queen’s College, Cambridge,
February 1941’

R. Sack, ‘On the theory of the properties of flow of
dispersions’, University of Bristol

The memorandum begins ‘The present work arose from
the intention of Dr H. Fréhlich and myself to understand
the properties of visco-elastic materials in terms of their
structure’.

W.H. Ramsey, ‘On the scattering of neutrons and protons
by protons’, University of Bristol

Loose items enclosed at front and back of binder.

The author expressed ‘his appreciation to his supervisor
Dr H. Froéhlich, for acquainting him with the problems
dealt with in this thesis, and for the interest he has shown
in the work’.

R. Huby, ‘The trapping of negative mesons in matter,
together with investigations on the binding energy of
heavy nuclel’, University of Bristol

The author expressed ‘his sincere appreciation to
Professor H. Frohlich, who proposed these investigations

N.d. c.1948

N.d. c.1949
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and who supervised the work with generous interest,
encouragement and advice'.

C.G. Kuper, ‘The theory of the intermediate state of
superconductors’, University of Cambridge

Kuper acknowledges his great indebtedness to Professor
H. Frohlich and Dr A.B. Pippard ‘for their criticism and
advice, which has been most helpful in revising this
Dissertation’.

The thesis was ‘'submitted April 1953, and in revised form
January 1954,

T.D. Schulz, ‘Electron-lattice interactions in polar
crystals’, technical report no.9, Solid-State and Molecular
Theory Group, Massachusetts Institute of Technology’

The technical report is described as a reproduction of a
thesis submitted in partial fulfilment of the requirements
for a PhD degree in the Department of Physics at M.L.T.
in August 1956.

Fréhlich appears in the bibliography.

M. Moriamez, ‘Sur les spectres hertziens d’'absorption de
solutions de dielectriques liquides a liaisons hydrogéne’,
Université de Lille

Frohlich appears in the bibliography.

T. Ambrose, ‘Retardation effects in electromagnetic July 1967
interactions’, University of Dublin

Fréhlich appears in the bibliography.

L.A.Butler, ‘Dielectric breakdown of solid argon’, August 1967
University of New South Wales

Fréhlich appears in the bibliography.
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SECTION C

PUBLICATIONS, C.1-C.121

C.1-C.76 OWN PUBLICATIONS

C.77-C.92 PUBLICATIONS BY OTHERS

C.93-C.121 EDITORIAL CORRESPONDENCE

OWN PUBLICATIONS

‘H. Fréhlich Complete Bibliography (1930-1990), G J
Hyland, Department of Physics, University of Warwick'

Books, authored and edited

Elektronentheorie der Metalle (Berlin: Springer, 1936,
reprinted, Ann Arbor, USA, 1943, republished Springer,
1969)

‘Translation from - H. Froehlich Elektonenetheorie der
Metalle’

First page only of Chapter V. ‘The Metallic Bond', 1p
duplicated typescript.

In English.

The translator is identified as S. Machlup, University of
lllinais.

Correspondence with Springer-Verlag, royalty statements
and reviews of 1969 edition.

Biological coherence and response to external stimuli
(Springer-Verlag 1988)

Frohlich was the editor of this book and wrote the first
chapter ‘Theoretical Physics and Biology'.

1930-1992

1930-1992

N.d., 1969-
1988

N.d., 1969-
1973

1969-1973

1970-1988
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C.21-C.27

C.28-C.34

C.35-C.39

Publications, C.1-C.121

‘Book Notes - Reprints efc'.

Contents of folder so inscribed divided into sixteen for
ease of references.

Includes manuscript and typescript drafts of Frohlich's

chapter and typescript drafts of his wife Fanchon's
contribution ‘The genetic code as language'.

‘Springer Index’
Contents of folder so inscribed.

Includes correspondence.

‘Book Copies’

Contents of folder so inscribed divided into seven for
ease of reference.

Copies of contributions with a little related
correspondence.

‘Book Correspondence’

Contents of folder so inscribed divided into seven for
ease of reference.

Correspondence with publisher and contributors.

At C.28 is correspondence with CRC Press, Inc who
withdrew from the project, and a proposal from Fréhlich
‘Electromagnetic radiation and living cells, and the
question of coherence’.

‘For Book Theory Russians'

Contents of folder so inscribed divided into five for ease
of reference.

Offprints, manuscript notes by Fréhlich, etc.

Correspondence with publisher

1986-1988

1986-1987

1984-1987

1970-1986

1987-1988
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C.41-C.76

Publications, C.1-C.121

Published papers, review articles, book contributions
and reports

'‘Zum Photoeffekt an Metallen’, Ann. Physik 7, 103-128.
1930

Offprint only.

‘Der Schroteffekt nach der Quantenmechanik’, Z. Physik
71, 715-719. 1931

Offprint only.

‘Theorie der Sekundéarelektronenemission aus Metallen’,
Ann. Physik 13, 229-248. 1932

Offprint only.

‘Lichtabsorption und selektiver Photoeffekt', Z. Physik 75,
539-543. 1932

Offprint only.

‘Uber die Absorption der Metalle im Sichtbaren und
Ultravioletten', Z. Physik 81, 297-312. 1933

Offprint only.

‘The number of free electrons in a metal’, Proc.
Cambridge Phil. Soc. 31, 277-280. 1935

Offprint only.

‘Quantum mechanical discussion of the cohesive forces
and thermal expansion coefficients of the alkali metals’,
Proc. Roy. Soc. (London), Ser. A 158, 97-110. 1937

Offprint only.

1930-1986
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Publications, C.1-C.121

‘Die  Spezifische Warme der Elektronen kleiner
Metallteilchen bei tiefen Temperaturen’, Physica 4, 406-
412. 1937

Offprint only.

‘A solution of the Schrédinger equation by a perturbation
of the boundary conditions’, Phys Rev. 54, 945-947.
1938

Offprint only.

(With W. Heitler and B. Kahn) ‘Deviation from the
Coulomb Law for the Proton’, Proc. Roy. Soc. (London),
Ser. A. 171, 269-280. 1939

Offprint only.

(With N.F. Mott) ‘The Mean Free Path of Electrons in
Polar Crystals’, Proc. Roy. Soc. (London), Ser. A 171,
496-504. 1939

Offprint only.

‘Dielectric Breakdown in lonic Crystals’, Phys.Rev. 586,
349-352. 1939

Offprint only.

‘Theory of Electrical Breakdown in lonic Crystals. Part
11', Proc. Roy. Soc. (London), Ser. A. 172, 94-106. 1939

Offprint only.

‘Dielectric breakdown in solids’, Rept. Progr. Phys. 6,
411-430. 1939

Offprint only.

(With W. Heitler and B. Kahn) ‘Photodisintegration of the
deuteron in the meson theory’, Proc. Roy. Soc. (London),
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Publications, C.1-C.121

Ser. A 174, 85-102. 1940

Offprint only

‘On the dielectric strength of mixed crystals’. Proc. Roy.
Soc. (London), Ser. A 178, 493-498. 1941

Offprint only.

‘Electric breakdown in ionic crystals’. Phys. Rev. 61, 200-
201. 1942

Offprint only.

‘Theory of dielectric breakdown’, Nature 151, 339-340.
1943

Offprint only.

‘Theoretical physics in industry', Nature 158, 332-334.
1946

Offprint only.

This paper was the substance of a course of three
lectures delivered at the Royal Institution, 28 March, 4
and 11 April.

‘Dielectric breakdown in amorphous substances II',
British Electrical and Allied Industries Research
Association technical report reference L/T/169, 4pp.
1946

‘Energy distribution and stability of electrons in electric
fields', Proc. Roy. Soc. (London), Ser. A 188, 532-541,
1947

Offprint only.

‘Properties of slow electrons in polar materials’, Phil.
Mag. XLI, 221-242. 1950
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Publications, C.1-C.121

Offprint only.

Based on report L/T 221 of the British Electrical and
Allied Industries Research Association.

(With F. Seitz) ‘Notes on the theory of dielectric
breakdown in ionic crystals’, Phys.Rev. 79, 526-527.
1950.

Offprint only.

(With J.H. Simpson) ‘Intrinsic dielectric breakdown in
solids’, Advanc. Electronics 2, 185-217. 1950

Galley proofs.

‘On the theory of dielectric breakdown in ionic crystals’,
Electrical Research Report , L/T 277, 14pp. 1952

(With G.L. Sewell) Electric conduction in semiconductors,
Proc. Phys. Soc. (London) 74, 643-646. 1959

Offprint, with 1p manuscript notes enclosed inside.

‘Dielectric instabilities’.  In Ferroelectricity (ed. E.F.
Weller, and dedicated to the memory of P.W. Debye), 9-
15. Amsterdam: Elsevier (Proc. Symposium on
Ferroelectricity, Michigan, 1966). 1967

Offprint only.

Review of: Encyclopedia of physics: light and matter
volume XXV/2a, edited by S. Fligge (New York,
Springer-Verlag, Inc. 1967), Journal of Franklin Institute
286, 363-364. 1968

Published text.

Review of: Superconductivity, edited by R.D. Parks, vols
1 and 2 (Dekker: New York, April 1969), Nature 225, 300.
1970
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Publications, C.1-C.121

Published text.

‘Theory of superconductivity without solution of many
body problems’, Collect. Phen. 1, 173-184. 1974

Published volume including Fréhlich's paper.

‘Long-Range coherence in biological systems’, Riv. del
Nuovo Cimento 7, 399-418. 1977

Offprint only.

‘Coherent excitations in biological systems', Biofizika
(USSR) 22, 777-778. 1977

4pp duplicated typescript.

‘Coherent electric vibrations in biological systems and the

cancer problem’, IEEE Trans. Microwave Theory and
Techniques 26, 613-617. 1978

Photocopy.

‘The biological effects of microwaves and related
questions', Adv. Electronics and Electron Phys. 53, 85-
152. 1980

Offprint.

(With H. Bilz and H. Bittner) ‘Electret model for the
collective behaviour of biological systems’, Z.
Naturforsch, Ser. B 36, 208-212. 1981

Photocopied typescript.

‘Can biology accommodate laws beyond physics?' In
Quantum Implications (eds B.J. Hiley and F.D.Peat),
pp.312-313. New York and London: Routledge and
Kegan Paul. (Essays in honour of David Bohm). 1987

Corrected proof and related correspondence.
































































































































































































































































