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A. Authors of papers

Adams, Derek, see Williams, David
Agroskin, L. S,, see Pevzner, L. Z.

Akerman, Karl, E. O.: Measurements of membrane potentials using the dye safranine

Bestimmungen von Membranpotentialen mit Hilfe von Safranin

Azzam, R. M. A.: Optical detection of cell-surface changes associated with malignant
transformations in vitro

Optische in-vitro-Feststellung von Zelloberflichendanderungen in Verbindung mit bos-
artigen Transformationen

Bezler, Hans 7, see Leder, Ortwin

Bhattacharyya, Tapan Kumar: A differential staining technique for vertebrate histology
(Short communication)

Une méthode de coloration différentielle pour I’histologie des Vertébrés

Boer, Hein, and Woulter H. van Eek: The penetration of the embedding medium methyl
methacrylate in undecalcified bone

Das Eindringen von Methylmethacrylat als Einbettungsmittel fiir unentkalkte Kno-
chen

Borovikov, Yurii S., and Natalia A. Chernogriadskaia: Studies on conformational changes
in F-actin of glycerinated muscle fibers during relaxation by means of polarized ultra
violet fluorescence microscopy

Konformationsdnderungen im F-Aktin im Verlauf des Erschlaffens glyzerinisierter

Muskelfasern. Untersuchungen mit Hilfe von Fluoreszenzmikroskopie im polarisier-
ten UV

Chernogriadskaia, Natalia A., see Borovikov, Yurii S.
Chun, Moonjin, see Sernetz, Manfred
Collins, Barbara Ann, and Edward Ford MacNichol, jr.: Long term ﬁxanon for hmolog-

ical studies (Short communication)

Langzeitfixation fiir histologische Untersuchungen

147

313

299

181

383

155



v Authors of papers

Collins, Barbara Ann, and Edward Ford MacNichol, jr.: Sectioning of Epon blocks in
the 20 um to 60 um range for histological studies (Short communication) .

20—60 «m dicke Schnitte von Epon-Blocken fiir histologische Untersuchungen

Colman, Ondina D., and Juan C. Stockert: Observations on the nucleolar staining by
ethanolic phosphotungstic acid (Short communication)

Beobachtung iiber die Nukleolarfarbung durch #thylalkoholische Phosphorwolfram-
sdure

Cremer, Christoph, and Thomas Cremer: Considerations on a laser-scanning-microscope
with high resolution and depth of field

Uberlegungen zu einem Laser-Scanning-Mikroskop mit hoher Auflosung und Schir-
fentiefe

Cremer, Thomas, see Cremer, Christoph

Dewar, Catherine L., and Michael W. Wolowyk: Scanning electron microscopy of blood
cells . . . . . L Lo e e e e e e e e e e e e e e

L’examen de leukocytes et d’érythrocytes au microscope a balayage
Dimock, Ronald V., jr., see Hazen, Terry

Dutt, Mihir K.: Cytochemlcal speclﬁc:ty of acridine red towards RNA and depolymerised
DNA . e e e e e .

Cytochemische Speziﬁt’cit von Akridinrot gegeniiber RNS und depolymerisierter DNS

Dutt, Mihir K.: Modified Feulgen staining of DNA with aqueous solution of pinacyanol

Modifizierte Feulgen-Firbung fiir DNS mit wissriger Losung von Pinacyanol

Dutt, Mihir K.: Increased shelf-life and Feulgen staining intensity of a modlﬁed trichlor-
acetic acid-Schiff reagent e e e e e

Verbesserte Haltbarkeit und Feulgen-Féarbungsintensitdt eines modifizierten Trichlor-
essigsaure-Schiff-Reagenz

Dutt, Mihir K.: Hoffman’s violet and Dahlia as specific stains for animal chromosomes

Hoffmans Violett und Dahlia als spezifische Farbstoffe fiir tierische Chromosomen

Dutt, Mihir K.: Shelf- hfe of citric acid-toluidine blue O-SO2 and its mﬂuence on Feulgen
staining . .

Zitronensdure-Toluidinblau O-SO, : Lagerfahlgkelt und EinfluB auf die Feulgen-Fir-
bung

Dutt, Mihir K.: Detection of DNA in mammalian tissues following removal of RNA with
cold phosphoric acid

Nachweis von DNS im Gewebe von Saugern nach Entfernung der RNS mit kalter
Phosphorsdure

227

27

31

209

189

195

275

293

367

373



Authors of papers

Dutt, Mihir K.: Fixation of mammalian tissues in different fixatives and its influence on
the staining with methyl green-pyronin . . . . . . . . . . . . . . . .

Das Fixieren von Saugergewebe in verschiedenen Fixativen und deren Einflu auf die
Firbung mit Methylgriin-Pyronin

Eek, Woulter H van, see Boer, Hein

Friebe, Bernd: Untersuchungen zum Schwesterchromatidenaustausch bei Secale cereale
Analysis of sister chromatid exchange (SCE) in Secale cereale

Gebhart, Josef, see Roth, Christa

Glahn-Luft, Birgit, Peter Schley und Rudolf Wassmuth: Geschlechtsdifferenzierung von
neugeborenen Kaninchen mit Hilfe der Karyotypanalyse zu Versuchszwecken (Kurz-
mitteilung)

Sexual differentiation of newborn rabbits with karyotype analysis for experimental use

Gundersen, Hans Jorgen G.: Estimators of the number of objects per area unbiased by
edge effects .

Abschiatzungsmethoden fiir die Ob]ektﬂachendlchte frei von systematischen Fehlern
durch Randeffekte

Gupta, A. K., and K. Singh: Influences of primary coma on pam'al[y coherent images:
Truncated bar targets

Der Einflu primarer Koma auf die partnell koharente Abblldung Abgestufte periodi-
sche Strichraster

Habermalz, Fritz: Farbmetrische Untersuchungen iiber die mit Umkehrfarbfilmen dar-
stellbaren Farben

Colorimetrical investigations of colors produced by color reversal films applied for
photomicrography
Hannibal-Friedrich, Otto, see Sernetz, Manfred

Hartmann, Horst, und Klaus Paradies: Ein Prdparationsverfahren fiir die Auflichtfluo-
reszenz-Mikroskopie (Kurzmitteilung)

A simple preparation technique for incident light fluorescence microscopy

Hazen, Terry C., Gerald Smith, and Ronald V. Dimock, jr.. A method for fixing and
staining peritrich ciliates
Eine Methode zum Fixieren und Farben von rundum begelBelten Ciliaten

Hollinder, Horstmar: Identification of cytoplasmic laminar bodies in neurons of the cat
lateral geniculate nucleus by phase contrast microscopy
Phasenkontrastmikroskopischer Nachweis von cytoplasmatischen Lamellenkdrperchen
in Nervenzellen des geniculatum laterale der Katze

Jacob, Helmut, Judit Nowak, Peter Veith und Heiko Wasmund: Elcktronische Datener-
fassung und -verarbeitung im On-line-Betrieb bei der Mikroskop-Photometrie fester,
fossiler, organischer Stoffe

On-line data collection and processing in connection with the microscope photometry
of solid, fossil, organic matter

379

159

289

107

265

137

407

15

131

45



VI Authors of papers

Kemali, Milena: Application of a rapid Golgi method and use of potassium perman-
ganate in the histology of Hydra

Anwendung einer modifizierten, raschen Golgi-Methode und Verwendung von Ka-
liumpermanganat in der Histologie von Hydra

Kraus, Herbert, see Schwarz, Jiirgen
Kunt, Manfred, see Leder, Ortwin

Leder, Ortwin, Manfred Kunt und Hans Bezler §: Pilotstudie zur Auswertung von Vagi-
nalabstrichen in der zytologischen Hormondiagnostik

The evaluation of vaginal smears in cytological hormone diagnosis: A pilot study
Liittge, Bernhard, see Menold, Richard
MacNichol, Edward Ford, jr., see Collins, Barbara Ann

Marshall, P. N.: Reticulation, polychromasia and stippling of erythrocytes (Review) .
Netzbildung an, Polychromasie und Tiipfelung von Erythrocyten

Martin, H.: Zum Gedichtnis an Prof. Dr. Alfred Grabner (20. Jan. 1896—28. Jan. 1978)
Mayfield, C. 1., see Polonenko, D. R.

Menold, Richard, and Bernhard Liittge: Freeze-etching of dispersions without contamina-
tion of the fracture faces . . . . . . . . . . . . . . 4 e e e e e

Kontaminationsfreies Gefrierdtzen von Dispersionen
Mort, Elizabeth, see Williams, David
Nowak, Judit, see Jacob, Helmut
Paradies, Klaus, see Hartmann, Horst

Peters, J. Hinrich: Zeitrafferanlage zur Lebendbeobachtung von Zellen in der Kultur .

Device for time lapse studies on living cells in culture

Pevzner, L. Z., T. G. Raygorodskaya, and L. S. Agroskin: Quantitative microspectral
evaluation of the ratio of arginine-rich to lysine-rich histones in neurons and neuro-
glial cells

Evaluation microspectrale quantitative du ratio des histones riches en arginine ou
lysine dans les neurones et des cellules névrologiques

Pictruschka, Fricke, see Zierold, Karl

Polonenko, D. R., and C. I. Mayfield: Fluorescence probes for use as staining agents
in soil .

Fluoreszierende Stoffe als Farbemittel fiir Bodenproben

Raffler, Hartmut, see Schwarz, Jiirgen

309

281

89

63

317

217

303



Authors of papers

Raygorodskaya, T. G., see Pevzner, L. Z.

Roth, Christa, and Josef Gebhart: Rapid particle size analysis with an ultramicroscope .
Schnell registrierendes Ultramikroskop fiir Schwebstoftteilchen

Schifer, Dieter, see Zierold, Karl

Schley, Peter, see Glahn-Luft, Birgit

Schwarz, Jiirgen, Herbert Kraus und Hartmut Raffler: Methodische Untersuchungen zur
quantitativen Bildanalyse an Zellen des weiblichen Genitaltraktes

Methodical investigations for quantitative image analysis on cells of the female gen-
ital tract

Sernetz, Manfred, Otto Hannibal-Friedrich und Moonjin Chun: Bestimmung radialer
Dichtegradienten in Oxiran-Acrylharzperlen durch Mikrointerferometrie und Mikro-
fluorometrie

Determination of radial concentration gradients in oxirane-acrylic beads by micro-
interferometry and microfluorometry

Singh, K., see Gupta, A. K.
Smith, Gerald, see Hazen, Terry C.

Spijker, H. J. D.: A4 procedure for obtaining thin sections of undecalcified bone biopsies
embedded in methyl methacrylate

Eine Methode zur Anfertigung von Diinnschnitten Methylmethacrylat-eingebetteter,
nicht-entkalkter Knochenbiopsien

Srivastava, Kanti, and Mohd. Yunus: 4 modified technique to study epidermis in Verben-
aceae (Short communication)

Eine modifizierte Priparationsmethode fiir Epidermisuntersuchungen an Verbenaceae
Stockert, Juan C., see Colman, Ondina D.
Veith, Peter, see Jacob, Helmut
Wasmund, Heiko, see Jacob, Helmut
Wassmuth, Rudolf, see Glahn-Luft, Birgit

Williams, David, Derek Adams, and Elizabeth Mort: A histochemical method for the
detection of metals in tissues, with references to the use of surgical implants

Histochemischer Nachweis von Metallen in Geweben, mit Bezug auf die Verwendung
metallischer Implantate

Wolowyk, Michael W., see Dewar, Catherine L.

Wurtz, M.: 9th International Congress on Electron Microscopy, Toronto, August 1—9,
1978 (Report)

Yunus, Mohd., see Srivastava, Kanti

Zierold, Karl, Fricke Pietruschka, and Dieter Schifer: Calibration for quantitative X-ray
microanalysis of skeletal muscle cells in culture .

Kalibrierung zur quantitativen RoOntgen-Mikroanalyse von Skelettmuskelzellen in
Kultur

VII

119

201

393

17

177

329

361



B. Book reviews

Beyer, Hermann: Handbuch der Mlkroskopze 2., stark iiberarb. Aufl. (VEB Verlag
Technik, Berlin 1977)) ..

Blaker, A. A.: Handbook for Scientific Photography (W. H. Freeman & Comp Readlng/
England-San Francisco 1978.) . .

Dobson, P. J., J. B. Bendry, and C. J. Humphreys (Edits.): Electron Diffraction 1927—
1977 (Insmute of Physics Conference Series No. 41). (The Institute of Physncs Bristol
1978.)

Gaunt, W. A,, and P. M. Gaunt: Three-Dimensional Reconstruction in Biology. (Pitman
Medical, Tunbridge Wells/England 1978.) e e .

Geyer, G.: Elektronenmikroskopische Histochemie, Teil 1: Nachweis- und Kontrastierungs-
methoden fiir Kohlehydrate, Proteine, Aminosiuren, Nucleinsiuren, Lipide und Mi-
neralstoffe, (Band I, Teil 3 des ,,Handbuchs der Hlstochemle“) (Gustav Fischer Ver-
lag, Stuttgart 1977.) . . e e Lo

Glauert, Audrey M. (Edit.): Practical Methods in Electron Microscopy, Vol. 5, Part I:
Lewis, P. R,, and D. P. Knight: Staining Methods for Sectioned Material | Part 1I:
Chandler, J. A.: X-Ray Microanalysis in the Electron Microscope. (North-Holland
Publishing Company, Amsterdam 1977.) e e e e e e e e

Glauert, Audrey M. (Edit.): Practical Methods in Electron Microscopy, Vol. 6, Part I:
Autoradiography and Immunocytochemistry | Part 11: Quantitative Methods in Biol-
ogy. (North-Holland Publishing Company, Amsterdam 1977.)

Hayat, M. A. (Edit.): Principles and Techniques of Electron Microscopy: Biological
Applications, Vol. 6. (Van Nostrand-Reinhold Company, New York-London 1976.)

Hayat, M. A. (Edit.): Principles and Techniques of Electron Microscopy: Biological
Applications, Vol. 7. (Van Nostrand-Reinhold Company, New York-London 1977.) .

Ibach, H. (Edit.): Electron Spectroscopy for Surface Analysis (“Topics in Current
Physics”, Vol. 4). (Springer-Verlag, Berlin-Heidelberg-New York 1977.)

Johannessen, J. V. (Edit.): Cellular Pathobiology: Metabolic and Storage Diseases (Vol. 2
of the series “Electron Microscopy in Human Medicine”). (McGraw-Hill Interna-
tional Book Company, New York-Diisseldorf 1978.)

Klieneberger-Nobel, Emmy: Pionierleistungen fiir die Medizinische Mikrobiologie.
(Gustav Fischer Verlag, Stuttgart 1977.)

169

168

358

354

167

85

263

171

263

86

353

85



Book reviews

Knowles, P. F., D. Marsh, and H W. E. Rattle (Edits.): Magnetic Resonance of Bio-
molecules (An introduction to the theory and practice of NMR and ESR in biological
systems). (John Wiley & Sons Ltd., Chichester/Sussex 1976.)

Kuhlmann, W. D.: Ultrastructural Immunoperoxidase Cytochemistry (Vol. 10/No. 1 of
the series “Progress in Histochemistry and Cytochemistry”). (Gustav Fischer Verlag,
Stuttgart 1977.) . ...

Lillie, R. D. (Edit.): H. J. Conn’s Blologzcal Stains, 9th ed. (Wllhams & Wilkins Com-
pany, Baltimore 1978.) . e e e

Lippert, Herbert: Das wissenschaftliche Manuskript: Fachzeitschrift — Vortrag — Disser-
tation — Fachbuch (U&S Taschenbuch 1012) Urban & Schwarzenberg, Miinchen
1977.) . .. .

Meadows, R.: Renal Histopathology, a light, electron, and immunofluorescent micro-
scopy study of renal disease, 2nd ed. (Oxford University Press, New York-Melbourne
1978.) . L. . . . L.

Meek, G. A., and H. Y. Elder (Edits.): Analytical and quantitative methods in microscopy
(Soc. of Experimental Biology Seminar series No. 3). (Cambridge University Press,
London 1977.) . . ..

Needham, G. H.: The Practical Use of the Microscope (including Photomicrography),
2nd printing. (Ch. C. Thomas Publisher, Springfield IL/USA 1977.) .

Petzow, G.: Metallographisches Atzen. (Gebr. Borntraeger, Stuttgart 1976.)

Schach, S., und T. Schifer: Regressions- und Varianzanalyse: Eine Einfiihrung (Hoch-
schultext). (Springer-Verlag, Berlin-Heidelberg-New York 1978.) .

Thompson, S. W., and L. G. Luna: An Atlas of Artifacts, Encountered in the Prepara-
tion of M:crorcop:c Tissue Sections. (Charles C. Thomas Publisher, Sprmgﬁeld lL/
USA 1978)) . . e e e

Whitman, R. L. (Edit.): Multidisciplinary Microscopy (Vol. 104 of the Proceedings of
the Society of Photo-Optical Instrumentation Engineers). (Soc. Photo-Optical Instru-
mentation Engineers). Bellingham WA/USA 1977.)
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C. Subject index

List of abbreviations

AR Autoradiography

EM Electron microscopy

F Text in French

G Text in German

HC Histochemistry

LM Light microscopy

LP List of publications

MG Macrography

MP Microprobe (X-ray, electron)
P Preparation method

PI Photometry, interferometry
SEM Scanning electron microscopy
ST Stereology, morphometry

TI Technical information

absorption curve: acridine red stained nuclei
(LM, HC) 193

— —: basic fuchsin; various TCA-Schiff solu-
tions (LM, HC) 279

— —: Hoffmann’s violet (LM, P) 295

— —: night blue; Feulgen modification
(LM, HC) 376

— —: pinacyanol; Feulgen modification
(LM, HC) 198

— —: silver stain, ammoniacal (LM) 12

— —: toluidine blue O-citric acid, Feulgen
stain (LM, HC) 369

acetic carmine stain, Sémichon; peritrich
ciliate (LM) 15

acridine orange; constitution, properties
(LM, P) 97

— red; substitute for pyronin; RNA
(LM, P, HC) 189

acrylic beads, see oxirane

adenosine triphosphate; membrane potential
(MG, P) 149

— — (ATP); F-actin conformation
(LM, P, HC) 383

Agfa-Gevaert color films; colorimetry (LM)
137-G

— — Scientia 23D56P3 (EM, TI) 66-G

ammonia; cuticle separation, epidermis (LM)
177

anaemia, blood cells (SEM, P) 209

analysis, see also image —, micro —

—, maceral; fossil organic matter (LM, PI)
45-G

—, particle size, aerosol; device, calibration
(LM) 119

anilino-1-naphthalene sulfonic acid, salts;
soil microorganism stain (LM) 303

anticontamination technique: freeze-etching
dispersions (SEM) 317

arginine rich histones, neural cells (LM, P, PI)
9

artifacts; methyl methacrylate embedding
bone (SEM) 181

autoradiography: materials, methods, appli-
cations (LP) 67, 331

azure B; constitution, properties (LM, P) 98

— II-methylene blue; fish retina study
(LM, P) 228

Balanus rostratus Hock., barnacle; muscle
fiber, F-actin changes (LM, P, PI) 384

bacteria, membrane potential; measurement
(LM, P) 147

Balzers Union, new devices (TI) 65-G

bias, edge effect; methods free of — (ST)
107



Subject index X1

biased, unbiased estimation of numbers (ST)
113
bio objects; laser damage, evaluation (LM)
31
biopsies, bone; undecalcified (LM, P) 19
—, tissues; metal traces by implants
(LM, P,HC) 1
blood cells; morphology (SEM, P) 209
— culture: long, short term; karyotype
analysis (LM, P) 289-G
bone, undecalcified; methyl methacrylate
penetration (SEM, P) 181
—, —; sectioning 19
books, new 172, 359
—, reviews  84-G, 167-G, 263-G, 353-G
BrdU; fluorescence quencher, DNA (LM, P)
160-G
brilliant cresyl blue; constitution, properties
(LM, P) 96

Ca ion; detectable concentration (MP) 361

calibration curves, MP; Ca, Cl, K, Na ions
365

—, particle size analysis, ultramicroscopy
(LM, ST) 119

cat, nerve cells; cytoplasmic laminar bodies
(LM, P) 131

celestine blue; stain sequence, vertebrate
tissue (LM) 299

cell culture, in vitro study; conditions,
protection (LM, P) 219-G

—, distribution, vaginal smears; hormone
diagnosis (LM, P) 281-G

—, femal genital tract; automated cytology
(LM, P, PI) 201-G

—, surface; ellipsometric detection, trans-
formations (LM) 313

chromosome spreading; sex determination,
rabbit (LM, P) 289-G

— staining, DNA (LM, PI) 293

ciliate, pertrich; differentiation macronucleus,
zooid relaxation (LM, P) 15

cinemicrography, time lapse; cells in vitro
(LM) 220-G

citric acid-toluidine blue O-SO, ; Feulgen
stain, shelf life (LM, PI) 367

Cl ion; detectable concentration (MP) 361

Co trace in tissue, surgical implant
(LM, P, HC) 1

coatings for slides (LM) 407-G

coherence, partially; diffraction image, coma
(LM) 265

color matching: additive, optimal, comparison
(LM) 144-G

— reversal films: colorimetry, color bodies,
color reproduction limit (LM) 131-G

— variation of staining, influence fixatives
(LM, PI) 381

coma, primary; formulation of influences on
image (LM) 265

—, —; illuminance, diffraction image (LM)
265

concentration, detectable; Ca, Cl, K, Na ions
(MP) 361

—, particles; comparison with EM deter-
mination (LM) 127

—, —; determined by ultramicroscopy
(LM, P) 128

—, radial gradients; oxirane-acrylic beads
(LM, PI) 393-G

—, — —; relation matrix & thickness
(LM, PI) 394-G / calculation formula
(LM, PM) 395-G

conformational change, F-actin; muscle
fibers (LM, P) 390

counts, point, profile (LM, ST) 110

courses & meetings 87, 176, 264, 360, 440

curvature, total; estimators, unbiased
(LM, ST) 111

cuticle separation, epidermis study (LM, P)
177

cytochemistry, histochemistry; applications
(LP) 261

—, —; methods, principles, theory (LP) 258

cytological hormone diagnosis; vaginal
smears (LM, P, ST) 281-G

cytology, automated; image analysis vaginal
cells (LM, PI, ST) 201-G

cytoplasmic laminar body; geniculate nucleus,
cat (LM, P) 131

dahlia; chromosome stain (LM, PI) 293

darkfield illumination, ultramicroscopy;
particle sizing (LM) 119

data collection, processing; maceral
analysis, organic fossil matter (LM, PI)
45-G

dehydration, drying (LP) 234, 415

—, blood cells (SEM, P) 211

densitometry (LP) 77, 349
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Summary

In conventional light microscopy, the depth of focus is severely limited. This limitation
might be overcome by a light optical scanning procedure. In this procedure, the specimen
surface is scanned point for point by a focused laser beam. The image of the specimen surface
is generated by an electronic system, similar to the procedure used in the scanning electron
microscope.

Possibilities to develop a “laser-scanning-microscope” on the basis of available techniques
(laser microirradiation, miniprocessors, light detecting systems, automatic focusing, holographic
focusing etc.) are discussed.

On account of its possibility to form images of high resolution and depth of focus, a laser-
scanning-microscope might become a valuable tool in addition to conventional light micro-
scopy and scanning electron microscopy.

Uberlegungen zu einem Laser-Scanning-Mikroskop mit hoher Auflésung und Schirfentiefe

Die bei der herkdmmlichen Lichtmikroskopie unvermeidliche, starke Beschrinkung der
Schirfentiefe konnte durch ein lichtoptisches Scanning-Verfahren iiberwunden werden, bei der
die Objektoberfliche von einem fokussierten Laserstrahl punktweise ,,abgetastet wird und das
Bild der Objektoberfliche dhnlich wie beim Rasterelektronenmikroskop auf elektronischem
Wege zusammengesetzt wird.

Der konstruktive Plan eines ,Laser-Scanning-Mikroskopes* auf der Grundlage der heute
gegebenen technischen Voraussetzungen (Lasermikrobestrahlung, Miniprozessoren, Lichtnach-
weissysteme, automatische Fokussierung, holographische Fokussierungsverfahren etc.) wird be-
schrieben und Probleme einer technischen Realisierung werden erortert.

Aufgrund seiner besonderen Darstellungsmoglichkeiten konnte das Laser-Scanning-Mikro-
skop-Verfahren eine wertvolle Erginzung herkdmmlicher lichtmikroskopischer sowie raster-
elektronenmikroskopischer Verfahren werden.

1. Introduction

One of the fundamental limitations of conventional light microscopy is due to
the fact that with increasing magnification and numerical aperture the depth of
focus becomes very low [10]; at high magnification and numerical aperture it is

1) Dipl.-Phys. Dr. Christoph Cremer, Institut fiir Humangenetik der Universitiat Freiburg,
Albertstrasse 11, D-7800 Freiburg i. Br.,, Bundesrepublik Deutschland / Federal Republic of
Germany.
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only a fraction of a micron. This limitation results from the laws of geometrical
and wave optics and therefore principally cannot be surmounted in conventional
light microscopy. If it is desired to obtain an image of a specimen surface at a
magnification corresponding to a high numerical aperture in light microscopy, but
with high depth of focus, nowadays a scanning electron microscope is used. In this
case, however, an observation of living biological objects usually is not possible.
Furthermore, the light microscopical image of an object contains important infor-
mations, which are only difficult or even not obtainable by using the scanning elec-
tron microscope.

Our contribution deals with the problem whether the severe limitation of the
depth of focus which is inevitable in conventional light microscope, might be
removed by a light optical scanning procedure in which the image of the object is
formed point by point whereas in conventional light microscopy all points of the
image are formed simultancously.

The present state of laser technique and of electronics suggests that the realiza-
tion of such a laser scanning microscope might be feasible. Recently, scanning
methods have been used to obtain images with high resolution (1 um) of biological
objects by means of focused acoustic waves (‘“scanning acoustic microscope’)
[2, 19].

The laser-scanning-microscope-method proposed here is intended to solve two
problems:

1) A high resolution image of a specimen surface characterized by a high
degree of unevenness has to be formed, the unevenness being too large to
allow the forming of a sharp image of the whole specimen surface by con-
ventional light microscopy.

To save trouble, in the following only objects with a fluorescent surface are
considered. Furthermore, it is assumed that the fluorescence of the surface
differs in at least one wavelength 7y from the fluorescence emitted by the
interior of the object. This assumption does not restrict very much the class of
objects which are accessible to an imaging in the laser-scanning-microscope,
because in objects without a sufficient specific natural fluorescence in many
cases fluorochromes may be attached to the surface. E. g., in biological objects
fluorochrome-conjugated antibodies may be used [20].

2) Simultaneously with the imaging of the topographical details of the speci-
men surface (problem 1), the fluorescence distribution on the surface is to be
recorded. In addition to an imaging of the surface, this gives light optical in-
formations which are in principle difficult or even not obtainable with scanning
electron microscopy.

2. Elements of a laser-scanning-microscope

Fig. 1 shows the basic design of a laser-scanning-microscope. A laser system (1)
emits coherent light of appropriate wavelength(s) Z; [22] with small beam diver-
gence [12]. The wavelength 7;; has to be selected in such a way, that at least at a
given wavelength 7y only the specimen surface contributes considerably to the
fluorescence emission.
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Fig. 1: Schematic design of a laser-scanning-microscope.
1) laser system (continuous wave laser); 2) electro-optic modulator; 3) adjusting lens; 4) se-
lecting mirror; 5) microscope objective for focusing of the laser beam. The objective is simul-
taneously used for observation and collection of the fluorescent light; 6) object plane;
7) scanning stage:
7.1: mechanism for horizontal displacement (X, Y) of the object,
7.2: mechanism for vertical displacement (Z) of the object;
8) scan generator; 9) deflecting systems;
10) recording beams:
10.1: recording beam for topographical display of the specimen surface,
10.2: recording beam for display of the fluorescence distribution;
11) TV-screens:
11.1: TV-screen for topographical display of the specimen surface,
11.2: TV-screen for display of the fluorescence distribution;
12) optical system for visual observation:
12.1: system for transmitted light illumination,
12.2: system for incident light illumination,
12.3: beam splitter,
12.4: eye piece;
13) filters:
13.1: barrier filter for elimination of the exciting laser light (wavelength 7};),
13.2: narrow band filter for selection of the fluorescence light (wavelength 7;);
14) magnifying system; 15) beam splitter (50%); 16) circular measuring diaphragm (image
plane B1); 17) annular measuring diaphragm (image plane B2);
18) photomultipliers:
18.1: photomultiplier for measuring the luminous flux @1 in the circular measuring dia-
phragm 16 (signal S1),
18.2: photomultiplier for measuring the luminous flux &2 in the annular diaphragm 17
(signal S2);
19) amplifier circuits:
19.1: amplifier for photomultiplier 18.1,
19.2: amplifier for photomultiplier 18.2;
20) electronics of the Automatic Focusing System;
21) intensity control for recording beams:
21.1: control for beam 10.1,
21.2: control for beam 10.2;
22) facility for the twodimensional numerical display of the specimen surface and of the
fluorescence distribution, respectively (facultative); 23) facility for the threedimensional display
of the specimen surface and of the fluorescence distribution, respectively (facultative).
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By means of gas lasers presently available it is possible to obtain a large number
of discrete laser lines in the ultraviolet and visible spectral region. Dye lasers allow
it to obtain coherent light of any wavelength in the whole visible and near ultra-
violet region. For reasons of power stability, it is advisable to use a continuous
wave laser system [12], the beam intensity being controlled externally with an
electro-optic modulator (2).

The coherent beam of wavelength /i enters into the scanning microscope and
passes an adjusting lens (3). Then the beam is reflected by a selecting mirror (4)
in such a way that it becomes collinear with the optical axis (Z) of the microscope.
The selecting mirror (4) reflects the excitation light (wavelength ;) maximally
while it transmits maximally the emitted fluorescent light (wavelength i,). A
microscope objective (5) of high numerical aperture focuses the laser beam into
the object plane (6). Using a laser beam of small divergence and an appropriate ad-
justment of the adjusting lens (3), it is possible to obtain in the object plane an
almost diffraction limited focus.

The optical arrangement described here is used in a number of laser microbeams
[4, 5, 12]. E. g. using coherent ultraviolet light of 257.3 nm we succeeded in limit-
ing the object field irradiated to an area with a diameter of 0.4 um [12]. In this
case, an objective 100:1/1.25 was used. Using an objective 32:1/0.4, the mini-
mum diameter of the irradiated area was approx. 1 um [25].

The object is placed on a special scanning stage (7) (see below). The horizontal
movement [(X,Y)-direction] (7.1) is coupled to the deflecting systems of two
recording beams (10.1) and (10.2) of two TV-screens in connection with a scan
generator (8). In addition to the scanning stages presently used [displacement in
(X,Y)-direction only] there exists a mechanism (7.2) which allows it to displace
the object also very rapidly in direction of the optical axis (Z) of the microscope.

The fluorescence excited by the laser microirradiation in the specimen surface is
collected by the objective (5). A barrier filter I (13.1) eliminates the rest of the
excitation light (wavelength ;). A portion of the fluorescence light is used for
visual observation by the help of a beam splitter (12.3). The visual observation is
made through the eye piece (12.4). To diminish fading, the visual observation can
be also done using transmitted light (12.1) or incident light illumination (12.2) with
other wavelengths than 75 .

A narrow-band filter II (13.2) transmits only light of wavelength 2. Having
passed a magnifying lens system, the fluorescence light is splitted by a 50°/0 beam
splitter (15). The image planes of the lens system (14) are B1 and B2, respectively.
In the plane Bl a circular measuring diaphragm (16) is located the diameter of
which is equivalent to the diameter (in the B1-plane) of the principal maximum of
the diffraction pattern of a self-luminous point source situated in the object plane
(luminous flux @1). In the plane B2 an annular measuring diaphragm (17) is lo-
cated in such a way that only the luminous flux ¢2 passes which corresponds to the
first secondary maximum of the diffraction pattern of the self-luminous point
source. Having passed the measuring diaphragms (16) and (17), the fluorescence
light enters into the photomultipliers (18.1) and (18.2), respectively. The signals
S1 and S2 resulting after amplification units (19.1) and (19.2) are processed in the
electronics (20) of the “Automatic Focusing System” (AFS).
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The basic functions of the Automatic Focusing System (AFS) are:

1) By way of the signals S1 and S2 the Z-coordinate Z,(X,Y) is determined
which corresponds to the exact focusing of the laser beam on the specimen
surface at a given (X,Y)-site. Then the AFS generates a signal X by which
the intensity of the recording beam (10.1) is controlled proportional to
Z,X,Y)—Zy, Zy being a fixed intermediate position. If this procedure is
performed for all coordinates (X,Y) of the specimen surface, then on the TV-
screen (11.1) an image of the specimen surface is generated which is formed
by different gray values. For visual observation, the display has a long-per-
sistence phosphor coating; a higher resolution may be obtained with a short-
persistence phosphor coating and photographic recording. The image contrast
is generated only by electronic means on the basis of the Z,-values determined
by measurements of S1(Z) and S2(Z).

This procedure allows an optimal adaptation of the image contrast to the
special requirements of the object.

2) If the laserbeam is focused exactly on the specimen surface, then the
signal S1(Z,) produced by the aid of the photomultiplier (18.1) corresponds
to the fluorescence signal in conventional microfluorometry [20] of objects
with an even surface.

After determination of Z,, the AFS has to perform simultaneously the
following procedures:

(i) to control the intensity regulation (21.1) of the recording beam (10.1) pro-
portional to Zg—Zy ;

(ii) to control the intensity regulation (21.2) of the recording beam (10.2) syn-
chronized with (10.1) proportional to S1(Z,).

By this procedure the distribution of fluorescence on the specimen surface is shown
on the TV-screen (11.2).

An alternative to the use of two seperated TV-screens to display specimen sur-
face and fluorescence distribution is the use of a colour-TV-monitor, on which
specimen surface and fluorescence distribution are shown in different colours.

A numerical representation of the specimen surface and the fluorescence distri-
bution, respectively, may be obtained by means of the numerical display (22).

Furthermore, in connection with a computer system, it is possible to realize on a
TV-screen a perspective image of the specimen surface under various optical
angles (23).

3. Considerations on a technical realization

3.1. The “Automatic Focusing System”

As pointed out above, it is necessary to determine for each (X,Y)-site:
(i) the Z-coordinate Z,(X,Y) at which the laser microbeam is focused exactly on
the surface;
(it) the fluorescence signal S1 corresponding to the (X,Y, Z,)-site.

This problem might be solved by means of an “Automatic Focusing System”:
In addition to the displacement of the object in (X,Y)-direction, the object is
moved in Z-direction in a continuous mode (sinusoidal vibration). The period of
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this oscillation has to be short compared to the duration of the displacement in
(X,Y)-direction from one point to the next: the amplitude has to be larger than
the height of the maximum elevation of the specimen surface. At a given (X,Y)-
site, for each Z-value the signals S1(Z) and S2(Z) are registered and stored in the
electronics (20) of the AFS. It is assumed that S1(Z) and S2(Z) are proportional
to the luminous fluxes ¢, and @, entering into the photomultipliers (18.1) and
(18.2), respectively.

From optical considerations it follows that the quotient ®1/$2=S1/S2 is a
maximum if the laser microbeam is focused exactly on the specimen surface: If
Z=7,, the photomultiplier (18.1) registers the luminous flux &1 corresponding to
the principal maximum of the diffraction pattern of the image of a small fluorescent
spot induced by the laser microirradiation in the specimen surface. The photo-
multiplier (18.2) registers the luminous flux @2 corresponding to the first secondary
maximum. Under favourable conditions, @2 is only a small percentage of ®#1. For
Z =7, this results in a high contrast S1/S2. For Z-£Z, (i. e. if the laser beam is
defocused) the contrast is smaller.

From all S1/S2-values obtained at a given (X,Y)-site, the electronics (20) selects
the maximum value max. S1/S2 and determines the corresponding Z-value Z,.
Simultaneously, the Sl-value corresponding to max. S1/S2 is determined. Both
informations are used in the way described in section 2 and represent the elevation
and the fluorescence intensity, respectively, of the given (X,Y)-site. This procedure
is performed for all (X,Y)-coordinates of the surface and eventually results in an
image of the specimen surface with high depth of focus and of the fluorescence
distribution on the surface, respectively.

In principle, also other ways of automatic focusing are conceivable. E. g., instead
of the object itself one could displace the adjusting lens [(3), Fig. 1], in order to
change the relative position of the laser focus to the specimen surface. In this case
however, the displacements of the adjusting lens necessary are much larger than if
the object itself is moved. In consequence, mechanical difficulties occur because the
displacement has to be performed very rapidly. Therefore we feel that a vertical
displacement of the object itself would be considerably easier to realize.

We would like to point out that a determination of Z, only by means of the
maximum of the luminous flux &1, using objects with large differences in the
elevations of the surface, is only possible, if the differences in absorption and fluo-
rescence efficiency at neighbouring sites of the specimen surface are small.

3.2. Electronic and mechanic requirements

It is decisive for the practical utility of the proposed scanning procedure, that
the determination of Z(X,Y) and S1(X,Y, Z,) and the horizontal displacement of
the scanning stage [(7.1), Fig. 1] is performed so rapidly that the object may be
scanned in a sufficient short time. The requirements to be satisfied are illustrated
in the following example: The surface of an object with a 100 .um <100 um lateral
extension and maximum differences in elevation of the surface of 10 um has to be
displayed with a resolution of approx. 0.5 um. Then a focus diameter of 0.5 um is
required. The step length in (X,Y)-direction has to be 0.5 um, too.
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In Z-direction, for each (X,Y)-site 20 measurements of S1 and S2, respectively,
have to be made. Z(X,Y) and S1(X,Y,Z,) have to be determined for a total of
4 <10 (X,Y)-sites and to be transferred to the TV-screens.

If an image of the specimen surface has to be formed within 10 seconds, the
average velocity of the scanning stage has to be 2 mm/s. Compared to the velocities
of scanning stages presently available for light microscopy, this velocity is very
high. It may be attained, however, by means of a continuous vibratory motion. In
this manner, a scanning velocity of 5X 104 measuring points within only one second
has been realized in a scanning acoustic microscope [19].

The object itself may be located in a special observation chamber [13] under
defined ambient conditions, allowing the use of an objective with a small working
distance (high numerical aperture). The chamber may be mounted on piezoelectric
elements which allow a rapid displacement in Z-direction. In order to obtain
stereopairs, such a chamber may be tilted between successive exposures.

To determine Z(X,Y) and S1(X,Y,Z,), to transfer these signals to the TV-
screens, and to adjust the next (X,Y)-point a time of 250 us is available, if the
total scanning time is 10 seconds.

If the scanning stage is moved continuously, the time for determination of Z,
and S1(Z,) has to be so short (e. g. 25 us) that during this time the displacement of
the object in (X,Y)-direction is negligibly small. If during this time 20 signals S1, S2
as a function of Z have to be recorded, one signal S1 and S2 respectively, has to
be recorded within approx. 1 us. To realize this requirement, the following proce-
dure is proposed: The vibration of the piezoelectric crystal effecting the Z-displace-
ment of the object is controlled by an alternating voltage with a frequency of
20 k¢ which generates a sinusoidal Z-displacement of the object with the same
frequency and an amplitude of 6 um measured from an intermediate value Zy .
If sensitive objects have to be scanned, the frequency has to be reduced, if neces-
sary, to avoid a damage due to the acceleration forces generated by the vibration.
In this case, of course, the duration of the horizontal scan has to be prolonged, too.

The twenty S1 and twenty S2-values measured during a half oscillation period
(25 us) are recorded (see above). To register and to store these signals, a time of
1 us is available for each S1/S2 pair. The present state of electronics allows to
realize this requirement provided that the irradiation power density at the specimen
surface is high enough.

Following the transfer of the signal X (corresponding to Zy—Zy) to the TV-
screen [(11.1), Fig. 1] and of the signal S1(Z,) to the screen [(11.2), Fig. 1], the
data (20XZ, 20XS1, 20XS1/S2), from which the both signals X and S1(Z,;) have
been determined, may be erased. Therefore, only a small storage capacity is re-
quired in the AFS.

3.3. Requirements concerning the light source

The irradiation power density necessary depends on the energy absorbed per
second, the quantum efficiency of fluorescence and the sensitivity of the photo-
multiplier systems. It is assumed that within a measuring time of 1us at least
10 quanta have to be received by the photomultiplier [(18.1), Fig. 1] to produce a
sufficient high signal.
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N, incident quanta per second yield Ny=aN, absorbed quanta per second.
These N, quanta induce the emission of Ny=pN,=«fgN, quanta per second
having the wavelength )y . Furthermore, absorption, reflection and beam splitting
in the microscope have to be considered. If the total transmission of the system
between specimen surface and photomultiplier is assumed to be 10%o, the condition

N, = lﬂ 100 (s71) has to be satisfied. E. g., for « = =102 the condition N, = 101+
«

quanta per second follows.

If light in the ultraviolet and visible spectral region is used, N,=10!4 quanta
per second are equivalent to a power of several 10-5 Watt in the focus. Assuming
a spot diameter of 0.5 um, the incident power density lies in the order of magnitude
of 104 Watt/cm2.

The typical power of continuous wave lasers with emission in the ultraviolet and
visible region lies in the range of 1 mW to several Watt. It is possible to focus the
greater part of this power to a spot with a diameter in the range of a wavelength
[3,21]. From this it follows that the focal power densities obtainable are as high as
105 — 108 Watt/cm?2. Even if more unfavourable conditions are assumed than in the
example given above, a sufficient high power density can be provided. Much higher
power densities are available by means of pulsed laser sources [5, 24]. They have,
however, the disadvantage that at high power the pulse repetition rate is relatively
low (up to several kc [24]). Furthermore, it is difficult to realize the high power
stability necessary.

Similar problems occur if incoherent flash lamps [9] are used. On the other hand,
using incoherent light sources with continuous emission [9], in general the power
densities required are not available.

3.4. The problem of damage induced by the scanning procedure
in biological objects

The power densities of 105108 Watt/cm2 which are available by using con-
tinuous wave lasers are far below the threshold for dielectric breakdown and
frequency doubling [4].

Severe damage in the object by “microexplosions” as it is observed if pulsed
laser sources of high power are used [15, 16], may be avoided. Therefore, in our
discussion concerning the damage of the object by the scanning beam we shall
consider only thermal and photochemical effects.

At first the temperature rise to be expected is estimated. It is assumed, that

a) the object is irradiated continuously,

b) the energy absorbed per second, Pabs, is uniformly distributed in the whole ob-
ject and completely transformed into heat,

c) the object is cylindrical with height H and radius R,

d) dissipation of heat occurs only perpendicular to the cylinder axis, which is co-
axial with the optical axis of the laser beam.

Then in the equilibrium, i. e. after a long irradiation time, the following tempera-
ture distribution may be calculated [13]:
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T(nN=T(R)+ Z%%Sm (R2—r?) for r<R
T(r)=T(R)+ 222}:51-[ In(R/r) for r >R

(T = temperature, r = distance from the cylinder axis).

The heat conductivity k is assumed to be equal in object and ambient medium. If
the diameter of the object is 100 um and the height is 10 um and assuming the
heat conductivity of water, a temperature rise, [T(0) = T(1 mm)]

AT =7X1073XPabs (°C), Pabs in erg/s,

is calculated. In the derivation of this formula it is assumed that the temperature
rise for r=1mm is negligibly small. If an incident power density of 10+ Watt/cm?
in a focus of 0.5 um diameter and an absorption of 1%/ (see section 3.3) is assumed,
the temperature rise of the whole object is 1.4 X10-2 °C.

Of course, the temperature rise of the whole object says little about the local
temperature rise induced at a given (X,Y)-site by the laser microirradiation. The
present knowledge is small concerning the temperature distribution at the irradia-
tion site in case of a short time impact of light with high power density [5]. A first
estimate, however, may be obtained from measurements [14] of the temperature
pattern of a focused ruby laser beam (2 = 694.3 nm). If it is assumed that the
temperature distribution obtained in these experiments using pulse durations of
2.2X103 us:

(i) 1is valid also for the shorter duration of irradiation [approx. 25us at a given
(X,Y)-site] in the laser-scanning-microscope, at least concerning the order of
magnitude;

(ii) is approximatively proportional to the absorbed energy,

then for the example considered above a local temperature rise of only 1074 °C
per measuring site compared to the given ambient temperature follows. Even if the
actual local temperature rise induced should be higher by several orders of magni-
tude, this would not result in a damage in biological objects. Concerning this point,
however, further systematic investigations have to be done.

At an incident power density of 104 Watt/cm? in the focus (diameter 0.5 um) the
incident energy per second is 200 ergs. The irradiation dose can be diminished to
20 erg/s if the irradiation is not continuously performed, but only during the mea-
suring times of 25 us per (X,Y)-site. The rapid switching on and off of the irradia-
tion required in this case may be realized by means of an electro-optical modulator
[(2), Fig. 1]. A scanning of living objects with the irradiation power and the ve-
locity indicated should be possible, if there is no enrichment of target molecules
absorbing very strongly the exciting laser light, and if there is no induction of
strongly damaging photochemical processes. E.g., the microirradiation of mam-
malian cells with ultraviolet light (2 = 257 nm) induces cell death at much lower
doses than assumed in our example [13]. On the other hand, using light in the
ultraviolet region it may be expected that a sufficient fluorescence is induced at
much lower irradiation power densities. Besides the selection of the most appro-
priate wavelength in the case to be investigated (perhaps in combination with vital
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dyes), a very sensitive light detecting system for &1 and ¢2 (Fig. 1) is a prerequi-
site for a nondestructive scanning of a living object. One should consider the pos-
sibility to use photon-counting light detecting systems. For the scanning of non-
living objects, in many cases a higher power density may be used, so that the use
of expensive photon-counting systems is not necessary.

3.5. The resolving power of the laser-scanning-microscope

In principle, the resolving power of the proposed laser-scanning-microscope is
given by the spot diameter of the laser microbeam: The fluorescence of two object
sites can be measured separately from each other if the sites can be separately
“illuminated” by the laser focus. In practice, spot diameters as small as 0.5 um
have been obtained by laser microirradiation in the ultraviolet and visible region,
using objectives of high numerical aperture. In principle, this corresponds to a
resolving power of 0.5 um in the laser-scanning-microscope. Using plane aplanatic
optical systems, a focusing to a diameter of less than approx. 4/2 is not possible for
physical reasons [1]. The working distance of microscope objectives of high numer-
ical aperture (N.A > 1) is small and usually lies in the range of several hundred
micrometers at maximum. If a much larger working distance is required by the
special features of the object, objectives of larger working distance but smaller
resolving power have to be used. A possibility to avoid this difficulty in the laser-
scanning-microscope is offered by the use of a point-hologram [17] instead of the
microscope objective [(5), Fig. 1]. By means of point-holograms, a focusing to a
spot diameter of approx. 4/2 has been realized [17]. Since it is possible to choose
the distance of the focus from the hologram and the diameter of the hologram
independently from each other, a much larger working distance can be achieved
without reducing resolving power than it is possible with lens objectives of high
numerical aperture. With regard to a use of point-holograms to focus coherent
light, two interesting points may be mentioned:

(i) it is not necessary that the Abbe-condition [7, 8] is fulfilled in point-holograms,
(ii) if non-plane holograms are used, a considerably larger spherical angle may be
used for focusing than in plane optical systems.

In this case, the conventional theory of the focusing of light by plane aplanatic
optical systems [1] seems not applicable without modification. The theoretical and
practical consequences of holographic focusing [17] with respect to the resolving
power of a laser-scanning-microscope are difficult to predict. Some remarks on this
problem will be given in the appendix.

Appendix
Some remarks on the holographic focusing of coherent light

The propagation and diffraction of light is described by Maxwell's electro-
magnetic theory. For homogeneous isotropic dielectric media the principal solu-
tions are given by periodic electromagnetic fields which fulfill the Sommerfeld con-
dition [23]. Then, according to the theory of partial differential equations [18], the
following problem has only one solution: Consider a region G in the three-dimen-
sional space. On the closed envelope F of G the electric (E) and magnetic (H)



Considerations on a laser-scanning-microscope 41

field strength is known for each point of F. E and H are continually differentiable
functions and represent in G solutions of the wave equation. Then the original
electromagnetic field in G can be reconstructed by a superposition of mono-
chromatic waves of a fixed frequency . which are propagated from each element
of the closed envelope F. This principal possibility of a single-valued exact recon-
struction of an electromagnetic field is a consequence of the time invariance of the
homogeneous Maxwell equations. A consideration of the quantized Maxwell field
yields analogous results [6].

Light sources with a diameter of 0 <{r < 2 (decay of the intensity to a fraction
1/e in a distance r from the geometrical centre of the light source) are physically
possible. The electromagnetic fields produced by these light sources obey the above
mentioned conditions. Then the exact reconstruction of such a field by super-
position of monochromatic waves of a fixed frequency, but with different incident
angles should also be a physically possible process. In principle, this process re-
quires the superposition of light waves with all incident angles possible in the three-
dimensional space (closed envelope). It seems conceivable to realize this require-
ment by means of a holographic procedure [8, 17]. According to the above men-
tioned principles, a hologram may be regarded as the boundary condition the ful-
fillment of which yields the reconstructed waves.

At first, we consider the more simple case of a plane quadratic hologram with a
lateral length D. It is assumed that the hologram has no image defects as spherical
aberration, coma, astigmatism [17]. Then the lateral diameter of an image spot
formed in the middle axis of the hologram in the distance b of the hologram is
given [17] by

b .
d=~089% (1)

7 being the wavelength of the reconstructed wave. Since it is possible to chose b
and D independently from each other, the spot diameter as far as it is limited only
by the diffraction at the edge of the hologram may be made smaller than the values
obtainable in good lens systems [17]. According to formula (1) it would be possible
to produce by means of such a point-hologram a spot with a diameter which would
be considerably smaller than the wavelength used. We do not know, however, how
far formula (1), which has been derived from scalar wave theory, describes the
actual spot diameter appropriately at least in a qualitative respect for values
b/D < 1, because using very high numerical apertures, considerable deviations are
found between the scalar and the electromagnetic treatment [1]. But even if a
calculation by means of Maxwell’s theory should show that it is not possible to
focus coherent light to a diameter d </ using plane holograms, it seems conceiv-
able that this aim might be achieved by means of a so-called ““4 7-point-hologram”
[11]. This is defined as a point-hologram which is characterized by the postulate
that it forms an envelope closed as far as possible.

It is beyond the scope of this appendix to discuss further details concerning form
and size of such a 4 7-point-hologram, its production, material problems, or direc-
tion, polarization, amplitudes and coherence of the incident and the reconstructed
waves, respectively. The schematic design in Fig. 2a is only intended to indicate
some points:
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Fig. 2: Focusing by “4z-point-holograms®,

a) focusing by means of a 4z-point-hologram (principle):
1) surface of the 4a-point-hologram (ideally a closed envelope); 2) incident waves; 3) re-
constructed waves; 4) “focus” of the 4z-point-hologram.

b) application of a 4z-point-hologram in a laser-scanning-microscope:
1) specimen with a fluorescent surface located in the “focus” of a 4z-point-hologram;
2) holding device (same refractive index n as the specimen and the immersion fluid);
3) scanning stage to displace the specimen; 4) light conductor; 5) microscope objective for
the collecting of the fluorescence light; 6) connection to the scan generator and to the
Automated Focusing System (see Fig. 1).
n: refractive index of the immersion fluid.

1) The coherent light used for the reconstruction of the hologram, i.e. for fo-
cusing, has to be of an appropriate amplitude distribution, and ideally is to be
propagated from all directions (total spherical angle 4 ). Since Abbe’s condition
[7, 8] has not to be fulfilled, the amplitudes and the incident angles of the coherent
waves falling on the 4a-point-hologram can be varied almost independently from
each other, if the same wave configuration has been used before in the production
of the hologram or if the hologram has been produced for this wave configuration
by synthetic methods.

2) The usable dimensions of the 4xz-point-hologram have to be large. This
implicates a high coherence of the incident waves.

3) Edges and strong curvatures have to be avoided as far as possible in order to
reduce the influence of diffraction waves [23] occurring at these sites. To what
extent this aim can be realized, remains to be investigated.

4) Possibly, it might be favourable, in analogy to formula (1) derived for a
quadratic hologram, to choose also in the 4-point-hologram a small ratio of the
focal length to the diameter of the hologram. For geometrical reasons, this is pos-
sible for one focal plane only. It would be already advantageous, however, for the
application envisaged, if in this way only one focal diameter could be reduced to a
minimum.

Fig. 2b shows the principal design of a laser-scanning-microscope with a 4:z-
point-hologram in place of a conventional microscope objective. The object (1)
with a fluorescent surface is located in the centre of the 47-point-hologram. The
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diameter of the hologram is assumed to be large compared with the dimensions of
the object. The object is placed on a holding device (2), the refractive index n of
which is equal to that of the object itself. The interior of the hologram is filled with
an immersion fluid of refractive index n. A small hole in the 4z-point-hologram
serves to connect the holding device (2) to a scanning stage (3). The fluorescent
light emitted by the object is collected by a light conductor (4) which is connected
to a microscope objective (5). The light signal is processed in the same way as in
the laser-scanning-microscope designed in Fig. 1. It is of importance that the
geometry of the light conductor is chosen in such a way that the part of the speci-
men surface which contributes to the luminous flux collected by the light conductor
is as small as possible. It is assumed that by means of the holographic focusing the
excitation light is focused on an area of the surface with a diameter which is con-
siderably smaller than the wavelength used, and that the absorbance by the holding
device and the object is small. Since the excitation light is incident from all direc-
tions, also the object surface outside the focus is excited to fluoresce. This back-
ground fluorescence is estimated to be small compared with the signal, if the thick-
ness of the surface layer contributing to the fluorescence is considerably smaller
than the “focus diameter”.

The use of plane point-holograms for focusing the exciting beam in the laser-
scanning-microscope seems to be realizable without difficulties and suggests to be
advantageous at least with respect to the much larger working distance available
compared with conventional microscope objectives of high numerical aperture.
Whether it might be possible to produce point-holograms in which a larger spheri-
cal angle than approx. 2z is used for focusing, and whether such holograms might
be really used in a laser-scanning-microscope, remains to be investigated. Perhaps
the use of non-plane point-holograms might result in a better focusing even if the
spherical angle is considerably smaller than 4 .

The above-said speculations on focusing by ‘“4z-point-holograms” are only
intended to allude to a method which perhaps might be used to enhance the re-
solving power of a laser-scanning-microscope by means of holographic focusing.
To our knowledge, a detailed investigation of the principal theoretical and practical
limitations of holographic focusing with non-plane point-holograms does not exist.
We feel this to be an interesting subject, independently of the field of application
envisaged here.
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