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A BIBLIOGRAPHY OF MODE-LOCKING
AND SHORT PULSE GENERATION IN LASERS

by
A.C. SELDEN
The following is a list of references collected over a four year period. They are

arranged in alphabetiéal order of authors, and are split into two sections, Experiment

and Theory. The references are biased toward solid and liquid lasers and picosecond
ﬁulse phenomena, since these reprééent the cémpiler‘s interests. They are however fairly
comprehensive, with additions made to include the early developments with gas lasers, and
several recent reviews to restore the balance. The reviews themselves are sources of
manyrfurther references, beyond which the searcher will find himself straying into other

fields.

The history of the subject, the development of techniques and understanding are all
represented, together with early misinterpretations and recent clarification of contended
or obscure phenomena. References on non-linear phencmena are included to give some idea

of the interactions and application of intense short optical pulses.
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MODE-LOCKING AND SHORT PULSES

BIBLIOGRAPHIES AND REVIEWS

For bibliographies up to mid-1970, and good reviews, see:

1. Smith, P.W,
Mode-locking of lasers.
Proc. IEEE, 58 (9) 1342-1357 (September 1970). 165 refs,

2. Duguay, M.A., Hansen, J.W. and Shapiro, S.L.
Study of the Nd: glass laser radiation.
IEEE J. Quant. Electr., 6 (11) 725-743 (November 1970). 110 refs.

EXPERIMENTAL

3. Abrams, R.L. and Wood, O0.R.
Characteristics of a mode-locked CO, laser.
Appl. Phys. Lett., 19 (12) 518-520 %15 December 1971).
Note: Pulse width 0.7 ns.

4. Alfano, R.R., Lempicki, A. and Shapiro, S.L.
Non-linear effects in inorganic liquid lasers.
IEEE J. Quant. Electr., 7 (8) 416-424 (August 1971).
Note: POCly SRS, SBS ns/ps pulses.

5. Alfano, R.R. and Shapiro, S.L.
Observation of self-phase modulation and small- scale filaments in crystals and

glasses.
Phys. Rev. Lett., 24 (11) 592-594 (16 March 1970).

6. Alfano, R.R. and Shapiro, S.L.
Picosecond pulse emission from a mode-locked tripe-ionired Nd/POCl3 liquid laser.
Opt. Commun., 2 (2) 90-92 (July 1970).
Note: Wedged system, pulse trains longer than 1 us.

7 Armstrong, J.A.
Measurement of picosecond laser pulse widths.
Appl. Phys. Lett., 10 (1) 16-18 (1 January 1967).
Note: Auto-correlation technique; 2nd harmonic generation.

8. Auston, D.H.
Measurement of picosecond pulse shape and background level.
Appl. Phys. Lett., 18 (6) 249-251 (15 March 1971). 4
Note: 5th order correlation function - acts as pulse sampling experiment. 10

background intensity ~ 5% energy.

9. Basov, N.G., Kryukov, P.G., Letokhov, V.S. and Matveets, Yu.A.
Formation of an ultra-short light pulse propagating in a two-component medium.
Sov. Phys. JETP, 29 (5) 830-835 (November 1969).
Note: Experiment and theory with ruby-cryptocyanine system.

10. Basov, N.G., Kryukov, P.G., Letokhov, V.S. and Senatskii, Yu.V.
Generation and amplification of ultra short optical pulses.
IEEE J. Quant. Electr., 4 (10) 606-609 (October 1968).
Note: Thin F-P etalon, 100 em-! bandwidth, in cavity. Cain flat across laser line,
reduces mode competition. Pulse compression.
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17.

18.

19.

20,

21

22,

Basov, N.G., Kryukov, P.G., Senatskii, Yu.V. and Chekalin, S.,V.

Productlon of powerful ultra short light pulses in a neodymium glass laser.
Sov. Phys. JETP, 30 (4) 641-645 (April 1970).

Note: 20 J 20 ps pulse.

Basov, N.G., Kryukov, P.G. and Letokhov, V.S.
Ultra-short laser pulses.
Optics and Laser Technol., 2 (3) 126-131 (August 1970).

Bass, M. and Woodward, D.

Observation of picosecond pulses from a Nd:YAG laser.

Appl. Phys. Lett,., 12 (8) 275-277 (15 April 1968).

Note: Uses Rhodamine B in dichloroethane for 2-photon fluorescence.

Billman, K.W. and Burnham, D.C,
Photo-detector triggered pulse selection from a mode-locked ruby laser.
Rev. Sci. Inst., 41 (12) 1837-1838 (December 1970).

Bloembergen, N., Burns, W.K. and Matsuoka, M.
Reflected third harmonic generated by picosecond laser pulses.
Opt. Commun,, 1 (4) 195-198 (September-October 1969).

Bondarenko, N.G., Eremina, I.V. and Talanov, V.I.

Broadening of spectrum of self-focused light in crystals,

JETP Lett., 12 (3) 85-87 (5 August 1970).

Note: Self-focused filaments from Nd: glass mode-locked laser in glass, sapphire,
Electronic polarisation - emission spectra over range 0.45-1.06 u for 1.06 7]
input.

Bradley, D.J., New, G.H.C. and Caughey, S.J.

Amplitude and phase structure of ps pulses from Nd glass laser.

Phys. Lett., 32A (5) 313-314 (10 August 1970).

Note: Fine spike for sub-ps in autocorrelation disappears for cross correlation.

Bradley, D.J., New, G.H.C. and Caughey, S.J.

Sub-picosecond structure in mode-locked Nd:glass 1asers.
Phys. Lett., 304 (2) 78-79 (22 September 1969).

Bradley, D.J., New, G.H.C., Sutherland, B. and Caughey, S.J.
Sub-picosecond structure in Nd:glass laser relaxation oscillations.
Phys. Lett., 284 (7) 532-533 (13 January 1969).

Note: Rhodamine 6G in dichloroethane, 2 cm cell in cavity, 0.3 psec.

Brewer, R.G. and Lee, C.H.
Self-trapping with picosecond light pulses.
Phys. Rev. Tett., 21 (5) 267-270 (29 July 1968).

Burnham, D.C. and Billman, K.W.
Picosecond pulse measurement by two-photon excitation of photographic film.
Appl. Phys. Lett., 13 (12) 419 (15 December 1968),

Crowell, M.H.

Characteristics of mode-coupled lasers.

IEEE J. Quant. Electr., 1 (1) 12-20 (April 1965).

Note: helium-neon 0.5 ns pulses, argon ion 0.25 ns pulses.
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255

26.

27,

28.

29,

30,

31.

32.

33.

34,

Danielmeyer, H.G. and Weber, H.P.
Direct measurement of group velocity of light.
Phys. Rev. A, 3 (5) 1708-1713 (May 1971).

Note: Correlation Nd laser, intensity fluctuations one arm in dispersing medium

(water).

DeMaria, A.J., Glenn, W.H., Brienza, M.J. and Mack, M.E.
Picosecond laser pulses.

Proc. IEEE, 57 (1) 2-25 (January 1969).

Note: Solid review article.

DeMaria, A.J.

Picosecond laser pulses.

Progress in Optics 9 31-71 (1971).
Note: Experimental review.

DeMaria, A.J., Glenn, W.H. and Stetser, D.A.
An extended path and digitally scanned optical pulse generator.
Appl. Opties, 7 (7) 1405-1407 (July 1968).

Note: Nd:laser ps pulses, multiple path optical delay in cavity. 98% - 99% R

mirrors. Rhodamine B and 6G for 2-photon fluorescence.

DeMaria, A.J., Ferrar, C.M, and Danielson, C.E.
Mode-locking of ‘a Nd3t doped glass laser.

Appl. Phys. Lett., 8 (1) 22-24 (1 January 1966).
Note: Acoustic modulator in cavity.

DeMaria, A.J., Stetser, D.A, and Heynau, H.
Self mode-locking of lasers with saturable absorbers.
Appl. Phys. Lett., 8 (7) 174-176 (1 April 1966).

DeMaria, A.J., Gagosz, R., Heynau, H., Penney, A.W. and Wisner, G.
Generation and amplification of a sub-nanosecond laser pulse.
J. Appl. Phys., 38 (6) 2693-2695 (May 1967).

Deutsch, T.

Mode-locking effects in an internally modulated ruby laser.
Appl. Phys. Lett., 7 (4) 80-82 (15 August 1965).

Note: Pockels cell - internal modulation of cavity,

DiDomenico, M., Geusic, J.E., Marcos, H.M. and Smith, R.G.

Generation of ultra-short optical pulses by mode locking the YA1G:Nd laser.
Appl. Phys. Lett., 8 (7) 180-183 (1 April 1966). :
Note: Smooth power spectrum for mode-locking.

Dienes, A., Ippen, E.P. and Shank, C.V,

A mode-locked CW dye laser.

Appl. Phys. Lett., 19 (8) 258-260 (15 October 1971).
Note: SHG contrast ratios 3:2:1 Tp = 55 ps.

Duguay, M.A. and Mattiek, A.T,

Ultrahigh speed photography of picosecond light pulses and echoes,
Appl. Optics, 10 (9) 2162-2170 (September 1971).

Note: Subsidiary pulses in cavity.

Duguay, M.A., Hansen, J.W., and Shapiro, S.L.

Study of the Nd:glass laser radiation.

IEEE J. Quant. Electr., 6 (11) 725-743 (November 1970). 9
Note: Detailed TPF study. Self-phase modulation, self-focus ~1 GW cm .

mode-locking begins with thermal fluctuations ~ 1 ps. Includes 110 refs.

1970,
: 3

Assume
to July
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39,
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41,

42,

43,

44,

45,

46.

Duguay, M.A., Shapiro, S.L. and Rentzepis, P.M.

Spontaneous appearance of picosecond pulses in ruby and Nd:glass lasers.

Phys. Rev. Lett., 19 (18) 1014-1016 (30 October 1967).

Dukhovnyi, A.M., Mak, A.A., and Fromzel, V.A,.
Transverse mode locking in a solid-state laser.
Sov. Phys. JETP, 32 (4) 636-642 (April 1971).

Eckhardt, R.C., Lee, C.H. and Bradford, J.N.

Temporal and spectral development of mode locking in a ring-cavity Nd:glass laser.

Appl. Phys., Lett., 19 (10) 420-423 (15 November 1971).
Note: Self-phase modulation. Modulated spectra.

Eckhardt, R.C. and Lee, C.H.

Optical 3rd harmonic measurements of subpicosecond light pulses.

Appl. Phys. Lett., 15 (12) 425-427 (15 December 1969).
Note: Ffuchsin red dye solution. T < 0.73 ps. Nd:glass.

Everett, P.N.

Design of a Nd:glass mode-locked laser with frequency doubling and pulse selection.

Rev, Sci. Imstr., 41 (10) 1495-1500 (October 1970).

Fill, E.E.

Sub-nanosecond pulses from a Nd liquid laser.
J. Appl. Phys., 41 (11) 4749 (October 1970).
Note: Nd: POC13—A1C13 flow system.

Giordmaine, J.A., Rentzepis, P.M., Shapiro, S.L. and Wecht, K.M.
2-photon excitation of fluorescence by picosecond light pulses.

Appl. Phys. Lett., 11 (7) 216-218 (1 October 1967).

Glenn, W.H., Brienza, M.J. and DeMaria, A.J.
Mode locking of an organic dye laser.
Appl. Phys. Lett., 12 (2) 54-56 (15 January 1968).

Note: 2nd harmonic of mode-locked Nd:laser pumps Rhodamine B and 6G in ethanol in

own cavity.

Glenn, W.H., DeMaria, A.J., Treacy, E.B., Mack, M.E. and Brienza, M.J,

Research investigation of ultra-short laser pulses and their interaction with

matter.
Final Report 1 November 1966 through 31 March 1969.

United Aircraft Research Laboratories, East Hartford, Conn. Report AD 690 536, April

1969. 142p.

Glenn, W.H. and Brienza, M.J.
Time evolution of picosecond optical pulses.
Appl. Phys. Lett., 10 (8) 221-224 (15 April 1967).

Gloge, D. and Lee, T.P.

Signal structure of continuously self-pulsing GaAs lasers.
IEEE J. Quant. Electr., 7 (1) 43-45 (January 1971).

Note: 100ps pulses, amplitude fluctuations few ps.

Gurs, K. ;

Beats and modulation in optical ruby masers.

In: Quantum Electronics III ed. P. Grivet, N. Blombergen.
1964) pp.1113-1119.

(Columbia Univ.

Press
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49,

50.
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53.

54,

55.

56,

a7.

Hargrove, L.E., Fork, R.L. and Pollack, M.A.

Locking of He-Ne . laser modes induced by synchronous intracavity modulation.
Appl. Phys. Lett., 5 (1) 4-5 (1 July 1964).

Note: Acoustic cavity modulation, narrow locking range, threshold condition,

Harrach, R.J.
Determination of ultra-short pulse widths by two-photon fluorescence patterns,
Appl. Phys, Lett., 14 (5) 148-151 (1 March 1969).

Harrach, R.J. and Kachen, G.
Pulse trains from mode-locked lasers.
J. Appl. Phys., 39 (5) 2482-2483 (April 1968).

Note: Effect on perxodlc structure of phase differences of random integral multiples

of 27 between locked modes.

Hazan, J.P. and Haisma, ..
Higher-order non-linear effects in some organic compounds.

Opt. Commun., 2 (7) 343-348 (December 1970).
Note: 3PF in organic dye and scintillator solutions with MLNL (mode-locked

neodymium laser).

Heynau, H.A. and Foster, M.C.

Single subnanosecond laser pulse generation and amplification - the second generation

of Q-switched lasers.
Laser Focus, 4 (15) 20-24 (August 1968),
Note: General information. Photos of systems (United Aircraft).

Hirano, J. and Kimura, T.

Multiple mode-locking of lasers.

IEEE J. Quant. Electr., 5 (5) 219-225 (May 1969)

Note: Gas lasers. Pulse repetition rates at multiples of cavity frequency.

Jones, D.G.C., Sayers, M,D. and Allen, L.

Mode self-locking in gas lasers.

J. Phys. A, Gen. Phys., 2 (1) 102-105 (January 1969).

Note: Experimental confirmation of Lamb's three mode theory for He-Ne laser.

Jones, D.G.C.
Self-locking of 3 modes in the He-Ne laser.
Appl. Phys. Lett., 13 (9) 201-302 (1 November 1968).

Kachen, G.I., Steinmetz, L. and Kysilka, J.0,
Selection and amplification of a single mode-locked pulse.
Appl. Phys. Lett., 13 (7) 229-231 (1 October 1968).

Kachen, G.I. and Kysilka, J.0.

Subnanosecond laser pulses for plasma production.
IEEE J. Quant. Electr., 6 (1) 84-86 (January 1970).
Note: Mode selection in mode locked oscillator.

Kaitmazov, S.D., Krasyuk, 1.K., Pashinin, P.P. and Prokhorov, A.M.

Characteristics of a mode-locked laser.

Sov. Phys. Doklady, 13 (6) 591-592 (December 1968).

Note: Arrangement for collision of ps pulses in middle of dye cell (fluor.)
Rhodamine 6G. 98%, 50% R resonator mirrors, 3 mm dye cell.



58,

59.

60.

61.

62.

63.

64.

65.

66.

67.

Klauder, .J.R., Duguay, M.A., Giordmaine, .J.A. and Shapiro, S.L.

Correlation effects in the display of picosecond pulses by two-photon techniques.

Appl. Phys, Lett,, 13 (5) 174-176 (1 September 1968).

Note: Theory and experiment - contrast ratios in various cases, from full mode-
locking to completely random phase.

Korobkin, V.V., Malyutin, A.A., and Prokhorov, A.M,
Phase self-modulation and self-focusing of neodymium laser radiation with mode

locking.
JETP Lett., 12 (5) 150-152 (5 September 1970).
Note: Field dependent refractive index change in glass laser rod. Modulated

spectrum, self-focusing.

Korobkin, V.V,, Malyutin, A.A, and Shchelev, M.Ya.

Dynamics of the emission and spectrum range of a neodymium laser.
JETP Lett., 11 (3) 103-106 (15 February 1970).

Note: Time resolved spectra of mode-locked neodymium laser.

Korobkin, V.V,, Malyutin, A.A. and Shchelev, M.Ya.

Time resolution of an image converter camera in streak operation.

J. Photog. Sci., 17 (5) 179-182 (September/October 1969).

Note: Limiting resolution AT =3 ps, from fine structure in laser pulses.

Kryukov, P.G. and Letokhov, V.S.

Propagation of a light pulse in a resonantly amplifying-absorbing-medium,

Soviet Phys. - Uspekhi, 12 (5) 641-672 (March-April 1970).

Note: Comprehensive review - production and properties of powerful light pulses
in non-linear media - coherent and incoherent interactions.

Kuizenga, D.J.
Mode-locking of the CW dye laser.
Appl. Phys. Lett., 19 (8) 260-263 (15 October 1971).

Note: Mode spectra.

Lachambre, J.L., Rheault, F. and Gilbert, J.

Actively mode-locked transversely excited atmospheric (TEA) CO, lasers.

Proc. Joint Conf. Infra-red Tech., Reading Berks. (21-23 Sept. 1971l) IERE 1971
pp.95-106.

Note: Multi-megawatt 1 ns pulses. Germanium ultrasonic loss modulator.

Lang, R.S., Baumhacker, H. and Fill, E.E.

Stimulated Raman scattering in an inorganic Nd liquid laser.
Phys. Lett., 32A (6) 433-434 (24 August 1970).

Note: SRS in mode-locked liquid laser medium.

Laubereau, A. and Von der Linde, D.

Frequency modulation and compression of ultra-short light pulses.

Zeitschrift fur Naturforschung A, 25 (11) 1626-1642 (November 1970}.

Note: Self-modulation in CS, (Kerr effect). Obtain pulse compression of 5 with
grating and prism reflector (20 ps —4 ps). Spectral width and compression
length correlate with pulse intemsity.

Laussade, J.P. and Yariv, A,

Mode-locking and ultra-short laser pulses by anisotropic molecular liquids.
Appl. Phys. Lett., 13 (2) 65-66 (15 July 1968). 0
Note: Heated nitrobenzene, 5 cm cell, in Q-switched ruby laser cavity. T > 126 C.



69.

70.

71.

72.

74,

75.

76.

77.

78.

Laussade, J.P., Comly, J., Garmire, E. and Yariv, A.

Observation of mode-locking and ultra-short optical pulses induced by anisotropic
molecules.

Appl. Phys. Lett., 13 (5) L76-178 (1 September 1968).

Note: GPRL. Heated nitrobenzene and 1-chloronaphthalene.

Von der Linde, D., Bernecker, 0. and Kaiser, W.

Experimental investigation of single picosecond pulses.

Opt. Commun., 2 (4) 149-152 (September 1970).

Note: Single pulse selected and amplified - spectral width agrees with Eulse width;
contrast ratio 2.92, energy measurement, > 50% energy contained in 10~ 1 s pulse.

Lyon, D.L., George, E.V. and Haus, H.A.
Observation of spontaneous mode-locking in high pressure €0y laser.
Appl. Phys. Lett., 17 (11) 474-476 (1 December 1970).

Mack, M.E.

Light amplification in saturable absorbers.

Appl. Phys. Lett., 12 (10) 329-330 (15 May 1968).
Note: Mode locked ruby, cryptocyanine in methanol.

Mack, M.E.

Mode-locking the ruby laser.

IEEE J. Quant. Electr., 4 (12) 1015-1016 (December 1968).
Note: Experimental arrangement and results,

Mack, M.E.

Stimulated thermal light scattering in the picosecond regime.

Phys. Rev. Lett., 22 (1) 13-15 (6 January 1969). on
Note: Thermal change of refractive index independent of density. Table of (55%

data for range of liquids.

Magyar, G. and Selden, A.C.

Lasers with random stack mirrors.

Appl. Optics, 9 (9) 2040-2044 (September 1970).

Note: Self-modulation, coherence, mode-locked oscillator.

Maier, M., Kaiser, W. and Giordmaine, J.A.
Intense light bursts in the stimulated Raman effect.
Phys. Rev. Lett., 17 (26) 1275-1277 (26 December 1966).

Mak, A.A. and Fromzel, V.A.

Observation of self-synchronization of transverse modes in a solid-state laser.
JETP Lett.. 10 (7) 199-201 (5 October 1969). '

Note: Nd:glass block, 120 x 15 X 150 mm periodic beam scanning effect.

Malley, M.M. and Rentzepis, P.M.

Picosecond molecular relaxation displayed with crossed laser beams.
Chem. Phys. Lett., 3 (7) 534-536 (July 1969).

Note: Mode-locked Nd/glass. Tog60 = 9 ps. To740 = 10 ps.

Malley, M.M. and Rentzepis, P.M.
Picosecond time resolved stimulated light emission.
Chem. Phys. Lett., 7 (1) 57-60 (1 October 1970).



79.

80.

8l.

82.

83.

84.

85.

86.

87.

88.

89.

Malyshev, V.I., Markin, A.S., Masalov, A.V. and Sychev, A.A.

On mode locking in ruby and neodymium lasers operating under free oscillation
conditions.

zh. Eksp. Teor. Fiz., 57 (3) 827-834 (July 1969).

Note: Reducing modes from 103 to 10 increases modulation to 40%; arbitrary phase
i.e. no mode-locking required to explain.

Malyshev, V,1., Masalov, A.V. and Sychev, A.A.

Spectral-time method for investigating partial mode locking in ruby and neodymium
glass lasers.

Sov. Phys., JETP, 32 (1) 27-30 (January 1971).

Note: Intensity fluctuations and spectral structure.

Malyshev, V.I., Masalov, A.V. and Sychev, A.A.

Structure of spectra of solid state lasers in the free generation regime.

JETP Lett., 11 (7) 215-218 (5 April 1970).

Note: Random fine structure in spectrum equivalent to random short pulses.
Structure only smoothed when laser mode-locked i.e. when phases non-random.

Malyutin, A.A. and Shchelev, M. Ya.

Investigation of the temporal structure of neodymium laser emission in the self-
mode locking regime.

JETP Lett., 9 (8) 266-268 (20 April 1969).

Note: Electron-optic camera 10-1l s resolution - see fine structure of mode-
locked pulses directly. Not sufficient for pulse width measurement.

Mathieu, E. and Keller, Hj.

Intensity correlation functions of a non-Q-switched laser, measured by second
harmonic generation.

J. Appl. Phys., 41 (4) 1560-1567 (15 March 1970).

Note: Pulsed Nd:glass laser. gz(o)/gz(aﬂ = 2, as for thermal light.

Michon, M., Ernest, J. and Auffret, R.
Passive transverse mode-locking in confocal Nd glass laser.
IEEE J. Quant. Electr., 5 (2) 125-126 (February 1969).

Mocker, H.W. and Collins, R.J.

Mode competition and self-locking effects in Q-switched ruby laser.
Appl. Phys. Lett., 7 (10) 270-273 (15 November 1965).

Note: Dyes and glass (RG8, RGLO).

Osterink, L.M. and Foster, J,D.
Mode-locked Nd:YAG laser.
J. Appl. Phys., 39 (9) 4163-4165 (August 1968).

2-photon fluorescence detects ultra-short pulses.
Physics Today, 20 (9) 63 (September 1967).

Rentzepis, P.M., Mitschele, C.J. and Saxman, A.C.

Measurement of ultra-short laser pulses by three-photon fluorescence.

Appl. Phys. Lett., 17 (3) 122-125 (1 August 1970).

Note: High contrast ratio observed 9:1 with Nd:glass: theoretical maximum 10:1.
POPOP scintillator. Various correlation functions measurable. Observed good
correlation of 3PF indication of ps pulses with 'scope indication' of mode-
locked pulse trains.

Rentzepis, P.M. and Duguay, M.A.
Picosecond light pulse display using two different optical frequencies.
Appl. Phys. Lett., 11 (7) 218-220 (1 October 1967).



90.

91

22

93.

94,

95.

96.

07

98.

99.

Runge, P.K.

Continuous mode-locked dye laser pumped in the red.

Opt. Commun..4 (3) 195-198 (November 1971).

Note: He-Ne laser pump. Smooth, irregular, periodic and line spectra depending
on cavity and He-Ne mode structure. :

Salzmann, H.

Mode-locking of giant pulse ruby lasers.

Phys. Lett., 32A (1) 40-41 (1 June 1970).

Note: Experimental confirmation of Letokhov's theory. Long build up time = 1 us,
favours mode-locking. .

Samelson, H. and Lempicki, A.

Q-switching and mode-locking of Nd:5e0Cly liquid laser.
J. Appl. Phys., 39 (13) 6115-6116 (December 1968).

Note: Brewster windows on laser cell, Eastman 9740 dye.

Sasaki, T., Yamanaka, T. and Yamanaka, C.

Investigation of pulse structure of a mode-locked glass laser using two-photon
fluorescence technique.

Jap. J. Appl. Phys., 9 (2) 228-229 (February 1970).

Note: Confirm need wedged mirrors, Brewster angle dye cell for single pulses.

Scarlet, R.I., Figueira, J.F. and Mahr, H.

Direct measurement of picosecond lifetimes.

Appl. Phys. Lett., 13 (2) 71-73 (15 July 1968).

Note: T for 9860 dye, variable delay method using mode-locked laser.

Schmackpfeffer, A. and Weber, H.

Mode-locking and mode competition by saturable absorbers in a ruby laser.
Phys. Lett., 24A (3) 190-191 (30 January 1967).

Note: Beats and short pulses at fundamental and harmonics of cavity resonant

frequency.

Selden, A.C.

Liquid three-photon fluorescence.

Nature Phys. Sci., 229 (7) 210-211 (15 February 1971).

Note: Mode-locked neodymium laser. Blue-violet filaments in chloronaphthalene.

Selden, A.C.

A liquid laser amplifier.

MOGA 70 Proc. Amsterdam 1970. Paper 21-11.

Note: Amplification, gain saturation with ps pulses from mode-locked neodymium

glass laser.

Selden, A.C.
A study of liquids in high power laser systems.
Thesis. London (June 1970).

Shapiro, S.L. and Duguay, M.A.

Observation of sub-picosecond components in the mode-locked Nd:glass laser,

Phys. Lett,, 28A (10) 698-699 (24 February 1969).

Note: 28 i rhodamine dye cell. Intensity ratio at peak 2.95 + 0.23.
Photoelectric comparison.
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101.

102.
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104,

105,

106.

107.

108.

109.

110.

111.

Shapiro, S.L., Duguay, M.A. and Kreuzer, L.B.
Picosecond substructure of laser spikes.

Appl. Phys. Lett., 12 (2) 36-37 (15 January 1968).
Note: Rhodamine 6G in methanol.

Shapiro, S.L., Giordmaine, J.A. and Wecht, K.W.

Stimulated Raman and Brillouin scattering with picosecond light pulses.
Phys. Rev. Lett., 19 (19) 1093-1095 (6 November 1967).

Note: Quenching - molecular re-orientation. CS, strongest.

Shelton, J.W. and Armstrong, J.A.

Measurement of relaxation time of Eastman 9740 bleachable dye.
IEEE J. Quant. Electr., 3 (12) 696-697 (December 1967).

Note: Find 8 <7 < 25 ps.

Shimizu, F. and Stoicheff, B.P.
Study of the duration and bi-refringence of self-trapped filaments in CS,.
IEEE J. Quant. Electr., 5 (11) 544-546 (November 1969).

Singh, S., DiDomenico, M. and Smith, R.G.

Axial modes of a ruby laser with external reflectors.
Proc. IEEE., 53 (5) 507-508 (May 1965).

Note: Self-locked modes observed.

Smith, A.W. and Landon, A.J.
Mode-locked laser pulse shapes.
Appl. Phys. Lett., 17 (8) 340-343 (5 October 1970).

Smith, P.W.

On the phase relationship between oscillating modes in a mode-locked 6328 angstrom
He-Ne laser.

Opt. Commun., 2 (6) 292-294 (November 1970).

Smith, P.W.
Simultaneous phase-locking of longitudinal and transverse modes.
Appl. Phys. Lett., 13 (7) 235-237 (1 October 1968).

‘Note: Beam scanning effect.

Stetser, D.A. and DeMaria, A.J.
Optical spectra of ultrashort optical pulses generated by mode-locked Nd glass

lasers.
Appl. Phys. Lett., 9 (3) 118-120 (1 August 1966).

Topp, M.R., Jones, R.P. and Rentzepis, P.M,
Optical third harmonic generation in organic liquids.
Opt. Commun., 3 (4) 264-268 (June 1971).

Note: MLNL - ps pulses organic molten scintillators 10 GW em™2

in 1 mm path cell.

Treacy, E.B.

Measurement and interpretation of dynamic spectrograms of picosecond light pulses.
J. Appl. Phys., 42 (10) 3848-3858 (September 1971).

Note: Frequency sweep.

Treacy, E.B.

Measurement of picosecond pulse substructure using compression Lechniques.
Appl. Phys. Lett., 14 (3) 112-114 (1 February 1969).

Note: Correlation of compressed pulse with broad pulse.
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112. Wang, C.C. and Baardsen, E.L.
Optical 3rd harmonic generation using mode-locked and non-mode-locked lasers.
Appl. Phys. Lett., 15 (12) 396-397 (15 December 1969).
Note: ADP crystal. Only 4% energy in ps pulses, rest in background.

THEORY

113. Akhmanov, S.A. and Chirkin, A.S.
Two-photon fluorescence technique of ultra-short laser pulse measurement and the
efficiency of nonlinear optical processes.
Opto-Electronics, 3 (2) 111-116 (May 1971),

114, Armstrong, J.A. and Courtens, E.

m-pulse propagation in the presence of host dispersion.

IEEE J. Quant, Electr., 5 (5) 249-259 (May 1969).

Note: Steady state light pulse (SSP). Exact solution for lossy medium with
saturable gain and finite dispersion. Predicts large chirp for even weak
group velocity dispersion, greater than inverse pulse duration i.e. pulse
compression techniques applicable,.

115. Auston, D.H.
Higher order intensity correlations of optical pulses.
IEEE J. Quant. Electr., 7 (9) 465-467 (September 1971).
Note: Short pulse envelope containing Gaussian noise, Derives nth order
correlation functions and contrase ratios.

116. Bespalov, V.I. and Daume, B.Ya.
Limiting parameters of ultra-short pulses emitted by a laser with resonance loss

modulation. 7
Sov. Phys. JETP, 28 (4) 692-696 (April 1969).
Note: Mode-locking. Resonant modulation of mirror reflection for no dispersion,

pulse of finite width, vertical front, triangular pulse.

117. Blount, E.I. and Klauder, J.R.
Recovery of laser intensity from correlation data.
J. Appl. Phys., 40 (7) 2874-2875 (June 1969).
Note: Show 3rd order intensity correlations sufficient for recovery of intensity
v. time., Also that all higher order correlations reduce to combinations of
2nd and 3rd order correlations.

118. Caruso, A. and Gratton, R.
On the possibility of producing point 1 GeV ions by focusing ultrashort laser
pulses on thin foils.
Phys. Lett., 36A (4) 275-276 (13 September 1971).

119. Creighton, J.R. and Jackson, J.L.
Simplified theory of picosecond pulses in lasers.
J. Appl. Phys., 42 (9) 3409-3414 (August 1971).

120, Cubeddu, R. and Svelto, O.
Effect of dispersion on laser self-locking.
Phys. Lett., 29A (2) 78-79 (7 April 1969).
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121, Dandliker, R., Grutter, A.A. and Weber, H.P.
Statistical amplitude and phase variations in mode-locked lasers.
IEEE J. Quant. Electr., 6 (11) 687-693 (November 1970).
Note: Effect on pulse shape, background intensity, yield of non-linear optics
experiments.

122. DiDomenico, M.
Small signal analysis of internal (coupling type) modulation of lasers.
J. Appl. Phys., 35 (10) 2870-2876 (October 1964).
Note: Loss modulation at mode frequency difference promotes mode-locking.

123. Eberly, J.H.
Optical pulse and pulse train propagation in a resonant medium.
Phys. Rev. Lett., 22 (15) 760-762 (14 April 1969).

124, Ershov, G.M., Kopvillem, U.H., Nagibarov, V.R. and Samartsev, V.V.
Peak structure of laser pulse and photon echo.
Phys. Lett., 31A (2) 87-88 (26 January 1970).

125. Fisher, R.A., Kelley, P.L. and Gustafson, T.K.
Sub-picosecond pulse generation using the optical Kerr effect.
Appl. Phys. Lett., 14 (4) 140-143 (15 February 1969).
Note: Theoretical compression ratio of 100 in 10 cm in CS,; 5 ps pulse 22 CW/ cm?
compressed to 5.10-1% s,

126. Fleck, J.A.
Emission of pulse trains by Q-switched lasers.
Phys. Rev. Lett., 21 (3) 131-133 (15 July 1968).

127. Fleck, J.A.
Evolution of a Q-switched laser pulse from noise.
Appl. Phys. Lett., 13 (11) 365-367 (1 December 1968).
Note: Inherent partial mode-locking; arises from noise.

128, Fleck, J.A.
Mode locked pulse generation in passively switched lasers.
Appl. Phys. Lett., 12 (5) 178-181 (1 March 1968).
Note: Computer calculations. Verifies reported results.

129. Fleck, J.A.
Origin of short pulse emission by passively switched lasers.
J. Appl. Phys., 39 (7) 3318-3327 (June 1968).
Note: Theoretical, Expanded version of Appl. Phys. Letters note (ref. 128).

130. Fried, Z.
On the structure of picosecond pulses.
Phys. Lett., 33A (2) 62-63 (5 October 1970).
Note: Shows periodic pulsing also produces 3:1 contrast ratio TPF, argues 3:1
observed insufficient evidence mode-locking. Agrees with experimental works of
others.

131. Grutter, A.A., Weber, H.P, and Dandliker, R.
Imperfectly mode-locked laser emission and its effects on nonlinear optics.
Phys. Rev., 185 (2) 629-643 (10 September 1969).
Note: Calculates intensity output for various phase angle distributioms.
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132.

133,

134,

135.

136.

137.

138.

139.

140,

141,

Haken, H.

Exact generalised Fokker-Planck equation for arbitrary dissipative and non-
dissipative quantum-systems.

Z. Phys., 219 (5} 411-433 (1969).

Haken, H.
Exact stationary solution of a Fokker-Planck equation for multi-mode laser action
including phase-locking.

Z. Phys., 219 (5) 246-268 (1969). 1
Note: Automatic phase locking for A € v, A< T -
A - mode spacing. Y - homogeneous linewidth. T - relaxation time between

transition levels.

Harrach, R.J.

Effects of partial mode-locking on contrast ratios in two-photon excitation of
fluorescence.

Phys. Lett., 28A (6) 393-394 (30 December 1968).

Note: Curve of contrast ratio v. per cent mode-locking.

Hope, L.L. and Vassell, M.O. .
Pulse amplification by stimulated two-photon emission.
Phys. Lett., 31A (5) 256-257 (9 March 1970).

Note: Predict smaller gain than Letokhov.

Kaufmann, K. and Weidlich, W.

Mode interaction in a spatially inhomogeneous laser.
Z. Phys., 217 (2) 113-127(1968). '

Note: Phase-locking by spatial inhomogeneities.

Khanin, Ya. I.

Concerning mode-locking in lasers.

Sov. Phys. JETP, 33 (4) 694-697 (October 1971).

Note: Self-mode-locking in laser medium not possible,

Klauder, J.R.
Spectral criterion for mode-locked laser signals.
Appl. Phys. Lett., 14 (5) 147-148 (1 March 1969).

Kuznetsova, T.I.
Statistics of appearance of ultrashort light pulses in a laser with a bleachable

filter.
Sov. Phys. JETP, 30 (5) 904-909 (May 1970).
Note: Regions of complete and partial, mode-locking. Harder to modg-lock with

large number of modes.

Lamb, W.E.
Theory of an optical maser.

Phys. Rev., 134A (6) 1429-1456 (15 June 1964).
Note: Modes, beats, tuning, phase-locking etc.

Letokhov, V.S,

Dynamics of generation of pulsed mode-locked lasers.

Sov. Phys. JETP, 27 (5) 746-751 (November 1968).

Note: Evolution in 2 stages: 1. Narrowing with increasing number of locked modes.

2. Broadening due to dispersion.
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142.

143.

144,

145,

146.

147,

148.

149.

150.

151.

Letokhov, V.S.
Formation of ultra-short pulses of coherent light.
JETP Lett., 7 (1) 25-28 (January 1968).
Note: Maximum compression rate for: a = R
1 +/2

o - gain coefficient of active medium. Y - saturable loss coefflcient

Letokhov, V.S,
Generation of ultrashort light pulses in a laser with a non-linear absorber
Sov. Phys. JETP, 28 (3) 562-568 (March 1969).

Letokhov, V.S.

Two-quantum amplification of short light pulse.

JETP Lett., 7 (8) 221-223 (20 April 1968).

Note: Suggests 2-photon dye in cavity with mode-locked laser.

Letokhov, V.S,

Ultra-short fluctuation pulses of light in a laser.

Sov. Phys. JETP, 28 (5) 1027-1027 (May 1969).

Note: Shows plcosecond structure expected from random fluctuations, approximately
10 times average power for typical solid laser. Explains observation with TPF
of free running lasers.

Macomber, J.D.

A bibliography of transient effects in the resonant elastic response of matter to an
intense light pulse.

IEEE J. Quant. Electr., 4 (1) 1-10 (January 1968).

Note: 282 references.

Picard, R.H. and Schweitzer, P.

Theory of intensity-correlation measurements on imperfectly mode-locked lasers.
Phys. Rev. A, 1 (6) 1803-1818 (June 1970).

Note: Theory of TPF experiments.

Pike, H.A. and Hercher, M.

Basis for picosecond structure in mode-locked laser pulses,

J. Appl. Phys., 41 (11) 4562-4565 (October 1970).

Note: Expected multi-photon intensity correlations fit experimental best for
T > 10 ps pulses with thermal noise i.e. random sub-ps structure.

Rowe, H.E. and Li, T.

Theory of two-photon measurement of laser output.

IEEE J. Quant. Electr., 6 (1) 49-67 (January 1970).

Note: Comprehensive theory of TPF and SHG experiments for mode-locked lasers.

Schwarz, S.E.

Theory of an optical pulse generator.

IEEE J. Quant. Electr., 4 (9) 509-514 (September 1968).

Note: Mode-locked laser, computer solution, Effect of dye lifetime with regard
to cavity transit time. 1 2L
Efficient mode-locking required T ZW <

Ti - dye relaxation time. L - cav1ty length. C - velocity of light.

Shearer, J.W. and Barnes, W.S.

Mechanisms for production of neutron-emitting plasma by subnanosecond laser-pulse
heating.

Phys. Rev. Lett., 24 (3) 92-94 (19 January 1970).
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152. Smith, A.W.
Effect of host dispersion on mode-locked lasers.
Appl. Phys. Lett., 15 (6) 194-196 (15 September 1969).

153. Smith, P.W,
Mode-locking of lasers/review paper and bibliography.
Proc. IEEE, 58 (9) 1342-1357 (September 1970).
Note: Emphasis on gas lasers - but history of all types included.
165 references to June 1970. )

154. Smith, P.W.
The self-pulsing laser oscillator.
IEEE J. Quant. Electr., 3 (11) 627-635 (November 1967).
Note: Two criteria for self-pulsing (1809 pulses i.e. mode-locking).
Experimental confirmation for He-Ne laser. None below critical cavity
length,

155. Smith, R.L. .
A demonstration of the equality of the phases of laser cavity modes by an oscilloscope
trace.
Phys. Lett., 30A (2) 132-133 (22 September 1969). _
Note: Shows sharp spike train implies Fourier sum of components of nearly equal
phase. Proves phase equality for adjacent modes, and up to tenth neighbours for
fast - scope.

156. Smith, R.L. and Alley, C.O.
A linear technique for the measurement of ultra short pulse widths.
Opt. Commun., 1 (6) 262-264 (January 1970).
Note: Time dependent interference in interferometer.

157, Statz, H. and Bass, M,
Locking in multi-mode solid state lasers.
J. Appl. Phys., 40 (1) 377-383 (January 1969).
Note: Locking range (correction of mode dispersion) & total energy density.
Calculation and experiment with ruby, Nd:glass, Nd:YAG.

-158. Statz, H. and Tang, C.L.
Phase-locking of modes in lasers.
J. Appl. Phys., 36 (12) 3923-3927 (December 1965),
Note: Phase-locking through interaction of mode-beats with non-linear gain of
laser depends on position in cavity; zero at centre, maximum effect with rod
at one end, next to mirror.

No locking for % Sx < %% (X - position of laser medium in cavity length L.)
Modes must be within linewidth, i.e. |w - w, | < X

o -1 T2
T2 - cross-relaxation time.

159. Statz, H., DeMars, G.A. and Tang, C.L,.
Self-locking of modes in lasers.
J. Appl. Phys., 38 (5) 2212-2222 (April 1967).
Note: Phases fixed by maximum emission principle, experimental results with ruby,

175 em cavity.

160. Svelto, O. :
On the sub-picosecond structure and frequency sweep of mode locked lasers.

Opt. Commun., 3 (2) 105-106 (April 1971).
Note: Dispersion effects.
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161.

162.

163.

164.

165.

Tang, C.L. and Statz, H.

Maximum emission principle and phase-locking in lasers.

J. Appl. Phys., 38 (7) 2963-2968 (June 1967).

Note: Theoretical maximum emission principle agrees with results of non-linear
polarization theory.

Wang, C.C. and Davis, L.I.

Transient effects in the mode locking of Nd3 glass lasers.
Appl. Phys. Lett., 19 (6) 167-169 (15 September 1971).
Note: Domain model, independent phases.

Weber, H.P.

Comments on the pulse width measurement with two-photon excitation of fluorescence.
Phys. Lett., 27A (5) 321-322 (15 July 1968).

Note: Derives critical importance of contrast ratio.

Weber, H.P. and Dandliker, R.

Method for measurement of the shape asymmetry of picosecond light pulses.

Phys. Lett., 284 (2) 77-78 (4 November 1968).

Note: 2nd and 3rd order correlations - first symmetric, latter asymmetric for
asymmetric pulse.

Yariv, A.
Internal modulation in multi-mode laser oscillators.
J. Appl. Phys., 36 (2) 388-391 (February 1965).
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