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Abstract

Motivated by recent attempts to use parametric resonance to calibrate the
spring constant of a Brownian particle in an optical trap, we have looked
systematically at the effects of modulating laser power on the motion of the
trapped particle. We predict and find experimentally an increase in the
particle’s position variance at low laser modulation frequencies, but we find
no evidence for any resonant effects in the extremely overdamped motion of
the trapped particle. Our results can serve as a guide for designing multiple
traps by the ‘time-sharing” method.
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(Some figures in this article are in colour only in the electronic version)

1. Introduction

Over the past twenty years, the technique of optical tweezers

has found wide application in the measurement of forces on

single molecules and materials in physical and biophysical

studies [1, 3]. The relation between force and displacement

for a trapped object depends on several parameters: the

size, shape and index of refraction of the trapped object; the

wavelength and power of the trapping laser; the numerical

aperture of the focusing objective, etc [3, 4]. In the

small-displacement regime, the particle—trap interaction is

approximately that of a harmonic potential, with a force—

displacement coefficient called the trap stiffness or, more

loosely, spring constant. To determine the trap stiffness

experimentally, one can measure directly the displacement

produced by a known external force—for example, the Stokes

drag in a constant flow [5-79].

Recently, Joykutty et al attempted to develop a new

method for calibrating the stiffness of an optical trap that
was based on the periodic modulation of trap stiffness [10].
While there are serious difficulties with that technique [11, 12],
the effects of a modulated trap have both fundamental and
practical interest, and we focus on these aspects in this
paper. In an underdamped mechanical system, the periodic
temporal modulation of trap stiffness can lead to parametric O(10). (The

resonance [13]. Brownian motion in such systems i {elevaiiess damping is one for a critically damped system.)
to atoms in magneto-optical traps and has been studied both
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proper conditions, trap modulation can lead to an increase
in damping and a decrease in the variance of positional
fluctuations of the Brownian particle. Such a decrease
corresponds to a ‘cooling’ of the ‘temperature’ of the trapped
narticle and ic a decired featiire of <1ich trane On the nthar
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impliesd f(x) = df(x) [33]. Thus, since x = 0, and
X(t)dw(t) = 0, the position variance oxx = X? is

doyx(t) = d x3(t )


http://dx.doi.org/10.1119/1.1532323
http://dx.doi.org/10.1063/1.1785844
http://dx.doi.org/10.1103/PhysRevLett.95.168102
http://dx.doi.org/10.1126/science.8469975
http://dx.doi.org/10.1109/2944.577338
http://dx.doi.org/10.1063/1.1645654
http://dx.doi.org/10.1063/1.2356852
http://dx.doi.org/10.1103/PhysRevLett.95.193902
http://dx.doi.org/10.1103/PhysRevLett.98.189801
http://dx.doi.org/10.1103/PhysRevLett.98.189802
http://dx.doi.org/10.1103/PhysRevE.49.3626
http://dx.doi.org/10.1103/PhysRevLett.78.2096
http://dx.doi.org/10.1103/PhysRevA.57.R20
http://dx.doi.org/10.1103/PhysRevA.68.031403
http://dx.doi.org/10.1529/biophysj.103.037697
http://dx.doi.org/10.1016/S0030-4018(02)01524-9
http://dx.doi.org/10.1038/nature04268
http://dx.doi.org/10.1002/cyto.990140202
http://dx.doi.org/10.1146/annurev.biochem.72.121801.161542
http://dx.doi.org/10.1126/science.287.5462.2497

Brownian motion in a modulated optical trap

[28] Forde N R, Izhaky D, Woodcock G R, Wuite G J L and
Bustamante C 2002 Proc. Natl Acad. Sci. 99 11682-7

[29] Lang M J, Asbury C L, Shaevitz J W and Block S M 2002
Biophys. J. 83 491-501

[30] LiphardtJ, Onoa B, Smith S B, Tinoco | and
Bustamante C 2001 Science 292 733-7

[31] Greenleaf W J, Woodside M T, Abbondanzieri E A and
Block S M 2005 Phys. Rev. Lett. 95 208102

[32] Lubensky D K and Nelson D R 2002 Phys. Rev. E 65031917

[33] Gardiner C W 1985 Handbook of Stochastic Methods 2nd edn
(Berlin: Springer) sections 4.2, 4.3

[34] Ito K 1951 Mem. Am. Math. Soc. 4 1-51

5263


http://dx.doi.org/10.1073/pnas.142417799
http://dx.doi.org/10.1126/science.1058498
http://dx.doi.org/10.1103/PhysRevLett.95.208102
http://dx.doi.org/10.1103/PhysRevE.65.031917

	1. Introduction
	2. Model description and theory
	3. Experimental approach
	4. Discussion
	5. Conclusion
	Acknowledgments
	Appendix A. Time evolution of the variance
	Appendix B. Spatial modulation of the trapping laser
	References

