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• Ray optics perspective with momentum 
consideration:

𝒑𝒊 = 𝒑𝑟 + 𝒑𝑡 + 𝒑𝑜𝑏𝑗
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• Beam with initial power 𝑃,photon energy 𝑢 = "$
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and photon flux 𝑁 = %
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 gives a resulting force to 

micro-object:

𝑭𝑜𝑏𝑗 =
𝑛𝑖𝑃𝑖
𝑐

*𝒓𝑖 − -
𝒎(𝟎

𝟏
𝑛𝑡𝑃𝑡, 𝑚
𝑐

.𝒓+,- −
𝑛.𝑃.,𝟎
𝑐

.𝒓.,/

Optical Tweezers

Jones, P. H., Maragò, O. M. and Volpe, G. (2015) Optical Tweezers: Principles and Applications. Cambridge University Press. doi: 10.1017/CBO9781107279711.



Science · EyeNzululwazi ngezeNdalo · Natuurwetenskappe

• Most of the light exits the system after the first two 
scattering events, however some of the light remains in 
the particle.
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• The total force on the particle is broken up into the 
gradient- and scattering forces:

𝑭𝑜𝑏𝑗 = 𝐹7.𝒓8 + 𝐹9.𝒓𝒊

𝑭𝑜𝑏𝑗 =
𝑛𝑖𝑃𝑖
𝑐 𝑄7.𝒓8 +

𝑛𝑖𝑃𝑖
𝑐 𝑄𝒔.𝒓𝒊

Optical Tweezers

Jones, P. H., Maragò, O. M. and Volpe, G. (2015) Optical Tweezers: Principles and Applications. Cambridge University Press. doi: 10.1017/CBO9781107279711.
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• Collimated beam with 
Gaussian distribution.

• Focusing the beam causes 
longitudinal component of 
gradient force to cancel the 
scattering force.

• Stable trapping near the focus 
where 𝐹!,# = 𝐹$,#

Creating a stable trap
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Characterization of an Optical Tweezer

Sarshar, M., Wong, W. T. and Anvari, B. (11 2014) ‘Comparative study of methods to calibrate the stiffness of a single-beam gradient-force optical tweezers 
over various laser trapping powers’, Journal of Biomedical Optics, 19, p. 115001. doi: 10.1117/1.JBO.19.11.115001.

• A trapped particle which is 
displaced from the center of 
the trap experiences and 
restoring force.

𝐹 = −𝑘𝑥

• A force calibration is achieved 
through comparison to 
thermodynamic or 
hydrodynamic forces.
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Experimental 
Setup
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Trapping of 1 µm silicon beads
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Trapping of 
single 

yeast cell:



Science · EyeNzululwazi ngezeNdalo · Natuurwetenskappe

Trapping of single yeast cell
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Size measurements of trapped yeast cells

• Change in cell-volume can be induced by changing environmental conditions.

• Using image processing tools such as ImageJ, cell dynamics can be analyzed.

• Average Individual cell error: 0.03 µm
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Trapped cell size measurements

• Average major axis length: 5.27 ± 0.86 µm

• Average minor axis length: 5.07 ± 0.81 µm

Major axis boxplot



Science · EyeNzululwazi ngezeNdalo · Natuurwetenskappe

Microfluidics

Pattanayak, P., Singh, S. K., Gulati, M., Vishwas, S., Kapoor, B., Chellappan, D. K., Anand, K., Gupta, G., Jha, N. K., Gupta, P. K., Prasher, P., 
Dua, K., Dureja, H., Kumar, D., & Kumar, V. (2021). Microfluidic chips: recent advances, critical strategies in design, applications and future
perspectives. Microfluidics and Nanofluidics, 25(12), 99. https://doi.org/10.1007/s10404-021-02502-2

• Chips typically made of polymers 
such as PDMS and PMMA with 
groove and channels used to 
accurately control environment in 
chemical reactions.

• Compact size and high throughput 
screening.

• Bioinert and hydrophobic
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Cell-manipulation in Microfluidics

Pang, L., Ding, J., Liu, X.-X., Kou, Z., Guo, L., Xu, X., & Fan, S.-K. (2021). Microfluidics-Based Single-Cell Research for Intercellular 
Interaction. Frontiers in Cell and Developmental Biology, 9. https://doi.org/10.3389/fcell.2021.680307

Stringer, Robert et al. “Unsteady RANS computations of flow around a circular cylinder for a wide range of Reynolds numbers.” Ocean 
Engineering 87 (2014): 1-9.

• Flow type is typically characterized by the Reynolds 
number:

𝑅𝑒 =
𝑓!
𝑓"
=
𝜌𝑈#𝐿#
𝜂

• Microfluidic channels have very low Reynolds numbers 
(𝑅𝑒~10$%)

https://doi.org/10.3389/fcell.2021.680307
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Review of existing integrated setups: Single-Cell analysis of 
Saccharomyces cerevisiae under different stress environments

Eriksson, E., Scrimgeour, J., Granéli, A., Ramser, K., Wellander, R., Enger, J., Hanstorp, D., & Goksör, M. (2007). Optical manipulation and 
microfluidics for studies of single cell dynamics. Journal of Optics A: Pure and Applied Optics, 9(8), S113–S121. https://doi.org/10.1088/1464-
4258/9/8/S02

(a) Transmission image of an 
optically trapped yeast cell 
before being exposed to oxidative 
stress. (b) Spatial distribution of 
Yap1p-GFP proteins in the cytosol 
as the cell is held in a neutral 
environment. (c) Accumulation of 
Yap1p-GFP proteins in the nucleus 
after approximately 30 min in a 
peroxide-rich environment. (d) 
Spatial distribution of Yap1p-GFP 
in the cytosol as the stress 
response is down-regulated 20 
min after returning the cell back 
to the flow with a pure growth 
medium.

(a) Transmission image of an 
optically trapped yeast cell 
in neutral buffer. (b) The 
same cell after exposure to 
an environment of higher 
osmotic pressure. (c) 
Graphical presentation of the 
changes in cross section as 
the cell is repeatedly moved 
between the two different 
media.
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Characterization of optical 
tweezer by calibrating the 
stiffness with respect to input 
power.

Addition of microfluidic slide 
and for environmental control 
and characterization of 
concentration profile and shear 
forces.

Adding fluorescence detection. 
NADH works as a biomarker due 
to its autofluorescence at an 
excitation wavelength of 380 
nm.

Possible addition of spatial light 
modulator for multi-trapping.

What’s next?
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