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Abstract
Biophysics bridges the research questions of biology with the measurement techniques of physics and engineering. Through
collaborations with industrial and academic researchers across multiple disciplines, the studies presented in this thesis
address a wide range of biological phenomena, from the minute thermal motion of single-cell microorganisms to the flow
conditions in industrial and natural environments. The ability of biophysics to operate across these scales enables
applications including pathogen detection, biofilm prevention, and personalized medicine. However, advancing research in
these areas requires sophisticated instruments that are often slow and costly to produce using conventional manufacturing
techniques.
 
This thesis explores how recent advances in open-source electronics and consumer-grade additive manufacturing, known as
3D printing, can be used for rapid prototyping of custom scientific instruments in the lab. The thesis details a practical
framework for designing instruments using additive manufacturing, computer simulations, and integrated measurement
systems, including design principles for improved performance and reliability. The work covers instruments for single-cell
detection, manipulation, and disruption using microscopy and microfluidics, with the aim of increasing measurement
throughput. It also presents flow devices for enhanced biofilm incubation, fluid biomimicry, and clinical assessment of
cerebral fluid dynamics. Throughout the development process, emphasis is placed on extending measurement capabilities
beyond those offered by standardized methods and commercial systems, while also providing the analytical tools needed to
interpret the measurement results.
 
Together, this work demonstrates that consumer-grade 3D printers can produce components with sufficient precision and
accuracy for advanced biophysical instrumentation, enabling a more collaborative and demand-driven approach to
instrument development within the research community.
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