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In this project, we design and build radio-frequency wave synthesizers based on
direct-digital synthesis controlled by field-programmable gate arrays. The result is a
complete ready-to-use system now being applied for the optical clock project at the
National Institute of Metrology, Thailand and Mahidol University. We also build a low-
noise amplifier to measure resistor Johnson noise to determine the Boltzmann'’s
constant. The equipment is also suitable for be used in advanced undergraduate

physics laboratory course.
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