
 

The most sensitive torque measuring device
ever built
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a, A silica nanoparticle (NP) is levitated in vacuum with a 500-mW, 1,550-nm
laser tightly focused by an objective lens (OBJ) with a numerical aperture of
0.85. An additional 1,020-nm laser is used to apply an external torque on the
nanoparticle. The polarization of each laser is controlled with a quarter
waveplate (λ/4). After the collimation lens, the trapping laser is directed to
detectors for monitoring the motion of the trapped nanoparticle. DM, dichroic
mirror; λ/2, half waveplate; PBS, polarizing beam splitter; and DET, balanced
photodetector. Inset: scanning electron microscope images of a silica nanosphere
(left) and a silica nanodumbbell (right). The scale bar is 200 nm for both images.
b, A measured PSD of the rotation of an optically levitated nanoparticle at 10−4
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torr. The frequency of the PSD peak is twice the rotation frequency of the
nanoparticle. c, A spectrogram (time trace) of the rotation PSD of an optically
levitated nanoparticle recorded for 100 s. The first vertical line corresponds to
the PSD shown in b. a.u., arbitrary units. Credit: Nature Nanotechnology (2020).
DOI: 10.1038/s41565-019-0605-9

A team of physicists at Purdue University has built the most sensitive
torque measuring device ever. In their paper published in the journal 
Nature Nanotechnology, the team describes their new device and outline
how it might be used.

Torque is a twisting force that often leads to rotation. Devices built to
measure torque in a system take many forms and come in many sizes. In
recent years, scientists have been working on ways to downsize torque
sensors with the goal of measuring very small amounts of torque. Tiny
devices that use nanofabrication and cryogenic cooling have been
developed to study such things as the Casimir effect and small-scale
magnetism. Prior to this new effort, the most sensitive torque sensor had
achieved a sensitivity of 2.9 × 10−24 N m Hz−1/2 at millikelvin
temperatures. The team at Purdue set themselves the goal of breaking
that record.

The new device consisted of a silica nanoparticle suspended inside of a 
vacuum chamber by a 500-mW, 1,550-nm laser beam. The team applied
torque to the nanoparticle by firing a pulsating, circularly polarized
1,020-nm laser beam at it for 100 seconds at a time. The researchers
used a quarter waveplate to control polarization. The rotating waves in
the electromagnet beam imparted a twisting action on the nanoparticle,
making it spin at 300 billion rpm—the fastest man-made rotor ever built.
The team was able to measure the amount of torque in the device by
measuring how much the particle's spin speed changed during the on and

2/3

https://phys.org/tags/torque/
https://phys.org/tags/device/
https://phys.org/tags/vacuum+chamber/


 

off cycles using an optical sensor. The researchers point out that their
system, unlike others being developed, did not require intricate
nanofabrication.

Using the device, the researchers were able to measure torque to a
quadrillionth of a newton-meter—making it approximately 700 times as
sensitive as the previous record holder. They claim that their device will
be the first to measure vacuum friction—in which quantum mechanics
suggests an object spinning in a vacuum experiences drag due to
electromagnetic fields that constantly appear and disappear. The team
also claims that the device could be used for nanoscale magnetism
research and for studying the quantum geometric phase.

  More information: Jonghoon Ahn et al. Ultrasensitive torque
detection with an optically levitated nanorotor, Nature Nanotechnology
(2020). DOI: 10.1038/s41565-019-0605-9
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