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A collective motion of charged dust particles, levitated in a disk form in a vertically 
aligned cylindrical plasma with an external nonuniform magnetic field was 
investigated experimentally. Application of nonuniform magnetic field produced 
differential rotation of an outer dust ring and an inner dust disk. At the same time, few 
spiral arms connecting the disk and the ring were observed. The driving force of the 
rotation is due to the ion drag force driven by the grad B drift. 

A rf plasma (≤ 25 W) of argon (20 - 100 Pa) is generated in a glass tube of 100×φ 50 
mm. A complex plasma includes dust particles of acrylic spheres (φ 2.5 - 3.5 μm) 
with individual charge ~ −104e (e: the elementary electric charge). Dust particles 
levitate at z = z0 < 1 cm, where z is a height from the tube bottom, z = 0. The particles 
are observed with a scattered thin laser light injected from the side. A magnet locates 
below the tube, whose strength is B = B(z, r), where r is a radial distance from the 
tube center. The unique structure of the disk with outer ring and spiral arms appears 
when 2.4 ≤ B(z0, 0) ≤ 3.6 kG. 

The measured angular frequencies at the center and at the edge of the disk are ω = 
10.5 and 3 rad/s, respectively, while the measured angular frequencies at the outer 
and the inner edges of the ring are ω = 7.5 and 6 rad/s, respectively. The grad B drift 
of ions moving with ω ~ 100 rad/s may be responsible for this unique phenomenon. 
The observed differential rotation in the complex plasma may serve as a tool to 
understand astronomical objects like a spiral galaxy.   
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