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ROTATING COIL MAGNETOMETER 

 
 
INTRODUCTION:  
 
Detailed characterization of magnets is a key component for the design and 
development of any accelerator. A widely used instrument for magnet 
measurement is the rotating coil. It consists of a rectangular coil that spins with 
one side aligned along the axis of the magnet. The voltage induced in the coil is 
Fourier-analized to obtain the multipole content of the magnet. In this experiment, 
we will use a simplified version of the apparatus described in the PRST-AB paper 
mentioned below. Our coil is much shorter than the one used for the 
measurements in the paper. Besides, the setup for the short coil does not have a 
synchronous signal. With these limitations, the magnetic field of the UMER 
magnets will be scanned only around the magnet’s center, and no phase 
information from the output signal of the coil will be obtained. However, it will be 
possible to observe the main features of a full-fledged rotating coil and learn 
about the UMER magnets. 
 
The B-field inside a magnet with circular cross section of radius r0 can be written 
as  
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Where BBr, Bθ are the radial and azimuthal components of the field (see Figure 1 
below), and bn, an are the normal and skew components of the field. The 
expansion above characterizes a 2-dimensional field, valid only at or near the 
middle plane of the magnet, perpendicular to the magnet axis (Fig. 1). However, 
the same expansion is applicable if Br, Bθ  are understood as axially (i.e. along 
“z”) integrated quantities. 
 
 
Figure 1: cylindrical 
coordinate system for 
magnet B-field  
description.  
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From symmetry considerations, it can be shown that a quadrupole magnet can 
only have the 2n-poles given by n = 4k+2 (k=0, 1, 2, …), i.e., n=2 (quadrupole), 
n=6 (duodecapole), etc. By contrast, a dipole magnet can have 2n-poles given by  
n = 2k+1 (k=0, 1, 2, …), i.e., n=1 (dipole), n=3 (sextupole), etc. 
 
 
BACKGROUND:   
 
W. W. Zhang, S. Bernal, H. li, et al, “Design and field measurements of printed-
circuit quadrupoles and dipoles”, Phys. Rev. ST Accel. Beams, 3, 122401 (2000), 
Rawson-Lush Instruments, Bulletin 780: Rotating Coil Gaussmeters (not dated, 
attached to this document). 
 
 
EQUIPMENT:  
 
Rawson-Lush rotating coil gaussmeter model 780, quadrupole and dipole 
printed-circuit magnets, DC power supply, and oscilloscope. 
 
 
Figure 2: Rawson-Lush rotating coil and setup with UMER quadrupole magnet. 
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Figure 3: Rawson-Lush Model 780 rotating coil magnetometer (see also 
attached document). 

Tip Diameter. A: 6.35 mm 
Probe Length B: 50.0 cm 
Length to coil center C: 48.9 cm 
Tube Diameter E: 6.35 mm 
Number of Turns: 

 
 
 
 
 
 
PROCEDURE:  
 

1. Familiarize with equipment: rotating coil, power supply, magnet translation 
stage, etc. Be especially careful with the coil at the tip of the 
magnetometer: make sure the coil is free to turn before turning the motor 
on. Read the Rawson-Lush bulletin and learn as much as possible about 
the model 780 rotating coil gaussmeter.  

2. Align and level the coil axis so it is centered as best as possible inside the 
quadrupole (or dipole) magnet. Also make sure that vibrations of the long 
rod are reduced as much as possible by properly adjusting the rod 
support. Get assistance as needed. 

3. Apply 1.0 A to the magnet and connect the BNC cable from the rotating 
coil to the scope. 

4. Scope settings (Tektronix…) 
Coupling: 50Ω. Trigger: edge. Horizontal scale: 50 ms/div, sampling rate: 
2kS/s, bandwidth: smallest. Horizontal acquisition: average, 8-16 frames.  
FFT (Math setup): Magnitude, linear. Window: rectangular. Gate position:  
-150 ms, Gate duration: 500 ms. Center frequency: 80 Hz, frequency 
span: 160 Hz. Obtaining a steady rotating coil signal is not easy because 
no external trigger is available, i.e. the signal is triggered to itself. 
However, the main FFT peaks and relevant harmonics should be easy to 
discern. 

5. Carefully observe and record the frequency corresponding to the first peak 
of the frequency spectrum. It should be slightly less than 30 Hz. Turn 
down the quadrupole current to zero. Do you still see the first peak? 

6. Record the frequency of the large peak. Turn up the magnet current to 
2.5A. Many additional peaks may appear that reflect the residual vibration 
of the coil instead of additional magnet multipole content. However, a 
larger than usual peak may appear at some frequency that is a small  
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multiple of the main peak frequency. Record the frequency of such 
component if observed. 

7. For currents of 0.5, 1.0, .., 2.5 A applied to the quadrupole measure the 
amplitude of the rotating coil output 

8. Repeat your measurement of the main frequency component with the 
dipole magnet. Also repeat step 7 with the dipole magnet (time permitting). 

 
 
ANALYSIS / QUESTIONS (don’t have to answer both 2 and 3, choose one): 
 

1. Tabulate your results and include measurement errors. 
2. Show that the multipole expansion in Eqs. 1a-b is equivalent to 
 

 
  
 
 
 where complex notation is used. 
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3. (a) Use symmetry arguments to show that the allowed multipoles in a 
dipole magnet are of the form n=2k+1, k=0,1,...(b) Show that the spectrum 
is n=4k+2, k=0,1,…for a quadrupole magnet. (Hints: an 1800 rotation of a 
dipole is equivalent to inverting its polarity; a 900 rotation of a quadrupole 
is equivalent to inverting its polarity.  Complex notation will help.) 

4. In the experiment, did you observe a frequency component corresponding 
to a sextupole of the dipole magnet? Any higher multipoles, including 
“forbidden” ones? Comment also on the spectrum observed for the 
quadrupole. 

5. Plot the voltage peak amplitude for both dipole and quadrupole magnets 
as a function of applied current. Discuss your results. 

6. (Bonus) From the coil dimensions, number of turns, rotation frequency, 
magnet aperture radius, and applied current, derive a formula for the 
expected voltage peak amplitude resulting from the rotating coil inside a 
UMER quadrupole. (Essentially, derive Eq. 7 in the PRST-AB paper 
mentioned in the references. Since the coil in the paper is long, you have 
to introduce some correcting factor in our case). 
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