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Overview on Wire Measurements

DiMarco 2007, Le Bec 2012, Panofski 1965, Themnykh 1997, Vogel 1964, 
Wolf 2005

Irvin and Caughey 1974, Lee and Perkins 1992



S. Russenschuck et al.
IMMW Workshop, Brookhaven, June 2013

 

MAGNETIC MEASUREMENT 
SECTION 
 

Measuring the Gradient (the Dilemma)

Proposal: Measure gradient with SSW method and correct the result 
with harmonics obtained with the same experimental setup by using 
the system in the oscillation mode (20 – 40 Hz). 
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Correcting the Gradient Measurements

Flux linkage when the wire is moved from z1 to z2 in the complex plane

Easy result for movement on the horizontal plane



S. Russenschuck et al.
IMMW Workshop, Brookhaven, June 2013

 

MAGNETIC MEASUREMENT 
SECTION 
 

Correction of the Gradient Measurements

Repeat the measurement in both directions and average

Introduce the definition of the gradient

Rearrange to obtain correction factor



S. Russenschuck et al.
IMMW Workshop, Brookhaven, June 2013

 

MAGNETIC MEASUREMENT 
SECTION 
 

Correction of the Gradient Measurements
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Solving of Boundary Value Problems

2. Chose a suitable coordinate system

1. Governing equation in the air domain

3. Make a guess, look it up in a book, use the method of separation,
that is, find eigenfunctions. Coefficients are not know at this stage
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Solving of Boundary Value Problems

2. Calculate a field components

4. Incorporate a bit of knowledge and rename



S. Russenschuck et al.
IMMW Workshop, Brookhaven, June 2013

 

MAGNETIC MEASUREMENT 
SECTION 
 

Solving of Boundary Value Problems

3. Measure or calculate the field on a reference radius and perform a                   
discrete Fourier analysis (develop into the eigenfunctions). 
Coefficients are known here.
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Solving the Boundary Value Problem

4: Compare the known and unknown coefficients

5. Put this into the original solution for the entire air domain
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Solving the Boundary Value Problem

6: Calculate fields and potential in the entire air domain

7: Remember de Moivre
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Solving the Boundary Value Problem

Finally: Take any 2periodic function and develop according to 

For the oscillating wire technique: Use the oscillating amplitudes
measured at one position longitudinally (to be questioned later) as 
we move the wire such that they become the generators of a 
cylinder inside the magnet aperture 

The operators div, grad, curl of vector analysis are isomorphic to 
algebraic operators in the L2 space of our field harmonics 
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In Principle also for the Elliptic Coordinate System

Solution: Develop the metric coefficient 
numerically (Schnizer 2009) or work with 
the covariant derivative, i.e, differential 
forms (Auchmann, Kurz, Russenschuck 
2011)
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Use Wire Displacements

Proposition: We are done if:
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Solution of the Wave Equation (Assumptions)
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Solution of the Wave Equation (Steady State)
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Check 2: Numerical simulation (FDTD) and the Steady State Solution



S. Russenschuck et al.
IMMW Workshop, Brookhaven, June 2013

 

MAGNETIC MEASUREMENT 
SECTION 
 

Solution of the Wave Equation II

Check 1: Behavior around the first natural resonance: Are the 
fit parameters physically meaningful?
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Solution of the Wave Equation III

Check 2: Known longitudinal field or oscillation profiles

Ideas welcome on how to measure the longitudinal profile 
of the oscillation wire (30 phototransistors?)  



S. Russenschuck et al.
IMMW Workshop, Brookhaven, June 2013

 

MAGNETIC MEASUREMENT 
SECTION 
 

Solution of the Wave Equation IV

The slackline

The hard-edge (model) magnet
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Test Cases

Air coil: Academic worst case                                LEP-IL-QS
The “blue” magnet
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The Air Coil

Longitudinal field distribution             Longitudinal shape of the wire oscillation
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Convergence of the Modal Amplitude Functions
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Results for the Air Coil



S. Russenschuck et al.
IMMW Workshop, Brookhaven, June 2013

 

MAGNETIC MEASUREMENT 
SECTION 
 

Results for the Blue Magnet
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Variation of Wire Tension due to Stage Misalignment
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Results of the Measurements with Stage Misalignment
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Conclusion

 Because we measure the oscillation amplitude only at one point, we make 
in intrinsic error caused by the varying end fields as we move along the 
circular trajectory

– The method is exact for the hard‐edge (model) magnet and 
consequently for small‐aperture magnets excited by rare‐earth material

– The intrinsic error can be estimated when the numerical model is
available

– Effects from stage misalignment are much larger than the intrinsic error

– We would be exact if it was possible to measure the shape of the wire 
oscillation

– Using the vibrating wire technique for extracting the modes of the 
longitudinal field profile is not sufficiently accurate 

• In particular it would fail for the hard‐edge model magnet (Gibbs 
phenomenon, that is, no local convergence of the Fourier series for 
non‐smooth functions 


