
Introduction 
• SPEC[1] (Stepped Pressure Equilibrium Code) is an MHD equilibrium 

solver that is capable of modeling flux surfaces, magnetic islands, 
and chaos using MRxMHD[2] 

• SPEC is used to characterize the magnetic field topology of a 
particular quasi-axisymmetric (QA) ideal MHD equilibrium

• Using an incremental approach, we show that the number of 
volumes,       can be made arbitrarily large, approaching the ideal limit

• If the pressure is slowly incremented from a large       vacuum 
solution, a finite beta solution can be obtained

• However, we find that convergence only extends to lower resolution 
plasma boundaries, at least for this equilibrium

Background
SPEC Overview
• The full plasma volume is subdivided into       sub-volumes 

separated by ‘ideal’ interfaces
• Within each volume, the thermal pressure is constant and                      

at the interfaces, but the total pressure is constant across 
interfaces

• The magnetic field in each volume is assumed to undergo Taylor 
relaxation[3], obeying the Beltrami equation

 
• SPEC attempts to extremize a modified version of the MHD energy 

functional, where the magnetic helicity in each volume is conserved

• Variations in      ,           , the interface harmonics, and magnetic 
vector potential harmonics represent the possible degrees of 
freedom available to extremize 

Methods
Step 1 – Find vacuum/current contributions to rotational 
transform
• Starting with a converged, finite-𝛽 DESC or VMEC solution, split 

the rotational transform profile into its vacuum and current 
contributions[4].

Step 2 – Low volume, low resolution vacuum solution
• Considering the finite pressure rotational transform, select a small 

number of interfaces to lie on flux surfaces that are sufficiently far 
from low-order rational surfaces. 

• Constrain the rotational transform at the interfaces in SPEC
• Choose the noble irrational closest to the vacuum rotational 

transform at a given toroidal flux

Step 3 – Incrementally increase the number of interfaces
• Using the interface from the converged solution as an initial guess, 

add an additional interface at               , where
• Repeat until regions outside of low-order rationals are sufficiently 

dense with interfaces, approximating a continuous pressure profile

Step 4 – Incrementally increase pressure
• The pressure in each volume is approximated as the average of the 

VMEC/DESC pressure profile over the range of toroidal flux in that 
volume

• Using a scale factor, slowly bring up the pressure and the current 
contribution to 𝜄, so that SPEC is constrained to the intermediate 
rotational transform

Step 5 – Incrementally increase resolution
• Introduce an extra computational boundary mode                           , 

and slowly scale up the amplitude of the new 
• Repeat until resolution of initial VMEC/DESC equilibrium is reached

Results
• We use a scaled version of the 2 field period quasi-axisymmetric 

(QA) from[5] utilizing the same pressure profile

• The SPEC computational boundary (CB) is initialized using only the                        
.                      modes of the           and           describing the 
equilibrium boundary

• SPEC resolution for the following results satisfy the conditions 

• A well-converged vacuum solution is found where the magnetic 
field is left unconstrained in regions where islands are expected to 
develop, while interfaces are densely packed elsewhere

• The SPEC pressure profile becomes effectively continuous in the 
dense interface region

• By incrementally increasing the pressure, a well-converged 
solution is obtained for the DESC equilibrium beta of

• There is both a clear Shafranov shift, and the appearance of a 2/5 
island chain near

Conclusions / Future Work
• SPEC solutions for a non-axisymmetric geometry were obtained at 

finite pressure with large 
• Convergence is extremely sensitive to the CB resolution
• Free boundary SPEC simulations could help eliminate some 

artificial constraining of the plasma boundary
• Considering the sensitivity of islands to slight changes in the 

plasma boundary, characterizing the topology for realistic plasma 
shapes and profiles is not possible with the current state of SPEC
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<latexit sha1_base64="jxaNDW1+UYSyyzjMxmwMlKoUiVI=">AAACFHicbVDLSgMxFM3UVx1fVZdugkUQhTJT8LEsunElFewDOqVkMnfa0ExmTDJCGfoRbvwVNy4UcevCnX9j+ljU1gMXDufcm9x7/IQzpR3nx8otLa+sruXX7Y3Nre2dwu5eXcWppFCjMY9l0ycKOBNQ00xzaCYSSORzaPj965HfeASpWCzu9SCBdkS6goWMEm2kTuHU86HLRAYP6Vg5GdoY33YyT6RD2wMRzDidQtEpOWPgReJOSRFNUe0Uvr0gpmkEQlNOlGq5TqLbGZGaUQ7m/VRBQmifdKFlqCARqHY2PmqIj4wS4DCWpoTGY3V2IiORUoPIN50R0T01743E/7xWqsPLdsZEkmoQdPJRmHKsYzxKCAdMAtV8YAihkpldMe0RSag2OdomBHf+5EVSL5fc89LZXblYuZrGkUcH6BAdIxddoAq6QVVUQxQ9oRf0ht6tZ+vV+rA+J605azqzj/7A+voFsw6enQ==</latexit>

N⌫

Vacuum – 𝑵𝝂=62

𝜷 = 𝟐. 𝟓% – 𝑵𝝂=62

Full Beta – Scaling CB Modes / Modifying Interfaces

<latexit sha1_base64="+aYTatj26lu8BOPl/ig5sm9tsQo=">AAACJHicbVDLSgMxFM3U9/gadekmWARRKTMFH+BGdONSwT6gU0omvW1DM5lpkhHKtB/jxl9x48IHLtz4LaZjF7X1QOBwzrnc3BPEnCntul9Wbm5+YXFpecVeXVvf2HS2tssqSiSFEo14JKsBUcCZgJJmmkM1lkDCgEMl6F6P/MoDSMUica/7MdRD0hasxSjRRmo4F34AbSZS6CWZcji0MQ4bKQ2GxwMxyIjPoYerR57tg2hOJBtO3i24GfAs8cYkj8a4bTjvfjOiSQhCU06UqnlurOspkZpRDkPbTxTEhHZJG2qGChKCqqfZkUO8b5QmbkXSPKFxpk5OpCRUqh8GJhkS3VHT3kj8z6slunVeT5mIEw2C/i5qJRzrCI8aw00mgWreN4RQycxfMe0QSag2vdqmBG/65FlSLha808LJXTF/eTWuYxntoj10gDx0hi7RDbpFJUTRI3pGr+jNerJerA/r8zeas8YzO+gPrO8f9tKlAg==</latexit>

mcb, |n|cb  X + 1
<latexit sha1_base64="a4766Aipc47990JPLSPNKttLBIw=">AAACGnicbVDLSgMxFM34rONr1KWbYBFEpMwUfCyLblxWsQ9sh5JJb9vQTGZMMkIZ+h1u/BU3LhRxJ278G9NpF7X1QMjhnHtvck8Qc6a06/5YC4tLyyuruTV7fWNza9vZ2a2qKJEUKjTikawHRAFnAiqaaQ71WAIJAw61oH818muPIBWLxJ0exOCHpCtYh1GijdRyvGYAXSZSeEgy5XhoY3zbSkMxPLnPLrsJoj3lt5y8W3Az4HniTUgeTVBuOV/NdkSTEISmnCjV8NxY+ymRmlEOZn6iICa0T7rQMFSQEJSfZqsN8aFR2rgTSXOExpk63ZGSUKlBGJjKkOiemvVG4n9eI9GdCz9lIk40CDp+qJNwrCM8ygm3mQSq+cAQQiUzf8W0RySh2qRpmxC82ZXnSbVY8M4KpzfFfOlyEkcO7aMDdIQ8dI5K6BqVUQVR9IRe0Bt6t56tV+vD+hyXLliTnj30B9b3L4f9oTE=</latexit>

Rmn, Zmn

<latexit sha1_base64="1UE51mJ4lsF+gHexCJ2w/PG2RXY="></latexit>

A✓(✓,�) =
X

i

LX

l=0

A✓,i,lTl(s) cos(m✓ � nNFP�)
<latexit sha1_base64="0bjiLm3HnyNkB4lf3dRR3k9irvo=">AAACNnicbVDLSgMxFM34rOOr6tJNsAhVpMwUfCyLbtwIKlbFTimZ9LYNzWTG5I5Qhn6VG7/DXTcuFHHrJ5jWLtR6IHA45x5u7gkTKQx63sCZmp6ZnZvPLbiLS8srq/m19WsTp5pDlccy1rchMyCFgioKlHCbaGBRKOEm7J4M/ZsH0EbE6gp7CdQj1laiJThDKzXyZ0EIbaEyuE9Hym7fpfSykQUq7RcD7ACyvSDpiJ29u39ENwDV/JFt5AteyRuBThJ/TApkjPNG/jloxjyNQCGXzJia7yVYz5hGwSX03SA1kDDeZW2oWapYBKaejc7u022rNGkr1vYppCP1ZyJjkTG9KLSTEcOO+esNxf+8Woqto3omVJIiKP69qJVKijEddkibQgNH2bOEcS3sXynvMM042qZdW4L/9+RJcl0u+Qel/YtyoXI8riNHNskWKRKfHJIKOSXnpEo4eSQD8krenCfnxXl3Pr5Hp5xxZoP8gvP5BRbrrCk=</latexit>

R⌫(✓,�), Z⌫(✓,�)

• We next expand the set of CB modes to                        , and 
incrementally scale up the amplitudes of the new harmonics

• It is found that the solution cannot convergence beyond ~30% of its 
nominal amplitude

• Modifications to the number/location of surfaces can make minor 
improvements to the convergence limit, however this leads to 
increasingly dissimilar rotational transform profiles compared DESC

<latexit sha1_base64="ASqDDeakOqoqzFuuj4saHKM7QFI=">AAACInicbVDLSgMxFM3UVx1fVZdugkUQkTKj+NoV3bisYB/QKSWT3rahmcyYZIQy7be48VfcuFDUleDHmE67qK0HAodzzuXmHj/iTGnH+bYyC4tLyyvZVXttfWNzK7e9U1FhLCmUachDWfOJAs4ElDXTHGqRBBL4HKp+72bkVx9BKhaKe92PoBGQjmBtRok2UjN35fnQYSKBhzhVjoY2xkEzof7weCAGKfE4POBT2wPRmso1c3mn4KTA88SdkDyaoNTMfXqtkMYBCE05UaruOpFuJERqRjkMbS9WEBHaIx2oGypIAKqRpCcO8YFRWrgdSvOExqk6PZGQQKl+4JtkQHRXzXoj8T+vHuv2ZSNhIoo1CDpe1I451iEe9YVbTALVvG8IoZKZv2LaJZJQbVq1TQnu7MnzpHJScM8LZ3cn+eL1pI4s2kP76BC56AIV0S0qoTKi6Am9oDf0bj1br9aH9TWOZqzJzC76A+vnF8EcpG0=</latexit>

mcb, |n|cb  3

<latexit sha1_base64="jxaNDW1+UYSyyzjMxmwMlKoUiVI=">AAACFHicbVDLSgMxFM3UVx1fVZdugkUQhTJT8LEsunElFewDOqVkMnfa0ExmTDJCGfoRbvwVNy4UcevCnX9j+ljU1gMXDufcm9x7/IQzpR3nx8otLa+sruXX7Y3Nre2dwu5eXcWppFCjMY9l0ycKOBNQ00xzaCYSSORzaPj965HfeASpWCzu9SCBdkS6goWMEm2kTuHU86HLRAYP6Vg5GdoY33YyT6RD2wMRzDidQtEpOWPgReJOSRFNUe0Uvr0gpmkEQlNOlGq5TqLbGZGaUQ7m/VRBQmifdKFlqCARqHY2PmqIj4wS4DCWpoTGY3V2IiORUoPIN50R0T01743E/7xWqsPLdsZEkmoQdPJRmHKsYzxKCAdMAtV8YAihkpldMe0RSag2OdomBHf+5EVSL5fc89LZXblYuZrGkUcH6BAdIxddoAq6QVVUQxQ9oRf0ht6tZ+vV+rA+J605azqzj/7A+voFsw6enQ==</latexit>

N⌫

Removing 16 
interfaces

<latexit sha1_base64="7DTJKKSwUCudWK78f5nTKQoWxdg=">AAACGHicbZDLSgMxFIYz9VbH26hLN8FSEBd1plB1IxTduKxgL9ApJZOetqGZzJhkhDL0Mdz4Km5cKOK2O9/G9LKorQcCP99/DifnD2LOlHbdHyuztr6xuZXdtnd29/YPnMOjmooSSaFKIx7JRkAUcCagqpnm0IglkDDgUA8GdxO//gxSsUg86mEMrZD0BOsySrRBbefCD6DHRApPyZScj2yMDdPkplgo+XnbB9FZcNtOzi2408KrwpuLHJpXpe2M/U5EkxCEppwo1fTcWLdSIjWjHEa2nyiICR2QHjSNFCQE1Uqnh41w3pAO7kbSPKHxlC5OpCRUahgGpjMkuq+WvQn8z2smunvdSpmIEw2CzhZ1E451hCcp4Q6TQDUfGkGoZOavmPaJJFSbLG0Tgrd88qqoFQveZaH0UMyVb+dxZNEJOkVnyENXqIzuUQVVEUUv6A19oE/r1Xq3vqzvWWvGms8coz9ljX8BEtmfLA==</latexit>

� = 2.5%

<latexit sha1_base64="roIBed0Js+iIBF8UM+zlSBa2TnE=">AAACFnicbVDLSsNAFJ34rPFVdelmsAgiWJLiayMU3bisYB/QhDKZ3LZDJ5M4MxFK6Fe48VfcuFDErbjzb5w+FrX1wIXDOfdy7z1BwpnSjvNjLSwuLa+s5tbs9Y3Nre38zm5NxamkUKUxj2UjIAo4E1DVTHNoJBJIFHCoB72boV9/BKlYLO51PwE/Ih3B2owSbaRW/sQLoMNEBg/pSDke2Bh7LNbkyime2h6IcMpr5QtO0RkBzxN3Qgpogkor/+2FMU0jEJpyolTTdRLtZ0RqRjkMbC9VkBDaIx1oGipIBMrPRm8N8KFRQtyOpSmh8UidnshIpFQ/CkxnRHRXzXpD8T+vmer2pZ8xkaQaBB0vaqcc6xgPM8Ihk0A17xtCqGTmVky7RBKqTZK2CcGdfXme1EpF97x4dlcqlK8nceTQPjpAR8hFF6iMblEFVRFFT+gFvaF369l6tT6sz3HrgjWZ2UN/YH39Av6anqU=</latexit>

◆ = 0.4

<latexit sha1_base64="fzXmZya0t3B4OBeaDIfhRFuGg0U=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5dV7AOaUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3GadlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJeD2PwQ9ITrMso0UZq54teAD0mUnhIMqU4sjG+805boW97IDozRjtfcEpOBrxI3CkpoCmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfpr9NMLHRungbiRNCY0zdXYiJaFSwzAwnSHRfTXvjcX/vFaiu5d+ykScaBB0sqibcKwjPA4Id5gEqvnQEEIlM7di2ieSUG1itE0I7vzLi6ReLrnnpbPbcqFyNY0jhw7RETpBLrpAFXSDqqiGKHpCL+gNvVvP1qv1YX1OWpes6cwB+gPr6xcZxJ2u</latexit>

R [m]

<latexit sha1_base64="fzXmZya0t3B4OBeaDIfhRFuGg0U=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5dV7AOaUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3GadlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJeD2PwQ9ITrMso0UZq54teAD0mUnhIMqU4sjG+805boW97IDozRjtfcEpOBrxI3CkpoCmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfpr9NMLHRungbiRNCY0zdXYiJaFSwzAwnSHRfTXvjcX/vFaiu5d+ykScaBB0sqibcKwjPA4Id5gEqvnQEEIlM7di2ieSUG1itE0I7vzLi6ReLrnnpbPbcqFyNY0jhw7RETpBLrpAFXSDqqiGKHpCL+gNvVvP1qv1YX1OWpes6cwB+gPr6xcZxJ2u</latexit>

R [m]

<latexit sha1_base64="fzXmZya0t3B4OBeaDIfhRFuGg0U=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5dV7AOaUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3GadlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJeD2PwQ9ITrMso0UZq54teAD0mUnhIMqU4sjG+805boW97IDozRjtfcEpOBrxI3CkpoCmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfpr9NMLHRungbiRNCY0zdXYiJaFSwzAwnSHRfTXvjcX/vFaiu5d+ykScaBB0sqibcKwjPA4Id5gEqvnQEEIlM7di2ieSUG1itE0I7vzLi6ReLrnnpbPbcqFyNY0jhw7RETpBLrpAFXSDqqiGKHpCL+gNvVvP1qv1YX1OWpes6cwB+gPr6xcZxJ2u</latexit>

R [m]
<latexit sha1_base64="fzXmZya0t3B4OBeaDIfhRFuGg0U=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5dV7AOaUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3GadlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJeD2PwQ9ITrMso0UZq54teAD0mUnhIMqU4sjG+805boW97IDozRjtfcEpOBrxI3CkpoCmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfpr9NMLHRungbiRNCY0zdXYiJaFSwzAwnSHRfTXvjcX/vFaiu5d+ykScaBB0sqibcKwjPA4Id5gEqvnQEEIlM7di2ieSUG1itE0I7vzLi6ReLrnnpbPbcqFyNY0jhw7RETpBLrpAFXSDqqiGKHpCL+gNvVvP1qv1YX1OWpes6cwB+gPr6xcZxJ2u</latexit>

R [m]
<latexit sha1_base64="fzXmZya0t3B4OBeaDIfhRFuGg0U=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5dV7AOaUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3GadlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJeD2PwQ9ITrMso0UZq54teAD0mUnhIMqU4sjG+805boW97IDozRjtfcEpOBrxI3CkpoCmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfpr9NMLHRungbiRNCY0zdXYiJaFSwzAwnSHRfTXvjcX/vFaiu5d+ykScaBB0sqibcKwjPA4Id5gEqvnQEEIlM7di2ieSUG1itE0I7vzLi6ReLrnnpbPbcqFyNY0jhw7RETpBLrpAFXSDqqiGKHpCL+gNvVvP1qv1YX1OWpes6cwB+gPr6xcZxJ2u</latexit>

R [m]

<latexit sha1_base64="fzXmZya0t3B4OBeaDIfhRFuGg0U=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5dV7AOaUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3GadlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJeD2PwQ9ITrMso0UZq54teAD0mUnhIMqU4sjG+805boW97IDozRjtfcEpOBrxI3CkpoCmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfpr9NMLHRungbiRNCY0zdXYiJaFSwzAwnSHRfTXvjcX/vFaiu5d+ykScaBB0sqibcKwjPA4Id5gEqvnQEEIlM7di2ieSUG1itE0I7vzLi6ReLrnnpbPbcqFyNY0jhw7RETpBLrpAFXSDqqiGKHpCL+gNvVvP1qv1YX1OWpes6cwB+gPr6xcZxJ2u</latexit>

R [m]
<latexit sha1_base64="fzXmZya0t3B4OBeaDIfhRFuGg0U=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5dV7AOaUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3GadlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJeD2PwQ9ITrMso0UZq54teAD0mUnhIMqU4sjG+805boW97IDozRjtfcEpOBrxI3CkpoCmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfpr9NMLHRungbiRNCY0zdXYiJaFSwzAwnSHRfTXvjcX/vFaiu5d+ykScaBB0sqibcKwjPA4Id5gEqvnQEEIlM7di2ieSUG1itE0I7vzLi6ReLrnnpbPbcqFyNY0jhw7RETpBLrpAFXSDqqiGKHpCL+gNvVvP1qv1YX1OWpes6cwB+gPr6xcZxJ2u</latexit>

R [m]

<latexit sha1_base64="aU+6addHWoWiGF3aIJcnboGjs18=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5cV7AObUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3HaZlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJOD2PwQ9ITrMso0UZq54teAD0mUnhIJkpxZGN87522Qt/2QHRmjHa+4JScCfAicTNSQBmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfjr5aYSPjdLB3UiaEhpP1NmJlIRKDcPAdIZE99W8Nxb/81qJ7l76KRNxokHQ6aJuwrGO8Dgg3GESqOZDQwiVzNyKaZ9IQrWJ0TYhuPMvL5J6ueSel85uy4XKVRZHDh2iI3SCXHSBKugGVVENUfSEXtAbereerVfrw/qcti5Z2cwB+gPr6xcmjJ22</latexit> Z
[m

]

<latexit sha1_base64="aU+6addHWoWiGF3aIJcnboGjs18=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5cV7AObUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3HaZlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJOD2PwQ9ITrMso0UZq54teAD0mUnhIJkpxZGN87522Qt/2QHRmjHa+4JScCfAicTNSQBmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfjr5aYSPjdLB3UiaEhpP1NmJlIRKDcPAdIZE99W8Nxb/81qJ7l76KRNxokHQ6aJuwrGO8Dgg3GESqOZDQwiVzNyKaZ9IQrWJ0TYhuPMvL5J6ueSel85uy4XKVRZHDh2iI3SCXHSBKugGVVENUfSEXtAbereerVfrw/qcti5Z2cwB+gPr6xcmjJ22</latexit> Z
[m

]

<latexit sha1_base64="aU+6addHWoWiGF3aIJcnboGjs18=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5cV7AObUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3HaZlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJOD2PwQ9ITrMso0UZq54teAD0mUnhIJkpxZGN87522Qt/2QHRmjHa+4JScCfAicTNSQBmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfjr5aYSPjdLB3UiaEhpP1NmJlIRKDcPAdIZE99W8Nxb/81qJ7l76KRNxokHQ6aJuwrGO8Dgg3GESqOZDQwiVzNyKaZ9IQrWJ0TYhuPMvL5J6ueSel85uy4XKVRZHDh2iI3SCXHSBKugGVVENUfSEXtAbereerVfrw/qcti5Z2cwB+gPr6xcmjJ22</latexit> Z
[m

]

<latexit sha1_base64="aU+6addHWoWiGF3aIJcnboGjs18=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5cV7AObUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3HaZlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJOD2PwQ9ITrMso0UZq54teAD0mUnhIJkpxZGN87522Qt/2QHRmjHa+4JScCfAicTNSQBmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfjr5aYSPjdLB3UiaEhpP1NmJlIRKDcPAdIZE99W8Nxb/81qJ7l76KRNxokHQ6aJuwrGO8Dgg3GESqOZDQwiVzNyKaZ9IQrWJ0TYhuPMvL5J6ueSel85uy4XKVRZHDh2iI3SCXHSBKugGVVENUfSEXtAbereerVfrw/qcti5Z2cwB+gPr6xcmjJ22</latexit> Z
[m

]
<latexit sha1_base64="aU+6addHWoWiGF3aIJcnboGjs18=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5cV7AObUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3HaZlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJOD2PwQ9ITrMso0UZq54teAD0mUnhIJkpxZGN87522Qt/2QHRmjHa+4JScCfAicTNSQBmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfjr5aYSPjdLB3UiaEhpP1NmJlIRKDcPAdIZE99W8Nxb/81qJ7l76KRNxokHQ6aJuwrGO8Dgg3GESqOZDQwiVzNyKaZ9IQrWJ0TYhuPMvL5J6ueSel85uy4XKVRZHDh2iI3SCXHSBKugGVVENUfSEXtAbereerVfrw/qcti5Z2cwB+gPr6xcmjJ22</latexit> Z
[m

]

<latexit sha1_base64="aU+6addHWoWiGF3aIJcnboGjs18=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5cV7AObUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3HaZlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJOD2PwQ9ITrMso0UZq54teAD0mUnhIJkpxZGN87522Qt/2QHRmjHa+4JScCfAicTNSQBmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfjr5aYSPjdLB3UiaEhpP1NmJlIRKDcPAdIZE99W8Nxb/81qJ7l76KRNxokHQ6aJuwrGO8Dgg3GESqOZDQwiVzNyKaZ9IQrWJ0TYhuPMvL5J6ueSel85uy4XKVRZHDh2iI3SCXHSBKugGVVENUfSEXtAbereerVfrw/qcti5Z2cwB+gPr6xcmjJ22</latexit> Z
[m

]

<latexit sha1_base64="aU+6addHWoWiGF3aIJcnboGjs18=">AAACE3icbVDLSsNAFJ34rPFVdelmsAhSpCQFH8uiG5cV7AObUCbT23boZBJnJkIJ/Qc3/oobF4q4dePOv3HaZlFbD1w4nHMv994TxJwp7Tg/1tLyyuraem7D3tza3tnN7+3XVZRICjUa8Ug2A6KAMwE1zTSHZiyBhAGHRjC4HvuNR5CKReJOD2PwQ9ITrMso0UZq54teAD0mUnhIJkpxZGN87522Qt/2QHRmjHa+4JScCfAicTNSQBmq7fy314loEoLQlBOlWq4Taz8lUjPKYWR7iYKY0AHpQctQQUJQfjr5aYSPjdLB3UiaEhpP1NmJlIRKDcPAdIZE99W8Nxb/81qJ7l76KRNxokHQ6aJuwrGO8Dgg3GESqOZDQwiVzNyKaZ9IQrWJ0TYhuPMvL5J6ueSel85uy4XKVRZHDh2iI3SCXHSBKugGVVENUfSEXtAbereerVfrw/qcti5Z2cwB+gPr6xcmjJ22</latexit> Z
[m

]

<latexit sha1_base64="c1zfhw+vXVr2fmHo472YjQTfiIE="></latexit> ◆(
R
ot
at
io
n
al

T
ra
n
sf
or
m
)

<latexit sha1_base64="c1zfhw+vXVr2fmHo472YjQTfiIE="></latexit> ◆(
R
ot
at
io
n
al

T
ra
n
sf
or
m
)

<latexit sha1_base64="c1zfhw+vXVr2fmHo472YjQTfiIE="></latexit> ◆(
R
ot
at
io
n
al

T
ra
n
sf
or
m
)

<latexit sha1_base64="c1zfhw+vXVr2fmHo472YjQTfiIE="></latexit> ◆(
R
ot
at
io
n
al

T
ra
n
sf
or
m
)

<latexit sha1_base64="ayvMDgnphRmrNi6iv8Zur5s/uMU=">AAACI3icbVDLSgMxFM3UV62vqks3wSKISJ0p+EAQigVx4ULRVqEtJZPetqGZzJjcEcrQf3Hjr7hxoYgbF/6L6diFrwMhh3Puvck9fiSFQdd9dzITk1PTM9nZ3Nz8wuJSfnmlZsJYc6jyUIb6xmcGpFBQRYESbiINLPAlXPv9ysi/vgNtRKiucBBBM2BdJTqCM7RSK3/Y8KErVAK3capsDXOUmqNGZEQLd9Irwe2zysnlMNcA1f5W2MoX3KKbgv4l3pgUyBjnrfxrox3yOACFXDJj6p4bYTNhGgWXYOfHBiLG+6wLdUsVC8A0k3THId2wSpt2Qm2PQpqq3zsSFhgzCHxbGTDsmd/eSPzPq8fYOWgmQkUxguJfD3ViSTGko8BoW2jgKAeWMK6F/SvlPaYZRxtrzobg/V75L6mVit5ecfeiVCgfj+PIkjWyTjaJR/ZJmZySc1IlnNyTR/JMXpwH58l5dd6+SjPOuGeV/IDz8QnkVaRw</latexit>

s =  t/ t,LCFS

<latexit sha1_base64="ayvMDgnphRmrNi6iv8Zur5s/uMU=">AAACI3icbVDLSgMxFM3UV62vqks3wSKISJ0p+EAQigVx4ULRVqEtJZPetqGZzJjcEcrQf3Hjr7hxoYgbF/6L6diFrwMhh3Puvck9fiSFQdd9dzITk1PTM9nZ3Nz8wuJSfnmlZsJYc6jyUIb6xmcGpFBQRYESbiINLPAlXPv9ysi/vgNtRKiucBBBM2BdJTqCM7RSK3/Y8KErVAK3capsDXOUmqNGZEQLd9Irwe2zysnlMNcA1f5W2MoX3KKbgv4l3pgUyBjnrfxrox3yOACFXDJj6p4bYTNhGgWXYOfHBiLG+6wLdUsVC8A0k3THId2wSpt2Qm2PQpqq3zsSFhgzCHxbGTDsmd/eSPzPq8fYOWgmQkUxguJfD3ViSTGko8BoW2jgKAeWMK6F/SvlPaYZRxtrzobg/V75L6mVit5ecfeiVCgfj+PIkjWyTjaJR/ZJmZySc1IlnNyTR/JMXpwH58l5dd6+SjPOuGeV/IDz8QnkVaRw</latexit>

s =  t/ t,LCFS

<latexit sha1_base64="ayvMDgnphRmrNi6iv8Zur5s/uMU=">AAACI3icbVDLSgMxFM3UV62vqks3wSKISJ0p+EAQigVx4ULRVqEtJZPetqGZzJjcEcrQf3Hjr7hxoYgbF/6L6diFrwMhh3Puvck9fiSFQdd9dzITk1PTM9nZ3Nz8wuJSfnmlZsJYc6jyUIb6xmcGpFBQRYESbiINLPAlXPv9ysi/vgNtRKiucBBBM2BdJTqCM7RSK3/Y8KErVAK3capsDXOUmqNGZEQLd9Irwe2zysnlMNcA1f5W2MoX3KKbgv4l3pgUyBjnrfxrox3yOACFXDJj6p4bYTNhGgWXYOfHBiLG+6wLdUsVC8A0k3THId2wSpt2Qm2PQpqq3zsSFhgzCHxbGTDsmd/eSPzPq8fYOWgmQkUxguJfD3ViSTGko8BoW2jgKAeWMK6F/SvlPaYZRxtrzobg/V75L6mVit5ecfeiVCgfj+PIkjWyTjaJR/ZJmZySc1IlnNyTR/JMXpwH58l5dd6+SjPOuGeV/IDz8QnkVaRw</latexit>

s =  t/ t,LCFS

<latexit sha1_base64="ayvMDgnphRmrNi6iv8Zur5s/uMU=">AAACI3icbVDLSgMxFM3UV62vqks3wSKISJ0p+EAQigVx4ULRVqEtJZPetqGZzJjcEcrQf3Hjr7hxoYgbF/6L6diFrwMhh3Puvck9fiSFQdd9dzITk1PTM9nZ3Nz8wuJSfnmlZsJYc6jyUIb6xmcGpFBQRYESbiINLPAlXPv9ysi/vgNtRKiucBBBM2BdJTqCM7RSK3/Y8KErVAK3capsDXOUmqNGZEQLd9Irwe2zysnlMNcA1f5W2MoX3KKbgv4l3pgUyBjnrfxrox3yOACFXDJj6p4bYTNhGgWXYOfHBiLG+6wLdUsVC8A0k3THId2wSpt2Qm2PQpqq3zsSFhgzCHxbGTDsmd/eSPzPq8fYOWgmQkUxguJfD3ViSTGko8BoW2jgKAeWMK6F/SvlPaYZRxtrzobg/V75L6mVit5ecfeiVCgfj+PIkjWyTjaJR/ZJmZySc1IlnNyTR/JMXpwH58l5dd6+SjPOuGeV/IDz8QnkVaRw</latexit>

s =  t/ t,LCFS
<latexit sha1_base64="ayvMDgnphRmrNi6iv8Zur5s/uMU=">AAACI3icbVDLSgMxFM3UV62vqks3wSKISJ0p+EAQigVx4ULRVqEtJZPetqGZzJjcEcrQf3Hjr7hxoYgbF/6L6diFrwMhh3Puvck9fiSFQdd9dzITk1PTM9nZ3Nz8wuJSfnmlZsJYc6jyUIb6xmcGpFBQRYESbiINLPAlXPv9ysi/vgNtRKiucBBBM2BdJTqCM7RSK3/Y8KErVAK3capsDXOUmqNGZEQLd9Irwe2zysnlMNcA1f5W2MoX3KKbgv4l3pgUyBjnrfxrox3yOACFXDJj6p4bYTNhGgWXYOfHBiLG+6wLdUsVC8A0k3THId2wSpt2Qm2PQpqq3zsSFhgzCHxbGTDsmd/eSPzPq8fYOWgmQkUxguJfD3ViSTGko8BoW2jgKAeWMK6F/SvlPaYZRxtrzobg/V75L6mVit5ecfeiVCgfj+PIkjWyTjaJR/ZJmZySc1IlnNyTR/JMXpwH58l5dd6+SjPOuGeV/IDz8QnkVaRw</latexit>

s =  t/ t,LCFS

<latexit sha1_base64="c1zfhw+vXVr2fmHo472YjQTfiIE="></latexit> ◆(
R
ot
at
io
n
al

T
ra
n
sf
or
m
)

<latexit sha1_base64="NzoymofCxR/qMxZK/+UExDhaitU=">AAACLXicbVDLSgMxFM34dnxVXboJFkFFykzBx1LUhcsKthU6pWTS2zY0kxmTO2IZ5ofc+CsiuFDErb9hWov4OhA4nHMPN/eEiRQGPe/ZmZicmp6ZnZt3FxaXllcKq2s1E6eaQ5XHMtZXITMghYIqCpRwlWhgUSihHvZPh379BrQRsbrEQQLNiHWV6AjO0EqtwlkQQleoDK7TkbKbu5QGCLeoo6yiwZhUQx7sbX9pLN9xA1Dtb5FWoeiVvBHoX+KPSZGMUWkVHoN2zNMIFHLJjGn4XoLNjGkUXELuBqmBhPE+60LDUsUiMM1sdG1Ot6zSpp1Y26eQjtTviYxFxgyi0E5GDHvmtzcU//MaKXaOmplQSYqg+OeiTiopxnRYHW0LDRzlwBLGtbB/pbzHNONoC3ZtCf7vk/+SWrnkH5T2L8rF45NxHXNkg2ySbeKTQ3JMzkmFVAknd+SBPJMX5955cl6dt8/RCWecWSc/4Lx/AIHLqYY=</latexit> P
re
ss
u
re

(P
a)

<latexit sha1_base64="NzoymofCxR/qMxZK/+UExDhaitU=">AAACLXicbVDLSgMxFM34dnxVXboJFkFFykzBx1LUhcsKthU6pWTS2zY0kxmTO2IZ5ofc+CsiuFDErb9hWov4OhA4nHMPN/eEiRQGPe/ZmZicmp6ZnZt3FxaXllcKq2s1E6eaQ5XHMtZXITMghYIqCpRwlWhgUSihHvZPh379BrQRsbrEQQLNiHWV6AjO0EqtwlkQQleoDK7TkbKbu5QGCLeoo6yiwZhUQx7sbX9pLN9xA1Dtb5FWoeiVvBHoX+KPSZGMUWkVHoN2zNMIFHLJjGn4XoLNjGkUXELuBqmBhPE+60LDUsUiMM1sdG1Ot6zSpp1Y26eQjtTviYxFxgyi0E5GDHvmtzcU//MaKXaOmplQSYqg+OeiTiopxnRYHW0LDRzlwBLGtbB/pbzHNONoC3ZtCf7vk/+SWrnkH5T2L8rF45NxHXNkg2ySbeKTQ3JMzkmFVAknd+SBPJMX5955cl6dt8/RCWecWSc/4Lx/AIHLqYY=</latexit> P
re
ss
u
re

(P
a)

<latexit sha1_base64="4hr9zuJ/57IVEzaJH9xTo8Q5n1E=">AAACJHicbVDLSgMxFM3UVx1fVZdugkUQF2WmaBVEKLpxJRXsAzqlZNLbNjSTGZOMUoZ+jBt/xY0LH7hw47eYPha19UDgcM653NzjR5wp7TjfVmphcWl5Jb1qr61vbG5ltncqKowlhTINeShrPlHAmYCyZppDLZJAAp9D1e9dDf3qA0jFQnGn+xE0AtIRrM0o0UZqZs49HzpMJHAfj5SjgY3xTTPxRDy4OPYk63Q1kTJ8xIW87YFoTSWbmayTc0bA88SdkCyaoNTMfHitkMYBCE05UaruOpFuJERqRjkMbC9WEBHaIx2oGypIAKqRjI4c4AOjtHA7lOYJjUfq9ERCAqX6gW+SAdFdNesNxf+8eqzbZ42EiSjWIOh4UTvmWId42BhuMQlU874hhEpm/oppl0hCtenVNiW4syfPk0o+5xZyJ7f5bPFyUkca7aF9dIhcdIqK6BqVUBlR9IRe0Bt6t56tV+vT+hpHU9ZkZhf9gfXzC7ROpNs=</latexit>

N⌫ = 4 ! 62

<latexit sha1_base64="ayvMDgnphRmrNi6iv8Zur5s/uMU=">AAACI3icbVDLSgMxFM3UV62vqks3wSKISJ0p+EAQigVx4ULRVqEtJZPetqGZzJjcEcrQf3Hjr7hxoYgbF/6L6diFrwMhh3Puvck9fiSFQdd9dzITk1PTM9nZ3Nz8wuJSfnmlZsJYc6jyUIb6xmcGpFBQRYESbiINLPAlXPv9ysi/vgNtRKiucBBBM2BdJTqCM7RSK3/Y8KErVAK3capsDXOUmqNGZEQLd9Irwe2zysnlMNcA1f5W2MoX3KKbgv4l3pgUyBjnrfxrox3yOACFXDJj6p4bYTNhGgWXYOfHBiLG+6wLdUsVC8A0k3THId2wSpt2Qm2PQpqq3zsSFhgzCHxbGTDsmd/eSPzPq8fYOWgmQkUxguJfD3ViSTGko8BoW2jgKAeWMK6F/SvlPaYZRxtrzobg/V75L6mVit5ecfeiVCgfj+PIkjWyTjaJR/ZJmZySc1IlnNyTR/JMXpwH58l5dd6+SjPOuGeV/IDz8QnkVaRw</latexit>

s =  t/ t,LCFS

<latexit sha1_base64="ayvMDgnphRmrNi6iv8Zur5s/uMU=">AAACI3icbVDLSgMxFM3UV62vqks3wSKISJ0p+EAQigVx4ULRVqEtJZPetqGZzJjcEcrQf3Hjr7hxoYgbF/6L6diFrwMhh3Puvck9fiSFQdd9dzITk1PTM9nZ3Nz8wuJSfnmlZsJYc6jyUIb6xmcGpFBQRYESbiINLPAlXPv9ysi/vgNtRKiucBBBM2BdJTqCM7RSK3/Y8KErVAK3capsDXOUmqNGZEQLd9Irwe2zysnlMNcA1f5W2MoX3KKbgv4l3pgUyBjnrfxrox3yOACFXDJj6p4bYTNhGgWXYOfHBiLG+6wLdUsVC8A0k3THId2wSpt2Qm2PQpqq3zsSFhgzCHxbGTDsmd/eSPzPq8fYOWgmQkUxguJfD3ViSTGko8BoW2jgKAeWMK6F/SvlPaYZRxtrzobg/V75L6mVit5ecfeiVCgfj+PIkjWyTjaJR/ZJmZySc1IlnNyTR/JMXpwH58l5dd6+SjPOuGeV/IDz8QnkVaRw</latexit>

s =  t/ t,LCFS

<latexit sha1_base64="jxaNDW1+UYSyyzjMxmwMlKoUiVI=">AAACFHicbVDLSgMxFM3UVx1fVZdugkUQhTJT8LEsunElFewDOqVkMnfa0ExmTDJCGfoRbvwVNy4UcevCnX9j+ljU1gMXDufcm9x7/IQzpR3nx8otLa+sruXX7Y3Nre2dwu5eXcWppFCjMY9l0ycKOBNQ00xzaCYSSORzaPj965HfeASpWCzu9SCBdkS6goWMEm2kTuHU86HLRAYP6Vg5GdoY33YyT6RD2wMRzDidQtEpOWPgReJOSRFNUe0Uvr0gpmkEQlNOlGq5TqLbGZGaUQ7m/VRBQmifdKFlqCARqHY2PmqIj4wS4DCWpoTGY3V2IiORUoPIN50R0T01743E/7xWqsPLdsZEkmoQdPJRmHKsYzxKCAdMAtV8YAihkpldMe0RSag2OdomBHf+5EVSL5fc89LZXblYuZrGkUcH6BAdIxddoAq6QVVUQxQ9oRf0ht6tZ+vV+rA+J605azqzj/7A+voFsw6enQ==</latexit>

N⌫

<latexit sha1_base64="jxaNDW1+UYSyyzjMxmwMlKoUiVI=">AAACFHicbVDLSgMxFM3UVx1fVZdugkUQhTJT8LEsunElFewDOqVkMnfa0ExmTDJCGfoRbvwVNy4UcevCnX9j+ljU1gMXDufcm9x7/IQzpR3nx8otLa+sruXX7Y3Nre2dwu5eXcWppFCjMY9l0ycKOBNQ00xzaCYSSORzaPj965HfeASpWCzu9SCBdkS6goWMEm2kTuHU86HLRAYP6Vg5GdoY33YyT6RD2wMRzDidQtEpOWPgReJOSRFNUe0Uvr0gpmkEQlNOlGq5TqLbGZGaUQ7m/VRBQmifdKFlqCARqHY2PmqIj4wS4DCWpoTGY3V2IiORUoPIN50R0T01743E/7xWqsPLdsZEkmoQdPJRmHKsYzxKCAdMAtV8YAihkpldMe0RSag2OdomBHf+5EVSL5fc89LZXblYuZrGkUcH6BAdIxddoAq6QVVUQxQ9oRf0ht6tZ+vV+rA+J605azqzj/7A+voFsw6enQ==</latexit>

N⌫

<latexit sha1_base64="wTah9xq5d22cmo8qdIJTFUFykuU="></latexit>

B⌫ · n̂ = 0

<latexit sha1_base64="QWVybaJknl4Ogjp+2jbmTjNwJh0=">AAACF3icbVBNS8NAEN34WeNX1aOXxSKIh5IUrF6EohdPUsF+QFPKZjNtl242cXcjlNB/4cW/4sWDIl715r9x2+ZQWx8MPN6bYWaeH3OmtOP8WEvLK6tr67kNe3Nre2c3v7dfV1EiKdRoxCPZ9IkCzgTUNNMcmrEEEvocGv7geuw3HkEqFol7PYyhHZKeYF1GiTZSJ1/0fOgxkcJDMlFORzbGt53UE8noslyyPRDBjNnJF5yiMwFeJG5GCihDtZP/9oKIJiEITTlRquU6sW6nRGpGOYxsL1EQEzogPWgZKkgIqp1O/hrhY6MEuBtJU0LjiTo7kZJQqWHom86Q6L6a98bif14r0d2LdspEnGgQdLqom3CsIzwOCQdMAtV8aAihkplbMe0TSag2UdomBHf+5UVSLxXdcvHsrlSoXGVx5NAhOkInyEXnqIJuUBXVEEVP6AW9oXfr2Xq1PqzPaeuSlc0coD+wvn4BRpCfYA==</latexit>

N⌫ = 62
<latexit sha1_base64="7hb2UMtxMvg2XgqcKScC8LRbf9c=">AAACF3icbVA9SwNBEN2LX/H8ilraLAZBLMJdIJpGCNpYSQTzAbkQ9jaTZMne3rm7J4Qj/8LGv2JjoYitdv4bN5cUMfHBwOO9GWbm+RFnSjvOj5VZWV1b38hu2lvbO7t7uf2DugpjSaFGQx7Kpk8UcCagppnm0IwkkMDn0PCH1xO/8QhSsVDc61EE7YD0BesxSrSROrmC50OfiQQe4lQ5G9sY33YST8Tjy1LZ9kB058xOLu8UnBR4mbgzkkczVDu5b68b0jgAoSknSrVcJ9LthEjNKIex7cUKIkKHpA8tQwUJQLWT9K8xPjFKF/dCaUponKrzEwkJlBoFvukMiB6oRW8i/ue1Yt0rtxMmoliDoNNFvZhjHeJJSLjLJFDNR4YQKpm5FdMBkYRqE6VtQnAXX14m9WLBPS+U7or5ytUsjiw6QsfoFLnoAlXQDaqiGqLoCb2gN/RuPVuv1of1OW3NWLOZQ/QH1tcvTnOfZQ==</latexit>

N⌫ = 58
<latexit sha1_base64="pD9XEeIImFUONq0u37MSAzgL4i0=">AAACF3icbVDLSgNBEJyNr7i+Vj16GQyCeAi7QaMXIejFk0QwD8iGMDvpJENmZ9eZWSEs+Qsv/ooXD4p41Zt/4+RxiIkFDUVVN91dQcyZ0q77Y2WWlldW17Lr9sbm1vaOs7tXVVEiKVRoxCNZD4gCzgRUNNMc6rEEEgYcakH/euTXHkEqFol7PYihGZKuYB1GiTZSy8n7AXSZSOEhGSsnQxvj21bqi2R4eVq0fRDtGbPl5Ny8OwZeJN6U5NAU5Zbz7bcjmoQgNOVEqYbnxrqZEqkZ5TC0/URBTGifdKFhqCAhqGY6/muIj4zSxp1ImhIaj9XZiZSESg3CwHSGRPfUvDcS//Maie5cNFMm4kSDoJNFnYRjHeFRSLjNJFDNB4YQKpm5FdMekYRqE6VtQvDmX14k1ULeK+bP7gq50tU0jiw6QIfoGHnoHJXQDSqjCqLoCb2gN/RuPVuv1of1OWnNWNOZffQH1tcvSbafYg==</latexit>

N⌫ = 46

- Blue lines are ideal 
interfaces
- Black dots/lines are points 
from a Poincare plot

-  signed 
geometric factors

<latexit sha1_base64="UlxjP56zdfma86bBSBQtb3AksBk=">AAACHHicbVDLSgMxFM3UV62vUZdugkUQKWWm4mNZdOOyon1Ap5RMetuGZjJjkhHKMB/ixl9x40IRNy4E/8b0saitBwKHc85Nco8fcaa04/xYmaXlldW17HpuY3Nre8fe3aupMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51f3A98uuPIBULxb0eRtAKSE+wLqNEG6ltn3o+9JhI4CEeKydpDuO7duK6acErjEgpzXkgOjOJtp13is4YeJG4U5JHU1Ta9pfXCWkcgNCUE6WarhPpVkKkZpSDuT9WEBE6ID1oGipIAKqVjJdL8ZFROrgbSnOExmN1diIhgVLDwDfJgOi+mvdG4n9eM9bdy1bCRBRrEHTyUDfmWId41BTuMAlU86EhhEpm/oppn0hCtekzZ0pw51deJLVS0T0vnt2W8uWraR1ZdIAO0TFy0QUqoxtUQVVE0RN6QW/o3Xq2Xq0P63MSzVjTmX30B9b3LzUsoNY=</latexit>

S11, S12

<latexit sha1_base64="Ont3GLZ2WxqV23St5G7ZM2jIxEc="></latexit>

◆ =
1

S11

✓
µ0I

 0
t

� S12

◆
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