
Reformulating Friedman's Implicit Integrator as a
Single Step Method for Maxwell's Equations as a First Order Systerr

Introduction
We have reformulated Friedman's integrator for wave
equations to serve as a single step method for the first
order system.
• Allows simpler inclusion of complex closure models
• Naturally provides an accurate B for particle push
• Does not require differentiating J.
• Requires two fewer edge fields ( 2 )

Friedman's Original Integrator (for Electric Fields)
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2nd order accurate for E (0,2)
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and quiescent initial conditions.
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Staggered Formulation for Electric & Magnetic Fields (I)
From Friedman's original paper: Apply Yee staggering to
Ampere's Law and correct Faraday's Law to match the 2nd

order stencil for E.
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Eliminate E from Ampere's Law
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Code Verification for the single step formulation
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2nd order accurate at half steps!

rate

Radiation Driven BDot Cavity at 0.0 and 0.01 Tor

Single Step Formulation for Electric & Magnetic Fields (II)
Advance Faraday's Law with Crank-Nicolson and correct
Ampere's Law to match 2nd order stencil for E.
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order damping. Amplification factors can be determined by
calculating the spectral radius of the amplification matrix.

0=2,00.
0=1.95.
0=1.90.
0=1.85,
0=1,80,
0=1
0=1M
0=M
0=1.60.

0=1.1A

0=1 .50,

1 E

2 50

2 00

'CI: 150

100

-50  
0

1

0,2 0.4 0,6 0,8 1 L2

Time (s)

Vat' LI IA L31 e k-N I .

Vacuum Sill BK(2.2:.
Prussurizcli SlJ11 NI' 2. 2 '
Vat. LI IA 1.3.1 1 rii'l Iu,'rlL]

Prt'SS Lir 17A4 I Fr it'l

L4 1,6 1,8

Eliminate E from Ampere's Law
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2nd order accurate on integer steps!
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