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Small tapered double-port TEM waveguides

» uTEM cell, PTB, German E-field standard
» 1.C3 cell, proposed Circular Coaxial Calibration cell
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Mechanical construction, Crawford TEM cell

» Rectangular cross section

» Flat inner conductor (Septum)
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Mechanical construction, uC3 cell

» Circular cross section

» Round inner conductor (Septum)
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Field modes, transversal E
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Field modes, transversal E

E-Mode, kiE)/(Za) =11.0242
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Field modes, transversal H

E-Mode, kiE)/(Za) =11.0242
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Transmission line model of a tapered TEM waveguide
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Transmission line model of a tapered TEM waveguide

TEM mode J(TEM)
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Transmission line model of a tapered TEM waveguide

TEM mode J(TEM)
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Transmission line model of a tapered TEM waveguide
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Generalised telegraphist’s equations for mode p

Using propagation constant y(P) and wave impedance Z‘(/C):

dv(p)

= —’Y(p)(Z)Z(p) )P (2) + Z Coqlz
d/(p) ,Y(p)( V(p Z Conlz

dz Z\(/g (2)

Neglecting mode coupling using wavenumber k = w./ue:
d?v{™® TE)? TE
o = () - ) VTO(2)
™ T™)? ™
e = (K™ (2) = 12) ((™M(2)
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™) (z) of TMy; at resonance in a uC3-cell
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™) (z) of TMy; at resonance in a uC3-cell

J(TM)

Zsym
f\f'
0.05¢
O — — — — — - ——
-0.05¢}
" " " ~ " "
0 0.02 0.04 0.06 0.08 0.1 Z
m

Second resonance at fos = 5.001GHz

HANC .ree o Resonances in TEM Waveguides

25N 64



Introduction Simulation
MATLAB/NAG simulation

Analytical calculation FEMLAB simulation

Simulation
Measurements

Conclusion

HAW( .. ree kot Resonances in TEM Waveguides = vac



Simulation using generalised telegraphist’s equations
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Longitudinal component of the electric field E

Below resonance at f = 1GHz
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Longitudinal component of the electric field E
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Longitudinal component of the electric field E

At second TMo; resonance fry,,, = 4.9GHz
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Simulation using FEM model, FEMLAB with RF toolbox
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Simulation using FEM model, FEMLAB with RF toolbox
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Conclusion

» An analytical method for the calculation of resonant
frequencies has been presented

» A comparison of results obtained using two different
simulation methods

1. Generalised telegraphist’s equations (MATLAB with NAG
toolbox)
2. FEM model (FEMLAB with RF toolbox)

and measurents shows close agreement

» Simulations can be benchmarked using this analytical method
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