
EXERCISE 1: SEMIEXERCISE 1: SEMI--INFINITE CURRENT LINEINFINITE CURRENT LINE

Magnetic vector potential 

Spatial integral representation

Spectral integral representation
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Semi-infinite current line with constant amplitude and linear phase



BACKGROUND: INFINITE CURRENT LINEBACKGROUND: INFINITE CURRENT LINE

Constant current

Green’s function for 2D problems
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BACKGROUND: INFINITE CURRENT LINEBACKGROUND: INFINITE CURRENT LINE

Linearly phased current
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FIRST APPROACH: SPECTRAL DOMAIN INTEGRALFIRST APPROACH: SPECTRAL DOMAIN INTEGRAL
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A spherical coordinate system is introduced both in the spatial and in the 
spectral domain 

After introducing the approximation of 
the Hankel function for large argument:

simple poles for θ = ±γ

−γ



ASYMPTOTIC EVALUATION OF THE SPECTRAL INTEGRALASYMPTOTIC EVALUATION OF THE SPECTRAL INTEGRAL

−γ

The original contour is deformed onto the steepest descent path through the saddle point

The integral can be asymptotically evaluated through the 
STEEPEST DESCENT METHOD  

first order saddle point
at θ=β

The residues at the poles intercepted during path deformation must be included



POLE CONTRIBUTIONPOLE CONTRIBUTION

−γ

ASYMPTOTIC EVALUATION OF THE SPECTRAL INTEGRALASYMPTOTIC EVALUATION OF THE SPECTRAL INTEGRAL

−γ

The pole θ=−γ is never captured
The pole θ=γ is captured for β<γ

Poles contribution to Iθ:

P
Conical wave with a 

conical shadow 
boundaryz

γ



UNIFORM EVALUATION OF DIFFRACTION INTEGRALUNIFORM EVALUATION OF DIFFRACTION INTEGRAL

MULTIPLICATIVE (PAULIMULTIPLICATIVE (PAULI--CLEMMOW) APPROACHCLEMMOW) APPROACH

first order saddle point for θ=β

simple pole for θ = γ

Spherical wave from the 
line tip with uniform 

compensationz

P



Finally, the high-frequency representation of the magnetic potential for the 
semi-infinite line is:

UNIFORM EVALUATION OF DIFFRACTION INTEGRALUNIFORM EVALUATION OF DIFFRACTION INTEGRAL

z

MULTIPLICATIVE (PAULIMULTIPLICATIVE (PAULI--CLEMMOW) APPROACHCLEMMOW) APPROACH

P

truncated FW

γ

spherical diffracted wave with 
uniform compensation



total potential

UNIFORM EVALUATION OF DIFFRACTION INTEGRALUNIFORM EVALUATION OF DIFFRACTION INTEGRAL

MULTIPLICATIVE APPROACH: NUMERICAL EXAMPLEMULTIPLICATIVE APPROACH: NUMERICAL EXAMPLE
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ADDITIVE (VAN DER WAERDEN) APPROACHADDITIVE (VAN DER WAERDEN) APPROACH

UNIFORM EVALUATION OF DIFFRACTION INTEGRALUNIFORM EVALUATION OF DIFFRACTION INTEGRAL

first order saddle point at θ=β
simple pole at θ = γ

Spherical wave from the 
line tip + uniform 

compensation termz

P



Finally, the high-frequency representation of the magnetic potential for the 
semi-infinite line is:

UNIFORM EVALUATION OF DIFFRACTION INTEGRALUNIFORM EVALUATION OF DIFFRACTION INTEGRAL

z

ADDITIVE (VAN DER WAERDEN) APPROACHADDITIVE (VAN DER WAERDEN) APPROACH

uniform contribution

P

truncated FW

γ

spherical diffracted wave



UNIFORM EVALUATION OF DIFFRACTION INTEGRALUNIFORM EVALUATION OF DIFFRACTION INTEGRAL

ADDITIVE APPROACH: NUMERICAL EXAMPLEADDITIVE APPROACH: NUMERICAL EXAMPLE
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SECOND APPROACH: SPATIAL DOMAIN INTEGRALSECOND APPROACH: SPATIAL DOMAIN INTEGRAL
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The integral can be asymptotically evaluated through the 
STATIONARY PHASE METHOD

The phase of the integrand  is highly
oscillatory along the integration path

z

Stationary phase point
P

zs

γ



SECOND APPROACH: SPATIAL DOMAIN INTEGRALSECOND APPROACH: SPATIAL DOMAIN INTEGRAL
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first order saddle point at



SECOND APPROACH: SPATIAL DOMAIN INTEGRALSECOND APPROACH: SPATIAL DOMAIN INTEGRAL

Stationary phase point contribution

End-point contribution

Uniform compensation term

z

P

γ



UTD Transition function F(x):
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EXERCISE 2: SLOPE UTD TRANSITION FUNCTIONEXERCISE 2: SLOPE UTD TRANSITION FUNCTION

saddle point + 
simple zero +

simple pole

saddle point + 
double zero+
simple pole

saddle point + 
2 simple poles
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EXERCISE 2: SLOPE UTD TRANSITION FUNCTIONEXERCISE 2: SLOPE UTD TRANSITION FUNCTION
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EXERCISE 2: SLOPE UTD TRANSITION FUNCTIONEXERCISE 2: SLOPE UTD TRANSITION FUNCTION
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EXERCISE 2: SLOPE UTD TRANSITION FUNCTIONEXERCISE 2: SLOPE UTD TRANSITION FUNCTION



EXAMPLE: SEMIEXAMPLE: SEMI--INFINITE TAPERED LINEINFINITE TAPERED LINE
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EXAMPLE: SEMIEXAMPLE: SEMI--INFINITE TAPERED LINEINFINITE TAPERED LINE

In the θ-domain

Lowest asymptotic order diffraction term ( n = 0)

First higher asymptotic order diffraction term ( n = 1)

double pole at θ=γ Slope UTD 
transition function


