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Part I: Double Diffraction
• Allows field description inside the shadow 

regions of Geometrical Optics (GO) and of 
wedge single diffraction (UTD)

• Restores total field continuity at the boundaries of 
such shadow regions

• Augments the prediction accuracy
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Formulation

Canonical problem: pair of arbitrarily placed wedges
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Four Dyad’s entry separate analysis
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P Integral superposition of a distribution of 
spectral electric dipole sources           located at

oriented along        
with a strength
and radiating in free space.

Singly Diffracted Field
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Doubly Diffracted Field
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Doubly Diffracted Field
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with Npq e Nrs

integers that 
most nearly 

satisfy

Transition Functions
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Analysis of the solution
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Continuity of the total field

Analysis of the solution (cont’d)

• Coplanar edges
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Numerical examples
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Time Domain (TD) Version
Transient field response to pulsed excitation via Ray techniques.

• Wide Band analysis obtained from short-pulse excitation.
• TD-diffraction coefficients are simpler and easier to evaluate

than FD-diffraction coefficients.
• Multipath delay information

Efficient Field Evaluation
• In the TD, wavefront approximations for diffracted fields are in 

closed form (no Fresnel integrals and no generalized Fresnel
integrals).

• Felsen and Marcuvitz (1972)

• Verruttipong (1990)

• Ianconescu and Heyman (1994)

• Rousseau and Pathak (1995) Impulsive spherical source

TD impulsive excitation
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Time  Domain Spectral Synthesis (Double
Diffraction)
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wedge is taken into account by 
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spectral spherical source

TD Field singly 
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The diffracted field can be interpreted 
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sources radiating in free space
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TD DD Field

TD spectral representation for doubly diffracted field   (12 mechanism)
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Wavefront Approximations
(Double Diffraction)

Canonical Integrals ( TD Transition Functions )
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Uniform Early-time
Double Diffraction coefficients
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DD Transition Regions
SD and DD ray wavefonts, shadow 
boundaries (SB). The SBdd plane bounds the 
domain of existence of SD field. Conditions 
tdd – td <ε and td – ti <ε define parabolas (if 
r’1>>A>>r2) in which wavefronts arrive 
“almost” simultaneously (delay<ε)

TD transition regions (ellipses  if A >>r2 )
Overlapping TD transition regions:
SD and DD arrive at the observer A at 
instants ti , td and tdd , respectively (ti< td<tdd ).
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Numerical Examples - Excitation
(you turn me on!)

Band-Limited Short-Pulse Excitation

Normalized Rayleigh pulse 

No zero-frequency components!
Frequency spectrum
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Different regimes of DD signals

Rayleigh pulse )10(3 cmGHzf MM =λ=

Both source and 
observer 30° out of 

transition

Source 30° out of 
transition, observer in 

transition

Both source and 
observer in transition

cmr 421 =′ cmr 332 =

cm45=A
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At the Shadow Boundary Plane
• Singly diffracted signal experiences a 

discontinuity
• Doubly diffracted contribution exhibits a 

proper transition
• Total field is continuous at and behind the 

wavefront.

Note the change of shape of the signal (total 
field) from the lit to the shadowed region.
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Part II: Vertex Diffraction
• Allows field description inside the shadow 

regions of Geometrical Optics (GO) and of 
wedge single diffraction (UTD)

• Restores total field continuity at the boundaries of 
such shadow regions

• Augments the prediction accuracy
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Formulation

• Acoustic scalar case
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Formulation (2)
Using Miyamoto-Wolf vector potential
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Formulation (3)
Approx. incremental field (Wedge)
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Asymptotic Evaluation
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UTD Tip diffraction coefficient
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Electromagnetic Case
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Analysis
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Numerical example 1
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MoM reference solution 4λ×4λ square plate

dipole oriented  along φ dipole oriented  along θ

The two SBCs are crossed simultaneously at θ=135° and θ=225° where 
the UTD edge diffracted fields exhibit a jump discontinuity that is 
compensated by the vertex diffracted field.
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Scattered field
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Numerical example 2

MoM reference solution 4λ×4λ square plate

dipole oriented  along φ dipole oriented  along θ

Two SBCs are crossed at θ=120° and θ=240° where the UTD field 
exhibits a jump discontinuity that is compensated by the vertex 
diffracted field.
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Numerical example 3

MoM reference solution 4λ×4λ square plate

dipole oriented  along φ dipole oriented  along θ

The two SBCs are crossed simultaneously at θ=165° and 195° where 
the UTD edge diffracted fields exhibit a jump discontinuity that is 
compensated by the vertex diffracted field.
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Wavefront Approximations
(Vertex Diffraction)
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Uniform Wavefront approximation 
for TD-VD field
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Uniform Early-time
Vertex Diffraction coefficients
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VD Shadow Boundaries
and Transition Regions

•The SB Plane bounds 
the domain of existence of 
the reflected field.
•At the SB Plane the 
wedge diffracted field 
experience a transition 
compensating the 
discontinuity of the 
reflected field.

•The SB Cone (SBC) bounds 
the domain of existence of the 
wedge diffracted fields.
•At the SB Cone the Vertex 
diffracted field experience a 
transition restoring the total 
continuity for the total field

The two SB Planes and the two SB Cones
all intersect at the same line. Here, the 
Vertex Ray experience a double transition
able to restore the continuity of the total field
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At the Shadow Boundary Cone
• Wedge diffracted signal experiences a 

discontinuity;
• Vertex contribution exhibits a transition
• Total field is continuous at and behind 

the wavefront.

4
4.5

5
5.5

6

15
20

25
30

35
40

45

-6

-4

-2

0

2

4
x 10-3

t (ns)

Wedge diffracted contribution

(deg.)

E z

θ 

4
4.5

5
5.5

6

15
20

25
30

35
40

45

-6

-4

-2

0

2

4
x 10-3

t (ns)

Total field

(deg.)

E z

θ 

vertex rays 

wedge ray 

source 

observation scan 
15°

45°

θ shadow boundary 
30°

Shadow
boundary
cone

Note the change of shape of the signal (total field) 
from deep inside to far outside the SBC.



At the intersection of two SBC’s
• Two wedge diffracted ray and a 

reflected ray simultaneously disappear;
• Vertex contribution restores the desired 

continuity of the total field

Note that disappearing wedge 
contributions are in their transitional 
regime.

Crossing intersection
of two shadow boundary cones
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Conclusions

• Uniform diffraction coefficients was presented for DD & 
Vertex

• Transitional behaviors are described by proper transition 
functions

• These contributions augment standard UTD ray field 
description to order k-1 and restore continuity across SBs


