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EXAMPLE OF RAYTHEON EW PRODUCTS



EXAMPLE OF DATRON PRODUCTS

Titan Corporation
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NUMERICAL TECHNIQUES IN ELECTROMAGNETIC ENGINEERING
A BRIEF COMMENTARY

THREE BASICS METHODS:

• Method of Moments ( R. F. Harrington, 1968 )

• Finite Difference ( K. S. Yee, 1966 )

• Finite Elements ( P. P. Silvester, 1969 )

OTHER TECHNIQUES:

-UTD, Mode Matching, etc.



EXAMPLES OF ELECTROMAGNETIC SOLVERS USED 
TO CONDUCT THEORETICAL MODELING

- GEMACS (Air Force Research Laboratory-EXPORT CONTROLLED)
USES MOM/UTD/FD METHODS ALONE OR COMBINED.

- NEC ( Lawrence Livermore National Laboratory)

MOMENT METHOD WIRE CODE

- NEC-REFL ( The Ohio State University, Electroscience Lab.)
GTD/AI METHODS

- ENSEMBLE (Ansoft)

MOMENT METHOD

- HFSS (Ansoft)

FINITE ELEMENT METHOD



EXAMPLES OF FINITE 
ELEMENT METHOD ACCURACY

(HFSS BY ANSOFT ) 

THEORETICAL VERSUS 
MEASURED PERFORMANCE



Space and Airborne Systems

Electronic Warfare Systems
6380 Hollister Avenue

Goleta, CA 93117-3114



EXAMPLE NO 1
12 INCH  CABLE  MODEL PERFORMANCE  (HFSS)  VS 
MEASURED DATA



12” CABLES MODEL (HFSS) 
ONLY DIELECTRICS SHOWN
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THEORETICAL vs MEASURED DATA FOR TWO 6" 
CABLE IN SERIES
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THEORETICAL  (HFSS) vs MEASURED DATA OF TWO 6" CABLES 
(WITH TNC CONNECTORS) IN SERIES ( 12")
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EXAMPLE NO. 2 (ANTENNA NOT SHOWN)
THEORETICAL AND MEASURED RADIATION PATTERNS 
PERFORMANCE OF AN ANTENNA, PLUS  RADOME AND 
CABLE.



THEORETICAL (HFSS) vs MEASURED DATA OF A ANTENNA AT 8 GHz 
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THEORETICAL (HFSS) vs MEASURED DATA OF A ANTENNA AT 8 GHz 
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THEORETICAL vs MEASURED DATA OF A ANTENNA AT 11 GHz 
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THEORETICAL vs MEASURED DATA OF A ANTENNA AT 11 GHz 
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THEORETICAL (HFSS) vs MEASURED DATA OF A ANTENNA AT 16 GHz 
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THEORETICAL (HFSS) vs MEASURED DATA OF A ANTENNA AT 16 GHz 
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EXAMPLE NO 3
A DUAL RIDGE WAVEGUIDE STRUCTURE 
MODEL



CABLE PLUS WAVEGUIDE SECTION MODEL
(MODEL WAS SOLVED AS A VACUUM)

CABLE WAVEGUIDE TRANSFORMER SECTIONS



THEORETICAL (HFSS) VS MEASURED DATA OF A 
CABLE PLUS A DUAL RIDGE WAVEGUIDE 

STRUCTURE
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CIRCULAR WAVEGUIDE: 
EXAMPLE NO 4

TRADITIONAL APPROACH VS. 
HFSS



TABLE 1 & 2 CAN BE DERIVED FROM:
HELMHOLTZ EQUATION, TRANSVERSE LAPLACIAN, AND “SEPARATION OF VARIABLE
METHOD”, A BESSEL DIFFERENTIAL EQUATION IS OBTAINED RESULTING IN TWO SOLUTION. 
ONLY ONE SOLUTION IS ACCEPTABLE. TABLE 1 &2 IS THEN GENERATED AS SHOWN BELOW.

TABLE 1 (CUTOFF CONSTANTS )

TABLE 2 (CUTOFF CONSTANTS)



CIRCULAR WAVEGUIDE MODES FREQUENCIES CUTOFF



CIRCULAR WAVEGUIDE MODES

TE11 VERTICAL

TE11 HORIZONTAL



CIRCULAR WAVEGUIDE MODES



CIRCULAR WAVEGUIDE MODES

NOTE: THIS MODE HAS
AN AXIAL ELECTRIC FIELD



Titan Corporation
Datron Advanced Technologies Division



HOW TO SETUP A MULTIMODE MODEL
A CIRCULAR WAVEGUIDE IS USED TO ILLUSTRATE THE SETUP
ONLY HALF GEOMETRY IS SHOWN

REQUIRES 4 MODES EVALUATION: TE11 VERTICAL , TE11 HORIZONTAL AND
2 ADDITIONAL MODES

Titan Corporation
Datron Advanced Technologies Division



STEP ONE) 3D MODEL

Titan Corporation
Datron Advanced Technologies Division



STEP 2) ASSIGNMENT OF MATERIALS

Titan Corporation
Datron Advanced Technologies Division



Step 3) TE11 MODE VERTICAL

Titan Corporation
Datron Advanced Technologies Division



Step 4) TE11 MODE HORIZONTAL

Titan Corporation
Datron Advanced Technologies Division



STEP 5) HOW THE MODE 3,4 NEEDS TO BE SETUP

Titan Corporation
Datron Advanced Technologies Division



AFTER SOLUTION IS OBTAINED, USE SETUP EXECUTIVE PARAMETERS
AND CHOOSE “PORT IMPEDANCES”

TE11 VERT.

RESULTS

Titan Corporation
Datron Advanced Technologies Division



TE11 HORIZ.
RESULTS

Titan Corporation
Datron Advanced Technologies Division



RESULTS

Titan Corporation
Datron Advanced Technologies Division

TM01



RESULTS

Titan Corporation
Datron Advanced Technologies Division

TE21



HEMISPHERICAL LENS ON A 
GROUND PLANE (EXAMPLE NO 5)

• LUNEBERG LENSES ARE USUALLY USED FOR WIDE ANGLE SCANNING 
APPLICATIONS LIKE FOR RADAR REFLECTORS.

• THE INDEX OF REFRACTION VARIES ALONG THE RADIUS OF THE LENS.

Titan Corporation
Datron Advanced Technologies Division



HEMISPHERICAL LUNEBURG LENS ON A GROUND PLANE WITH
TWO ORTHOGONAL FEED ANTENNA

Titan Corporation
Datron Advanced Technologies Division



LENS (ONLY HALF SHOWN), HORN ANTENNA AND GROUND PLANE 

GREEN IS THE CUSTOM
MADE RADIATION BOUNDARY

ORTHOGONAL
FEED HORN

GROUND PLANE

SHELL LENS

FOR A TYPICAL LUNEBERG LENS THE RELATIVE DIELECTRIC CONSTANT (Er) WILL
VARY FROM Er =2 AT THE CENTER TO Er=1 AT THE OUTER SURFACE OF THE LENS

Titan Corporation
Datron Advanced Technologies Division



THEORETICAL (HFSS) VERSUS MEASURED DATA OF A HEMISPHERICAL 
LUNEBERG LENS, HORN AND GROUND PLANE

Single Hemispherical Lens Azimuth Patterns
 (11.7 Ghz; 45-deg elevation angle; 9" physical lens)
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CROSSED DIPOLES FEED WITH 
REFLECTOR (EXAMPLE NO 6)

THIS IS A TYPICAL  DIPOLE 
REFLECTOR DESIGN

Titan Corporation
Datron Advanced Technologies Division



THE REFLECTOR DIPOLE MESHING BY HFSS



REFLECTOR FEED WITHOUT DIELECTRIC PLATE

Titan Corporation
Datron Advanced Technologies Division



REFLECTOR FEED COAXIAL LINES SEEN FROM THE BOTTOM

PORT 1 

PORT 2

Titan Corporation
Datron Advanced Technologies Division



DIPOLES FEED COMPONENT WITH A DIELECTRIC DISK 

THIS SIDE WAS MADE PERFECT E
TO SIMULATE DIELECTRIC GROUND 
PLANE

Titan Corporation
Datron Advanced Technologies Division



 THEORETICAL MODEL VERSUS EXISTING DESIGN MEASURED DATA  
HFSS MODELS, AZIMUTH PLANE AT 240 MHz
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