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Example   Select a segment length ∆ to model a 20.8 cm long dipole antenna made from a 
1/2” (O.D.) aluminum rod for a frequency range from 600 MHz to 900 MHz. 

From above,  = 20.8 cm  and  d = 2a = 0.5” = 1.27 cm  or  a = 0.25” = 0.635 cm 

Find longest wavelength  λlow (lowest frequency)  
λlow = c/flow = 2.998⋅108/600⋅106   ⇒    λlow = 0.49967 m = 49.967 cm 

and the dipole is a bit under a half wavelength:  /λlow = 20.8/49.967   ⇒    /λlow = 0.4163 

Find shortest wavelength λhigh (highest frequency)  
λhigh = c/fhigh = 2.998⋅108/900⋅106   ⇒    λhigh = 0.33311 m = 33.311 cm 

and the dipole is a bit over a half wavelength: /λhigh = 20.8/33.311   ⇒    /λhigh = 0.6244 
 
Segment length ∆ selection process  
1) Is the rod/wire ‘thin’, i.e., 2πa/λ = πd/λ << 1?  Check considering worst case, i.e., 

shortest wavelength λhigh, 
⇒ Yes/pretty good as πd/λhigh = π(1.27)/33.311 = 0.12 << 1. 

2) Want ∆ < λ/10 and ∆ > λ/1000 for the worst cases, i.e.,  λlow/1000 < ∆ < λhigh/10 
      ⇒ 0.05 < ∆ < 3.33 cm 

3) Also, want ∆/a > 2 at a minimum. ∆/a > 8 is better, then EK command is not needed. 

⇒ ∆ > 2a = 1.27 cm 

4) For a finite-length ( > 0.1λ) dipole antenna, we expect a sinusoidal current distribution.  
Earlier we saw that having 12 segments per wavelength (or more) is desirable for a good 
representation of a sinusoid.  For the worst case, i.e., at λhigh, that implies 

∆ < λhigh /12 = 33.311/12   ⇒    ∆ < 2.776 cm 

5) Doing a logical ‘OR’ on items 2) - 4), we get a narrowed segment range of 
       ⇒ 1.27 < ∆ < 2.78 cm 

6) For a center-fed dipole, we need an odd integer number of segments in order to have a 
centered segment. for the range above, we get 

       20.8/1.27 = 16 segments whereas 20.8/2.78 = 7.5 segments 

7) I will choose to use 11 segments.  Therefore, my segment length is: 

∆ =  /11 = 20.8/11   ⇒    ∆ = 1.891 cm (DONE!) 

8) Check ∆/a ratio to see if extended kernel (EK) command is needed. 
∆/a = 1.891/0.635 = 2.98 < 8  ⇒   The EK command is necessary. 
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Note:  The pair of zero flags, e.g., ‘0 0’, between NFRQ and FMHZ can NOT be 
omitted despite the NEC-2 User’s Guide saying ‘blank’.  A blank, i.e., no 
hole, on an actual cardboard punch card is treated as a zero.  However, that 
is NOT the case when ASCII text files are read into the program. 
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Example- GN 0 0 0 0 3.2 0.002  !Lossy dielectric gnd w/ er=3.2, sigma=0.002 S/m 
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Example-  PT -1  ! Do NOT print any currents 
Example-  PT 0 2 10 24 ! ONLY output currents for Tag #2 segments 10 through 24 
Note: Use ONLY one PT command in an input file for a single structure, the PT commands 

overwrite.  So, only the last PT command is executed. 



EE483/583 Antennas ….,   EE483_583_NEC_notes.docx                                                           32 / 38 
 
 

 
  



EE483/583 Antennas ….,   EE483_583_NEC_notes.docx                                                           33 / 38 
 
 
 
 

 

Notes:  
• The RP command immediately initiates program execution.  Make sure all 

needed commands are input prior to the RP command.   
• At a single frequency, any number of RP commands may be used in 

sequence, i.e., you can do multiple radiation pattern ‘cuts’. 
• If multiple frequency steps are used (i.e., NFRQ on the FR command is 

greater than one), only the first RP command will execute as part of the 
frequency loop. Subsequent RP commands will only execute at the final 
frequency. 
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Example- XQ 0 ! execute program without radiation patterns 
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Running NEC-2 Instructions 
The Numerical Electromagnetic Code version 2 or NEC-2 (freeware) is available on the 
web.  The executable installed locally is ‘nec2dxs1k5.exe’ (up to 1500 segments); located 
at F:\NetApps\NetSoft\Nec_viewer.  Other versions of the executable are located at 
F:\NetApps\NetSoft\Nec_viewer\Nec2dXS_VM. 

 
To run NEC-2 off the server using your Windows 10 computer, you will need to: 
1) Bring up a command (DOS) window by clicking:   

Start icon  (lower left corner) → Windows System → Command Prompt, 

2) go to the appropriate drive & directory in the command window, e.g., type: 

c: <enter>, cd ee483 <enter>), 

3) execute (i.e., run on the f: drive server) the program by typing:  

F:\NetApps\NetSoft\Nec_viewer\ nec2dxs1K5.exe <enter>, 

4) enter the input filename when prompted (e.g., vee_dipole.txt <enter>), 

5) enter the output filename when prompted (e.g., vee_dipole.dat <enter>),  

6) wait for NEC-2 program to finish. 
 

To run NEC on your own computer, you will need to: 
1) copy executable (i.e., nec2dxs1K5.exe) to your own hard drive from   

F:\NetApps\NetSoft\Nec_viewer\ 

2) bring up a command (DOS) window on your computer by clicking   

Start icon  (lower left corner) → Windows System → Command Prompt, 

3) go to the appropriate drive & directory in the command window, e.g., type: 

c: <enter>, cd ee483 <enter>), 

4) execute (i.e., run on the f: drive server) the program by typing:  

nec2dxs1K5.exe <enter>, 

5) enter the input filename when prompted (e.g., vee_dipole.txt <enter>), 

6) enter the output filename when prompted (e.g., vee_dipole.dat <enter>),  

7) wait for NEC-2 program to finish. 
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Input file- vee_dipole.txt 

CM  PEC VEE-DIPOLE ANTENNA. 
CM  THIS FILE IS USED TO DETERMINE THE RADIATION PATTERN 
CM  AT 450 MHz FOR A 60 deg PEC VEE-DIPOLE THAT IS DRIVEN  
CM  AT THE CENTER. DIMENSIONS ARE: radius a=1mm, arm length h ~ 1 m, 
CM  SEGMENT LENGTH = h/150.  DRIVEN SEGMENT IS #2. 
CE 
GW 1     3 0.01732 0.0 -0.01 0.01732 0.0 0.01 0.001  ! Driven section (Tag 1) 
GW 2 150 0.01732 0.0  0.01 0.866    0.0   0.5  0.001   ! Top arm (Tag 2) 
GW 3 150 0.01732 0.0 -0.01 0.866    0.0  -0.5  0.001   ! Bottom arm (Tag 3) 
GE 0            ! No ground plane 
FR 0 1 0 0 450.0 0.0   ! 450 MHz input 
EX 0 1 2 0 1.0 0.0       ! 1V input at segment 2 of tag 1 
PT -1          ! Do NOT print currents 
RP 0 36 1 0000 0.0 0.0 5.0 0.0   ! 0 to 175 deg in theta w/ 5 deg steps 
EN 
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Output file- vee_dipole.dat 

1 
                                 ********************************************* 
 
                                    NUMERICAL ELECTROMAGNETICS CODE (NEC-2D) 
 
                                 ********************************************* 
 
                                     - - - - COMMENTS - - - - 
 
                          PEC VEE-DIPOLE ANTENNA.                                                     
                          THIS FILE IS USED TO DETERMINE THE RADIATION PATTERN                        
                          AT 450 MHz FOR A 60 deg PEC VEE-DIPOLE THAT IS DRIVEN                       
                          AT THE CENTER. DIMENSIONS ARE: radius a=1mm, arm length h ~ 1 m,            
                          SEGMENT LENGTH=h/150.  DRIVEN SEGMENT IS #2.                                
 
                                 - - - STRUCTURE SPECIFICATION - - - 
 
                                     COORDINATES MUST BE INPUT IN 
                                     METERS OR BE SCALED TO METERS 
                                     BEFORE STRUCTURE INPUT IS ENDED 
 
 
 WIRE                                                                             NO. OF    FIRST  LAST    TAG 
 NO.       X1        Y1         Z1         X2         Y2         Z2       RADIUS   SEG.      SEG.  SEG.    NO. 
 1    0.01732    0.00000   -0.01000     0.01732    0.00000    0.01000    0.00100      3        1     3       1 
 2    0.01732    0.00000    0.01000     0.86600    0.00000    0.50000    0.00100    150        4   153       2 
 3    0.01732    0.00000   -0.01000     0.86600    0.00000   -0.50000    0.00100    150      154   303       3 
 
   TOTAL SEGMENTS USED=  303     NO. SEG. IN A SYMMETRIC CELL=  303     SYMMETRY FLAG=  0 
 
 
         - MULTIPLE WIRE JUNCTIONS - 
 JUNCTION    SEGMENTS  (- FOR END 1, + FOR END 2) 
  NONE 
 
                                 - - - - SEGMENTATION DATA - - - - 
 
                                        COORDINATES IN METERS 
 
                         I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I 
 
 
  SEG.   COORDINATES OF SEG. CENTER     SEG.     ORIENTATION ANGLES    WIRE    CONNECTION DATA   TAG 
  NO.       X         Y         Z       LENGTH     ALPHA     BETA      RADIUS    I-   I    I+    NO. 
     1   0.01732   0.00000  -0.00667   0.00667   90.00000   0.00000   0.00100  -154    1    2      1 
     2   0.01732   0.00000   0.00000   0.00667   90.00000   0.00000   0.00100     1    2    3      1 
     3   0.01732   0.00000   0.00667   0.00667   90.00000   0.00000   0.00100     2    3    4      1 
     4   0.02015   0.00000   0.01163   0.00653   30.00073   0.00000   0.00100     3    4    5      2 
     5   0.02581   0.00000   0.01490   0.00653   30.00073   0.00000   0.00100     4    5    6      2 
     6   0.03146   0.00000   0.01817   0.00653   30.00073   0.00000   0.00100     5    6    7      2 
     7   0.03712   0.00000   0.02143   0.00653   30.00073   0.00000   0.00100     6    7    8      2 
<snip> 
   150   0.84620   0.00000   0.48857   0.00653   30.00073   0.00000   0.00100   149  150  151      2 
   151   0.85186   0.00000   0.49183   0.00653   30.00073   0.00000   0.00100   150  151  152      2 
   152   0.85751   0.00000   0.49510   0.00653   30.00073   0.00000   0.00100   151  152  153      2 
   153   0.86317   0.00000   0.49837   0.00653   30.00073   0.00000   0.00100   152  153    0      2 
   154   0.02015   0.00000  -0.01163   0.00653  -30.00073   0.00000   0.00100    -1  154  155      3 
   155   0.02581   0.00000  -0.01490   0.00653  -30.00073   0.00000   0.00100   154  155  156      3 
   156   0.03146   0.00000  -0.01817   0.00653  -30.00073   0.00000   0.00100   155  156  157      3 
   157   0.03712   0.00000  -0.02143   0.00653  -30.00073   0.00000   0.00100   156  157  158      3 
<snip> 
   300   0.84620   0.00000  -0.48857   0.00653  -30.00073   0.00000   0.00100   299  300  301      3 
   301   0.85186   0.00000  -0.49183   0.00653  -30.00073   0.00000   0.00100   300  301  302      3 
   302   0.85751   0.00000  -0.49510   0.00653  -30.00073   0.00000   0.00100   301  302  303      3 
   303   0.86317   0.00000  -0.49837   0.00653  -30.00073   0.00000   0.00100   302  303    0      3 
 
 
 ***** DATA CARD NO.  1   FR   0     1     0     0  4.50000E+02  0.0  0.0  0.0  0.0  0.0 
 ***** DATA CARD NO.  2   EX   0     1     2     0  1.00000E+00  0.0  0.0  0.0  0.0  0.0 
 ***** DATA CARD NO.  3   PT  -1     0     0     0  0.0  0.0  0.0  0.0  0.0  0.0 
 ***** DATA CARD NO.  4   RP   0    36     1     0  0.0  0.0  5.00000E+00  0.0  0.0  0.0 
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                                 - - - - - - FREQUENCY - - - - - - 
 
                                    FREQUENCY= 4.5000E+02 MHZ 
                                    WAVELENGTH= 6.6622E-01 METERS 
 
                    APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN   1.000 WAVELENGTHS APART 
 
                               - - - STRUCTURE IMPEDANCE LOADING - - - 
 
                                   THIS STRUCTURE IS NOT LOADED 
 
                                  - - - ANTENNA ENVIRONMENT - - - 
 
                                            FREE SPACE 
 
                                - - - MATRIX TIMING - - - 
 
                        FILL=    0.495 SEC.,  FACTOR=    0.934 SEC. 
 
                                          - - - ANTENNA INPUT PARAMETERS - - - 
 
 TAG   SEG.  VOLTAGE (VOLTS)         CURRENT (AMPS)         IMPEDANCE (OHMS)      ADMITTANCE (MHOS)    POWER 
  NO.  NO.   REAL   IMAG.       REAL        IMAG.       REAL        IMAG.       REAL        IMAG.     (WATTS) 
  1   2 1.00000E+00 0.0 5.59042E-04 6.62088E-04 7.44508E+02-8.81739E+02  5.59042E-04 6.62088E-04  2.79521E-04 
 
                                        - - - POWER BUDGET - - - 
 
                                           INPUT POWER   = 2.7952E-04 WATTS 
                                           RADIATED POWER= 2.7952E-04 WATTS 
                                           STRUCTURE LOSS= 0.0000E+00 WATTS 
                                           NETWORK LOSS  = 0.0000E+00 WATTS 
                                           EFFICIENCY    = 100.00 PERCENT 
 
                                                - - - RADIATION PATTERNS - - - 
 
  - - ANGLES - -           - POWER GAINS -       - - - POLARIZATION - - -    - - - E(THETA) - -    - - E(PHI) 
-- 
 THETA     PHI        MAJOR   MINOR   TOTAL      AXIAL     TILT  SENSE     MAGNITUDE    PHASE    MAG.    PHASE  
 DEGREES  DEGREES       DB      DB      DB        RATIO     DEG.            VOLTS/M    DEGREES   VOLTS/M  DEG 
  0.00     0.00      -1.12 -999.99   -1.12    0.00000     0.00  LINEAR    1.13765E-01   110.80    0.0     0.00 
  5.00     0.00       0.49 -999.99    0.49    0.00000     0.00  LINEAR    1.36929E-01   153.26    0.0     0.00 
 10.00     0.00       1.93 -999.99    1.93    0.00000     0.00  LINEAR    1.61666E-01  -171.69    0.0     0.00 
 15.00     0.00       2.75 -999.99    2.75    0.00000     0.00  LINEAR    1.77750E-01  -141.47    0.0     0.00 
 20.00     0.00       2.83 -999.99    2.83    0.00000     0.00  LINEAR    1.79277E-01  -114.31    0.0     0.00 
 25.00     0.00       2.07 -999.99    2.07    0.00000     0.00  LINEAR    1.64322E-01   -89.54    0.0     0.00 
 30.00     0.00       0.35 -999.99    0.35    0.00000     0.00  LINEAR    1.34782E-01   -67.47    0.0     0.00 
 35.00     0.00      -2.57 -999.99   -2.57    0.00000     0.00  LINEAR    9.63305E-02   -50.13    0.0     0.00 
 40.00     0.00      -6.78 -999.99   -6.78    0.00000     0.00  LINEAR    5.92935E-02   -44.79    0.0     0.00 
 45.00     0.00      -9.57 -999.99   -9.57    0.00000     0.00  LINEAR    4.30343E-02   -63.82    0.0     0.00 
 50.00     0.00      -7.42 -999.99   -7.42    0.00000     0.00  LINEAR    5.50776E-02   -73.03    0.0     0.00 
 55.00     0.00      -5.03 -999.99   -5.03    0.00000     0.00  LINEAR    7.25510E-02   -56.34    0.0     0.00 
 60.00     0.00      -3.07 -999.99   -3.07    0.00000     0.00  LINEAR    9.09021E-02   -27.74    0.0     0.00 
 65.00     0.00      -0.80 -999.99   -0.80    0.00000     0.00  LINEAR    1.18070E-01     3.18    0.0     0.00 
 70.00     0.00       1.72 -999.99    1.72    0.00000     0.00  LINEAR    1.57822E-01    29.10    0.0     0.00 
 75.00     0.00       3.97 -999.99    3.97    0.00000     0.00  LINEAR    2.04427E-01    47.86    0.0     0.00 
 80.00     0.00       5.64 -999.99    5.64    0.00000     0.00  LINEAR    2.47787E-01    60.28    0.0     0.00 
 85.00     0.00       6.65 -999.99    6.65    0.00000     0.00  LINEAR    2.78274E-01    67.34    0.0     0.00 
 90.00     0.00       6.98 -999.99    6.98    0.00000     0.00  LINEAR    2.89227E-01    69.64    0.0     0.00 
 95.00     0.00       6.65 -999.99    6.65    0.00000     0.00  LINEAR    2.78274E-01    67.34    0.0     0.00 
100.00     0.00       5.64 -999.99    5.64    0.00000     0.00  LINEAR    2.47787E-01    60.28    0.0     0.00 
105.00     0.00       3.97 -999.99    3.97    0.00000     0.00  LINEAR    2.04427E-01    47.86    0.0     0.00 
110.00     0.00       1.72 -999.99    1.72    0.00000     0.00  LINEAR    1.57822E-01    29.10    0.0     0.00 
115.00     0.00      -0.80 -999.99   -0.80    0.00000     0.00  LINEAR    1.18070E-01     3.18    0.0     0.00 
120.00     0.00      -3.07 -999.99   -3.07    0.00000     0.00  LINEAR    9.09021E-02   -27.74    0.0     0.00 
125.00     0.00      -5.03 -999.99   -5.03    0.00000     0.00  LINEAR    7.25510E-02   -56.34    0.0     0.00 
130.00     0.00      -7.42 -999.99   -7.42    0.00000     0.00  LINEAR    5.50776E-02   -73.03    0.0     0.00 
135.00     0.00      -9.57 -999.99   -9.57    0.00000     0.00  LINEAR    4.30343E-02   -63.82    0.0     0.00 
140.00     0.00      -6.78 -999.99   -6.78    0.00000     0.00  LINEAR    5.92935E-02   -44.79    0.0     0.00 
145.00     0.00      -2.57 -999.99   -2.57    0.00000     0.00  LINEAR    9.63305E-02   -50.13    0.0     0.00 
150.00     0.00       0.35 -999.99    0.35    0.00000     0.00  LINEAR    1.34782E-01   -67.47    0.0     0.00 
155.00     0.00       2.07 -999.99    2.07    0.00000     0.00  LINEAR    1.64322E-01   -89.54    0.0     0.00 
160.00     0.00       2.83 -999.99    2.83    0.00000     0.00  LINEAR    1.79277E-01  -114.31    0.0     0.00 
165.00     0.00       2.75 -999.99    2.75    0.00000     0.00  LINEAR    1.77750E-01  -141.47    0.0     0.00 
170.00     0.00       1.93 -999.99    1.93    0.00000     0.00  LINEAR    1.61666E-01  -171.69    0.0     0.00 
175.00     0.00       0.49 -999.99    0.49    0.00000     0.00  LINEAR    1.36929E-01   153.26    0.0     0.00 
 
 ***** DATA CARD NO.  5   EN   0     0     0     0  0.0  0.0  0.0  0.0  0.0  0.0 
 
 RUN TIME =     1.538 


