
Yagi antennas: 

 

Comparing  Height Above Ground 

Real Ground vs. Free Space 

Horizontal vs. Vertical Polarization 

 

As plotted with the EZNEC 

Antenna Modeling Program 

 
Program written by Roy Llewellen  W7EL 



Please note that we are going 
to use a 10 element 2 meter 

Yagi for demonstration purposes 
But… 

The elevation takeoff angles 
apply to any horizontal 

antenna at ‘x’ wavelengths 
above real ground as we will 

see at the end of this presentation. 





EZNEC can plot any antenna 
You can design and tell you 
Where  your signal will go. 

The program will tell you 
What you are plotting and 
info on gain, beam width, 
takeoff angles and more… 
 



For any given  height 
above ground it will 
show you the entire 
radiation pattern. 



It can show you a  
Plot in 3-D as well. 
 
 



There are many files 
available on the internet  

and in the program, itself,  
so you do not have to  
start from scratch to  

build an antenna 



Let’s start with a 10 element 2 meter Yagi 
 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=vIc6munA3iOw_M&tbnid=sfApDkrmoGVzfM:&ved=0CAcQjRw&url=http://www.amazon.com/Cushcraft-A148-10S-Meter-element-Antenna/dp/B00KGEW8U0&ei=JHwhVLHWAdaeyASs0oC4Bg&bvm=bv.75775273,d.aWw&psig=AFQjCNHuqtw3Ge49bRx8OmyD6jLBXfKQtw&ust=1411566982513956


EZNEC MAIN SCREEN 



The wires screen allows you to position each wire 
Or piece of tubing in the X-Y-Z dimensions and  

Designate its length, position and diameter. 



Then you can show the antenna and flip and 
Rotate it in all 3 planes to look at it.  



And it can display the Currents on  
Each element of the antenna 



Other views of the 10 element yagi 



You can change many parameters of the antenna 
 



EZNEC will allow you to plot SWR curves and  
Smith charts for your antenna.   

 
It can help you design matching sections, 

 L networks and transformers.  
 

 It can examine transmission lines  
you may want to use with an antenna.   

 
You can choose the type of ground 

 your antenna is over. 
 



It will check that you have not made 
any errors in the wire symmetry that 

you have specified. 
 

It allows you to write and save notes on 
any  antenna you have designed. 



Lets look at a horizontal 10 element 2M Yagi  
elevation and azimuth patterns in FREE SPACE.  

 
 This means the antenna Is nowhere near  

any ground or structures which could  
affect the pattern of the antenna. 

 
(Ideally, out in Space) 



14.09 dBi 
     Gain 

Above and below 
Horizontal elements 
 

 

Half Power Point: 
 
-21.6 deg. 

+21.6 deg. 



14.09 dBi 
    Gain 

To the right and left 
Of horizontal elements 
 

+19.3 deg. 

-19.3 deg. 

 





Next we put the antenna 1/4 wavelength  
above real ground 

 
Note that the bottom half of the pattern  

is affected by the ground as is reflected in the 
 lobes created at various takeoff angles 

 
Also note the major lobe takeoff angle. 

 
Follow the takeoff angle and number of  

lobes as the antenna is placed higher. 
 



24  O 
 
 

12.34 dBi 
    Gain         

½ Meter (~19”) 
Above Ground 



19 Deg. 
 
15.74 dBi 
    Gain 



16 Deg. 
 
17.52 dBi 
    Gain 



13 Deg. 
 
18.36 dBi 
    Gain 



11 Deg. 
 
18.89 dBi 
    Gain 



7 Deg. 
 
19.5 dBi 
    Gain 



  5 Deg. 
 
19.76 dBi 
    Gain 



 4 Deg. 
 
19.79 dBi 
    Gain 



 3 Deg. 
19.93    
dBi 
Gain 



1 Deg. 
 
18.85 dBi 
    Gain 



18.85 dBi 
    Gain 



Lower Half of plot removed 

14.09 dBi 
    Gain 



18.85 dBi 
    Gain 



What happens if we flip the 
antenna to vertical polarization? 

 
Note that there is some 

ground gain, but not as much 
as with horizontal polarization. 

 
Again diminishing returns as we 

go higher with the antenna. 



12 

11.86 dBi 
    Gain 

Note the lower takeoff angle for height 
Above ground due to vertical polarization. 
 
Also note lower gain  vs. Horizontal Polarization 
  

H. Pol (15.74 dBi) 



10 

13.42 dBi 
    Gain 

H. Pol (17.52 dBi) 

Notice that we so not see the deep nulls we 
see with the horizontal antennas.  This is  
due to less interaction with the ground. 



9 

14.36 dBi 
    Gain 

H. Pol (18.36 dBi) 



7 

15.88 dBi 
    Gain 

H. Pol (~19 dBi) 



6 

16.6 dBi 
    Gain 

H. Pol (19.5 dBi) 



3 

18.49 dBi 
    Gain 

H. Pol (19.93 dBi) 



1 

18.34 dBi 
    Gain 

H. Pol (18.85 dBi) 









Let’s see how this applies to antennas on 
various bands…   
 
Will the takeoff angle be the same on every  
band for the same per-cent wavelength above ground? 
 
We will look at 2, 6 and 10 Meter yagis at  1, 2, and 5  
wavelengths above ground.  
 
What would you expect to see? 



Yagis up one wavelength: 



13 Deg. 
 
18.36 dBi 
    Gain 

13 degrees 
18.36 dBi    



14 degrees 
15.47 dBi    



Up ~1 Wavelength 

14 degrees 
16.15 dBi    



14 degrees 
12.94 dBi 

NOTE: a 40 M dipole up 1 wavelength  
Has its major lobe at 15 degrees 



Let’s go up to two wavelengths: 



7 Deg. 
19.5 dBi 



7 degrees 
16.18 dBi 



6 Meter Yagi 
UP 2 Wavelengths 

6.8 Deg. 
16.8 dBi 



7 degrees 
13.39 dBi  

NOTE: a 40 Meter dipole up 2 wavelengths 
Has its major lobe at 7 degrees 



Now,  what would you expect  
      
        if we go up five wavelengths? 



   3 Deg. 
 
19.93 dBi 
    Gain 



3 Degrees 
17 dBi  



Just for fun,  I have modeled my  
 
4 bay 2 meter array used for  EME 
 
4 x 20 elements in a 12 foot square 
 
I only show the Horizontal  
Polarization plots… 
 
The lower 2 antennas are 
up 8 ft and he upper 2 are 
up 20 ft…  The effective  
array height is 14 ft. or 
just over 2 WL high.  































So, what have we learned from all this? 
 
*   A Horizontally polarized Yagi close to the ground has 
     ~4.7 dB extra gain due to the ground proximity  
      (It can have as much as 6 dB over perfect ground) 
 
*   As we increase the height above ground we get an 
     increased number of lobes but they get narrower. 
 
•   As we raise the antenna from ¼ WL, we also get more gain 
    due to ground gain, to a point. 
 

*   As we increase the height above ground we approach 
     the free space pattern of the antenna with lowering gain. 
 
•   These trends exist for ALL directional antennas over ground 
     as we saw comparing  2, 6 and 10 meter arrays &  a 40 M Dipole. 
 

*   Ground gain is reduced 1-3 dB for a vertically polarized 
     antenna vs. a horizontal antenna 



Now,  How do we use this Information?  
  

We use it to predict where our signal will 
go at any given time on any given band. 

 
VOACAP knows how big and how high 

antennas are at both ends and it 
calculates the best time of day for the 
power you use for the path you want. 

 



VOACAP Propagation Prediction Program 
  Can be Purchased or Used Online at: 









Thank you for your attention. 
 
                        Any Questions? 


