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A LITTLE HISTORY

• Antennas have come a long way since the first 
dipole with parabolic reflector was fashioned by 
Heinrich Hertz in 1888, followed soon after in 1895 
by Guglielmo Marconi with his ¼ wavelength 
monopole

• Both these men would be astonished by the 
antennas of today

Heinrich Rudolf Hertz, Public domain, via Wikimedia Commons



A LITTLE HISTORY

• The first phased array quickly followed in 1905, 
created by Ferdinand Braun in Strasbourg, Germany

• Compare this to the DARPA panel array created in 
1959 below 

By Karl Ferdinand Braun - Retrieved January 14, 2017 from Karl Ferdinand Braun (December 11, 1909) Nobel Lecture: Electrical 
oscillations and wireless telegraphy, nobelprize.org Nobel Media AB, p. 230, fig. 14. Credited on site to Nobel Lectures: Physics 
1901 to 1921, Elsevier Publishing Co., Amsterdam, 1967, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=55030392



A LITTLE HISTORY

• After the advent of the Klystron and Magnetron in 
1938 and 1940, waveguides leading to dish 
antennas became important new technologies for 
radar in wartime



• Regardless of the technology being used, antennas must be tested, either in the 
field or in the lab

• Antennas with gain focus emit radiation only into desired sections of the sphere
• For instance, except for in space operation, it is usually pointless to broadcast any RF 

energy straight up
• The same can be said for broadcasting downward, as this will simply reflect and cause 

multipath interference

ANTENNA GAIN AND PATTERN



• An antenna broadcasting only within a 20°
section of a sphere, or 1/18 of the total 
surface area, would have a gain of 18, or 
12.5 dB with respect to an isotropic source

• Of course, a physical antenna would not 
have such a sharply delimited broadcast 
pattern, and there may be some amount of 
radiation in other directions

ANTENNA GAIN AND PATTERN



• A simple dipole antenna has a broadside radiation 
pattern – a toroid shape

• This broadcasts well side-to-side, but also has 
significant wasted radiation straight up and down if 
mounted horizontally. A vertical orientation is much 
more efficient

• Theoretical gain is 2.15 dB or 2.15 dBi
• Input impedance where length L is ¼ λ is 73 + 

j42.5 due to fringing end effects. Actual resonance 
occurs at a somewhat lower frequency 

ANTENNA GAIN AND PATTERN



• Adding a reflector and one or more directors 
can make the dipole much more directional, 
and reduces wasted energy

• The reflector adds about 4 to 5 dB to the dipole 
gain

• Each director adds about 1 dB more gain
• Gain is often stated as gain wrt, a dipole (dBd), 

or a theoretical isotropic source (dBi). (2.15 dB 
difference between the two)

• The dBd gain of an antenna under test can be 
easily determined if a reference dipole is 
available for comparison. Adding 2.15 dB to 
this gives the dBi value if needed.

ANTENNA GAIN AND PATTERN



• It’s interesting to evaluate the E-Fields around 
a dipole

• The fringing fields on each end are equivalent 
to a loading capacity and reduce the resonant 
frequency

• At the center feed point that capacity has 
been rotated to an inductance

• A dipole will usually be about 85% of an actual 
half wavelength long because of this

• The axial fields are responsible for EM wave 
development

ANTENNA GAIN AND PATTERN



• Animated Vector E-Fields

ANTENNA GAIN AND PATTERN




http://coppermountaintech.com/wp-content/uploads/2023/03/VecEField.mp4
http://coppermountaintech.com/wp-content/uploads/2023/03/VecEField.mp4


• Animated Magnitude E-Fields

ANTENNA GAIN AND PATTERN




http://coppermountaintech.com/wp-content/uploads/2023/03/MagE.mp4
http://coppermountaintech.com/wp-content/uploads/2023/03/MagE.mp4


• First, understand the difference between near and far-field measurement
• Most pattern measurement is done in the far field, because at that distance the

fields are consistent, and one can extrapolate performance to any distance
within reason

• Near-Field measurement is easier and requires less space, but there may be
some error since the expected far-field performance is extapolated

HOW CAN WE MEASURE THE PATTERN AND GAIN?



WHAT ARE THE NEAR AND FAR-FIELD REGIONS

• In the Near Field region
• E and H fields are 90º out of phase
• Reactive region, 0 < 𝑟𝑟 < 0.62 𝐷𝐷3

𝜆𝜆

• Radiative region (Fresnel region), 0.62 𝐷𝐷3

𝜆𝜆
< 𝑟𝑟 < 2𝐷𝐷2

𝜆𝜆

• In the Far Field Region (Fraunhofer region)
• 𝑟𝑟 > 2𝐷𝐷2

𝜆𝜆
• E and H fields are in phase and orthogonal



• If the wavelengths are short enough, the 
measurement can be made within an 
anechoic chamber

• A standard radiator (orange) illuminates 
the target Antenna Under Test (AUT)

• Port 1 of the VNA is connected to the 
illuminator and Port 2 to the AUT

• Even with good absorbers, it is best to 
use time domain gating in the 
measurement to ignore extraneous 
reflections (standard VNA feature)

WHAT DOES A FAR-FIELD TEST SETUP LOOK LIKE?



• The AUT might be mounted on a 
turntable such that its pattern may 
be evaluated from every direction

• The illuminator can be rotated 90º 
to evaluate vertical polarization

• Integration of the positioning and 
measurement is done by 
companies like MVG. (mvg-
world.com)

WHAT DOES A FAR-FIELD TEST SETUP LOOK LIKE?



• A Direct Receiver Access (DRA) VNA 
may be used in antenna measurement

• The four receivers in a two port VNA 
are shown on the right

• R1 and R2 are reference receivers, 
which sample the outgoing signal from 
each port

• A and B sample any incoming signals
• The DRA option allows direct access 

to these receivers

THE VNA RECEIVERS



• For S-parameter measurement, the various 
parameters come from these receiver measurements

• S11 = A/R1, S21 = B/R1, S12 = A/R2, S22 = B/R2
• Correction is then applied to the results of these 

ratios
• Note that there can be no S-parameter measurement 

without the R1 and R2 reference signals

THE VNA RECEIVERS



• Another way to measure an antenna is to use a far away illuminating 
antenna, such that the arriving waves are planar, and then simply 
compare the AUT received signal to a local reference antenna

• The AUT may be spun about to determine its receive (and transmit) 
antenna pattern

• Using a Direct Receiver Access VNA with stimulus signal turned off, the 
response of the AUT vs the reference antenna is determined from 
receivers, B/A, or S21/S11. 

• S21 = B/R1 and S11 = A/R1
• R1 must be a defined signal, hence the splitter shown in the 

diagram

WHAT DOES A FAR-FIELD TEST SETUP LOOK LIKE?



• The frequency of the illumination should fall within the IF measurement 
bandwidth of the VNA. Frequency accuracy is important.

• Don’t use a narrow IFBW unless both ends are GPS frequency 
locked

• As stated earlier, it is imperative to have a reference signal, R1 or R2, 
to obtain valid A and B receiver measurements and to create the S-
parameter ratios

WHAT DOES A FAR-FIELD TEST SETUP LOOK LIKE?



MEASURE AN ANTENNA PATTERN
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