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TRANSMITTER

๏ The transmitter with nothing 
connected. 

๏ Open circuit. 

๏ No current. 

๏ No radiation.

FEED LINE

๏ The transmitter with an open 
feed line. 

๏ This is an open circuit. 

๏ No current. 

๏ High voltage. 

๏ No radiation from the feed 
line.

FEED LINE

๏ The transmitter with a closed 
circuit at the end of the feed 
line. 

๏ This is a short. 

๏ High currents. 

๏ Low voltage. 

๏ No radiation. 

๏ No radiation from the feed 
line.



DIPOLE

๏ The near field close the loop, 
the current flows in the 
antenna and the feed line. 

๏ The currents are balanced in 
the feed line. 

๏ Electric and magnetic field 
cancel each other in the feed 
line. 

๏ No radiation from the feed 
line. 

๏ The antenna radiates.

NONO-POLE

๏ The antenna is not balanced. 

๏ The near field couple with the 
feed line to complete the 
circuit. 

๏ The feed line is not balanced 
anymore. 

๏ The feed line becomes part of 
the antenna (radiation). 

๏ Everything radiates, even the 
transmitter.

IN THE REAL WORLD IN THE REAL WORLD



THE READ WORLD

๏ The antenna couple with the 
nearby structures. 

๏ Then antenna couple with the 
feed line. 

๏ You have an unbalanced 
system. 

๏ The coax leak currents. 

๏ Common mode currents flow 
outside the coax.

FEED LINE
Balanced or un-balanced

BALANCED LINE

๏ Skin effect. 

๏ HF currents on the surface 
of the wires. 

๏ The currents and magnetic 
fields cancels each other. 

๏ Feed line is balanced and 
does not radiate. 

๏ Noise rejection, can be as 
great as 60 to 70 dB.

BALANCED LINE PROBLEMS

๏ Couple with nearby metal, 
ground, stucco… 

•Losses. 

•substantial impedance 
change. 

๏ Not balanced anymore. 

๏ The feed line becomes 
part of the antenna.



COAX

๏ Skin effect. 

๏ HF travels on the surface of 
the conductors. 

๏ HF currents stays inside. 

๏ No radiation outside the coax.

๏ What’s inside the coax stays 
inside the coax. 

๏ Nearby structures do not 
affect the magnetic field.

DIFFERENTIAL / COMMON

Differential Current: 
Two and equal opposite 
signals flowing in a pair 
of lines. 

Common mode current: 
Signal without equal and 
opposite current. 
Two signals flowing in the 
same direction in a pair of 
line. 
The feed line is part of 
the antenna (I3)

COMMON MODE CURRENT PROBLEMS
๏ Antenna pattern and polarization: 

•Reduce gain. 

•Unwanted vertically-polarized radiation. 

•Interference, (unwanted signals / noise). 

๏ Antenna SWR: 

•Increase. 

•Shift antenna resonance. 

•SWR change with the length of the feed line. 

๏ RFI: 

•RF burns. 

•Audio distortion. 

•Interfere with other household electronics.

TRANSFORMERS
Voltage vs Current Transformer



VOLTAGE TRANFORMER

๏ Change from balanced to 
unbalanced and vice versa. 

๏ Transform the impedance 
varying the turn ratio, 
primary/secondary. 

๏ It can be an auto-transformer.

The ground in the transformer is 
optional.

VOLTAGE TRANSFORMER

๏ The transformer on the final 
stage of your radio transform 
from balanced to unbalanced. 

๏ This transformer change the 
impedance from the internal 
impedance to 50Ω. 

๏ The coax is not unbalanced 
because it is grounded. 
It can be grounded because 
it is unbalanced.

CURRENT TRANSFORMER

๏ Also called chokes or UnUns 

๏ Flux from differential currents 
cancel each other. The signal 
only see a no impedance. 

๏ Flux from common mode 
currents are added. The 
common mode see a high 
impedance. 

IN THE REAL WORLD



TYPE OF CHOKES
Current Transformer

UGLY BALUNS

๏ Good choking impedance. 

๏ Cheap. 

๏ High Q (Very narrow bandwidth) 

๏ Frequency dependent. 

๏ Number of turns and 
diameter determines the 
band. 

๏ Large and heavy on 
frequencies bellow 14MHz

SLEEVE CHOKES (W2DU)

๏ Ferrite beads on a coax. 

๏ Low loss. 

๏ Good SWR. 

๏ Low Q. 

๏ No risk of self-resonance. 

๏ Simple to build. 

๏ Needs a lot of beads for a 
good choking impedance: 

•It can be expensive. 

๏ Not practical at low 
frequencies or high power.

CURRENT TRANSFORMER

๏ The windings can be coax 
or wires. 

๏ Line impedance is 
important. 

๏ Wire length is also 
important. (<𝜆/4) 

๏ Only the common mode 
current magnetize the 
core, (Less heat than voltage 
transformers).



CURRENT TRANSFORMER

๏ Good choking impedance. 

๏ Good choking bandwidth. 

๏ More inductance lowers the 
bottom frequency. 

๏ More turns lower the upper 
frequency. 

๏ Play with the number of 
turns or ferrite permeability. 

๏ Self resonance determine 
the highest usable 
frequency. 

HIGH POWER CHOKES

๏ The number of toroid 
determine the amount of 
heat they will be able to 
dissipate. 

๏ Watch for the minimum 
bend radius of the coax.  

๏ Avoid coax with foam 
dielectric. 

๏ Airflow to better dissipate 
heat.

I WANT TO BUILD 
MY CHOKE

Any advice?

SAFETY

Protect 
your 
eyes!



GOALS FOR A CHOKE

๏ High common mode impedance. 

๏ Higher than 1KΩ (more than 20dB attenuation). 

๏ Around 30dB is good. 

๏ Greater than 35dB is fantastic. 

๏ Resistive. 

๏ Line loss or core loss will cause excessive over heating. 

๏ Low insertion loss. 

๏ Low SWR. 

๏ Workable frequency for your bands.

TEST YOUR FEED LINE

๏ Do I need a choke? 
Use a Clamp-on RF 
current probe to test if you 
have common mode 
current on your line. 

๏ Is my choke working? 
Use a Clamp-on RF 
current probe to test if you 
choke is blocking the 
common mode current. 

๏ Measure outside the 
shack.

TEST YOUR CHOKE

๏ Measuring the SWR of a 
choke does not tell if the 
choke is doing its main 
function. 

๏ You need to test the 
common mode 
attenuation. 

๏ You need a Spectrum 
Analyzer with a Tracking 
generator (VNA). 

๏ You are in luck the 
NanoVNA is only $50.

CORE MATERIAL

๏ Low loss. 

๏ High Q = narrow band. 

๏ Low impedance per turns. 

๏ Not used for chokes. 

๏ Used for high Q inductors.

Powdered Iron



CORE MATERIAL

๏ Manganese-zinc (MnZn) or Nickel-Zinc (NiZn)

Ferrites

Mix Permeability AL MHz Mix Permeability AL MHz

#31 1500 3.6 #61 125 43

#33 600 4.5 #75 5000 2.2

#43 800 14.0 #77 2000 1.7

๏ Do not operate near saturation: 

•Ferrite is a non-linear component and will generate 
intermodulation distortion. 

๏ Watch temperature.

OLD TOROIDS

๏ Wind a few turns or wire 
around a toroid. 

๏ To compare 2 toroids use the 
same number of turns. 

๏ Use your VNA to compare the 
attenuation. 

๏ It is also interesting to look at 
the complex impedance. 

๏ For quick comparisons you 
can use an antenna analyzer. 
https://bit.ly/2VaDI31

IRON POWDER FERRITE MIX #31

Manganese Zinc (MnZn)



FERRITE MIX #43

Nickel Zinc (NiZn)

BUILD YOUR OWN CHOKE

๏ Example: 

• Mix #43. 

• 18 AWG PTFE wire. 

• Double winding. 

• 10 turns on each side.

BUILD YOUR OWN CHOKE

๏ Measuring the attenuation: 

• 2 resistors are used to 
equally split the current on 
both windings. 

• This setting adds 2dB 
attenuation, that need to be 
removed from the final 
results.

BUILD YOUR OWN CHOKE



BUILD YOUR OWN CHOKE CONCLUSION (1 / 2)

๏ Install a choke at the antenna, (test the feed line before and after). 

๏ Also maybe one at your house ingress, (test the feed line). 

๏ Use another choke near the radio if you still have common 
mode current problems. 

๏ Installing an unknown transformer when you don’t need one 
can cause problems. 

๏ After installation, your problems should get better. 

๏ Monitor the temperature of a new choke. 

๏ Use a unun/choke, (voltage baluns are for impedance matching).

CONCLUSION (2 / 2)

๏ Buy a choke from a reputable vendor, (eBay / Amazon are not 
reputable vendors). 

๏ Building your choke will probably cost you less, (it’s a fun and 
easy project). 

๏ Make sure you have the right ferrite material: 

•permeability. 

•frequency range. 

๏ Make sure your choke can handle the power, (heat). 

๏ The internet has more bad than good advices. 

๏ Experiment! (Experimentation is the heart and soul of ham radio)
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