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A quick glance at the Digi-Key or Mouser Catalog reveals that one of the most 
common electronic components available today is the common mode choke or 
transformer.  But these remarkable devices are conspicuous by their absense 
from the Electical Engineering Curriculum.  The definitive references on this sub-
ject are collected in “Classic Works in RF Engineering” edited by Walker, Myer, 
Raab and Trask, 2006 Artech House.  The reprinted paper by Guanella, first  
published in 1944, provides the basis for the following discussion.

RF Design Using Ideal Transformers

We can design with transformers/common-mode chokes by defining an ideal 
device, describing it with a few simple mathematical rules, and then using that 
idealized model in our circuits.  That is exactly how we treat op-amps, and one 
reason why they are so useful.  As with op-amps, there are a few basic configu-
rations that every engineer and physicist should know.

We’ll start with the basic configuration with two parallel windings.  This is often 
called a common-mode choke, but it is identical to a transformer with an equal 
number of turns on the primary and secondary.  This note requires two titles (see 
above) because the definitions have become sloppy after decades of misuse.

Figure 1 shows two identical windings, with tight magnetic coupling.  (We will 
show some examples of construction later.)  In an ideal transformer with iden-
tical windings, the current in the primary is exactly equal to the current in the 
secondary.

Figure 1 is correct, but a more useful way to describe the currents is shown on 
the next page.  Note that all the usual textbook stuff about turns ratio is missing.  
In all of these devices, each winding has exactly the same number of turns.

i a i b ia  =  ib



In order to treat the transformer as an ideal component defined by a few math-
ematical rules, we modify the model:

i1  +  i2    =  0

Which is identical to the previous page, but easily generalized to include more 
identical windings.  By adopting the convention that the windings are in parallel, 
we can avoid the use of dots to keep track of which end is which.
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i1  +  i2    +  i3     =  0

i1  +  i2    +  i3   +  i4    =  0

etc.   ....but for practical reasons RF transformers 
with more than 4 identical windings are rare.



In simple electric circuits, we deal with voltage, current, and resistance--all relat-
ed by ohm’s law.  In the usual connections, the requirement that currents add to 
zero results in significant voltage drops across the windings.  Since all the wind-
ings are identical, the voltage drops are also equal.

We can now present the two mathematical rules for designing with ideal trans-
formers with identical windings, drawn as shown on the previous page:

The sum of the currents in the windings is zero

Voltage drops across the windings are equal

The Rules:

Compare these with ideal op-amp rules: zero current into the inputs; zero volt-
age difference (virtual short) between the inputs; and an output voltage that 
does whatever it needs to in order to satisfy the rules.  An IC op-amp uses basic 
electronics to approach ideal behavior.  An RF transformer depends on basic 
electromagnetics.  Depending on your background, one or the other may be 
easier to understand, but do not fall into the trap of equating “basic” with “easy” 
in either case.

Just as with op-amps, the next step is to explore the behavior of ideal transform-
ers using basic electric circuit models, starting with a few common configura-
tions.
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In the circuit below, we use the ancient analysis trick of connecting a voltage 
source to a circuit to find out how much current flows.  The ratio of voltage to 
current is impedance, or in these simple circuits, resistance.

i1  +  i2    =  0

A glance at the circuit reveals that i1 must equal i2, since there is no other place 
for the current to flow.  That provides us with two equations and two unknowns, 
easily solved by inspection:

i1  =  i2 

i1  =  i2    =  0therefore:

and

The other rule for ideal transformers states that the voltage drops across the 
windings are equal.  Since there are two windings in series and the voltage 
drops add up to 1 volt, each winding has 0.5 volt drop so:

The impedance looking into the transformer at the point labeled V1 is the ratio of 
1 volt to zero current = infinite impedance.

v2  =  0.5 volts



We now modify the circuit by adding a 1 ohm resistor to ground at the point 
marked V2.  Using the rule that the voltage drops across the windings are equal, 
V2 = 0.5 volt.  From ohm’s law, 0.5 amp flows into the 1 ohm resistor:

i2    =  -0.25Ai1  =  0.25A

from the rule:

and

i1 is the current in the top winding, and the current provided by the 1v source.  
Using ohms law to find the impedance at the point labeled V1:

Finally, let’s confirm that the power provided by the voltage source is equal to 
the power dissipated in the 1 ohm resistor:

0.25 amps
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i1  +  i2    =  0

  =  4 ohms
1 volt________

1 v X 0.25 A  =  0.5 v X 0.5 A  =  250 mW

as required for a circuit with a voltage source, a resistive load, and a lossless 
network in between.
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Things become more interesting when we add a third winding.  The three voltage 
drops add up to 1 volt, so V2 is now 0.33 volts.

i3    =  -0.22Ai1   =  i2   =  0.11A

the current rule for three windings is:

and

i1  +  i2    +  i3  =  0

and by inspection of the circuit:

i2    -  i3  =  0.33Ai1  =  i2

solving the three simple equations with three unknowns:

Since v1 is 1 volt and i1 is 0.11A, the impedance looking into the network from the 
voltage source is 9 ohms.  Checking the power provided by the source and deliv-
ered to the load, we find that each is equal to 111 milliwatts.



Many other common connections are possible, but several are presented here, as 
essential study exercises for the student:
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In each case, use the voltage rule to find v at the indicated output, then add a 
resistor to study circuit behavior.  Then generalize to 4 windings, and add more 
than one input and load...
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