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APPENDIX 10 – THE IEEE DEFINITIONS OF DISSIPATIVE AND NON-
 DISSIPATIVE IMPEDANCE AND RESISTANCE

Are you aware that there is resistance
that is non-dissipative? If not, you are not
alone, because many otherwise knowl-
edgeable electrical engineers are not only
unaware of it, but due to a misunder-
standing, some deny it exists. (We are not
talking about a physical resistor.) The
concept of a non-dissipative resistance is
one of the most misunderstood concepts
in all electrical engineering. There are at
least two reasons for this misunderstand-
ing. First, we learned about dissipative
resistance while studying DC circuits, but
when moving on to AC theory, many may
have failed to notice that dissipative re-
sistance is not the only kind of resistance.
In addition, the concept was seldom, if
ever, discussed by the EE professors. Sec-
ond, the IEEE, in its infinite wisdom,
chose to assign the same name, resistance,
to both types, dissipative and non-dissi-
pative, resulting in the present confusion.

Therefore, to assist in clarifying this
unfortunate misunderstanding, I first
quote the IEEE definitions, and then ex-
amine the real part of impedance, Defini-
tion 2 of Resistance.

From the IEEE Standard Dictionary
of Electrical and Electron Terms, I quote
the IEEE Std 100–1972 definitions of
Impedance and Resistance:

Impedance –  (1) (linear constant-
parameter system)

(B) The ratio of the phasor equiva-
lent of a steady-state sine-wave voltage
or voltage-like quantity (driving force) to
the phasor equivalent of a steady-state
sine-wave current or current-like quan-

tity (response) The real part of impedance
is the resistance. The imaginary part of
impedance is the reactance. (C) A physi-
cal device or combination of devices whose
impedance as defined in (B) can be deter-
mined. Note:  This sentence illustrates the
double use of the word impedance, namely
for a physical characteristic of a device or
system (definition B) and for a device
definition (C)). In the latter case the word
impedor may be used instead of to reduce
confusion. Definition (C) is a second use
of impedance and is independent of defi-
nition (B). Editors note: The ratio Z is
commonly expressed in terms of its or-
thogonal components, thus

                     Z = R + jX

where Z, R, and X are respectively
termed the impedance, resistance, and re-
actance, all being measured in ohms.

(2) (electric machine) Linear op-
erator expressing the relation between
voltage (increments) and current (incre-
ments) Its inverse is called the admittance
of an electric machine.

(3) (two-conductor transmission
line) The ratio of the complex voltage be-
tween the conductors to the complex cur-
rent on one conductor in the same trans-
verse plane.

Resistance (1) (network analysis)
(1) That physical property of an ele-

ment, device, branch, network, or system
that is the factor by which the mean-
square conduction current musts be mul-
tiplied to give the corresponding power
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lost by dissipation as heat, or as other
permanent radiation or loss of electromag-
netic energy from the circuit.

(2) The real part of impedance.
Note: Definitions (1) and (2) are not

equivalent but are supplementary. In any
case where confusion may arise, specify
definition being used. (End of quote from
the IEEE Dictionary)

Summarizing the two resistances:

Definition 1 resistance is the heat-
dissipative property of physical resistors.

Definition 2 resistance is the real part
of impedance.

Definition 2 represents the general
case, and Definition 1 is a special case of
Definition 2, and is limited to resistors
alone by the definition. In Definition 2 the
real part of impedance may be the dissi-
pative resistance of a physical resistor or
it may be a non-dissipative resistance rep-
resenting only the transfer of energy.

We know that resistance is a ratio,
the ratio of voltage divided by current.
When taking measurements of voltage
and current many people imagine they are
measuring the dissipative characteristic
of resistance when calculating the volt-
age–current ratio. However, unless it is
known that they are dealing with a resis-
tor, they cannot conclude anything about
the presence of a Definition 1 resistance.
Keep in mind that the impedance of a re-
sistor is exactly equal to its Definition 1
resistance, so the real component of a re-
sistor is always a Definition 2 resistance.
In other words a resistor will have both a
Definition 1 and a Definition 2 resistance
that are exactly equal. But, in general, the
only resistance we usually measure is the

Definition 2 resistance.
When one measures voltage and cur-

rent at a connection the ratio is always
resistance of the Definition 2 kind, i.e. you
are measuring impedance. But there is no
way to postulate on the mechanisms that
are causing the observed relationship
strictly from the observed values. Simi-
larly, without more information one can-
not know the ‘source(s)’ of the resistance.
Thus it doesn’t matter at all whether one
is dealing with dissipative or non-dissi-
pative resistances–one cannot tell any-
thing about that from measurements of
voltage and current. We know only that
the product of voltage and current tells
us the power transferred at the connec-
tion, and that the ratio of voltage and cur-
rent tells us the resistance between the
terminals (impedance if reactance is in-
volved). And we know that a ratio has no
way of dissipating energy into heat, so
unless we obtain additional information
we can only conclude that the resistance
(or impedance) is non-dissipative. A pro-
cess for measuring Definition 1 resistance
requires some form of thermal measure-
ment, but we don’t usually do this kind of
measurement because we know where the
resistors are located if there are resistors
involved.

So now you may ask, what resistance
is there that is non-dissipative? To answer
this question let’s first consider a lossless
transmission line terminated in its char-
acteristic impedance Z0. In a lossless line
Z0 is a pure resistance, R.  If we apply a
voltage across the input terminals and
measure the current flowing into the line,
we will find that the current equals the
voltage divided by Z0. After manipulating
this expression, we find that Z0, or R,
equals the ratio of the applied voltage to
the resulting current flow into the line.
Thus by measuring the voltage and cur-
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rent we can determine the value of R. We
also know that the product of the voltage
and current equals the power delivered
to the line. But what is generally over-
looked is that the power delivered to the
line is not dissipated there, but is trans-
ferred along the line to the load where it
is then dissipated. Thus the resistance ap-
pearing at the input and all along the line
up to the load termination is non-dissipa-
tive. The dissipation to heat occurs only
in the load resistor.

Continuing, let’s also examine the
common ham installation consisting of a
transceiver, an antenna tuning network,
and an antenna. Also let’s recall that dis-
sipation in Definition 1 of resistance
means dissipation as heat, and in Defini-
tion 2 resistance is the real part of im-
pedance, which is often represented by the
term ‘Re’ to differentiate it from dissipa-
tive resistance ‘R’. It will be instructive
in this discussion to use impedance, with
the emphasis on its real part Re, which
represents only the transfer of energy
across terminals connecting one compo-
nent to another.

 As we know, the transceiver delivers
power to a transmission line, which trans-
fers the power to the antenna-tuning net-
work. The tuning network then transfers
the power to the transmission line, and
the transmission line transfers the power
to the antenna, where the power is then
radiated (or dissipated, if you prefer). At
each point along the way from the trans-
ceiver to the antenna, the power is car-
ried by voltage and current, the product
of which is the power. However, at each of
these points the ratio of the voltage to
current is the impedance level at which
the power is being transferred. For ex-
ample, the usual impedance at which the
transceiver delivers power to the trans-
mission line is 50 ohms, where with a

power of 100 watts, the voltage is 70.71
volts and the current is 1.414 amps. Veri-
fying, the impedance is 70.71 ÷ 1.414 =
50. (For the purpose of discussing the prin-
ciples it is customary to consider the com-
ponents in the system as lossless.) Mov-
ing on to the output of the network we
measure the voltage and current at the
input of the line feeding the antenna, to
find 122.47 volts and 0.8165 amps. Mul-
tiplying the volts times the amps yields
the power transferred, 100 watts, but di-
viding volts by amps yields the impedance
level at which the power was transferred
to the line, 150 ohms. Different imped-
ance—same power. Observe that the
power level remained constant, indicat-
ing that there was no dissipation to heat
in the system. The impedance at the out-
put of the transceiver is Z = 50 + j0 ohms,
with 50 ohms the resistance Re. Re is the
real part of the impedance, which simply
means the power was transferred at the
50-ohm resistance level, but no power was
dissipated to heat there. Likewise, the
impedance at the input to the antenna line
is Z = 150 + j0 ohms, where again, the
150 ohms is the real part of the imped-
ance, but no power was dissipated to heat
there either. Thus the real part Re of the
two impedances just discussed are non-
dissipative. If the line input impedance
had been reactive, as it usually is, such
as Z = 150 – j375 ohms, the real part of
the impedance, Re = 150 ohms as before,
and the –j375 ohms is simply the capaci-
tive reactance, the reactive part of the
impedance, which of course is also non-
dissipative.

This concept of non-dissipative resis-
tance also applies to the terminals of net-
works. The ratio of voltage to current at
those terminals also yields the impedance,
of which the real part is non-dissipative.
The resistance Re simply represents the
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transfer of power through the terminals
from one network to the next, with no dis-
sipation at the terminals.

John Fakan, KB8MU, Ph.D. in Elec-
trical Engineering wrote the following il-
luminating discussion on non-dissipative
resistance especially for this book, using
a mechanical analogy. His mechanical
analogy assists in developing a clear un-
derstanding of one of electrical engineer-
ing most serious misunderstandings con-
cerning non-dissipative impedance, and
why a simple mathematical ratio such as
voltage divided by current cannot dissi-
pate energy into heat.

“Try this analogy to get your brain
focused on the principle. Consider power
transfer in a rotating mechanical system.
The maximum power available at any con-
nection (for example, at the end of the
drive shaft) can be specified as some
horsepower level at a given impedance. (I
know it is not common practice to use the
word impedance here, but it is appropri-
ate and has precisely the same meaning
as ‘impedance’ in electrical power trans-
mission.) Usually the impedance is stated
as the ratio of torque and rotational speed
- the common variable pair for discussing
rotational systems. In other words, the
maximum power transfer can only occur
at a specific speed and torque. The load
connected to the shaft must be able to use
all of the torque at that specific speed or
it will not receive all of the available
power.  If the ultimate load has a differ-
ent impedance (ratio of torque and speed)
one must match the two impedances to
transfer maximum power. That of course
is easily done with gears — which simply
change the torque/speed ratio. The prod-
uct of torque and speed is the power, and
the gears (impedance matching device) do
not change this.

Losses in the above system are due
to friction and friction-like processes. Fric-
tion also has characteristics of torque (or
drag) as a function of speed– i.e., at a given
speed the frictional drag on the rotating
shaft will produce a torque load. The
losses will be proportional to the product
of the speed and frictional torque. These
losses will be due to the mechanical en-
ergy being changed to thermal energy –
i.e.: dissipated as heat. The frictional drag
reduces the amount of torque available
downstream of the point where the fric-
tion occurs. Giving the name ‘resistance”
to this phenomenon makes a lot of sense.
Giving the same name to the other ratio,
(the speed/torque ratio at which power is
transferred would be a very dumb idea —
although the units are the same. This
would certainly cause a great deal of
confusion.

It is also exactly analogous to electri-
cal power transfer. The available power
is expressed as the product of some vari-
able pair (we commonly use voltage and
current) but this power level is available
at a specific ratio of the variables– i.e.:
impedance. The common loss process in
electrical power transfer is due to electri-
cal ‘friction’ whereby when current flows
through real materials the loss will de-
pend on the amount of voltage ‘dropped’
while the current passes on through. The
voltage loss reduces the amount of volt-
age available downstream of the point
where the loss occurs. This process is
named ‘resistance’, which makes good
sense.  Unfortunately, the real part Re of
the ratio of the voltage and current at
which power is being transferred is also
named ‘resistance’ — although it is an
entirely different concept. This does
cause a great deal of confusion.

Electrical impedance is nothing more
than the ratio of voltage and current with
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which electrical energy is being trans-
ferred.  It is just that simple. It is a math-
ematical ratio — like 12/5. In addition,
because it is nothing more than a math-
ematical ratio (even if it sometimes hap-
pens to be a complex mathematical ratio)
it cannot dissipate energy nor can it do
anything else to the energy transfer pro-
cess.

The input impedance of a transmis-
sion line is simply the ratio between the
applied voltage and the current that will
be induced because of that voltage. (This
is NOT the characteristic impedance of
the line.) Again, just a ratio of numbers,
and thus nothing to do with dissipation.
It may very well be that the transmission
line is connected to a dummy load, in
which case all of the energy transferred
to the transmission line may be dissipated
in the dummy load, but nothing at the
input of the line can tell us that. If you
get focused on the need for impedance (in
any kind of energy transfer process) it
should all become obvious.  It may help to
consider ‘lossless’ systems at first.  You
still need to describe the ratio of the vari-
ables — that doesn’t change. So you will
still be dealing with electrical ‘resistance’,
Definition 2), but will not be dealing with
resistance, Definition 1).

Also, please note that impedance only
deals with what is happening at the con-
nections between components — it has
nothing to do with how the values get to
be what they are (i.e.: the processes within
the components).”

Another example of a non-dissipative
resistance occurs between two terminals
of a lossless network. Here the energy is
transferred from one portion of the net-
work to its adjacent component down-
stream with no energy dissipated as heat.
The network components would get hot if
there were dissipation. Therefore the volt-

age across the network terminals divided
by the current through the terminals de-
fines the impedance Z = E/I appearing at
the terminals, in accordance with IEEE
definition (B) of impedance. In this case,
where there is no dissipation, the ‘R‘ term
in the IEEE equation Z = R + jX may be
replaced by the non-dissipative resistance
term ‘Re’, indicating that it is the ‘real
part’ of the impedance. In a real physical
network, all the energy is transferred to
the next component downstream, as in the
lossless network, except for the loss due
to dissipation in the inherent resistance
in the components of the network.

If the discussion above didn’t per-
suade you that the real part of impedance
Re represents non-dissipative resistance
in accordance with impedance definition
(B), here’s still another example, found in
electric power transmission systems. Let’s
assume that at one point in a given dis-
tribution system the voltage across the
line is 20,000 volts with 50 amperes flow-
ing. With this voltage and current the
transmission line is transferring one
megawatt of power to its many loads,
where the power is then dissipated.  The
impedance of the line at this point is
20,000 divided by 50, which is 400 ohms.
At a point downstream in the system, af-
ter going through an impedance-match-
ing device, a step-down transformer, (like
the gears in the rotating system) the volt-
age is 2,000 volts and the current is 500
amperes. The same amount of power is
still being transferred, one megawatt, but
the impedance has decreased to 4 ohms,
2,000 volts divided by 500 ohms. One
megawatt of power was transferred at the
new value of impedance, but no dissipa-
tion occurred (except for inherent, but in-
significant wire-resistance loss), until
reaching the loads down stream. There
was no dissipation in either the 400- and
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4-ohm impedances. If the voltage and cur-
rent travel in phase, the impedance Z =
Re exactly; if the voltage and current
travel out of phase, there is a reactance
component in the impedance: Z = Re ± jX,
where jX is the reactive component.
(Where there are reactive components
(usually inductive) in the power being
transferred, the power companies use
compensating capacitors to maintain the
power factor as close to 100% as possible.)
However, in either case, no dissipation as
heat occurred in the impedances. Thus the
resistance components R in the imped-
ances are dissipationless.

Of course, as stated above, there will
always be some dissipation as heat in the
wires of the transmission line, because
they have inherent dissipative resistance
according to Definition (1). However, this
insignificant dissipation does not detract
from the concept of the unrelated non-dis-
sipative impedance determined by the
ratio of the voltage across the line, to the
current through the line at any point
along the line. If the impedance is com-
plex the energy storage in the reactances
are unaffected when the resistance is non-
dissipative. Thus the voltage/current
phase relationships are the same, whether
the real part of the impedance is dissipa-
tive or non-dissipative.
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