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A BRIDGE TOO FAR: MEASURING
ELECTRICAL CONDUCTIVITY
Make a circuit with
me! – How electrical
conductivity is measured
and reported.
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The next issue of Technical Tidbits
will discuss the measurement of
thermal conductivity.

As defined in Technical Tidbits Issue Number 104,
electrical conductivity is a measure of how well
electrical current (charge in motion) can pass through
a material under the influence of an applied electric
potential (voltage) or electric field. It is the inverse of
electrical resistivity, which measures how much
of the electrical energy passing through a substance is
lost as heat.
The SI unit of electrical conductivity is the Siemen
per meter, abbreviated S/m. In practice, however, the
conductivity of copper alloys is usually expressed as
%IACS, which is short for International Annealed
Copper Standard. 100% IACS is defined as the
conductivity corresponding to a volume resistivity
at 20°C of 17.241 nΩ•m, which was based on the
expected typical conductivity of commercial “pure”
annealed copper at the time the standard was
adopted by the International Electrotechnical
Commission in 1914. For those who like proper
SI units, 100% IACS conductivity is 58.2 MS/m.
With a specific conductivity defined as 100%, it
would seem to imply that this is a maximum value
of conductivity. However, with modern processing
some forms of copper can now exceed 100%
IACS, with reported values as high as 103% IACS.
Commercially pure silver has a conductivity of about
108% IACS. A true superconductor (zero resistivity)
would have infinite conductivity. Aluminum and gold,
the only other stable metals with more than half of
copper’s conductivity, show 66 and 73% IACS, respectively.
For purposes of discussion, we will restrict the
resistance measurements to DC conditions. In AC
currents, inductive and capacitive effects in the circuit
come into play, and the current and voltage are no
longer nicely linearly related by the resistance. As
the frequencies become higher, more of the total
impedance of the circuit comes from capacitive or
inductive reactance, and less from the resistance. We
could discuss this further, but this is really a topic for
another day.

Digital ohmmeters are often used to measure the
resistivity (ρ) or conductivity (σ) of a material. The
easiest way to do this is to measure the resistance (R)
a sample with a known length (L) and a constant,
regular cross section (A). To do this, you would apply
a known voltage (V) across the sample and measure
the current (I) with an ammeter. Alternatively, you
could run a known current through the sample and
measure the voltage drop across the sample. The
6 quantities are related by the following equations:
R=(ρ∙L)/A=V/I and σ=1/ρ, therefore ρ=(V∙A)/(I∙L) and
σ=(I∙L)/(V∙A). This method is known as a two point
measurement, since the measurement device
contacts the sample at exactly two points (the ends).
The 2 point measurement does have some limitations, as the measured resistance includes not only
that of the test sample, but also that of the test
probes themselves. This problem can be overcome
with the use of a four point measurement, which
uses two leads to pass a known current through the
sample (measured with an ammeter), and two other
leads independent of the current source, to measure
the voltage drop over a known distance between
the current input and output points. The voltage
and current are measured separately. The resistance
of the current leads does not contribute to the
measured voltage drop, leading to a more accurate
measurement than the 2 point method.
The most common means of measuring electrical
conductivity is with a Kelvin Bridge (a modified
version of the Wheatstone Bridge that most of
us remember from practical lab work during our
university days.) This method also uses the 4 point
measurement technique, although instead of using a
voltmeter or ammeter, the resistance is calculated by
balancing known resistances with the unknown resistance.
A laboratory example can be seen in the center and
right side of Figure 1. This particular apparatus was
used to measure the resistivity (conductivity) of
copper alloy strip materials. The 4 leads can be
seen on the right side of the figure.
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Figure 1. Eddy Current Probe (Left) and Kelvin Bridge (Right) Devices for Measuring
Electrical Conductivity/Resistivity.
The Kelvin Bridge would be used for thin strip and wire, while the eddy current probe (while quicker and
easier) can only be used on thicker materials.

Another means of measuring electrical conductivity
of bulk materials is to use an eddy current probe.
This works by passing an AC current through a coil,
held above the surface of the sample. The changing
magnetic field induces currents to flow in the sample
to be measured. By measuring the change in coil
impedance (resistance), you can get an idea of how
much energy is being lost due to the resistance of the
material under test. Such a device can be seen on the
left side of Figure 1.
It goes without saying that temperature can affect
the results of the conductivity measurement. The
temperature coefficient of resistance (α) is
a measure of how the conductivity/resistivity of a
material changes with respect to temperature. It is
defined as the rate of change of electrical resistivity
per degree of temperature rise: α=(ρ-ρ0)/ρ0∙(T-T0),
where ρ0 is the resistivity at the reference temperature T0, and ρ is the resistivity at temperature T. To
calculate the conductivity (σ) based on the reference
conductivity (σ0), use the following equation: σ=σ0/
α[1+(T-T0 )] .

When measuring the conductivity, you should try to
do so in a controlled environment. Most devices are
calibrated to a temperature of 20°C. More sophisticated measurement devices may also be able to
measure the ambient temperature and automatically
run compensate for it.
You should also take care to choose and appropriate
current level to run through the sample. If the current
is too high, then it will heat the sample above the
ambient temperature, increasing the error in the
measurement. You can check by varying the current
level and seeing if the conductivity measurement changes.
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Health and Safety
Handling copper beryllium in solid
form poses no special health risk.
Like many industrial materials,
beryllium-containing materials may
pose a health risk if recommended
safe handling practices are not
followed. Inhalation of airborne
beryllium may cause a serious lung
disorder in susceptible individuals.
The Occupational Safety and
Health Administration (OSHA)
has set mandatory limits on
occupational respiratory
exposures. Read and follow the
guidance in the Material Safety
Data Sheet (MSDS) before
working with this material. For
additional information on safe
handling practices or technical
data on copper beryllium, contact
Materion Performance Alloys
or your local representative.

