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Compliance News

FCC Adopts Rules
Prohibiting the Use of
Testing Labs in Non-MRA

Countries

As expected, the U.S. Federal
Communications Commission
(FCC) has approved new rules that
it says will support the integrity and
security of electronic device testing
laboratories and services.

The Commission voted to enact a
rulemaking detailed in a draft Second
Report and Order and Second Further
Notice of Proposed Rulemaking

that will ban recognition of testing
labs, testing certification bodies, and
laboratory accreditation bodies located
in or operating within countries that
do not have a Mutual Recognition
Agreement (MRA) or reciprocal trade
agreement in effect with the U.S.

Specifically, the new rules will:

* Require all test labs and
telecommunications certification
bodies (TCBs) to provide the
Commission with the names of
all foreign employees involved in
testing and certification activities;

» Update post-market surveillance
and enforcement procedures
and establish confidential
communications channels to report
potential violations or national
security concerns;

* Develop a consolidated list of
prohibited testing labs to facilitate
more efficient applicant screening;
and

* Provide an expedited review
process for devices tested by
“Trusted Test Labs,” that is, labs
based in the U.S. or in a country
with an MRA or comparable trade
agreement in effect.

The new regulations detailed in the

Second Report and Order will take
effect as of June 1, 2026.
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FDA Announces Innovation
Challenge for Home
Healthcare Devices

The U.S. Food and Drug
Administration (FDA) has announced
a new initiative to help provide
patients with new and innovative
medical technologies that can be used
in home settings.

According to the FDA, the new
initiative, titled “READI-Home:
Reducing Readmissions through
Device Innovation for the Home,”
invites medical device companies
and developers to participate in

an innovation challenge, in which
they provide proposed solutions for
medical device technologies to be
used in the home setting.

Applicants will be reviewed by the
agency during the Selection Phase,
with a limited number selected to
proceed to the Interaction Phase.
During the Interaction Phase,
selected participants will benefit
from early engagement with FDA
regulatory officials and receive
regular feedback so that they can
further refine their designs.

The READI-Home initiative is part
of the FDA’s Center for Device and
Radiological Health’s (CDRH) “Home
as a Healthcare Hub Initiative.”

European Notified Bodies
Association Raises
Concerns About MDR,
IVDR Revisions

The European Association of
Medical Devices Notified Body
(Team-NB) is concerned that certain
proposed changes in the upcoming
revisions of the EU’s Medical Device
Regulation (MDR) and the In Vitro
Diagnostic Regulation (IVDR) could
compromise patient safety.

According to an article posted to the
website of the Regulatory Affairs
Professional Society (RAPS),
Team-NB shared its concerns with
the European Commission in early
April about specific changes in the
proposed revisions intended to reduce
the potential for medical device
shortages throughout the EU.

Specifically, “the proposed measures
jointly reduce notified body
involvement across certification and
surveillance activities,” including
less surveillance, less sampling,

less in-depth reviews, less review of
clinical information at various stages,
and less unannounced audits.

According to Team-NB Director
Francoise Schlemmer, “viewed
cumulatively, these changes would
lower regulatory oversight to a
level below that applied under

the Directives...shifting the EU
systems from a preventative to a
predominantly reactive model.”

China Pushes Back on
FCC Restrictions on
Testing, Certification

China has quickly voiced its ardent
opposition to the U.S. Federal
Communications Commission’s
(FCCs) latest efforts to disqualify
China-based testing labs from the
testing or certification of electronic
devices sold or marketed in the U.S.

In a statement issued the day after

the FCC’s vote to approve restrictions
on testing labs, China’s Ministry of
Commerce said that “the FCC has
abandoned the principle of technology
neutrality, overstretched the concept
of national security, and repeatedly
imposed restrictive measures without
factual basis.”

“If implemented,” the statement
continued, “these measures
will severely disrupt the
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international economic and trade order,

destabilize global industrial and supply chains

in telecommunications, electronics, and related
fields, impact global industrial cooperation and
technological innovation, and also harm the
interests of U.S industries and consumers, affecting
the security of the U.S. supply chain itself.”

“Should the U.S. side insist on going its own way.
China will take necessary measures to firmly
safeguard the legitimate rights and interests of
Chinese enterprises,” the statement concluded.

Apple Releases 2026
Environmental Report

Apple continues to make progress on its journey
toward environmental sustainability, according to
the company’s most recent annual environmental
progress report.

The company’s 2026 environmental progress
report shares details about Apple’s successes in
2025. The headline? Thirty percent of the material
used in Apple products shipped in 2025 came
from recycled content. Further, greenhouse gas
emissions were down more than 60% since 2015,
while the company has made further progress
regarding its use of renewable energy, innovative
materials, and recycling.

An article posted to the “Recycling Today”
website summarizes some of Apple’s other areas
of environmental progress in 2025, including
circuit boards made of 100% recycled materials
and the launch of a new electronics recycling line
in California.

According to the article, outgoing CEO Tim Cook
noted that “these milestones in our work to protect
the planet show that ambitious goals can also be
powerful engines of innovation.” And Sabih Khan,
Apple’s Chief Operating Officer, echoed Cook,
confirming that “across every part of our business,
we’re showing how innovation and collaboration
can turn big ideas and bold ambitions into
measurable progress.”

Apple’s environmental progress in 2025 supports
the company’s overall effort to reach its “Apple
2030 overarching environmental goal to achieve
company-wide carbon neutrality by the end of the
current decade.
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Expert Insights

PRACTICAL ENGINEERING

Basics of Grounding and Bonding
for EMC Compliance

By Don MacArthur

In the realm of electromagnetic
compatibility (EMC), grounding
and bonding are fundamental
practices that ensure the safe and
effective operation of electrical
systems. Proper grounding and
bonding minimize electromagnetic
interference (EMI) and enhance
the performance, reliability, and
safety of electronic devices. This
article delves into the principles of
grounding and bonding in EMC,
explores common practices across
various industries, and highlights
successful implementations through
case studies.

PRINCIPLES OF GROUNDING
AND BONDING IN EMC

Grounding and bonding are
interrelated concepts crucial for
EMC. Grounding refers to creating a
reference point, typically the earth,
for electrical systems. Bonding
involves connecting different metal
parts to create a low-impedance path
for electric currents. These practices
serve several purposes:

1. Safety: Grounding provides a
path for fault currents to flow to
the earth, reducing the risk of
electric shock and fire. Bonding
ensures that all conductive parts
maintain the same electrical
potential, preventing hazardous
voltage differences.

2. EMI Reduction: Proper grounding
and bonding minimize the potential
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for electromagnetic interference.
By providing a continuous path
for high-frequency currents, these
practices prevent the formation of
radiating structures and reduce the
risk of EMI.

3. Signal Integrity: Grounding
and bonding help maintain signal
integrity by providing stable
reference points and minimizing
noise and interference. This
is especially important in
high-speed digital circuits and
communication systems.

COMMON GROUNDING AND
BONDING PRACTICES

Different industries employ
various grounding and bonding
practices tailored to their specific
requirements. Here are some
common practices:

1. Industrial Settings

a. Single-Point Grounding:
In industrial environments,
a single-point grounding
system is often used to
prevent ground loops and
reduce noise. All equipment
is connected to a single
ground reference, minimizing

potential differences and EMI.

b. Equipment Bonding: Metal
enclosures, cabinets, and
structural components are
bonded together to create a
continuous low-impedance

path. This practice ensures
that fault currents and EMI are
safely directed to the ground.

2. Telecommunications

a. Isolated Ground Systems: In
telecommunications, isolated
ground systems are used to
protect sensitive equipment
from ground noise. Separate
grounding conductors are run
directly to a single ground
point, isolating the equipment
from potential noise sources.

b. Surge Protection: Surge
protectors and lightning
arresters are integrated into
grounding systems to protect
against transient overvoltages.
These devices divert surge
currents to the ground,
safeguarding equipment
from damage.

3. Residential and Commercial

Buildings

a. Grounding Electrode
System: In residential and
commercial buildings, a
grounding electrode system is
used to connect the electrical
system to the earth. This
system typically includes
ground rods, metal water
pipes, and building steel,
providing a low-impedance
path for fault currents.

b. Bonding Jumpers: Bonding
jumpers are used to connect



different grounding electrodes
and create a common ground
reference. This practice
ensures that all conductive
parts in the building

maintain the same potential,
reducing the risk of EMI and
electric shock.

CASE STUDIES: SUCCESSFUL
GROUNDING AND BONDING
IMPLEMENTATIONS

Case Study 1: Industrial
Automation Plant

An industrial automation plant
experienced frequent EMI issues,
leading to equipment malfunctions
and production downtime. Engineers
conducted a thorough assessment
and implemented a comprehensive
grounding and bonding strategy.
They established a single-point
grounding system and bonded all
metal enclosures, cabinets, and
equipment. Additionally, they
installed surge protectors and noise
filters on power lines. The result
was a significant reduction in EMI,
improved equipment reliability, and
increased production efficiency.

Case Study 2: Data Center

A data center faced challenges with
ground noise affecting its sensitive
electronic equipment. The engineers
implemented an isolated ground
system, running separate grounding
conductors directly to a single
ground point. They also installed
surge protectors and bonding
jumpers to connect all conductive
parts. This approach eliminated
ground noise and improved the
performance and reliability of the
data center’s equipment.

Case Study 3: Residential Building
A residential building experienced
issues with electrical shock and
interference from nearby power
lines. The electrical contractor

installed a grounding electrode
system, including ground rods and
metal water pipes. They also used
bonding jumpers to connect all
grounding electrodes and create a
common ground reference. This
solution reduced the risk of electric
shock, minimized interference, and
ensured the safety and reliability of
the building’s electrical system.

SUMMARY/CONCLUSION

Grounding and bonding are
essential practices for achieving
EMC compliance and ensuring the
safety, performance, and reliability
of electrical systems. By creating
stable reference points, minimizing
potential differences, and providing
continuous low-impedance paths for
currents, grounding and bonding
reduce the risk of EMI and improve
signal integrity. Different industries
employ various grounding and
bonding practices tailored to

their specific requirements, and
successful implementations have

Expert Insights

been demonstrated in industrial
automation plants, data centers,
and residential buildings. By
understanding and applying these
principles, engineers can design
effective grounding and bonding
systems that enhance EMC
compliance and overall system
performance. @
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MILITARY AND AEROSPACE EMC

Tailoring Test Standards

By Patrick Andre

|\ | ew equipment is being developed
for a new or updated aircraft.

The concept looks promising until
the EMC requirements are given.
Then it appears the laws of physics
must be broken to achieve the
requirements. What do you do?

This is not as uncommon as you may
think. Two requirements conflict,
making it impossible to meet both
at the same time. A promise is
made that ensures a sale, but may
be unrealistic and unnecessary

for the aircraft. An overcautious
manager may redraw a limit line to
ensure the margin will always be
adequate, with notches so deep that
they cannot be measured at room
temperature because the thermal
noise floor exceeds the limit even
using a 1 Hz bandwidth.!

Beyond having a no-win scenario,
or maybe just an unreasonable

one, certain test limits may be
unnecessary. A low emission
requirement may exist for a satellite
so it can receive low-level signals
from a remote station and not mask
the signal with its own generated
energy. The emission limit for the
satellite may have a deep notch at
the receiver frequency as a result.
But that limit is not intended for use
on the equipment in the galley of a
regional jet. Such a limit will add
both unnecessary weight and cost to
the equipment.
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Before a design is finalized,
performing an analysis and
preliminary engineering testing

can highlight the need for tailoring.
For example, a power supply on

an aircraft using 400 Hz power

will rectify the power to create

the desired DC output power.

The process of rectification can
produce harmonics of 400 Hz above
100 kHz. The control of these
emissions may require significant
inductance and line-to-line
capacitance to meet the intended
limit, adding significant weight and
volume to the design. However,
conducted emissions below 100 kHz
may not create a problem on the
aircraft, either to other equipment,
or generate radiated emissions.

This is a good reason to discuss
tailoring with the purchasing agent.
In his book, Ken Javor says, “The
requirement might be relaxed over
an unimportant frequency range.”
He points out that tailoring can
carry a negative connotation, but
can be employed in a positive way.
MIL-STD 461G is very specific
about tailoring, saying on page 1:

1.2.2 Tailoring of requirements.

Application-specific environmental

criteria may be derived from
operational and engineering
analyses on equipment or
subsystems being procured for use
in specific systems or platforms.

When analyses reveal that the
requirements in this standard
are not appropriate for that
procurement, the requirements

may be tailored and incorporated
into the request-for-proposal,
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specification, contract, order, and MIL-STD 464D requires margins of equipment and subsystems are
so forth, prior to the start of the which are greater than 6 dB for assembled. These subsystems may
test program. The test procedures most cases, and up to 16.5 dB for increase the overall background
contained in this document are critical items, such as ordinance noise level of the system to decrease
generic test methods and should and the like. But notice that the margins. But you cannot add and
be adapted as necessary for each MIL-STD 461G emission limits for subtract dBuV/m levels directly —
application, while maintaining RE102 may be as low as 24 dBuV/m they have to be converted to linear
the intent of the test, and should in the 2-100 MHz range or as high values first, and then addition may
be approved by the procuring as 56-70 dBuV/m for below-deck be employed. For example, ten
activity. The adapted test surface ship applications. But in items all radiate at 40 dBuV/m,
procedures should be documented this range, a low-level radiated and if they add perfectly, in phase,
in the Electromagnetic susceptibility test (RS103) may be they do not generate 400 dBpV/m.
Interference Test Procedures 10 V/m, but typically much higher. Instead, 40 dBuV/m = 100 pV/m,
no less than 70 dB between these 60 dBuV/m. And ten items will
“Margins” are used to assure a test levels. have 80 dB of margin to a 10 V/m
degree of safety between where a s
. . . susceptibility level.
subsystem may emit energy and Margins are used in system-level
where it might be susceptible. applications where many pieces

In the commercial world, if new
equipment on an existing aircraft
needs to have a deviation, this

may require a supplemental type
certification (STC). The aircraft

is operated on the ground with

the new equipment operating. All
critical aircraft systems are checked
for proper function and lack of
interference. If none exists, the
aircraft can be certified as airworthy
with use of the equipment. If
desired, the equipment can apply
for a Technical Standard Orders
Authorization (TSOA).* Guidance
around these issues should be

given by a Designated Engineering
Representative (DER). @

ENDNOTES

1. Those of you who know what
I am talking about have likely
experienced this. If you don’t,
then a review of Johnson-
Nyquist Noise is recommended.

2. Ken Javor, Introduction to the

: Control of Electromagnetic

| 1€520 <o 1Chuu 3 Interference (Huntsville: EMC
= ® 1 S Compliance, 1993), 6.

. o

3. “Technical Standard Orders
(TSO),” Federal Aviation
Association website.
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EMC BENCH NOTES

Measuring Common Mode Versus
Differential Mode Conducted Emissions

By Kenneth Wyatt

hen faced with excessive

conducted emissions from
switching power supplies, one of
the first things to investigate is the
adequacy of the power line filter.
Line-powered switching supplies
generally have both common mode
(CM) and differential mode (DM)
sections of the filter, as shown
in the generalized schematic in
Figure 1.

Figure 2 shows the flow of
differential mode (DM) and common
mode (CM) currents through the
filter network. The DM current is
the current supplied to the switching
circuit, so it is sourced by the

Line and returned via the Neutral
(shown in blue). The CM current is
generated by switching transients

or “ground bounce”, coupled with
parasitic capacitance to chassis
structure, and flows into the Line/
Neutral wires and returns via the
chassis ground (shown in red). This
current loop is fairly uncontrolled
and can result in unwanted
emissions. In order to design an
effective filter, we need to measure
the two currents versus frequency.

MAKING THE MEASUREMENT

When using a line impedance
stabilization network (LISN), we
are actually measuring the sum of
the common mode and differential
mode conducted voltages. An
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emissions weren’t too bad, so I
zoomed in to measure from zero
to 2 MHz, so I could observe the
noise better.

example measurement is shown

in Figure 3. We’re measuring a
Velleman 12V/2A switching supply
(model PSIN02512N). The overall

"X" Capacitor ~CM Choke "Y" Capacitors
O >
Line o LA T Load
°. T — L
e YT Y I E—
O >

Figure 1: A common form of power line filter. The common mode inductance of
the choke and “Y” capacitors form the common mode filter and the “X” capacitor
in conjunction with the differential mode inductance of the choke filter differential
mode. The purpose of the resistor shown is to bleed off any stored charge and is
unrelated to the discussion.

[ Switch-Mode Power Supply with Noise Currents |

Differential Mode Filter

0Cap phis DM Inchich Common Mode Filter

\YcapspusCMinduch  Rectification  Switch
f 1 / Filtering
"X" Capacitor CM Choke "¥* Capacitors
Line O
/ I | ]
dm J— dm ;
[} == /
cm e . —_— E_ _’.cm
"dm I T ’(dm 7
Neutral & . !
"cm | jcm _-:': Parasitic
cm < i C
Ground / O -T—
Chassis — Dwy: Kenneth Wyatt

Figure 2: A typical commercial power line filter for a switch-mode power supply,
showing the flow of differential mode currents and common mode currents, as
well as the filter sections that affect these noise currents.
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RADIO MODULE MANUFACTURERS

Radio module manufacturers have several responsibilities
to assist a host product manufacturer with the successful
and compliant integration of the radio module. They

need to ensure that the module meets all aspects of

the regulations governing the radio equipment prior to
marketing it as a modular device. This includes obtaining
full certification of the module with the proper regulating
authorities and providing clear integration instructions.
These instructions should provide extensive guidance for
the integration of the module into a host device, including:

* Labeling information that must be added to the
host device;

* Minimum distances that must be maintained between
the antenna and the end user; and

* The list of approved antennas that can be used.

The instructions also inform the host manufacturer how
to handle cases where the integrator wishes to use the
module in a way that does not fit within the module’s
Grant of Certification or the module manufacturer’s
integration guidelines. Examples would include using
unapproved antennas or installing the module in a
location that does not provide the stated minimum
separation distance from an end user or bystander.

The radio module manufacturer must also provide access
to special test software to put the module into the test
modes used to originally certify the module. They are
required to work with the host manufacturer to ensure
they have the capability to test for compliance and to

32 | incompLiancE JUNE 2026

Once the host manufacturer has
integrated the pre-certified module
into their product, they are responsible
for that module and must ensure their
product remains compliant with all the

applicable wireless and EMC standards.

mitigate any non-conformance issues that are directly
related to the radio module.

HOST EQUIPMENT MANUFACTURERS

Host manufacturers should start by checking the Grant
of Certification for notes and statements to ensure their
plan for integrating a given radio module does not
violate any conditions of the grant. They need to read
the radio module manufacturer’s integration instructions
carefully to verify that their intended design follows all
the instructions for proper use of the module.

Host manufacturers should look at module integration as
an integral part of system design and consider conducting
an early design review to ensure compliance and design
compatibility. The implementation of a module should

not be just a hardware selection. Things such as antenna
placement, RF exposure requirements, and whether there
will be multiple radios installed also need to be considered.

If the integration instructions cannot be followed,

the product will need a more extensive level of

testing to ensure compliance. Furthermore, they

may need to file a Class 2 Permissive change with

a telecommunications certification body (TCB),
which would require approval from the module
manufacturer. This would be necessary to certify the
module with whatever deviations are made from the
module’s original grant of certification. Once the host
manufacturer has integrated the pre-certified module
into their product, they are responsible for that module
and must ensure their product remains compliant with

all the applicable wireless and EMC standards.

This is achieved by reviewing the module’s certification
test reports and looking for the test configurations

that were shown to be worst-case with respect

to the radiated emission limits. Those worst-case
configurations are used to develop a test plan to



verify compliance of the radio module after it has been compliant after it has been installed in the host device.

installed in the host product. Most importantly, the host 'The host product manufacturer needs to understand that,
manufacturer needs to work with the module manufacturer even though the module was already certified, they assume
to put the module into these test modes so that they can all responsibility for continued compliance once they
verify compliance through an independent test lab. incorporate the module into their product. ¢
For guidance on how to integrate a pre-certified radio ENDNOTES
module into a host device, we recommend the following ) ) ) )
documents: L. Modular Transmitter Integration Guide: Guidance for
) ) ] host product manufacturers (FCC KDB 996369 D04

* For products intended to be sold in the United States, Module Integration Guide v02).

see the FCC’s Modular Transmitter Integration Guide: o )

Guidance for host product manufacturers (FCC KDB 2. RSP-100 .Issue ]2:' Certlﬁcatzoln of Radio Apparatus and

996369 D04 Module Integration Guide v02). Broadcasting Equipment, Section 8: Host/modular

product requirements.

3. REDCA Technical Guidance Note 01 (REDCA
TGN 01 V1.2a): RED compliance requirements for
Radio Equipment often referred to as Radio Module and

the Final Radio Equipment Product that integrates a
* For products intended to be sold in Europe, see Radio Module.

REDCA Technical Guidance Note 01 (REDCA TGN
01 V1.2a): RED compliance requirements for Radio
Equipment often referred to as Radio Module and the Final

* For products intended to be sold in Canada, see
RS8P-100 Issue 12: Certification of Radio Apparatus
and Broadcasting Equipment, Section 8: Host/modular
producz‘ requiremem‘.2

Radio Equipment Product that integrates a Radio Module? The Authors

* For assistance with developing a verification test plan Cory Bradshaw is Genoa City Site Manager
for the required testing, check with your third-party and Senior EMC Test Engineer of D.L.S.
test lab. Electronic Systems. He can be reached

i
at cbradshaw@dlsemc.com.
It is important to bring the following items to the test lab:
« The radio module’s Grant of Certification; Craig Brandt is a Senior EMC Test Engineer y
. . o ) at D.L.S. Electronic Systems and can be '
* 'The radio module’s integration instructions; cencled g darsndiealse econ,
* 'The radio module’s test reports; and

* Special firmware provided by the module manufacturer.

]\ ASTRONG PARTNER$/I-IIP
SUMMARY B \ /

While there are many benefits to using a pre-certified : TRANSIENT TESTING. ALL FROM ONE HAND.
radio module, such as reducing the cost of development ; \ [

and the time to market, there are several important
aspects to this process that need to be considered.
The module’s Grant of Certification and integration
instructions should be followed very closely to ensure -
the product remains compliant. Failure to do so may ESDEX SERIES
require additional testing or recertification of the

Ergonomic ESD generators up to 30 kv Modular multifunction transient test

module in some Capacity- & modern 4“ Touch-screen operation system up to 8kV
v Exchangeable RC networks v" Burst, Surge [ Ringwave
The host manufacturer must obtain the firmware needed v IEC, IS0, DO-160, MIL-STD-461 ¥ 10/700us Telecom, Common Mode

¥ Battery operated & USB-C PD v AC/DC Dips & Magnetic field
from the module manufacturer to place the module

into the proper test modes. The host manufacturer will
then work with the test lab to determine the worst-case [WAMAM vvw.hvtechnologies.com
test modes so the test lab can verify the module is still

www.emc-partner.com
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EMC Concepts Explained

SHIELDING EFFECTIVENESS:
THE IMPACT OF LOSS TANGENT ON THE
REFLECTION AND ABSORPTION LOSSES

By Bogdan Adamczyk, Peter Reiser, and Scott Mee

his article presents a concept of the loss tangent of

the medium, which is often used to determine if a
medium is a good conductor. A good conductor is defined
as a medium in which the conduction current density is
much greater than the displacement current density, or
equivalently, the loss tangent of a medium (6/ we >> 1).
The loss tangent of the medium is used to obtain an
approximate solution for the shielding effectiveness in
the far field, which in turn leads to the formulas for the
shielding effectiveness in the near field [1].

UNIFORM PLANE WAVE PROPAGATION IN A
LOSSY MEDIUM

To define the loss tangent of a medium, we begin with
the uniform plane wave propagation in a lossy medium.
'The solution of the plane wave equations leads to the
definition of the intrinsic impedance of the medium,
which in turn leads to the concept of the loss tangent of
the medium.

Consider a uniform plane wave propagating in a lossy
medium, as shown in Figure 1.

'The wave equations for sinusoidal variations are given

by [2].

A

4’Ex _ Nor

dzz Y Ex(Z) (1.1a)
d?H, A, "

o = V' Hy(2) (1.1b)
where

v = Vjou(o + joe) = a + jp 1.2)
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is the propagation constant of the medium, where o is
the attenuation constant and f is the phase constant.

The solutions of Egs. (1.1) consist of forward and
backward propagating waves, [2], and are given by

E, = Ehe7Y? + Ee?* (1.3)
A E;I& _l\ é‘]’?‘;
n n (1.3b)
where
= jou
— 49 = ——
n=Mns% o+jwe (1.4)

is the intrinsic impedance of the medium.
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Figure 1: Uniform plane propagating in a lossy medium
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INTRINSIC IMPEDANCE OF THE MEDIUM
Utilizing Egs. (1.2) and (1.4) we get [1].

v = Jjopo + jwe) ﬁ I
thus,
= & = L

v~ Jjoulotjwe) 2.2)
or
5= J Gow? =J jou_ _ [ E

Jop(atjwe) - Notjwe  (gre ) o
and finally

2.4)

Note that Eq. (2.4) expresses the intrinsic impedance
in terms of 0/ we, which is termed /loss tangent of the
medium (a very important concept in shielding), and is
the subject of the next section.

'The magnitude of the intrinsic impedance is

o 2
1+(37) 2.5)

(2.6)
It follows
13 1 - 10
297? = L?_w%= 0 —tan T= 0—(—mn E) (27)
or
= tqn-19
29,1 = tan e 2.9)
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