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SILENCE SENSOR 
Aaron Read suggests one way 

to combat dead air. Page 22 

A New Method of High-Level IBOC Combining 
For Single-Input Antenna Systems 
Use of All-Pass Diplexer Results in Higher Efficiency and Improved Group Delay 
BY NICHOLAS A. PAULIN AND 
THOMAS B. SILLIMAN, P.E. 

Tom Silliman is president of Elec¬ 
tronics Research Inc. in Chandler, Ind. 
Nick Paulin is a product engineering 
manager for ER!. 

I WHITEPAPER 
Combining separate analog and HD 

Radio FM transmitters into a single 
antenna allows broadcasters to use 
existing equipment, including transmit-

ransmission line and antennas, 
'er. the options for accomplishing 
; limited. 
nbining two frequencies in close 
lity is a difficult engineering chal-
especially when trying to main-
igh efficiency, flat group delay, 
put VSWR and high transmitter-
ismitter isolation. A typical two-
ncy FM multiplexer can combine 

two stations 800 kHz apart. This would 
use two four-pole filters with a cross 
coupling from the one-to-four cavi¬ 
ties. The worst-case scenario would be 
0.75 percent bandwidth separation com¬ 
bining I07.1 MHz and 107.9 MHz. 

An analog FM/HD Radio diplexer 
attempts to implement a much nar¬ 
rower bandwidth separation of 0.04 per¬ 
cent. The isolation typically required 
between two analog transmitters is 80 
dB to keep emissions down. Analog 
and digital combining methods differ 
greatly because of the close separation. 
Forty dB isolation is generally all that is 
required to keep emission within accept¬ 
able limits for digital radio. 

From a listener’s perspective, emis¬ 
sions problems between two analog 
transmitters will be more noticeable 
than emissions between an analog sys¬ 
tem and a digital diplexed system. The 
analog transmitters will generate music 
on another FM frequency while the ana¬ 

log and digital emission would be gener¬ 
ated at the skirts of the digital sideband. 

Current methods of combining ana¬ 
log FM with digital FM include using 
lossy hybrid solutions. Ten dB injectors 
were commonly used for -20 dBc digi¬ 
tal broadcasting and 8 dB injectors were 

used to reach -17 dBc. To reach higher 
levels of digital power, new technolo¬ 
gies were needed. 

Transmitter manufacturers were quick 
to innovate using mid-level, also called 
split-level, combining methods. This 
method allowed the combining of one 
analog FM transmitter and one com¬ 
mon-mode amplification transmitter. The 
analog FM signal maintained up to 99 
percent efficiency while the digital effi¬ 
ciency was increased to up to 33 percent. 

Current transmitter technologies 
allow common-mode amplification for 

digital to -10 dBc ( 10 percent of the ana¬ 
log TPO). Unfortunately, these transmit¬ 
ters have peak-voltage limitations when 
the analog TPO needs to be greater than 
20 kW. The efficiency of the common¬ 
mode amplification transmitters also 
decreases to as low as 40 percent AC 
to RF. Essentially. 60 percent of the AC 
power required to run these transmitters 

is converted directly to heat. Typically 
analog FM-only transmitters are about 
70 percent AC to RF efficient. 

Another available method that has 
found little acceptance is a sharp-tuned 
four-pole filter, or the HD Radio Mask 
Filter (see Fig. 1). These filters offer 
an insertion response that allows for 
the port, commonly referred to as the 
"broad port." to reflect the digital power 
so that the analog FM and digital FM 
converge into the same RF path on a 
single transmission line. 

(continued on page 4) 
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Fig. 1: Overview Schematic of an HD Radio Mask Filter 
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CBNE Certification Now 
Available From SBE 
New Level Recognizes Importance of Network 
Engineering and IT to Broadcast Engineering 

screens of management. 
Over the years a number of people 

with IT background have entered broad¬ 
casting with success and learned its spe¬ 
cifics, blending the best of both worlds. 
Up until this time they may not have 
felt as comfortable pursuing the more 
typical certifications of a broadcast 
engineer, even though they may have 
now become one by title. The CBNE 

BY MICHAEL LECLAIR 

With only modest fanfare, the Society 
of Broadcast Engineers announced in 
April the creation of a new class of 
certification: the Certified Broadcast 
Networking Engineer, or CNBE. 

This is a solid move by the SBE to 
recognize the evolving skill set of what 
we loosely call "broadcast engineers.” 

As computerization and digitization 
have proceeded rapidly over the last cou¬ 
ple of decades, the need has increased 
for sophisticated network engineers in a 
modern broadcast plant. It has become 
clear that IT forbroadcasting has become 
its own distinct specialty. 

EVALUATION TOOL 

Recognizing the importance of com¬ 
puter networking in broadcast engineer¬ 
ing is an important step. Certification 
provides prospective managers and 
employers with a tool to evaluate an 
individual’s skills and commitment 
to the specialized world of broadcast. 
Engineers who choose to obtain this 
certification demonstrate that they know 
the essentials of both networking and 
the broadcasting business. 

In April at the NAB Show, the Ennes 
Workshop presentation by Wayne 
Peceña, director of engineering at 
Educational Broadcast Services, Texas 
A&M University, pointed out that the 
IT world already offers many types of 
certification. These are also quite expen¬ 
sive to obtain. Most are vendor-propri¬ 
etary certifications with a bewildering 
array of titles and specialties, such as the 
varying levels offered by Cisco associ¬ 
ated with its router products. 

Unfortunately, the degree of special¬ 
ization makes these industry certifica¬ 
tions hard to evaluate when it comes 
to broadcast engineering. Do I need a 
CCNA. CCNP or CCIE in order to find 
the skills I want? Or should we all try 
to find a Cisco Certified Architect? Do 
I need a degree in computer science to 
even understand the difference between 
these types? 

The goal of creating a certification 
category for broadcast networking is to 
help identify those with the right skill set, 
people who arc qualified but not too spe¬ 
cialized or vendor-specific to understand 
the unique requirements of broadcasting. 

Information technology workers and 

broadcast engineers have quite a lot in 
common. 

Both fields attract people with a mind 
for detail and precision. It takes substan¬ 
tial training in both fields to understand 
the theory and the practical specifics of 
keeping day-to-day operations going 
smoothly. A significant proportion of 
the population simply doesn't possess 
the mathematical or scientific skills nec¬ 
essary to do this kind of work. 

certification now recognizes an IT back¬ 
ground and networking competence as 
a unique part of broadcast engineering. 

GET CERTIFIED 

Certification exams are offered regu¬ 
larly by the SBE. Four times per year 
they can be taken at the local chapter 
level and once a year they are avail¬ 
able at the NAB Show. Have you been 
working as a broadcast engineer without 

Wayne Peceña talks IT during the Ennes Workshop at the 2012 spring NAB Show. 

Organizations without access to peo¬ 
ple with these critical skills often suffer 
from low performance and inefficiencies 
encountered struggling with technology 
when it doesn’t work as expected or 
breaks down suddenly. Engineering and 
IT are the critical supports upon which 
business and broadcast are built. 

But there are significant ways in 
which the IT requirements forbroadcast¬ 
ing differ from the rest of the business 
world. Few of us in broadcasting oper¬ 
ate giant data centers. Similarly, those 
with conventional IT backgrounds often 
have limited experience with real-time 
operations and the kind of timely support 
required, both human and technological. 
Few of us in broadcasting are concerned 
about limiting access to our on-air sys¬ 
tems. Regular IT obsesses on data secu¬ 
rity and creating a hierarchy of access 
that limits everyone to only their tightly 
defined areas. Broadcast engineers are 
known for their cell phones plus pager, 
or belt and suspenders approach to being 
always available. IT engineers may be 
impossible to reach on a weekend with¬ 
out several tiers of escalation through 

certification? I urge you to pursue the 
type that reflects your skills and experi 
ence. Show others that you care about 
broadcasting and that you have the 
required knowledge. 

Michael LeClair is chief engineer 
Jar radio stations WBUR(AMIFM) in 
Boston; he has been technical editor of 
Radio World Engineering Extra since 
its inception in 2005. 
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ALL-PASS DIPLEXER 
(continued from page 1) 

ALL-PASS DIPLEXER THEORY OF OPERATION 

The heart of this approach lies with a 
resonant cavity. The resonant frequency 
of the cavity will provide a phase shift 
of 180 degrees, and a tapering phase 
shift on the adjacent frequencies. Fig. 
2 shows a typical response for S11 
group delay and SI I phase. A shallow 

notch, typically -I dB, is used to gain a 
broader phase response. 

When a module composed of two 
identically tuned notch filters and a 
90-degree hybrid coupler is constructed, 
it is normally known as a group delay 
module. That is, the device typically is 
used to correct for high levels of group 
delay in a filter system by creating the 
opposite group delay response. This 
module is typically inserted just before 
a filter or just after an exciter to provide 

Frequency (kHz) 

—♦—Group Delay 

Fig. 2: Cavity Group Delay and Phase Response -»-Phase 

June 13,2012 

extra correction at high power levels. A 
different tuning method is used for the 
All-Pass Diplexer. Instead of trying to 
correct for an existing analog FM group 
delay response, the group delay maxima 
to minima variation is tuned to 1200 ns 
at +/- 43 kHz from the center frequency 
of the digital carrier. The cavities are 

all-pass circuit. By connecting the two 
group delay modules and placing them 
in the same leg of a constant impedance 
circuit, we can ensure that the group 
delay modules only see half of the input 
power. As stated earlier, a shallow notch 
is used to produce the desired response. 
As a system, the losses will only be half 

Combining two frequencies in close proximity is 
a difficult engineering challenge, especially when trying to 
maintain high efficiency, flat group delay, low input VSWR 
and high transmitter-to-transmitter isolation. 

tuned to be identical to one anoth¬ 
er. When this approach is taken, the 
90-degree hybrid coupler is capable of 
maintaining an excellent input VSWR 
while passing a high percentage of the 
power to the output port. Since there 
are two sidebands for HD, two of these 
modules are required to accomplish the 
performance required. 

THE ALL-PASS DIPLEXER 

A constant impedance effect is typi¬ 
cally used on band-pass filters. This is 
done by tuning two filters carefully so 
they match as closely as possible for 
return loss and insertion phase. The 
filters are then connected together by 
two 90-degree hybrids (see Fig. 3). 
The hybrids allow several things to 
occur. First, the power is split so each 
filter only sees 50 percent of the power. 
Second, all of the power enters one port 
and exits an opposite port on the second 
hybrid. The remaining two ports are 
isolated and see very little power. 

This concept has been adapted to the 

that of the tuned notches because only 
half the applied power incurs losses 
in the group delay modules. This is 
important since group delay modules 
typically produce heat. The second leg 
of the constant impedance circuit can be 
connected by using a critical length of 
transmission line (see Fig. 4). This line 
can be phased so that the analog and 
digital insertion loss is minimized. 

Data Comparison 
So how does all of this compare to 

what has been available? In the past, 
there have been two types of solutions 
with which this design competes. The 
10 dB high-level injector and the HD 
Radio mask filter are both in use today. 
These approaches have been written 
about at length and are not the topic of 
this article. See references (page 8) for 
information on these approaches. 

Table 1 shows the operating efficien¬ 
cies of these other approaches. Also 
note the total power generated from 

(continued on page 6) 

FM Analog 
All-Pass 

FM HD 
All-Pass 

FM Analog 
Mask 
Filter 

FM HD 
Mask 
Filter 

FM Analog 
10 dB 

Injector 

FM HD 
10 dB 

Injector 

Input Power 
(dB from 

Analog Carrier) 
0 -10 0 -10 0 -10 

TPO Transmitter 
(Watts) 

32,518 4,094 34,050 3,777 33,344 30,000 

Integrated Loss -0.35 -1.35 -0.55 -1 -0.46 -10 

Efficiency 92.3% 73.3% 88.1% 79.4% 90.0% 10.0% 

TPO Combiner 
(Watts) 

30,000 3,000 30,000 3,000 30,000 3,000 

Table 1: Comparison of Efficiencies 

Table 2: Comparison of Group Delay 

FM Analog 
All-Pass 

FM HD 
All-Pass 

FM Analog 
Mask 
Filter 

FM HD 
Mask 
Filter 

FM Analog 
10 dB 

Injector 

FM HD 
10 dB 

Injector 

Group Delay 
(MP3) 

350 ns 600 ns 1.26 ps 0 ps 0 ns 0 ns 
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ALL-PASS DIPLEXER 
(continued from page 4) 

each approach, io order to reach the cor¬ 
rect ERP. The integrated loss is defined 
as the average insertion loss across the 
frequency spectrum that is used for an 
application. The all-pass diplexer has a 
slight efficiency advantage overall. 

Table 2 shows the group delay com¬ 
parisons between the different meth¬ 
ods of combining. The all-pass diplexer 
shows a significant improvement over 
the mask filter. Lower group delay for 
the digital signal means receivers are 
better able to correct for signal distor¬ 
tion. improving reception. The sound 
quality will not be affected as long as 
the receivers can decode the signal. 
However, lower group delay for the 
analog signal means better sound qual¬ 
ity. This is something the typical listener 
would be able to hear. The HD Radio 
Mask Filter has a group delay specifica¬ 
tion, for both analog and digital, that is 
very difficult to correct: in contrast the 
All-Pass Diplexer approach offers group 
delay specifications that are correct¬ 
able easily with current transmitter and 

exciter technologies as well as with pas¬ 
sive signal pre-distortion technologies. 

Fig. 5 and Fig. 6 show responses of 
the HD Radio Mask Filter and All Pass 
Diplexer. Even though there are some 
differences, the efficiencies remain very 
close. I’he HD insertion loss response is 
the most variable. The mask filter gives 
a tapered attenuation response as the 
frequency approaches the analog carrier, 
while the all-pass diplexer response has 
a maximum in the center of the digital 
sideband. Fig. 7 and Fig. 8 show the 
corresponding group delay plots with 
respect to their insertion response plots. 

IMPERFECT CONDITIONS 

To this point, we've discussed how 
the all-pass diplexer concept works with 
perfect operating conditions; but when 
we step out of the lab and into reality, 
not all conditions are perfect. Two areas 
of imperfections are an imperfect load, 
such as an antenna, and temperature 
variations from within the room from air 
conditioning and heating of the cavities. 

Let's start by talking about an imper¬ 
fect load. When the output impedance 
of a circuit is not matched properly, 
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Fig. 5: FM HD Mask Diplexer -»-Analog -^Digital 

Insertion Response 

undesired reflections occur. In the case 
of the all-pass diplexer, those reflections 
travel towards the transmitters. Because 
of the nature of the device, the reflec¬ 
tions would again go through the phase 
reversals and the large majority of the 
reflections would be seen by the origi¬ 
nating transmitters. However, a small 
amount will go to the opposite port and 
this will be seen as a loss of isolation. 

The second imperfect condition 
relates to temperature variations. Cavity 
resonators are high Q devices, so tem¬ 
perature variations can have a large 
effect on performance if the device 
is not temperature compensated prop¬ 
erly. As resonators heat, they grow in 
length. This change over temperature is 
what causes filters to drift. Conventional 
techniques use invar (a nickel iron alloy 
with a virtually zero thermal coefficient 
of expansion) to restrain physical move¬ 
ment. There are several methods for 
accommodating the temperature varia¬ 

tions. One is to change the attachment 
point of the invar to somewhere above 
the contact surface of the resonator. 
This allows the growths of each metal to 
counteract one another for 0 kHz drift. 
This method is frequency sensitive and 
not all attachment points work for all 
frequencies. 

Because the attachment points don’t 
work for all frequencies, a predictable 
method was desired for temperature 
compensation. Filter cavities can be 
tuned using a tuning screw in the top 
plate. If a cavity drifts down with tem¬ 
perature, a tuning adjustment can be 
placed into the resonator attachment 
plate to tune the resonance up in fre¬ 
quency. We have developed a tuning 
method that utilizes a bi-metallic spring 
that changes shape with temperature. 
The spring moves an object closer to the 
resonator as it heats. By allowing the fil¬ 
ter to drift down in frequency and allow-

(continued on page 8) 
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ALL-PASS DIPLEXER 
(continued from page 6) 

ing the spring to move an object closer 
to the resonator, it is possible to create 
a zero drift cavity. This method is still 
frequency sensitive, so a curve was gen¬ 
erated based on the length of the object 
being moved towards the cavity. All 
that is required now is to calculate the 
length based on the frequency desired 

and we have a finely tuned temperature 
compensation technique. 

CONCLUSIONS 

The all-pass diplexer combiner 
approach has been described and com¬ 
pared to the -IO dB injector and FM 
HD Radio mask filter approaches. It has 
higher efficiency than the-lOdB coupler 
and HD Radio mask Filter, and improves 
group delay performance for both trans¬ 
mitter inputs while maintaining high effi¬ 

ciency. The All-Pass Diplexer presents 
a new viable approach for combining 
high-level analog and HD transmitters to 
be operated from a single antenna. 
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Which is better for streaming: hardware or software? 

Telos ProSTREAM: 
Internet streaming in a box. 

Everyone knows the answer is hardware — like a Zephyr! Introducing Telos ProSTREAM, the professional netcoder for Internet streaming, with 
Omnia multi-band processing built right in. 

ProSTREAM makes sending programming to the Net easier than ever. Simple and bulletproof: analog or digital audio goes in, compressed 
audio streams out. Just hook up your input, select a bit rate and Omnia processing preset, send the output to your Shoutcast or Wowza server, 
and Shazam! Streaming audio, simple as 1,2,3. 

And such audio...amazing.Thanks to our partnership with Fraunhofer (FhG),we were able to build a processing architecture that's specially 
optimized for MP3 and MPEG-AAC encoding algorithms.The result: detailed, commanding, blow-you-out-of-your-office-chair streaming audio, 

even at aggressive bit rates. 

Obviously, the correct answer is software, with the power to stream multiple channels from a single PC. Meet Omnia A/XE,the professional 
all-in-one software solution for Internet streaming. 

Omnia A/XE can turn a couple of lonely servers into a supercharged streaming network. It runs in the background as a Windows service and 
can process and encode multiple streams in various formats simultaneously. Just hook up your audio, choose a bit rate and processing preset, 
select your Shoutcast or Wowza server, and Voila! Streaming audio, simple as A, B, C. 

And that audio packs the clean, clear competition-crushing punch Omnia is famous for. Each stream is sweetened with its own adjustable wide¬ 
band AGC with three-band compressor/limiter.EQ and low-pass filter,and precision look-ahead final limiter.The result: clean,clear streams with 
more presence and character than you ever thought possible. 
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Moment Method Proofs Require New 
Attention to Sampling Techniques 
A Look at Antenna Base Region Geometry and Voltage Sampling 
For AM Directional Antenna Systems 
BY BEN DAWSON, P.E. 

The author is president and managing partner at 
Hatfield & Dawson Consulting Engineers in Seattle. 

The new FCC moment method antenna proof rules 
require measurements made at each antenna element's 
base or feed point, as well as allowing antenna moni¬ 
toring using sample measurements made at the tower 
feed point location. This has made accurate analysis of 
the tower base region an important part of defining the 
antenna monitoring system. 

The base region of a series fed vertical monopole 
antenna element can be electrically and mechanically 
complex. If base sampling is used, tower impedance 
measurements should be made at the location of the 
tower sample device. The other towers in the array 
should be open-circuited or shorted (either procedure 
is acceptable) at the same location. It's important to 
include the characteristics of the feed system between 
the measurement point and the tower base. This paper 
will give examples and an explanation of the effects of 

TOWER & BASE EQUIVALENT CIRCUIT 
INSULATOR 

various base circuit elements. 
The rules provide that sample loops can be used in 

some circumstances, but only if the towers are identical 
in cross-section structure. An example of the reason for 
this rule provision shows that even modest geometry 

differences between towers make significant differ¬ 
ences in current pickup. In these situations, for towers 
greater than 120 and less than 190 degrees tall, base 
voltage sampling can be employed. 

MEASUREMENT LOCATIONS 

If base sampling is used, whether it is current or 
voltage sampling, then the set of measurements should 
be made at the location of the sample devices. This is 
normally in the antenna tuning unit or tuning house, 
although if a weatherproof voltage sampler is used, it 
can be installed directly across the tower base. It is also 
often useful to make a measurement of the “hookup" 
reactance of each tower by shorting the base insulator 
and making a measurement in the tuning unit or tuning 
house at the location of the sample device. 

If loop sampling is used, then the set of measure¬ 
ments prescribed by the rule can be made directly 
across the tower bases, or at a convenient location at 
a J " plug in the antenna tuning unit or tuning house. 

THE VERTICAL BASE-FED MONOPOLE 

The base-fed monopole is insulated from ground by 
a base insulator (or multiple insulators for freestanding 
towers) and so the inherent impedance of the antenna 
itself is always paralleled by the reactance of the base 
insulator, which is necessarily capacitive. See Fig. I. 

Apparent Z = -1-
|l/(Rant+/-Xant )+l/X insulator] 

(continued on page 14) 
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“A high performance, reasonably priced, great looking 
console integrating common sense features such as 
overload indicators for meters and ergonomic controls. 
Very impressive and well thought out.” 
Benjamin Brinitzer, Regional VP Engineering 
Clear Channel Media & Entertainment 

Considering the LX-24’s attractive 
good looks, modularity, traditional 
console layout and functionality, 
I can’t wait to get my hands on one! 

Greg Landgraf, Senior Engineering Manager, 
Corus Radio Western Canada 

“Leave it to the exquisite 
design talents of Gary Snow and the 
Wheatstone team to really hit the nail 
on the head. The LX-24 is not only the most 
functional, feature-laden IP based console for 
radio, it also raises the bar for the finest ergonomic 
radio command center on the planet.” 

Tim Schwieger, President I CEO, 
BSW- Broadcast Supply Worldwide 

“Wheatstone continues to hit balls out of the park and 
this year they did so again with the LX-24 control surface. 
This new product marries the best of the old (modular design 
architecture) with the new (Audio-over-IP). Continuing in that 
theme was a Wheatstone module that marries their bridge 
router system to the new “BLADE” audio-over-IP system. 
This has the potential to extend the life of bridge router 
facilities indefinitely.” 

W.C. Alexander, CPBE, AMD, DRB, Director of Engineering 
Crawford Broadcasting Company 

“Wheatstone’s innovation continues to make AoIP a viable 
product for professional broadcasting facilities. Just a few 
things that make the LX-24 stand out to me are the clear 
and decisive metering, individual fader modules, and “out of 
the box” thinking with faders for the headphone and monitor 
volume controls instead of rotary knobs.” 

Phillip Vaughan, Chief Engineer KFROG, 
CBS Radio 

“The LX caught my attention on the NAB Show floor. 
The look, form and function are unlike any other IP 

console available today. The easy-to-read buttons and 
displays are just second to none, not to mention the most 
bang for the buck. I can’t wait ‘til I have the opportunity to 

deploy my first LX.” 
Anthony A. Gervasi, Jr., Sr. Vice President 

Engineering & Technology, Nassau Broadcasting 

THE INTELLIGENT NETWORK 

w 
phone 1.252.638-7000 | wheatstone.com | sales@wheatstone.com 



“gotta have it!” 
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“Wow, Wow!” 

Rick Hunt, Vice President & Director of Radio 
Engineering, Entravision Communications Corporation 

“I didn’t think Wheatstone could improve upon the E-Series of consoles, 
but they have done it with the new LX-24. This is a beautiful, well designed 

console and the individual faders, integrated meters with overload indicators 
and low profile table-top design make this a must have for our facilities.” 

Michael Cooney, Vice President of Engineering & CTO 
Beasley Broadcast Group, Inc. 

“Cool and sexy (I sound like Bruno from Dancing with 
the Stars). A great addition to the WheatNet-IP family.” 

Norman Philips, Vice President of Engineering, 
Townsquare Media 

“By far the most elegant and feature rich control surface on the market. 
The attention to detail and functionality is remarkable. Its architecture, such 
as “hot swappable” modular design, is a winner. A traditional meter bridge 

is appreciated by users and your millwork guy will appreciate 
the fact that it’s a table-top design.” 

“I am very impressed with the sleek new design that 
incorporates single channel-strip architecture, integrated 
metering and stereo cue speakers in a thin, sloping 
chassis that needs no cabinetry cut out. Well done.” 

Erik Kuhlmann, Senior Vice President of Engineering, 
Clear Channel Media + Entertainment 

ADVANCED MODULAR 
NETWORKABLE CONSOLE 

I 

Kris Rodts, Director of Engineering, IT & Facilities, 
CKUA Radio Network 
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SAMPLING 
(continued from page 10) 

If you are modeling an antenna tower with 
NEC, you can include this in the model, but 
MININEC assumes a base load is in series with 
the feed, and so you must consider this modifica¬ 
tion of the impedance separately. 

OTHER BASE REGION CONDITIONS 

Generally, there are other circuit elements to 
be considered. The simplest possible antenna feed 
must include some kind of conductor from the 
matching equipment (or in rare cases the transmit¬ 
ter itself) to the antenna base. See Fig. 2. 

The feed conductor is a series circuit element, 
and it possesses an inductive reactance. This can 
be quite small — as little as 8 or 10 ohms — or 
can be fairly large if the distance is great or if 
it has a multi-turn (and unnecessary) “lightning 
loop." But in addition to its series reactance, the 
feed conductor contains another circuit element: 
its capacitance to ground. While this is distributed 
over the conductor’s length, it is generally quite 
small and can usually be considered to be at its 
input. 

Antenna towers are often lighted, and some 
are equipped with current transformers for the 
lighting circuit. These "Austin Ring" transform¬ 
ers are usually installed in such a manner as to be 
a capacitance in parallel with the base insulator 
capacitance. See Fig. 3. 

TOWER WITH FEED LINE EQUIVALENT CIRCUIT 

TOWER WITH FEED LINE 
AND AUSTIN TRANSFORMER 

EQUIVALENT CIRCUIT 

Similarly to the base insulator, the lighting 
transformer may have very low capacitance 
and thus high reactance. But even a capacitive 
reactance of 10 times the magnitude of the basic-
tower impedance can create a resistance change 
of more than 2 percent and a consequent current 
change of 1.4 percent. A bit of manipulation of 
a Smith Chart will show that even a very small 
capacitance needs to be considered (in most 
situations) in the analysis of the relationship 
between the moment method model and the 
impedance measurements. 

Some tower lighting is accomplished by a 
lighting choke. See Fig. 4. A "choke" or induc¬ 
tor that is many turns of small-diameter closely 
spaced wire may not necessarily be inductive, 
however. Lighting chokes usually are inductive 
through the medium-wave band’s one and a half 
octaves, but static drain coils frequently are not 
in the upper half of the band. So the equivalent 
circuit of these components needs to be a paral¬ 
lel circuit which can exhibit the proper combi¬ 
nation of effects. See Figs 5a and 5b. 
Many AM antennas support VHF and 

UHF antennas of all sorts, including STLs. 
TSLs, communications antennas. FM and even 
occasionally TV broadcast antennas. In gen¬ 
eral. these additional antennas exhibit a small 
amount of capacitance across the tower base in 
parallel with the base insulator, and their series 
inductance can usually be ignored. See Fig. 6. 

AND/OR STATIC DRAIN COIL 

TOWER WITH FEED LINE 
AND ISOCOIL FOR TOWER 

MOUNTED VHF/UHF ANTENNAS 

EQUIVALENT CIRCUIT 

Fig. 5a 
MEASURED P600-160-2, 3 WIRE LIGHTING CHOKE 

FREQUENCY (KHZ) 

Fig. 5b PHASETEK INC 
MEASURED P600-161-3. 3' STATIC 0RAIN CHOKE 

FREQUENCY (KHZ) 

The FCC moment method antenna proof rules limit 
the total capacitance of all the base shunts to a value 
of 250 pF unless the manufacturer's data or measure¬ 
ments are greater, but the rules also require that the 
total capacitive reactance of the devices must be at least 
five times the magnitude (Z not R or X) of the tower 
base operating impedance. This can be a problem if the 
combination of sell-impedance and the mutual values 
for the particular array geometry and radiation pattern 
result in a large total impedance. It is not common, 
but there are arrays with tower drive impedances of 
as much as 1000 -jlOOO ohms, which would require 
total base shunt capacitive reactance of no less than 
-j7000 ohms, or about 47 pF at the low end of the 
medium-wave band. 

In cases where the bandwidth/power requirement to 
feed an antenna on an AM antenna tower can’t be met 
by a "transformer” type isocoupler, sometimes a very 
large isocoil wound of large-diameter semi-flexible 

(continued on page 16) 
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SAMPLING 
(continued from page 14) 

transmission line is used. Much like the static drain "choke" the 
distributed capacitance between the windings of such a coil can 
cause it to be self-resonant in the middle of the medium-wave 
band, and therefore a shunt capacitance above that point. See 
Figs. 7 and 8. 

A very similar effect is sometimes the case with a sample sys¬ 
tem transmission line isolation inductor, which sometimes will not 
be removed when an existing antenna system is re-proofed using 
the moment method rules. Frequently these are resonated with a 
parallel variable vacuum capacitor, and the combination exhibits 
very high reactance, but in a diplexed array this may be at only 
one of the carrier frequencies so that a lower value of reactance 
has to be accounted for at the second frequency. See Fig. 9. 

TOWER WITH FEED LINE 
AND LARGE "ISOCOIL" FOR HIGH POWER / WIDE 

BANDWITH VHF / UHF OR WI-FI / PCS 

EQUIVALENT CIRCUIT 

Fig. 8 

Iso-Coil for TV Channel 54 
1 5/8" HJ7-50A 
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• Direct Sampling of the FM RF Carrier 

• Digital FM Carrier Demodulation 

• Frequency Agile on both Antenna & High Level RF Inputs 

• RF Spectrum Analysis with FFT Power Band Calculations 
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Fig. 10 Fig. 12 

TYPICAL TOWER BASE CIRCUIT 

NODES AND COMPONENT VALUES 
ANNOTATED FOR SPICE (OR WCAP) 

TYPICAL TOWER BASE CIRCUIT 

IMPEDANCES 

TYPICAL TOWER BASE CIRCUIT 

VOLTAGES AND CURRENTS 

IMPEDANCE TRANSFORMATION 

ANO PHASE SHIFT 

These various circuit elements form net¬ 
works. The networks transform the imped¬ 
ances seen by the sample devices, and there¬ 
fore the currents and voltages at the location 
of the sample device will normally be different 
than those at the tower base calculated by the 
moment method program. This transformation 
affects both the magnitude and angle of the 
currents and voltages following the normal 
laws of AC circuits: Ohm's law and Kirchoff's 
law. The calculations are (in mathematical 
terms) simple and straightforward. It’s some¬ 
times useful to refresh one's memory of vector 
algebra by consulting a good AC or radio engi¬ 
neering reference work, such as Griffith, or a 
good mathematics textbook. 

For illustration, this hypothetical example 
shows a simple tower base circuit, with the 
junctions numbered for use in a typical SPICE 
program. See Fig. IO. The series and shunt resistors 
are for convenience in checking the drive voltage and 
current. The load is a parallel network that produces a 
hypothetical antenna impedance of 50 +j 50 ohms. The 
impedances at each junction can easily be calculated by 
addition for the series elements and inversion to add the 
admittances for the shunt elements. Fig. 11 shows the 
results of those calculations. 

Knowing the terminating impedances at each point, 
if we drive this with 1 amp of RF at a given frequency 
we can easily calculate the currents and voltages in vec¬ 
tor form. These are shown in Fig. 12. 

Having calculated the currents and voltages, we can 
see that if the monitoring device is located at the input 
of this base network, it will read different magnitudes 
and angles than if it were at the tower base. So the 
moment method program calculations of drives nec¬ 
essary for the authorized radiation pattern have to be 
modified to get the antenna monitor values when base 
sampling is used. 

In this example, that difference is not large for the 
current sample situation: a correction at the antenna 
monitor of 1.1001Z.—2.25°. But the correction if volt¬ 
age sampling is used is much more substantial: 

(117.5z68.690) 

(65.3z46.31°) 
1.8z22.4° 

at the antenna monitor! 

DIFFERENT TOWER GEOMETRY 

Sample loops are a tried-and-true, straightforward 
method of determining the relative fields radiated from 
a tower in an array. If the loops are located at the eleva¬ 
tion where the amplitudes and phases of the currents 
replicate the far-field conditions, it's not necessary to 
calculate the base region transformations for deter¬ 
mining the correct antenna monitor readings, only for 
determining the phase and power budget for the entire 
feed system. But the new FCC moment method rules 
don't allow the use of sample loops unless the tower 
physical geometry in the region of the sample loops is 
identical. 

Here's why. The photographs (Figs. 13 a and b) show 
two different towers in an array. They have identical face 
widths, identical leg sizes and identical cross member 
sizes. But because one of the towers is a replacement, put 
up after failure of the original in a storm, it has a denser 
cross-member pattern, probably because the applicable 
structural requirements of the building code changed 
from the time of the original construction of the array. 

A moment method model of the towers and sample 
loops located at the point of intersection of the legs 
and cross-members shows the difference in pickup. 
Because the antenna towers have currents flowing in 
the cross-members as well as the legs (the horizontal 
components of those currents do not result in far-field 
radiation but charge the capacitance to ground of the 
antenna tower and induce currents in the sample loops). 

Fig. 14 

TOWERS IDENTICAL 
;FACE, WIDTH, LEG DIAMETER, CROSS-MEMBER DIAMETER) 

EXCEPT CROSS-MEMBER DETAIL 

the loop pickup amplitude is not the same, although 
in this example the phase angles are nearly identical. 
The analysis shows that for sample loops mounted in 
circumstances as similarly as possible, the phase angle 
differs by only 0.4 degrees but the amplitude by nearly 
5 percent. See Fig. 14. 

(continued on page 18) 
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SAMPLING 
(continued from page 17) 

The moment method proof rules 
therefore don't allow one to use this 
technique to determine the proper oper¬ 
ation of an array with dissimilar towers. 
One could, in fact, use the results of this 
model to normalize the antenna moni¬ 
tor readings to tune up the array, but it 
would add an additional set of possible 
errors in the process. The point of the 
moment method rules is to simplify the 
internal sampling process and make it 
as accurate as possible, since it, rather 
than a set of magnetic far-field mea¬ 
surements, is the basis for the licensing 
process. The rules in fact state: "The 
performance of a directional antenna 
may be verified either by field strength 
measurement or by computer model¬ 
ing and sampling system verification'' 
(Emphasis added) 

Fig. 16 

VOLTAGE SAMPLING 

1. The KPTK Voltage Sampling 
Problem 

The FCC's moment method rules 
allow loop sampling for towers of any 
height, but base current sampling only 
for towers 120 degrees or shorter or 
greater than 190 degrees. Base voltage 
sampling is allowed for towers greater 
than 105 degrees in height. The tow¬ 
ers in the KPTK array are 160 degrees 
in height, and are the "almost but not 
quite identical” example shown in Figs. 
13 and 14. After an analysis of the 
drive impedances of the day and night 
patterns employed by KPTK. as well 
as those of the diplexed operation of 
KTTH on the same antenna towers, we 
designed a prototype voltage sample 
device. See Fig. 15. 

The 1090 kHz drive impedances are 
high enough that use of a capacitive 
voltage divider with very high input 

(continued on page 20) 

TO ANTENNA BASE FEEDLINE 

F HIGH VOLTAGE 6 AMP FUSE 

c. 

TO SAMPLING LINE 

2000 pFD VACUUM CAPACITOR 5kV 

R 

P POLYPHASOR LINE SUPPRESSOR 

5-50 pFD VACUUM VARIABLE 
CAPACITOR 45 kV 

100 OHM 50 WATT NONINDUCTIVE 

1% WIRE RESISTOR 

C2 

VOLTAGE DIVIDER ANTENNA SAMPLING NETWORK 

KPTK TOWER BASE CONDITIONS 

PRODUCTS & SERVICES SHOWCASE 
DYNAMAX MX SERIES 

Easy to Operate 

Easy to Install 

Easy to Service 

MODEL 343 MODEL 340 SERIES 

• 6 to 18 channel configurations • 24 or 36 inch wide frames • 2" or 3” wide modules options • 4 Output Buss (two Stereo and two Mono) • Metering for all 4 Outputs • 2-4XI Auxiliary inputs standard • Mic preamp on first two channels • 20 Configurations available 

NEW! M 
SANDIES 

WWW.SANDIESUSA.COM 
215-547-2570 SB©0@WORLD 

For more information, contact 
David at (212) 378-0400 x511 
or dcarson@nbmedia.com 

to request a media kit. 

RADIO WORLD’S 
Products and Services Showcase 
provides a perfect medium for 

marketing your products and services. 



THE NEW A complete range of handheld 
audio measurement tools from Nil. 

MATRIX 
XL2 Analyzer 

A high performance audio analyzer and acoustics 
analyzer together in one efficient battery-powered 
package, (acoustics measurements require optional 
microphone) Designed to close the gap between 
handheld and benchtop instruments in performance 
and features, it functions as an audio/distortion 
analyzer with frequency counter; octave & 1/3 octave 
real time analyzer (optionally up to 1/12 octave); 
calibrated sound level meter; FFT spectrum analyzer; 
polarity tester; scope mode signal viewer; 
delay time and RT60 reverberation analyzer; and 
optionally as an STI-PA speech intelligibility analyzer. 

► Broadcast & Studio engineering 
► Autoranging audio analyzer for service 
► Studio and external acoustics measurements 
► Installations, Remotes and Live Venues 

Incorporating: 
► High (-100 dB) audio performance 
► Ergonomctric package with brilliant hi-res backlit 
► RTA, Distortion Analyzer and FFT Spectrum analyzer 
► Balanced and unbalanced audio inputs 
► Monitor speaker, headphone output, tripod mount and shock jacket 
► .WAV file recording for later reference 
► Data & setup memory storage and recall on micro SD card 

ML1 Minilyzer 
Analog Audio Analyzer 

The ML1 Minilyzer is a full function high performance audio analyzer and signal 
monitor that fits in the palm of your hand. The comprehensive feature set 
includes standard measurements of level, frequency and THD+N, plus VU+ 
PPM meter mode, scope mode, a 1/3 octave analyzer and the ability to acquire, 
measure and display external response sweeps generated by a Minirator or 
other external generator. 

Add the optional MiniLINK USB 
computer interface and 
Windows-based software and 
you may store all tests on the 
instrument for download 
to your PC, as well as send 
commands and display real time 
results to and from the analyzer. 

► Measure Level, Frequency, Polarity 
► Automatic THD+N and individual harmonic 

measurements k2 — k5 
► VU + PPM meter/monitor 
► 1/3 octave analyzer 
► Requires optional MiniSPL microphone 

for SPL & acoustic RTA measurements 
► Frequency/time sweeps 
► Scope mode 
► Measure signal balance error 
► Selectable units for level measurements 

You may never need any others. 

MR-PRO Minirator 
High performance 
Analog Audio Generator + 
Impedance/Phantom/Cable measurements 

The MR-PRO Minirator is the senior partner to the 
MR2 below, with added features and higher 
performance. Both generators feature an ergonomic 
instrument package & operation, balanced and 
unbalanced outputs, and a full range of signals. 

► High (+18 dBu) output level & <96 dB residual THD 
► Low distortion sine waves 
► Programmable stepped or glide sweep 
► Pink & white noise 
► Polarity & delay test signals 
► User-generated custom test signals & generator 

setups 
► Impedance measurement & speaker power 

calculation 
► Impedance measurement of the connected device 
► Phantom power voltage measurement 
► Cable tester and signal balance measurement 
► Protective shock jacket 

MR2 Minirator 
Analog Audio Generator 

The MR2 pocket-sized analog audio generator is 
the successor to the legendary MR1 Minirator. 
It is the behind-the-scenes star of thousands of live 
performances, recordings and remote feeds. 
With its new convenient thumbwheel 
control system and ergonometric package 
design, the MR2 is the compact and economical 
choice for a high performance analog source. 

► Intuitive operation via thumbwheel and "short-cut" 
buttons 

► New higher output level (+8 dBu) & low distortion 
► Programmable Swept (chirp) and Stepped sweeps 
► Sine waves 
► Pink & White noise 
► Polarity & Delay test signals 
► Illuminated Mute button 
► Set outputs in Volts, dBu or dBV 
► Hi-res backlit display 
► Balanced and unbalanced outputs 

DL1 Digilyzer 
Digital Audio Analyzer 

A handheld digital audio analyzer with the 
measurement power & functions of more 
expensive instruments, the DL1 Digilyzer analyzes 
and measures both the digital carrier signal 
(AES/EBU, SPDIF or ADAT) as well as embedded 
digital audio. In addition, the DL1 functions as a 
smart monitor and digital level meter for tracking 
down signals around the studio. Plugged into 
either an analog or digital signal line, 
it automatically detects and measures digital signals 
or informs if you connect to an analog line. 
In addition to customary audio, carrier and status 
bit measurements, the DL1 also includes a 
comprehensive event logging capability. 

► AES/EBU. SPDIF. ADAT signals 
► 32k to 96k digital sample rates 
► Measure digital carrier level, frequency 
► Status/User bits 
► Event logging 
► Bit statistics 
► VU + PPM level meter for the embedded audio 
► Monitor DA converter and headphone/speaker 

amp 
► Audio scope mode 

DR2 Digirator 
Digital Audio Generator 

The DR2 Digirator not only generates digital audio 
in stereo & surround, it is a channel transparency 
and delay tester as well, all condensed into a 
handheld package. Delivering performance & 
functionality challenging any digital audio 
generator made today, it produces all common 
audio test signals with sampling frequencies up to 
192 kHz and resolution up to 24 bit. The Digirator 
features a multi-format sync-input allowing the 
instrument to be synchronized to video and audio 
signals. In addition to standard two-channel digital 
audio, the DR2 can source a comprehensive set of 
surround signals. 

► AES3, SPDIF. TOSLink, ADAT outputs 
► 24 bit 2 channel digital audio up to 192 kHz SR 
► Sine wave with stepped & continuous sweeps; 

White & Pink Noise; Polarity & Delay test signals 
► Dolby D. D+, E, Pro Logic II. DTS and DTS-HR 

surround signals 
► Channel Transparency measurement 
► I/O Delay Measurement 
► Sync to AES3, DARS, word clock & video 

black burst 
► User-generated test signal files 

.iNTi 
AMERICAS 

PO Box 231027 
Tigard, Oregon 97281 USA 
503-684-7050 

wntwiswal.enst@i-anutidaimo..ccoomm 



20 RADIOWORLD ENGINEERING EXTRA I radioworld.com 

SAMPLING 
(continued from page 18) 

impedance could produce a voltage great enough to 
properly drive the antenna monitor. In contrast the 
770 kHz impedances are relatively low, since the tow¬ 
ers are only I 13 degrees tall at this frequency, and so 
the sampling device had no measurable effect on the 
KTTH parameters. A capacitive divider was considered 
preferable to a resistive divider in order to provide DC 
isolation from static fields, and because a high-voltage 
vacuum capacitor has a modest degree of "self-healing” 
immunity to some fault conditions. See Figs. 16 and 17. 

The Kl’TK engineering staff procured the necessary 
pails and constructed the devices. The high-voltage fuse 
and the line suppressor provide additional protection 
against atmospheric electrical events, and RI provides 
the proper value of impedance for the lower portion of 
the divider, resulting in an appropriate input voltage for 
the antenna monitor. The three units were set up side by 
side and fed from a common source and calibrated with 
the antenna monitor by adjustment of Cl. which was then 
locked into position. Before the final proof of performance 
measurements and adjustment were prepared, the units 
were monitored over about four months in a variety of 
temperature and environmental conditions, and proved to 
be very stable. See Fig. IS. 

This system was used in the first moment method 
proof filed with the FCC using voltage samples. 

CONCLUSION 

The adoption of moment method analy¬ 
sis techniques has placed new demands 
on the analysis of the monitoring circum¬ 
stances for AM directional antenna sys¬ 
tems. Careful evaluation of the base region 
conditions of the antenna towers in medi¬ 
um-wave directional arrays is necessary 
when base voltage or current sampling is 
employed. Because base currents are not 
necessarily a reliable method of monitoring 
array performance, in some situations the 
use of base voltage monitoring has begun to 
be employed. Simple voltage dividers allow 
this, but additional circuit elements may be 
required to provide adequate sample volt¬ 
ages in some cases. 
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2. The WAOK Voltage Sampling Problem 
A different set of circumstances led to the use of volt¬ 

age sampling for the antenna array employed by WAOK. 
The WAOK antenna system employs towers which aie 
dissimilar and not quite 180 degrees in height, both of 
which disqualify it for use of a sample system with loops 
or with base current sample devices. 

Because the WAOK towers are very close to half¬ 
wavelength in height, the drive impedances of this array 
are not high. As a result, a simple capacitive divider 
device is probably not suitable for this situation, or for 
many other systems with low Z towers and lower oper¬ 
ating powers. As a result. Kintronic Laboratories devel¬ 
oped a voltage sample device with a capacitive divider 
and a step-up toroidal transformer. See Fig. 19. 

The Kintronic Laboratories unit is also designed for 
use in an outdoor environment, where there isn’t suit¬ 
able space in an existing ATU or where there are other Fig. 19 
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At RF It’s Only Skin Deep 
A Discussion of Skin Effect in Alternating Current 

Show Me Some Skin 
Question from the Feb. 22 issue 
(Exam level: CBRE) 

What is skin effect in alternating current and what is its relationship to cur¬ 
rent flow? 

a. Skin effect is the tendency of all current flow on printed circuit boards to 
concentrate on the area against the non-conductive surface and create a 
capacitor. 

b. Skin effect is the tendency for electrolytic capacitors to change value when 
touched due to the requirement that the positive plate always be on the 
outside. 

Lamb in 1883 anno¬ 
tated the skin effect 
phenomenon for the 
case of spherical con¬ 
ductors, and in 1885, 
Oliver Heaviside, the 
same gentleman who 
gave us the radioac¬ 
tive Heaviside layer in 
the ionosphere, related the 
effect to conductors of any 
shape. 

Genius must have run 

same. Horace 

c. Skin effect is the tendency of current to flow through mainly the epitaxis 
layer of the skin when experiencing an electric shock. 

d. Skin effect is the tendency of an alternating electric current to distribute itself 
within a conductor with the current density being largest near the surface of 
the conductor, decreasing at greater depths. 

e. Skin effect is the penchant of RF to want to flow through the conductive 
character of a coaxial line. 

BY CHARLES S. FITCH, P.E. 

To help you get in the SBE certi¬ 
fication exam-taking frame of mind, 
Radio World Engineering Extra poses a 
typical question in every issue. Although 
similar in style and content to the exam 
questions, these are not from past exams 
nor will they he on future exams in 
this exact form. For more certification 
information visit www.sbe.org/sections/ 
cert_index.php. 

of the skin effect phenomenon; current 
tends to flow on the surface of any 
conducting material. But currents don't 
create capacitors. 

This leaves us with (d), which is the 
correct answer. 

INDUCTANCE AND CONDUCTORS 

No matter the major theory of elec¬ 
trical current flow to which you sub¬ 
scribe (the electrons move or just the 
charges move), the physics is about 

Heaviside's family, as his uncle was 
Sir Charles Wheatstone, co-inventor 
of the telegraph and progenitor of the 
Wheatstone bridge. An engineer and 
mathematician, amazingly Heaviside 
was self-taught! There's hope for all 
of us. 

Faraday postulated that any current 
(lowing through a wire sets up a mag¬ 
netic field. Alternating current sets up 
a larger field due to the alternation of 
flow. The strata of atoms and their shells 
of electrons and related charges form 
magnetic layers, and where there is mag¬ 
netism, there is induction. In this case, we 
have inductive layers caused by the lay¬ 
ers of atoms ... sort of circulative coils. 
As we come near to the edges of the 
conductor, the looser boundary regions 
exhibit less inductance, which presents to 
the current flow less inductive reactance. 

From the basic formula, inductive reac¬ 
tance is equal to 2 times st times the 
frequency times the inductance in hen¬ 
ries (2nfL); we can see that the higher 
the frequency, the higher the inductive 
reactance. Reactance acts on alternating 
currents similar to the way resistance acts 
on DC currents: the higher the reactance 
(resistance), the lower the current. So the 
AC flow seeks out the lowest reactance 
towards the edges and in the case of the 
highest frequencies, like RF. the flow 
travels mainly along the skin. 

A DEEPER LOOK 

The way the physics works out is that 
63 percent of all the AC current flows 
near the wire surface to a depth which 

(continued on page 22) 

Let's start our discussion by eliminat¬ 
ing the most obvious wrong answer, (c). 
The epitaxis layer of the skin does not 
exist in the body except in your humble 
author's imagination. 

The great wTiters of the golden era of 
sci-fi always described humans as "ugly 
bags of water." Probably more correct 
is "ugly bags of salt water.” If you 
remember your high school chemistry 
and physics classes, you might recall 
how current flow went up when salt 
was added to the water. Once past dry 
skin's natural surface resistance, any 
current impressed on the body takes off 
following its inevitable course to ground 
and back to the power source generator 
through all your vital components. 

Also wrong is (e) as RF (which is 
electricity) flows through the electron 
path of the copper conductors. 

Answer (b) is not correct as there is 
no convention covering the manufacture 
of electrolytic capacitors although most 
do. in fact, have the negative plate on 
the outside. 

Answer (a) does have one element 
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Free Silence Sensor Offers Worthy Set of Features 
■I 

Alarm Activation | Alan« Ta>kt | Return Tarks I General Setting« ! 

BY AARON READ 

In the world of radio there's 
no greater sin than “dead air.” 
Avoiding it has beeomc increas¬ 
ingly complicated. Stations find 
themselves responsible for mul¬ 
tiple content delivery methods, 
some of which have enough 
delay that they cannot realisti¬ 
cally be monitored in real time 
by an operator on duty. Within 
a typical cluster, there might 
be several analog signals, HD 
Radio digital signals, multi¬ 
casts, webcasts and more. 

A major tool in dealing with 
this problem is the silence sen¬ 
sor. Silence sensors are designed to 
trigger an alarm of some kind whenever 
audio levels fall below a given volume 
for a given duration. 

They aren't perfect; a loud roar of 
static won’t cause your silence sensor 
alarm, but it sure will put a dent in your 

PD’s antacid budget ... not to mention 
your audience. Still, it’s a valuable tool. 

What if you don't have the budget, 
though, or (for computer-based audio) 
can't tie up a valuable audio output? 

Enter the Pira CZ Silence Detector. 
This especially handy freeware pro-

xj gram for Windows (Win95 
to Win7. or Linux via WINE) 
will monitor the audio input 
or output via the Windows 
Sound Mixer, and has an 
adjustable level threshold and 
time duration for both silence 
and return-from-silence for 

^1-Jil the alarm. 
The alarm is impressive, 

s««« with a hierarchical system 
Hide that includes pauses and mul¬ 

tiple actions, such as emailing 
-1 a message, attempts to kill a 

program, start (or re-start) a 
Help program, save a screenshot 

(and attach it to an email), 
play a sound clip, send an 

HTTP query or reboot the system. 
For example, let’s say you feed your 

transmitter with a high-quality OGG/ 
Shoutcast stream, played by Winamp 
on a computer at your transmitter site. 
Pira can monitor for silence and can 
be programmed to make the following 

responses if the stream fails: 

• Email a custom alarm message to 
a group of people. 

• Force-close Winamp. 
• Wait 10 seconds. 
• Open a M3U (associated in 

Windows to open in Winamp) 
to relaunch the stream. 

• Wait 60 seconds for the stream 
to buffer, and if still nothing ... 

• ... open a different M3U with local 
MP3s to keep something on the air 
while the engineer investigates. 

And if re-starting the stream is suc¬ 
cessful. Pira can wait a user-definable 
amount of time before initiating a just¬ 
as-flexible list of commands for "return 
from silence.” 

You can download a free copy of Pira 
from littp tUpira .c -fien^/silem e Jitt n 

Aaron Read is the director of engi-
neering at Rhode Island Public Radio in 
Providence, RJ. 

SKIN EFFECT 
(continued from page 21 ) 

we’ll call ò (lower case Greek letter delta). 
The AC current density J in a conductor decreases 

exponentially from its value at the surface Js according 
to the depth d from the surface, as follows: 

J=Jse~d's
where ò is called the skin depth. The skin depth 

is thus defined as the depth below the surface of the 
conductor at which the current density has fallen to 1 /e 
(about 0.37) of Js. In ordinary cases, the formula for 
determining ò is 

5 = 
where 
o = resistivity of the conductor 
tn = angular frequency of current = 2jt x frequency 
p = absolute magnetic permeability of the conductor 
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98 percent of all the AC current Hows in an area no 
deeper than 4 times ö. 

For virgin copper ... 

Frequency Skin depth 
(ri in pm, micro meters) 

60 Hz 8470 

10 kHz 660 

100 kHz 210 

1 MHz 66 

10 MHz 21 

100 MHz 6.6 

IN PRACTICE 

In radio, the skin effect has many practical implica¬ 
tions. Skin effect is why we use strap for RF grounding. 
Since the RF flows along the skin of the conductive 
material, the interior copper in a large wire is effec¬ 
tively wasted. Strap provides a much higher ratio of 
conductor skin to interior copper and thus is able to 
carry high-frequency currents with minimal loss. So we 
have a world of 4- and 6- and sometimes 8-inch wide. 
1/8-inch thick copper strap running hither and yon in 
our radio plants. The thickness is really just a function 
of the minimum sturdiness that will survive soldering, 
flexing and corrosion over the years. 

Coils used in AM tuning units are much larger in 
diameter than would be required to pass similar mag¬ 
nitude DC currents. These much larger components are 
required in order to get enough current conduction on 
their outer skin. Most big RF coils use tubing, since this 
provides both inner and outer skin surfaces, doubling 
the conductive area and enhancing cooling. 

In circuits much higher than AM and FM, say I I 
and 13 gigahertz aural STLs, we have frequencies high 
enough that the signal flow is mainly along the top few 

angstroms (a unit of length equal to 10 10 meter) of the 
conductive material. In these microwave cases, and 
especially in high demand locations such as filters, we 
can plate the device with a deposition of gold to mini¬ 
mize losses and enhance stability. 

Gold is an amazing material for a great many reasons, 
but the one most valuable to us for cost reasons is its very 
high malleability. Gold can be thinned out in density/ 
thickness until you can actually see through it and still 
maintain uniform integrity. So we are able to place just 
such a patina of gold on device surfaces for RF purposes. 

Charles "Bite" Pitch, P.E., CPBE, AMI), is a fre¬ 
quent contributor to Radio World. Missed some SBE 
Certification Corners or want to review them for your 
next exam? See the “Certification" tab under Columns 
at radioworld.com. 

Meter, Meter on the Wall 
Question for next time 
(Exam level: CBRE) 

The analog DC ammeter with an actual full-
scale value of 10 milliamperes in your transmitter 
that measures I ampere of plate current has failed 
and the only linear meter that fits in the same 
space available is a 1 mA unit. Could you use this 
available meter as a replacement? 

a. Yes, with a series resistor of 10 k 
b. Yes, with a series and parallel resistor 

both 10 k 
c. No 
d. No because the scale is set by the coil 

wind count 
e. Yes, with a select parallel resistor across 

the meter contacts 
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ence studies using Longley-Rice, 
FCC, PTP, Cost-231-Hata, 
Okamura/Hata, and others. 

Soft The Leader in Broadcast 
Engineering Software! 

Winner of Radio World Newspaper 's Cool Stuff Award! 

• www.v-soft.com • +1-319-266-8402 • 

Graham Brock, Inc. 
Broadcast Technical Consultants 

Full Service From Allocation to 
Operation AM/FM/TV/AUX Services; 

Field Work; Antenna and 
Facilities Design 

Over 45 years engineering 
and consulting experience 

S>12-638-8028 
202-393-5133 
www.grahambrock.com 

Mullaney 
Engineering, Inc. 

Member AFCCE 

"God Protect & Guide 
the USA to Victory" 
Serving Broadcasting 

Since 1948 

Mullaney Engineering, Inc. 
9049 Shady Grove Court 
Gaithersburg, MD 20877 

Mullaney@MullEngr.com 

www.mullengr.com ♦ 301-921-0115 Voice ♦ 301-590-9757 Fax 

Engineering Databases and Software 
Tools to Fit any Budget! 

• AM Allocations 
• Contour Protection 
• Coverage 
• DA Design 
• DA Proof Tools 

• FM Allocations 
• PCN Coordination Tools 
• Population Studies 
• Phasor/ATU Design 
• Diplexer Design 

Au Contraire Software, Ltd. 
www.aucont.com 
(303) 489-3454 

gRFl 

EIMAC • TAYLOR • SVETLANA 
New & Rebuilt Tubes - Same Day Shipping 

Motorola • Toshiba • SGS • Thomson & Mitsubishi Semiconductors 

800r737-2787 760-744-0700 
rfp@rfparts.com www.rfparts.com 

(Rf PARTS CO 
Se Habla Español We Export 

TUNING PRESETS 

IN0V0NICS 

•Outdoor loop antenna included. 

525 AM Modulation Monitor 
See and hear everything. 

BROADCAST 

www.inovonicsbroadcast.com 
1-800-733-0552 



^AUDIOARTS 
FLEXIBLE. AFFORDABLE. BUILT TO LAST. 

modular design + ease of use + value = enlightenment 
The I P-12 ’s modern, modular design moves all audio, logic and control outside the control surface and into a single rackspace 
audio interface/mix engine (called a BLADE). This gives you much greater mixing/processing capabilities as well as the ability 

to cost-effectively add on incredible functionality (more audio sources, automation feeds, STL capabilities, multi-channel 
processing, more consoles, etc). And, if you’ve already got the WheatNet-IP Intelligent Network, it fits right in. 

Speaking of modular design, the IP-12’s construction is exactly that. Need to replace a channel? 
Two screws and a connector is all it takes. Got automation? IP-12 is hardware-ready. We offer a software driver 
that works seamlessly with the most popular automation platforms to give you control right from the console! 

And here’s how easy it is to set up the new IP-12 console: Unbox it. Plug it in. You’re ready to go. 
But don’t let its simple setup fool you. It’s one very powerful little console... 

Ready for enlightenment? Contact your Audioarts dealer, give us a call or visit us on the web today 
to learn more about the power, flexibility and affordability of the IP-12. 

phone 1.252.638-7000 | audioartsengineering.com | sales@wheatstone.com Made in tne usa 




