How Earthworks® High Deﬁnition Microphones™
Can Dramatically Improve the Quality
of Your Worship Services
New advanced technologies allow Earthworks
High Deﬁnition Microphones™ to overcome common
problems inherent with the use of conventional microphones.

by Larry Blakely
Advanced Technology High Deﬁnition Microphones™
Earthworks High Deﬁnition Microphones™ are the result of
major advances in microphone technology and are made differently from any other microphones in the world. They reproduce
sound with far greater accuracy and ﬁdelity, while overcoming
all major obstacles encountered when using microphones in
church sound reinforcement systems. Let us look at the problems typically encountered in church sound systems and then
see how they can be overcome with the use of Earthworks High
Deﬁnition Microphones.

Common Problems with Church Sound Systems
Nearly every church music director and sound engineer face
one or more of the following problems with their sound reinforcement system:

• Uneven Coverage of Handheld Microphones
Whenever three singers (or orators) are placed on a single
microphone, the singers on the sides of the microphone
have inferior sound quality and less sound level than the
person at the front of the microphone.

• Uneven Coverage of Podium Microphones
When an orator moves from the front of a microphone to
the side, there is a signiﬁcant decrease in both sound level
and quality, making it difﬁcult to hear or clearly understand the orator.

• Insufﬁcient Gain Before Acoustic Feedback
Generating enough sound level before encountering the
howl and scream of acoustic feedback is a very common
problem in sound reinforcement systems.

• Spotlighting
Conventional microphones used for choir may tend to reproduce one singer, or a group of singers, louder than the rest.
This is due to poor polar response of the microphone, which
accentuates (spotlights) sounds at certain frequencies.

• Leakage of Sound from the rear of the Microphone
Another common problem is unwanted sounds, such as a band
or orchestra, leaking into the choir microphones.

• Many Microphones Required to Mike a Choir
Conventional microphones have such a narrow pick-up range
with full frequency response that it typically takes 6 or more
microphones to adequately mike a large choir.

• Lack of Pure Sound with Accuracy and High Intelligibility
The overall objective is to have highly intelligible, pure sound
that faithfully reproduces the full detail and beauty of musical
instruments and captures the intelligibility and diction of the
spoken word and choir. This objective is nearly impossible to
achieve with conventional microphones.
We would like to quote from one church sound engineer’s quest: “I
was trying to accomplish two things: capture a better sound and increase the amount of gain (level) before feedback. As I tried various
microphones, to my frustration, the results always came out one of
two ways, (1) either the sound quality was improved, or (2) I got more
gain before feedback, but never both. Everything was a compromise,
typically requiring a great deal of equalization. Bigger problems arose
when miking both choir and orchestra in trying to keep the orchestra
out of the choir mics.”

Problems Can be Solved Using
Earthworks High Deﬁnition Microphones™
The church sound engineer quoted previously added: “A local contactor
suggested that I try Earthworks High Deﬁnition Microphones on my
choir. In doing so, I immediately noticed a huge difference in quality and warmth, and the whole mix sounded better. I had a fabulous
mix between the choir and orchestra and there was more sound level
before feedback than I knew what to do with. Everyone in the congregation noticed the improvements and the pastor couldn’t believe the
difference, so I immediately replaced every choir mic with an Earthworks High Deﬁnition Microphone. Had I invested in Earthworks
High Deﬁnition Microphones in the beginning, there would have
been years of incredible worship services behind us.”

In the following pages of this document we will investigate each of the previously listed problems that are typically
encountered when using microphones and show how the use of Earthworks High Deﬁnition Microphones™ can solve them.

Figure 1. Frequency Response Chart with keyboard

Frequencies and Frequency Response

To better understand the material covered in this document, we need a basic
understanding of “frequency response.” Frequencies are designated in Hz,
which is an abbreviation for hertz (the unit of measurement of the frequency
in cycles per second). A frequency range of 30Hz to 30kHz covers very low
sounds (such as a string bass or contrabassoon) to very high sounds (such as
overtones from a piccolo). In Figure 1 you can see what types of sounds are
present at various frequencies.

a 20dB loss of high frequencies (indicated by the blue dotted line) while the
singer at the front of the microphone suffers no loss of high frequencies at all.
This loss of high frequencies causes a loss of diction and clarity like having
your hand in front of your mouth.

Sound Level and Decibels

The unit of measurement for sound level is the decibel (dB). An increase in
acoustic sound level of +10 dB is perceived by the human ear as sounding
twice as loud. To indicate a reduction in sound level, a minus sign is used.
Therefore, –10dB would be a decrease in acoustic sound level and is perceived
as half as loud. In contrast, electrical signals will double every +6dB.

Uneven Coverage of Conventional
Directional Microphones

A directional microphone is the most common type used in church sound
systems. A directional microphone, in theory, is designed to pick up sound at
the front and sides of the microphone. The performance of a microphone at
the front and sides can be illustrated on a polar graph (see Figure 2). The pink
area in Figure 2a illustrates the front half of the microphone’s pickup area.
The numbered circles in Figure 2b indicate any reduction of the sound level
(at speciﬁc frequencies) as captured by the microphone.

(a) Polar chart showing front and rear
pickup areas of a microphone

Figure 3. Three Singers on
a Conventional Directional
Microphone

An Orator on a Conventional
Directional Podium Microphone

During a meeting or church service you have probably noticed that when orators are speaking directly in front of the podium microphone, they are easily
understood. As soon as they move to the side of the microphone their voices
sound quieter with deteriorating sound quality. When they move back in front
of the microphone they sound louder with much better sound quality. This is
another version of the same problem shown previously with three singers on a
microphone. The reduction of sound quality is due to lack of high frequencies
at the side of the microphone as shown in Figure 4. Notice when the orator is
speaking at the side of the microphone, the high frequencies (i.e. dotted blue
line) indicate a nearly 20dB reduction in sound level as compared to speaking
at the front of the microphone.

(b) Polar chart showing decrease in
sound level in dB from inner circles

Figure 2. A Basic Polar Chart

All of this will become more relevant when you see a microphone’s performance indicated on a polar graph in following examples.

Three Singers on a Conventional Directional Microphone

Anyone who has tried to place three singers on a single directional microphone quickly discovers that the singer at the front of the microphone has the
best sound quality. Those on each side of the microphone have a dramatic
reduction in both sound quality and sound level. The reason for this is illustrated in Figure 3. The singer directly at the front is the only one enjoying the
full frequency response of the microphone (shown in the pink shaded area),
while both singers on the sides sound like their mouths are covered. This happens due to the loss of high frequency response (shown with the dotted blue
line) outside the pink shaded area. The two singers on the sides have nearly

Figure 4. An Orator Speaking at the Front and
Sides of a Conventional Podium Microphone

At Last, Uniform Coverage using Earthworks Microphones

Earthworks High Deﬁnition Microphones use a new technology that prevents a loss of high frequencies at the sides of a microphone. An Earthworks
directional microphone offers the full frequency response and full level at
both the sides and front of the microphone. When orators use an Earthworks

High Deﬁnition Microphone they enjoy the same high quality sound and
sound level at the front or on the sides of the microphone. Figure 5 shows
how the high frequencies have no loss of level on the sides of the microphone
(shown with the blue dotted line). The green shaded area offers the full uniform frequency range of the microphone and everyone sounds wonderful.

in the microphone’s overall frequency response and also creates phase problems. These peaks and dips and phase anomalies contribute to acoustic
feedback. Notice how the high frequencies track each other in the perfect
directional microphone shown in Figure 7a, which will cause no peaks and
dips or phase disparities.

At Last: More Gain Before Feedback

When comparing the perfect directional microphone (Figure 8a) to the
Earthworks microphone in Figure 8b, notice how close together the various
high frequencies are from 270° to 0° to 90°. See how close the Earthworks
microphone is to the perfect microphone shown in Figure 8a. Because of
this very uniform polar response, an Earthworks directional microphone
will provide signiﬁcantly more sound level before acoustic feedback. Now
compare the Earthworks microphone shown in Figure 8b to the conventional microphone shown in Figure 7b.
Figure 5. Three Singers
on an Earthworks
Directional Microphone

Please refer back to Figure 3 which shows how conventional microphones do
not work well with three singers on a microphone due to the loss of high frequencies on the sides. Now refer to Figure 5, which shows three singers on an
Earthworks High Deﬁnition Microphone. Notice that there is no loss of high
frequencies (shown with the dotted blue line) at the sides of the microphone.
With an Earthworks microphone, singers both at the front and sides of the
microphone can enjoy the same high quality without a reduction in sound
level or loss of high frequencies. Now, for the ﬁrst time, you can successfully
place three singers on the same microphone.

(a) Perfect Directional Microphone

(b) Earthworks Directional Microphone

Figure 8. Differences Between a “Perfect” and an Earthworks Directional Microphone

Those who have used Earthworks High Deﬁnition Microphones for sound
reinforcement are always impressed with the signiﬁcant increase in sound
level before feedback.

Spotlighting with Conventional Microphones

Another problem often created by conventional microphones is spotlighting. The same lack of uniform polar response at various frequencies causes
voices or instruments in certain frequency ranges to be louder than the rest,
making them “stick out” and difﬁcult to blend in with the rest of the group
or ensemble. This problem is called spotlighting.

Figure 6. An Orator
Speaking at the Front
and Sides of an
Earthworks Directional
Podium Microphone

Insufﬁcient Gain Before Acoustic Feedback

One of the main problems with sound reinforcement systems is the inability
to have sufﬁcient sound level (gain) before feedback. Acoustic feedback problems can be attributed to one or more of the following: (1) the microphone,
(2) the loudspeaker system, and (3) the acoustics of the room. Conventional
microphones contribute to acoustic feedback problems through the lack of
uniformity in the polar response at different frequencies. For a directional
microphone to be “perfect”, all frequencies must exactly follow the heartshaped pick-up pattern as shown in Figure 7a.

The Earthworks Solution to Spotlighting

The exceptionally uniform frequency response of Earthworks High Deﬁnition Microphones™ allows them to pick up sounds uniformly and accurately,
with no spotlighting. Those who use Earthworks microphones on choir and
instrument ensembles often express great pleasure at Earthworks microphones’ lack of spotlighting, which improves the overall sound quality.

Conventional Microphones and
Leakage of Sound from the Rear of the Microphone

Many churches have an orchestra or band that is located in front of the choir
(directly behind the choir microphones). In such cases the sound of the orchestra, band or musical ensemble leaks into the choir microphones. Conventional microphones typically have this problem because they fail to adequately
reject sounds from the rear, therefore picking unwanted orchestra or band
sounds in the choir microphones.

The Earthworks Solution to Rejecting Sounds
from the Rear of the Microphone

(a) Perfect Directional Microphone

(b) Conventional Directional Microphone

Figure 7. Differences Between a Perfect and Conventional Directional Microphone

Referring to the “Conventional Directional Microphone” in Figure 7b, we
see that the different high frequencies vary signiﬁcantly in level (i.e. 4kHz,
16kHz and 20kHz). Such level disparities between the different high frequencies correspond to sharp peaks or dips (increase or decrease in level)

Earthworks microphones are designed to have signiﬁcantly more rejection
of sounds from the rear of the microphone than conventional microphones.
This is clearly illustrated with the two graphs in Figure 9. Notice, with the
conventional microphone, the frequencies of 500Hz, 1kHz and 4kHz arriving at the rear of the microphone are only reduced by 10dB (Figure 9a). In
comparison, the Earthworks microphone reduces these same fequencies by 15
to 23dB (Figure 9b). The majority of musical energy is in the 500Hz to 4kHz
frequency range and our ears are most sensitive to these frequencies. The highest note on a piano is less than 5kHz (see Figure 1). Higher frequencies (16kHz

and above) contain vital perceptual information, but have little energy. Earthworks microphones are designed to reject sounds coming from the rear of the
microphone in the dominant frequency range from 500Hz to 4kHz. This is
also the frequency range where most feedback problems occur.

(a) Conventional Directional Microphone

the microphones are barely covering the front row of the choir. By comparison, in Figure 11, see that the Earthworks microphones more than adequately cover the front row of the choir. In fact, they cover it so well that
the microphones can be moved closer to the choir, resulting in more sound
level before feedback. Figure 12 shows the Earthworks microphones moved
3 feet closer to the choir than in Figure 11 while still adequately covering the
front row of singers.

(b) Earthworks Directional Microphone

Figure 9. Differences in Rejection of Sounds from the Rear Between
a Conventional Microphone and an Earthworks Microphone

It Takes a Large Number of Conventional
Microphones to Properly Mike a Choir

The narrow usable portion of the polar response of conventional microphones only provides a narrow window in which they can pick up sounds
with full frequency response (due to the high frequency losses at the sides).
In Figure 10 we see an 80-voice choir miked with conventional microphones.
It takes 6 conventional microphones, placed 6 feet in front of the choir, to
adequately cover the choir with the full frequency response.

Figure 12. An 80-voice Choir Miked with 3 Earthworks Microphones at 3 Feet

Pure Sound with Accuracy and High Intelligibility

Earthworks High Deﬁnition Microphones incorporate a number of advanced technologies and are not made like any other microphone in the
world. Due to these advanced technologies, Earthworks High Deﬁnition
Microphones will outperform any conventional microphones, without respect to make, model or price. This is a bold claim, but anyone who has used
our microphones will agree. Just ask anyone who has used an Earthworks
microphone.
To describe the sound quality you hear with our incredible microphones is
like comparing a standard television set to a high deﬁnition television set. The
difference you see is like the difference you will hear when using an Earthworks High Deﬁnition Microphone. Others say, “There is so much detail, the
sound is so clean, clear and pure. It sounds like what I hear inside my head.”

Extended High Frequency Response

Figure 10. An 80-voice Choir Miked with 6 Conventional Microphones at 6 Feet

It Takes Fewer Earthworks Microphones
to Properly Mike a Choir

The much wider polar response (with full frequency response) of Earthworks High Deﬁnition Microphones allows the use of fewer microphones.
This is very good news! With Earthworks High Deﬁnition Microphones,
you can not only use fewer microphones, you also have more sound level
before feedback, no spotlighting, more rejection of sounds from the rear
in addition to a vastly superior sound quality. Figure 11 illustrates how the
same 80-voice choir is covered fully with only 3 Earthworks High Deﬁnition
Microphones because of their wider pick-up pattern.

Figure 11-. An 80-voice Choir Miked with 3 Earthworks Microphones at 6 Feet

Recent scientiﬁc research has shown that music has high frequency overtones that can extend as high as 100kHz. Most humans can only hear pure
tones to 15kHz or 20kHz. However, this research shows that overtones
above 20kHz contribute to the sound quality, or timbre, of sound that we
hear. Some Earthworks microphone models have a frequency response to
50kHz. At ﬁrst blush, one may say, “If it were that high, there is no way I
could hear or perceive the difference.” We ask you to visit the Earthworks
website and request the free “High Deﬁnition Microphones” Demo CD. On
this CD there are recordings made with 20kHz, 30kHz, 40kHz and 50kHz
microphones. You will be able to hear the difference and the improvement
in sound quality as the high frequency capability of the microphones increases. Visit www.EarthworksAudio.com and request yours today. You will
be astounded!

Typical comments of those who have heard these microphones are:
“Stunning”, “Incredible”, “I wouldn’t have believed there could be such
a difference”, “Comparing a conventional microphone to an Earthworks
microphone is like comparing a BB gun to a 45.”, “The ﬁrst time I heard
Earthworks High Deﬁnition Microphones was a revelation!”
It is often said, “The proof is in the pudding”. We are willing to put our
product where our mouth is! We invite you to contact us and arrange a
free demonstration of Earthworks High Deﬁnition Microphones in your
church. We know you will be impressed. Contact us by phone at 603-6546427, ext. 14 or by email at sales@earthworksaudio.com. You will be glad
that you did. Ask us today for a free demonstration in your church, so you
can enjoy the incredible improvements that Earthworks High Deﬁnition
Microphones can bring to your church services.

It Gets Even Better

How would you like to get even more sound level before feedback? Whenever you place a microphone closer to the sound source (in this case, the
choir) the sound picked up by the microphone is louder, resulting in even
more sound level (gain) before feedback. Refer to Figure 10, where at 6 feet
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