
By ABRAHAM B. COHEN 
Manager of Engineering, University Sound, Div. of LTV 

How to select the proper reproducer to achieve best sound 
coverage for public-address use. Speaker connections, the 
constant-voltage system, and power requirements are covered. 

THE function of a public-address system is to deliver 
an audible message either to a particular individual 
or to a group of individuals. The choice of a loud¬ 

speaker, or speaker system, will be based not only on the 
number of people who must be reached but also upon the 
environment in which these particular people are expected 
to receive the information or message. 

SECTION 1—THE REPRODUCER 

The/p.a. family of reproducers can be^broken down into 
specific groups, such as relatively small pagmg and talk-back 
speakers, larger higher power projector trumpets with spa- 

ally uniform sound coverage, wide-angle horns for con- 
airing the reproduced sound pattern into one\preferred 

plane, and column ^leakers, (or line radiators) for combined^ 

high-directivity control and extended frequency response. 
With the exception of the column speakers, p.a. repro¬ 

ducers use compression-driver, horn-loaded types. This 
design assures high efficiency of conversion of electrical 
power into acoustic power, on the order of up to approxi¬ 
mately 35 to 50 percent in some cases. 

The Horn—An Acoustic Transformer 

A horn is a tapered acoustic transmission line, or an acous¬ 
tic transformer, which provides an effective impedance match 
between the driver unit (the source of the sound) and the 
air around it. The mechanism by which this takes place is 
illustrated in Fig. 1. 

The improvement in the ladiation efficiency of the system 
due to the horn is frequency dependent, as the horn is also 
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dispersion. Not all horns have the same spatial distribution, 
even though they all may be of round or uniform cross sec¬ 
tion. As in a cone speaker, the larger the radiating piston (or 
mouth), the sharper the beam for a given frequency. 

We can increase the dispersion, if 
required, by putting two (or more) 
horns side by side, arranged in an arc. 
There are applications where wide- 
angle coverage is desired from a single 
horn, rather than a cluster of horns; 
hence, acoustic structures have been 
designed to provide such wide-angle 
dispersion. It is also possible to contour 
the last section of the horn — usually 
called the “bell”—which does the actual 
radiating, in such a fashion that the 
sound pattern is no longer symmetrical 
about a given axis but is concentrated 
in and spread out over one plane and 
minimized in the other. Two such horn 
structures are shown in Fig. 3. Another 
means of producing the wide-angle 
sound is with the double-mouth struc¬ 
ture shown. 

When dealing with wide-angle p.a. 
speaker systems, we must pay particular 
attention to a non-horn system — the 
column speaker or linear array. Such 
columns are made up of a multiplicity 
of cone speakers, usually stacked ver¬ 
tically, as illustrated in Fig. 4. The 
pattern of radiation for a column 
speaker is one where wide-angle distri¬ 
bution is obtained in the horizontal 
plane through the center of the vertical 
axis as shown. Its distribution in the 
vertical plane is, however, severely re¬ 
stricted and highly directive. 

The Driver Unit 

The driver unit, so-named because 
it drives or energizes the horn, is re¬ 

markably small considering the amount of power it can 
handle and for the amount of acoustic power it can develop 
in conjunction with a well-designed acoustic horn. 

One often hears the horn system referred to as being 

Fig. 3. Standard horns at (A) and (D) produce symmetrical sound patterns. 
Horns at (B) and (E) have been specially shaped to produce a greater hori¬ 
zontal spread of sound when mounted as shown. Dual horn at (C) has same effect. 
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energized by a compression driver unit. The compression 
is the sealed rear volume behind the diaphragm in the driver 
unit. Rather than acting as a deterrent to diaphragm motion, 
this stiff rear cushion actually improves the performance of 
the system. This rear acoustic stiffness acts as an acoustic 
capacitance and, in a properly integrated driver-horn com¬ 
bination, the capacitive reactance balances out the inductive 
reactance of the horn that loads the front of the diaphragm. 
As a result, the system becomes totally resistive and most 
efficient. 

Driver units come in various power ratings from 5 watts 
up to 75 watts for standard, commercially available systems. 
The size of the voice coil, including wire size and coil diam¬ 
eter as well as the cements that hold the voice coil together, 
determine the electrical power that can be fed into the coil 
before it fails electrically. The design of the diaphragm and 
its edge suspension will determine to what degree the dia¬ 
phragm can be vibrated mechanically before its suspension 
ruptures or its main body breaks up. Thus, power handling 
capability depends on electrical as well as mechanical con¬ 
siderations. 

Driver units have much in common and yet they may be 
made to differ widely, and intentionally so, in performance. 
Some of these important variables are power-handling ca¬ 
pacity, conversion sensitivity (related to magnetic circuit 
efficiency), frequency response (related to diaphragm and 
head design), size, whether parts of the unit as a whole 
can be replaced, and built-in transformer facility. Fig. 5 
pinpoints all of the components going into the construction 
of a well-designed driver unit for public-address applications. 

SECTION 2—SOUND COVERAGE 

Despite the many types of p.a. speakers, there are two 
common factors that dictate what type of unit will best 
serve a given application. The first is the acoustic environ¬ 
ment into which the sound is to be projected; this includes 
size, reverberation characteristics, and expected noise levels. 
The second factor is listener distribution. 

Symmetrical Long Throw 

As previously mentioned, the standard round horn has a 
symmetrical distribution pattern about its central axis with 
maximum energy directly on the axis. Such symmetrical 
horns are, therefore, to be preferred for 

Fig. 4. A line of cone 

speakers forms an in¬ 
line or column array 
which concentrates sound 
vertically, allowing it 
to spread horizontally. 

of the voice power lies. This means that greater sound pres¬ 
sures are obtained farther away from the horn mouth. 

But, how about the middle and high frequencies govern¬ 
ing articulation? Here we benefit from the fact that this horn 
has a large mouth which exhibits strong directional charac¬ 
teristics, especially at the frequencies in question. We thus 
achieve more projected voice power (lower band) with 
more articulation (high band) beaming riding on top of the 
power part of the spectrum. The end result is long-throw 
forward projection for the large symmetrical horn. 

It may come as a surprise to learn that it is often easier 
to overcome a high noise level with a small, medium, or low- 
power penetrator than with a larger, more powerful projector. 
In this manner, we are enlisting the aid of the “6-dB increase 

either long-throw sound projection or 
short-throw penetration. The former 
means putting as much energy as pos¬ 
sible as far ahead and in front of the 
horn, while the latter is concerned with 
getting a message directly into a nearby 
spot by penetrating into moderate or 
high-noise-level spot areas. 

To illustrate: several hundred people 
may be gathered in an assembly area, 
such as an open field, to listen to a 
political speech. Such a group usually 
gathers as near on-center to the speak¬ 
er's platform as possible. They would 
almost certainly form a lobed-out pat¬ 
tern so that they could see the speaker 
as well as hear him. Such a distribution 
lends itself ideally to the pattern of 
coverage obtained from a symmetrical 
horn for that horn lays down its most 

Fig. 5. Internal construction of compression driver unit along with photo of typical 
driver. A palate, or phase plug, equalizes path lengths from the diaphragm into 
the horn screwed onto the driver unit in order to improve high-frequency response. 

effective sound pattern directly along A—Magnet,which energizes 
its axis. For such long-throw projection, B-B-B -magnetic circuit, in which 
one usually sees horns of the larger type C - magnetic gap is bridged with magnetic flux. 
used. The advantage of such a large D -Voice-coil field reacts with gap field, moving 
horn is that the lower cut-off frequency E -the diaphragm, which produces sound waves against palate 
extends the reproducible band of fre- p -through whose aperture equal path lengths of sound reach head chamber 
quencies down into the area where most G -from which path-corrected waves are transmitted to horn. 
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Fig. 6. Acoustic system design chart showing approximate power requirements. 
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Highly reverberant areas pose many 

problems. If reverberation is excessive, the p.a. system will 

be difficult to understand. If we can keep the sound out of 

the live areas, such as the hollow hard ceiling spaces or the 

hardwood floor of a basketball court, then we effectively 

minimize the detrimental reverberant sound. A large num¬ 

ber of directional, wide-angle horns may be especially help¬ 

ful under these particular conditions. 

An Acoustic System Chart 
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listener by 40 feet (halving the distance) and we gain 6 

dB in sound intensity. Move it forward another 20 feet (again 

halving the previous distance) and we gain another 6 dB. 

Finally, move the reproducer forward 10 feet more (half of 

20'l and we are able to gain still another 6 dB. We have 

gained a total of 18 dB over the original sound intensity at 

that reference point; instead of 70 dB, we have 88 dB at 

the listening location. All we have done here is to move the 

reproducer closer to one group of listeners, but to cover a 

large group of listeners spread over a wide area we will need 

many such units distributed over the area. 

A distributed sound system, consisting of many small 

speakers placed close-in at the noisy areas, will provide 

better penetration into those areas than one larger speaker 

placed far away with the hopes of covering one large area. 

Such a distribution system is useful, for example, at a rail¬ 

road or subway platform where the noise of the incoming 

train may, at times, be almost deafening high. One powerful 

loudspeaker at one end of the platform will not do the pas¬ 

senger at the other end of the platform any good when the 

engine or cars are clattering noisily by. However, a number 

of smaller penetrators spaced rather close together will en¬ 

sure better transmission of the station master's message. 

Distributed systems utilizing small penetrator speakers 

A general chart, Fig. 6, may be prepared correlating fac¬ 

tors of room size, room reverberation, ambient noise, and 

sound intensities necessary for either speech or music, with 

the required electrical power. This chart cannot be abso¬ 

lutely accurate but it can serve as a guide. 

To illustrate its use, let us assume we have a fairly noisy 

assembly plant, 325,000 cubic feet in volume, that requires 

a p.a. system. We draw a line, as shown, horizontally to meet 

a diagonal at about 325,000 cubic feet. Assume the building 

to be a cinder block and glass structure, which is quite live. 

We drop down vertically to the horizontal reverberation- 

adjust line. Since the area will be quite live, we move to the 

left into the reverberant or reflective area by two units 

(representing about 2 dBm. If only voice transmission is 

required, we shift to the left by two units (about 2 dBm). 

For the area considered, which may be made up of distrib¬ 

uted spots of high noise levels, let us choose a distribution 

of small, low-power penetrators. We drop our vertical line 

down to meet the center of the low-power penetrator band. 

From here, we follow the tilt of the diagonal down to the 

scale calling out the electrical power required—in this case 

approximately 50 watts of amplifier power. These penetrators 

may be rated at, say, 10 watts apiece, but for conservative 

operation and more widespread (Continued on page 63) 
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P. A. Loudspeaker Principles 
(Continued from page 26) 

distribution of units, let us operate them 
at 5 watts input. Hence, ten of these 
units, uniformly distributed, would 
cover the area adequately. 

As a quick alternate, suppose this 
same volume housed just a large auto¬ 
mobile service station and, rather than 
spot coverage, a single wall-mounted 
medium-power projector would do the 
job. In this instance, the vertical line 
would drop down to the medium-power 
projector band. Then following the slope 
of the diagonal we arrive at about 30 
watts of power required, which one of 
these projectors can handle easily. 

SECTION 3_ 

CONSTANT-VOLTAGE SYSTEM 

Contrary to popular belief, constant- 
voltage systems do not eliminate the 
need for impedance matching. The im¬ 
pedance matching is done automatically 
by selecting the proper potver taps. It 
is as simple as changing a light bulb in 
a lamp. The user does not worry about 
impedances when making the change, 
but the manufacturer of the bulb did. 
He knows he has a 120-volt line to 
contend with which the power company 
guarantees to be “constant” within lim¬ 
its. Knowing this voltage is constant, the 
light-bulb manufacturer simply makes 
the impedance of a 25-watt bulb such 
that it will draw this amount of power 
from the 120-volt line, or the impedance 
of a 50-watt bulb so that it will draw 
50 watts of power. As long as the source 
voltage remains constant, and as speci¬ 
fied, the bulb will draw its rated power. 

So it is with the 70.7 (or 25)-volt 
constant-voltage system for p.a. use. The 
sound installer has had the impedance 
problem taken care of for him by the 
speaker manufacturer. The transformer 
that he ties onto the line and then con¬ 
nects to the speaker is marked in watt- 
age inputs. There is no need to calculate 
impedances. If ten sound penetraters are 
to be used and each one is to take 5 
watts, he simply selects the 5-watt tap 
on the primary of the transformer and 
ties it directly across the p.a. amplifier's 
output supply line. To add another 
speaker, simply adjust its power tap and 
put it directly across the line—just as you 
would use a 25-watt bulb in one socket 
and a 50-watt bulb in the other socket 
of a table lamp. It becomes just as easy 
to adjust the sound power into any one 
spot with complete disregard of the ad¬ 
justment of any other speaker. 

Of course, in using this system: (1) 
The total power supplied to all the 
speakers in the system must not exceed 
the amplifier rating. (2) The power 
rating of the matching transformer must 
be adequate for the power consumed 
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from the CB version. 

General construction, appearance, scan control components, 
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Get Your First Class Commercial 

F.C.C. LICENSE 
and earn your 

A.S.E.E. DEGREE 
Now is the time to Move Up! Increase 
your salary and prestige by acquiring 
the knowledge and documents that in¬ 
dustry pays for. Get your F.C.C. first 
class commercial license, and then con¬ 
tinue (if you wish) for your A.S.E.E. 
degree. 

Grantham offers resident training in 
which each semester prepares you for an 
occupational objective as follows: Se¬ 
mester I—communications technician 
with first class F.C.C. license; Semester 
IT—television technician; Semester III— 
computer technician; and Semester IV— 
electronics engineering technician with 
an A.S.E.E. degree. 

Grantham offers home study training 
in (1) F.C.C. License Preparation, and 
(2) Electronics Technology. 

The A.S.E.E. degree can be earned by 
16 months of resident training, or by a 
combination of the Electronics Tech¬ 
nology course by home study and two 
semesters (8 months) in residence. 

Get the facts from our free catalog. 
Write or phone us at one of the ad¬ 
dresses listed below. Ask for Catalog 
66-G. 

Grantham School of Electronics 
1505 N. Western Ave.t Hollywood, Cal. 90027 

(Phone: HO 9-7878) 

408 Marion Street, Seattle, Wash. 98104 
(Phone: MA 2-7227) 

818-18th St., NW, Washington, D.C. 20006 
(Phone: 298-7460) 

CIRCLE NO. 113 ON READER SERVICE CARD 

N IMS 
NATIONWIDE 

IMPROVED 

MAIL SERVICE— 

• 

A PROGRAM 

FOR REDUCING 

POSTAL COSTS 

AND IMPROVING SERVICE 

MAIL EARLY IN THE DAY 
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by its associated speaker load. (3) 
Matching transformer secondaries must 
be terminated bv an equivalent speaker 
load. 

Up to the point where the amplifier 
is not delivering its full rated power, the 

use of this system results iu an im¬ 
pedance mismatch on the amplifier. 
However, since we are not using the 
maximum output power from the am¬ 
plifier, the mismatch can he readily 
tolerated. A 

NEW TV P1CTURE- NEW rules for odvertising the “picture size’’ of TV re¬ 
ceivers have been adapted by the Federal Trade Com¬ 

mission, effective July 1, 1966. 
Starling on this date, only the actual size of the picture 

—nat the dimensions of the CRT—when measured on a 
single plane can be used in advertising. 

If any size other than the harizanlal dimension is used, 
it musl be accompanied by a clear and conspicuous state¬ 
ment showing how the measurements were made. 

The FTC noted that CRT measurements invariably are 
larger than the actual picture size because some portion 
af Ihe CRT screen is masked in an actual installation. 

The FTC gave the following examples af proper and 

TUBE SIZING RULES 
improper advertising claims for a picture that measures 

20 inches diagonally, 19 inches horizontally, 15 inches 
vertically, and has an area of 262 square inches. 

Proper 

“20-inch picture measured diagonally." 
“19-inch picture." • “19 inch." 
“19-inch by 15-inch picture." • “262 square-inch 

picture." 

Improper 

“21-inch set." # “21-inch diagonal set." 
"21-inch over-all diagonal—262-square-inch picture." 
“(Brand Name) 21." A 

MAJOR SEMICONDUCTOR COMPONENTS 
TFie following table of the major semiconductor components, along withi thieir com¬ 

monly used circuit symbols and junction schematics, was taken from the General 

Electric “Entertainment Semiconductor Almanac.” Note that in all cases the direc¬ 

tion of current flow indicated on the various circuits is for electron movement. 

‘Light Activated SCS also possible. 
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