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LOTIDSPRATfERS - GENERAL PRINCIPLES

Basically a loudspeaker consists of three parts

A Q7RANS!DUC£iR — to convert electrrcal signals into a mechanical mov^nent*

A RADIATING SURFACE - coupled to the transducer so that the movements

of the latter are conveyed to a relatively large mass of air.

An ENCLOSURE - a haffle or box suarrounding the radiating surface.

The most common transducer is a moving coil imit and with few exceptions
a cone-shaped structure comprises the radiating surface. Part A of the

information sheet deals with the construction and properties of moving coil
units coupled with cones. Part B outlines the most important types of

enclosures.

PART A ; (PHE MOVING COIL LOUDSPTnATTET?

Figure 1 shows the essential feat\ires of a moving coil loudspeaker.
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Figure 1

The poles of the permanent magnet form two concentric circles separated
by a narrow annular air gap and produce a radial field in the gap.

coil, wound on the neck of the cone, is positioned in the gap.
The

When a signal current is fed into the coil, an axially directed force
will be pTOduced on the coil and hence on the cone. The cone will therefore

vibrate in sympathy with the signal and radiate acoustic power. The cone

should be stiff but ligjitj stiffened paper gives good results althou^
plastic cones are being used successfully. Making the material into a

cone rather than a flat diaphragm inczreases its stiffness.
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A flexible coupling must be introduced between the outside edge of the

cone and the chassis. This coupling is called a surround and may be fomed

veiy simply by corrugating the edge of the cone (as shown in Figure l), or

by separating the cone from the chassis by some flexible material such as

foam rubber. A moTilded plastic surroimd is used with plastic cones.

The coil must be centred in the air gap and must be prevented from

touching the magnet. The snider (name derived from the shape of the old

fashioned type) positions the coil in the gap and peimits to-and-fro

movement only.

Frequency Resnonse

The moving parts of the loudspeaker act like a wei^t and a spring and

For a good l.f. response, f^ should be thus have a resonant frequency f

low; 30 Hz is typical. There are other problems in producing a good l.f.

response which are dealt with in Part B - Loudspeaker Enclosures.

Above f^ the response can be made flat up to frequencies where the
length of the cone side becomes comparable with \ and where the mass of the

cone reduces the efficiency. At these frequencies concentric modes of

vibration occur vdiich reduce the output from the cone because not all parts

of it will be moving in the same direction simultaneously, Figure 2(a) and

(b).

Fig 2(a)N Fig 2(b)

Corrugation

Fig 2(c)

One way to reduce these effects is to put a corrugation around the cone

at some intemediate radius (Figure 2c) so that, whilst at l.f. the cone moves

as a whole, at h.f^ there is a tendency for only the section inside the

corrugation to vibrate. In this way the effective diameter and hence the

mass of the cone are reduced.
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Tweeters and Crossover Networks

Another way of improving the h.f, response is to use a separate small

moving coil unit ("tweeter") to carry the h.f. part of the signal. With

two units, it is necessary to use a crossover network to separate the input

power into two frequency hands, so that the delicate tweeter is protected

from the l.f. which usiially carries most of the power. This could be

achieved by connecting a suitable capacitor in series with the tweeter.

(Figure 5)» However, to maintain a flat frequency response, and to direct

the input to where it will be most efficiently used, more complicated filters

are required.

from power amp

IIh. f. unit
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V

Figure 5

Directivity

At frequencies where X is greater than the cone diameter d, the cone

behaves like a point source and radiates power omni-directionally but as X

falls and becomes comparable with d, sound becomes concentrated towards the

axis.
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Referring to Figure 4» soimd from A travelling towards a listener at X

has to travel an extra distance P compared with sound from B. At the frequency

where ^ these sounds cancel.
In the case of a tweeter its small size means that it becomes directional

only at hi^ audio frequencies. This is a further advantage in using tweeters.
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PART B ; LOUDSPEAKER ENCLOSURES

Most loudspeakers radiate sound from the hack as well as the front.

These two sources of sound are in anti-phase because if the front of the
unit is compressing the air on its surface, then the air on the back surface
is being rarefied.

At high frequencies this does not matter because the noimal directional

properbies of radiators make sound from the front go forwards and from the
back backwards, as explained in Part A. However, at low frequencies when \

is greater than the effective diameter of the radiator, both front and back

surfaces behave like point soTirces and radiate power in all directions.

The two outputs then cancel. Thus, if nothing is done to counteract this

effect, a loudspeaker will have a poor bass response.

Baffle

The bass response of a loudspeaker will be improved by mounting it on

a baffle, which is simply a rigid board with a hole for the loudspeaker.

(Piguare 5).

>

Figure 5

To a listener at A, sound from the back of the loudspeaker has to

travel a distance P^ which is greater than P^, the distance between the
front of the imit and A. If the extra distance which the back radiation

has to travel is half a wavelength the two radiations will be in phase at A,

since at the loudspeaker, the radiation from the back is always in anti-phase

with that from the front. This happens only at certain frequencies, but

any increase in the path length that the back radiation must take before

reaching a listener on the axis will improve the bass response. At the

lower audio frequencies (around 30 Hz) baffles need to be very large to be
effective.
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Open Backed Cabinet

For many requirements, a baffle has to be intolerably large to obtain

a reasonable bass response. One solution is to "fold" the baffle to form

an open backed cabinet so that the back radiation has to travel around the

cabinet, distance in Figure 6, before reaching A.

W

Figure 6

W

The performance of this loudspeaker system is again limited by the

size we are prepared to accept. Also, the cabinet tends to resonate like

a pipe with one end open and may produce a response which sounds boomy.

This effect is known as "false bass".

Closed Back Cabinet

Figure 7

With this type of enclosure the back radiation is sealed off. It gives

a flatter bass response than the baffle and open backed enclosures. However,

the enclosed air forms a spring on which the loudspeaker cone "bounces".

This increases the effective stiffness of the siispension and hence raises

the loudspeaker resonant frequency. The bass response falls below this

frequency and, since the additional stiffness increases as the cabinet

volume decreases, we must again accept a large cabinet for a good bass

response.
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Vented Enclosure ("Bass Reflex")

VontAir movement
in vent

Figure 8

By cutting a vent in a closed Lacked cabinet the enclosuia forms a

Helmholtz resonator. The action of the resonator (another example of it is

a bottle) is that the mass of air in the vent "boimces" against the air

cushion in the cabinet.

When the back radiation excites the cabinet resonance the enclosed air

vdll be alternately compressed and rarefied both by the loudspeaker and the

air in the vent. As the adr in the vent moves it produces an audio output

in phase with the loudspeaker unit. This output is derived from the back

radiation which has therefore been phase shifted to become a useful sound.

The cabinet is tuned to resonate at a low frequency, near the loudspeaker

resonant" frequency. With careful design the bass response can be extended

by about half an octave below the loudspeaker resonant frequency.

The design of these cabinets is complex and if the dimensions are not

chosen carefully the cabinet may either be deficient in bass or "boomy".

These enclosures are in common use in the BBC.

General Comments

Two important practical points must be made : —

1. All enclosures should be made of a heavy material such as -J" (2 cm)

chipboard or plywood, with internal bracing to give added stiffness.

2. The inside walls of cabinets should be thickly lined with a good sound

absorbing material to absorb imwanted h.f. radiation and to eliminate

standing waves which would make them sound "boxy".
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