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Improvements in and relating

We, THE BRITISH BROADCASTING CORPOR-
ATION, a British Body Corporate, of Broad-
casting House, London, W.l, do hereby de-
clare the invention, for which we pray that
a patent may be granted to us, and the method
by which it is to be performed, to be parti-
cularly described in and by the following
statement : —

The present invention relates to ribbon
microphones. In such microphones a thin con-
ducting ribbon constitutes the vibratory ele-
ment of the microphones, the ribbon being
located in a magnetic field between magnetic
pole pieces. When the ribbon vibrates in res-
ponse to sound, electromotive forces, are in-
duced therein. The magnitude of these electro-
motive forces is small and in order to pre-
serve a good signal/noise ratio at the output
of the microphone precautions have to be
taken to reduce any unwanted voltage in the
ribbon circuit to a very low level. Such un-
wanted voltages may be produced by induc-
tion in the ribbon, or in its connecting means,
if the microphone is exposed to alternating
magnetic fields, and such unwanted voltages
may then be large enough to cause appreci-
able interference with the wanted signal.

It is known that the interference resulting
from exposure of a ribbon microphone to
alternating magnetic fields can be much re-
duced by duplicating the electrical connection
at one end of the ribbon, the two connections
being so disposed that they form in conjunc-
tion with the ribbon a pair of symmetrical
loops. Alternating magnetic field will produce
circulating currents in these loops, but, if the
field is uniform, these wcurrents will sub-
stantially cancel one another in the external
circuit. The area of the loops is kept as small
as possible in order to minimise the residual
induction which will occur when the inter-
fering field is not uniform.

The known balanced systems referred to
have, however, certain disadvantages. The con-

to Ribbon Microphones

ductors which form with the ribbon the
balanced system have to be placed directly
in front of and behind the ribbon, and in
order to avoid disturbance of the sound field
relatively thin wires have to be used. These

wires are mot sufficiently rigid to be set up -

once and for all in their correct positions
and the magnetic balance has to be adjusted
for each milcrophone by bending the wires
uatil the unwanted output produced by ex-
posure to an alternating magnetic field is a
minimum, The state of balance thus achieved
is . liable to e accidentally upset in the
course of such maintenance operations as the
removal of magnetic dust from the magnet
pole or replacement of the ribbon.

The principal object of the present inven-
tion is to provide improved means for reduc-
ing the interference which occurs when the
microphone is exposed to alternating magnetic
fields, and at the same time reducing the
disturbance of the sound field caused by such
means, A subsidiary object of the invention
is to facilitate withdrawal and replacement
of the ribbon without thereby causing mechani-
cal misalignment or magnetic unbalance,

‘According to the present invention, a ribbon
microphone comprsies two substantially rigid
conductors mounted in each of two parallel
planes on opposite sides of the ribbon and
substantially equally spaced therefrom, the

four conductors being symimetrically disposed -

relatively to the longitudinal axis of the ribbon,
one end of the ribbon being electrically con-
nected to the nearer ends of the four con-
ductors, the other ends of the four conductors
being electrically connected together and form-
ing one output terminal of the microphone
and the other end of the ribbon forming the
other output terminal of the microphone.
By providing in this way four symmetric-
ally disposed loops the substantial cancellation
of electromotive forces produced by alternat-
ing magnetic fields can be obtained without
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conductors being disposed directly in front
of and behind the ribbon, and disturbance -
of the sound field is thus greatly reduced.

This disposition of the conductors also en-
ables them to be made of substantial thick-
ness, and hence rigid, without any great effect
on the sound field in the neighbourhood of
the ribbon. It also emables the areas of the
loops formed between the conductors and the
ribbon to be made small and thus minimise
the residual induction pick-up in a non-uni-
form interfering field. The substantial migidity
of the conductors enables the arrangement to
be set up once and for all and avoids the
need for bending the conductors in order to
obtain balance of the circulating cunrents.
The four conductors are preferably shaped
to fit against surfaces of the magnetic pole
pieces of the microphone and thereby serve to
locate the ribbon correcily relatively to the
pole pieces. One pair of the conductors may
be made deftachable, and it can be arranged

that after this pair has been detached:the re-

mainder of the structure, including the other
pair of conductors and the ribbon with its
mounting, can be withdrawn as a unitary
structure when it is desired to replace the
ribbo.

The connections between the microphone
vand an external circuit are preferably made by
means of a pair of flexible leads twisted to-
gether to reduce interference ~arising from
magnetic fields linking these conductors.

For most purposes it is necessary -that the
body of the microphone and a supporting

stem on which the microphone is mounted

should be connected by a swivel joint in -order
to permit the axis of the microphone to be
inclined to the horizontal if required. Some
difficulty then armises in making - satisfactory
connection with an external circuit. Rubbing
contacts are undesirable in circuits having a
low resistance such for example as 0.1 ohm.
Where flexible leads are used these should pre-
ferably be totally enclosed, both for reasons of
appearance and for protection against damage.
However, a flexible conductor passing through
a swivel joint is liable to be subjected to

local bending stress which may lead to failure.

‘According to a subsidiary feature of the in-
vention, therefore, the microphone is mounted
upon. a support by means of a pair of swivel
joints permitting limited rotary movement of
the microphone relatively to the support and

electrical connections from the microphone’

are taken out through apertures in one or both
of the swivel joints in a direction parallel
to the pivot axis of the jeint. In this way,
when the microphone is moved on the swivel

joints, the strain to which the connections are

subjected is mainly torsional and involves little
bending, The length of the said apertures is
preferably made substantial so that the strain
to which the connections are subjected is small.

In view of the low impedance of the vi-

‘bratory element of the microphone, which may
for example be a resistance of 0.1 to 0.5

ohm, it is necessary to provide a transformer
to match this impedance to an external cir-
cuit which may have an impedance of 20
ohms or more. In order to avoid the attenua-
tion. which would result from the use of long
leads in the low impedance nibbon circuit,
the matching transformer is commonly incor-
portated in the body of the microphone. The
acoustic characteristics of the microphone are
in general adversely affected by the presence
of obstacles in the near neighbourhood of the
vibratory element. The matching transformer
if incorporated i the body of the microphone
forms an appreciable obstacle, and should pre-
ferably be so disposed as to minimise its
effect upon the sound field in the neighbour-
hood of the vibratory element.

iF(_)r' these reasons, according to a further
subsidiary feature of the invention, the afore-
said support is- made hollow and the micro-
phone transformer is disposed within this sup-
port. Mechanical connections berween - the
swive] joint and the support may be by tubes
through which flexible electrical connections
are passed -to the transformer. In this way
these connections are totally enclosed and pro-
tected from damage. In order to minimise
m‘teﬁferc_mce through pick-up by the electrical
connection from the microphone to the trans-
former, the leads constituting the connection
are preferably twisted together. In addition,
thq connection is preferably duplicated, one
twisted pair of flexible leads passing through
one swivel joint and the other through the
otl:ner swivel joint, the leads of ome twisted
pair being connected in parallel with those
of the other pair respectively. This enables
thinner and more flexible leads to be used for
a given electrical resistance thereof.

The invention will be described, by way of
example, with reference to the accompanying
drawings in which:

Fig. 1 is a view in perspective of a ribbon
assembly for a microphone according to the
invention, i : .

Fig. 2 is a view in front elevation of the
assembly of Fig. 1, ) '

Fig. 3 is a view in section on the line

3.43: of Fig. 2, :
- Fig. 4 is a sectional plan view of the
assembly of Figs.1 to 3 showing the way in
which the assembly fits upon pole pieces of
the magnet,

Fig. 5 is a_view in part-sectional front ele-
vation and Fig. 6 a view in part-sectional
side elevation of a microphone according to

. the invention embodying the assembly of Figs.

1 to 4, parts of the casing being shown broken
away.

Referring to Figs. 1 to 4, a horizontally-
corrugated conducting ribbon 10 is mounted
between two clamps, 11 and 12. One of these
clamps, for example the upper 11, is of metal,
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for instance brass, and consists of a bar 13,
recessed centrally to receive a clamping block
14. The ribbon is clamped between the inner
face of this block and the bottom of the recess
by means of suitable screws 15. The lower
clamp 12 consists of a body portion in the
form of a bar 16 of insulating material
centrally recessed to receive a fixed metal block
17 and a removable metal block 18, the lower
end of the ribbon 10 being clamped between
the inner faces of the blocks 17 and 18 by
means of suitable screws 19. To the fixed block
17 is attached a metal pin 20 projecting out-
wardly therefrom, this pin serving for making
electrical connection to the lower end of the
ribbon and constituting one output terminal.
The two clamps 11 and 12 are fixed in suit-
able positions relative to one another by means
of four pillars 21 to 24 of rectangular cross-
section, for instance of brass, Two of these
pillars 21 and 22 are located on one side
of the clamps and the other two, namely 22
and 23, on the opposite side, the pillars being
arranged in two planes, one on each side of
the ribbon. The arrangement is made sym-
metrical about the longitudinal axis of the
ribbon. The pillars are fixed to the clamps by
means of bolts 25 and the two pillars 23
and 24 on what will be called the back of
the clamps are also soldered to the bar 13
of the uppermost clamp 11.

The ribbon is arranged between two pole
pieces 26 and 27 (Fig. 4) of a permanent
magnet 28 (Fig. 6), the pole pieces having
vertical surfaces 29 and 30 tapering at a
semi-apical angle of about 30°, and the edges
of the ribbon 10 being close to the inward-
facing ends 31 of the pole pieces. The central
part of each of the pillars is twisted relative
to the two ends through an angle of about
30° in order to provide surfaces which engage
snugly against the tapered faces of the pole
pieces, and thus locate the structure compris-
ing the pillars, the clamps and the ribbon
correctly in relation to the pole pieces. A thin
coating” of insulating varnish is provided on
the inclined faces 29 and 30 of the pole pieces
in order to insulate the pole pieces electrically
from the pillars. The lower ends of the four
pillars are connected together at 32 (Fig. 5)
to form the second output terminal. The upper
ends of the pillars are electrically connected
through the blocks 13 and 14 to the upper
end of the ribbon. With this arrangement it
will seem that the four pillars together with
the ribbon form four loops, and, since the
arrangement is symmetrical, the electromotive
forces generated at the output terminals due
to an alternating magnetic field will substanti-
ally cancel one another.

In order to remove the ribbon assembly
from the pole pieces when it is required to
replace the ribbon, the electrical connections
to the two pillars 211 and 22 on the front
face of the clamp are removed, and these

pillars are removed by loosening the clamping
bolts 25, The remainder of the structure can
then be withdrawn from the microphone body.

For supporting the microphone there is pro-
vided as shown in Figs. 5 and 6 a vertical
tubular metal support 33 having fixed at its
upper end a tubular stirrup 34, the centre of
the stirrup being fixed to the upper end of
the tubular support. The upper ends of the
stirrup are inwardly turned as shown at 35
in such a manner as to be co-axial and form
pivot bearings for supporting the micro-
phone. A suitable transformer 36 is disposed
within the upper end of the vertical support
38, Two twisted pairs 37 and 38 of flexible
leads are passed through the two arms of the
stirrup between the transformer and the micro-
phone. One lead of each pair connects one
output terminal of the microphone with one
of the primary winding terminals of the
transformer, The twisted pairs are a loose
fit in the arms of the stirrup and the effect
of rotating the microphone about the axis pro-
vided by the stirrup bearing is to twist and
untwist the conductors over a length of about
three-quarters of an inch, The maximum angle
of tilt required is about 90° and a twist of
this amount so distributed represents only a
small strain on the individual strands of wire.
Connections with the secondary winding of the
transformer are made by a cable 39 passing
through a branch 40.

What we claim is: —

1. A ribbon microphone comprising two
substantially rigid conductors mounted in each
of two parallel planes on opposite sides of the
ribbon and substantially equally spaced there-
from, the four conductors being symmetrically
disposed relatively to the longitudinal axis of
the ribbon, one end of the ribbon being elec-
trically connected to the mearer ends of the
four conductors, the other ends of the four
conductors being electrically connected to-
gether and forming one output terminal of
the microphone and the other end of the
ribbon forming the other output terminal of
the microphone.

2. A microphone according to claim 1,

wherein the four conductors are mechanically
connected together at each end by a block,
the ends of the ribbon being clamped to the
blocks.
. 3. A microphone according to claim 2,
wherein the structure comprising the four con-
ductors and the two blocks is adapted to
support the ribbon.

4. A microphone according to any of the
preceding claims, wherein the ribbon extends
between two magnetic pole pieces and wherein

the said conductors are shaped to fit snugly

against surfaces of the pole pieces.

5. A microphone according to any of the
preceding claims, wherein electrical connec-
tions are made to the two said terminals by
means of flexible leads twisted together.
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6. A'micfophone occording to ;y of the
preceding claims, wherein the microphone is
mounted upon a support by means of -a pair

- of swivel joints permitting limited rotary

movement of the microphone relatively to-the
support and -electrical connections from the
microphone are taken out through apertures

- in one or both of the swivel joints in a
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- direction parallel to the pivot axis of the joint.

7. A microphone according to claim 6,

- wherein tubes are provided as mechanica] con-

nections - between the swivel joints and the
support, the said electrical connectlons pass-
ing through the tubes. - - .

8. A microphone - accordmg to- claim . 7,
wherein the electrical connections are dupli-
-one twisted pair of ﬂexilgle leads

passing through one swivel joint and the
other *thmugh the other swivel joint, cor-
respondmg leads of the two pau‘s being con-
nected in parallel. . -

9, A microphone accordmg to claim 6, 7
or 8, wherein the said support is hollow and
a m-icnophone transformer connected through
the said electrical connections to the ribbon
is disposed within the support. .

10. A ribbon microphone substantially as
described with reference to Figs. 1 to.4 or to
Figs. 1 to 6 of the accompanying -drawings.

Dated this 27th day of May, 1954." -
- REDDIE & GROSE, -
Agents for the Applicants,

6, Bream’?s Bm‘ldings, London, E.C4.

PROWV IISEONlA!L SPECIFICATION

Improvements in and relatmg to Ribbon Mlcrophones "

We, THE BRITISH BROADCASTING CORPOR-
ATION, a British Body Corporate, of Broad-

-casting House, London, W.1, do hereby declare

this invention to be descnbed in the followmg
statement : —

The present invention relates to ribbon

mlcrophones In such microphones a thin con-
ducting ribbon constitutes the vibratory ele-
ment of the mlcrophones, the -ribbon- bemg
located in a magnetic field between- magnetic
pole pieces. When the ribbon vibrates in res-
ponse to sound, electromotive forces are 4in-
duced therein, The magnitude of these electro-
motive forces is smalk and in order to. pre-
serve a good signal/moise ratio at the output
of the microphone precautions have to be taken
to reduce any unwanted voltage in the ribbon
circuit to a very low level. Such unwanted

voltages may be produced by induction: in-the-

ribbon, or in its connecting means, if the
microphone is exposed to alternating magnetic
fields, and: such unwanted voltages may then
be large enough to cause - apprema'ble mter—
ference with the wanted signal.

It is known that the interference resultmg

from exposure of a ribbon microphone to-

alternating magnetic fields can be  much - re-
duced by duplicating the electrical connections
at one end of the ribbon, the two connections

-being so disposed -that they form in conjunc-
- tion with the ribbon a pair of symmetical joops.

An alternating magunetic field will produce cir-
culating currents in these loops, but, if the

- field is uniform, these currents will substanti-
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70

ally cancel one another in: the external cir-
cuit. The area of the loops is kept as small
as possible in order to minimise the residual
induction which will occur when the mter-
fering field is not uniform.

The known balanced systems referred 10
have, however, certain disadvantages, The con-

ductors which form with the mb’bon the
balanced system have to be placed directly
in” front of and behind the ribbon, and in
order to avoid disturbance of the sound
field relatively thin wires have to be wused.
These wires are not sufficiently rigid to be

'set up once and for all in their correct posi-

tions, and the magnetic balance has to be ad-
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]usted for each microphone by bending the

wires until the unwanted output produced by

exposure to an alternating magnetic field is a

minimum, The state of balance thus achieved is

Jiable to be accidentally upset in the course
of such maintenance operations as the removal
of magnetic dust from the magnet pole or re-
placement of the ribbom.

The principal object of the present invention

‘is to provide improved means for reducmg

the interference which occurs when the micro-
phone is exposed to alternating - magnetic
fields, and at the same time reducing the

disturbance of the sound field caused by

such means. A subsidiary object of the in-
vention is to facilitate withdrawal and replace-

ment of the ribbon without thereby causing
mechanical misalignment or - magnenc un~

balance.

{Aiccording to the present mvennon, a r1bbon,

mcrophone comprises two rigid conductors
mounted in each of two parallel planes on

-opposite sides of the ribbon and substantially

equally spaced. therefrom; the four conductors
being symmetmcally disposed relatively to the

longitudinal axis of the ribbon, one end - of

the ribbon being electrically connected to the
ends of the four conductors adjacent thereto,
the other ends of the four conductors being
gonnected together and forming one output
terminal of the microphone and the other end
of the ribbon forming. the other output ter-
minal of the microphone. ~
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By providing in this way four symmetric-
ally disposed loops the substantial cancellation
of electromotive forces produced by alternat-
ing magnetic fields can be obtained without
conductors being disposed directly in fromt
of and behind the ribbon, and disturbance of
the sound field is thus greatly reduced. This
disposition of the conductors also enables
them to be made of substantial thickness, and
hence rigid, without any great effect on the
sound field in the neighbourhood of the
ribbon. It also enables the areas of the loops
formed between the conductors and the ribbon
to be made small and thus minimise the
residual induction pick-up in a non-uniform
interfering field. The rigidity of the conductors
enables the arrangement to be set up once
and for all and avoids the need for bending
the conductors in order to obtain balance of
the circulating current.

The rigid conductors are preferably shaped
to fit against the magnetic pole pieces of the
microphone and thereby serve to locate the
ribbon correctly relatively to the pole pieces.
One pair of the conductors may be made
detachable, and it can be arranged after this
pair has been detached the remainder of the
structure, including the other pair of con-
ductors and the ribbon with its mouating, can
be withdrawn as a unitary structure when it is
desired to replace the ribbon.

The connections between the microphone
and an external circuit are preferably made
by means of a pair of flexible leads twisted
together to reduce interference arising from
magnetic fields linking these connections.

For most purposes it is necessary that the
body of the microphone and a supporting
stem on which the microphone is mounted
should be connected by a swivel joint in order
to pemmit the axis of the microphone to be
inclined to the horizontal if required. Some
difficulty then arises in making satisfactory
comnection with an external circuit, Rubbing
contacts are undesirable in circuits having a
low resistance such for example as 0.1 ohm.
Where flexible leads are used these should
preferably be totally enclosed, both for reasons
of appearance and for protection against
damage. However, a flexible conductor pass-
ing through a swivel joint is liable to be sub-
jected to local bending stress which may lead
to failure.

According to a subsidiary feature of the
vention, therefore, the microphone is mounted
upon a support by means of a pair of swivel
joints permitting limited rotary movement of
the microphone relatively to the support and
connections from the microphone are taken
out through apertures in one or both of the
swivel joints in a direction parallel to the
pivot axis of the joint. In this way, _when
the microphone is moved on the swivel joints,
the strain to which the connections are sub-
jected is mainly torsional and involves little

bending. The length of the said apertures is
preferably made substantial so that the strain
to which the connections are subjected is
small.

In view of the low impedance of the vi-
bratory element of the microphone, which may
for example be a resistance of 0. to 9.5
ohm, it is necessary to provide a transformer
to match this impedance to an external circuit
which may have an impedance of 20 ohms or
more. In order to avoid the attenuation which
would result from the use of long leads im
the low impedance ribbon circuit, the matching
transformer is commonly incorporated in the
body of the microphone. The acoustic charac-
teristics of the microphone are in general
adversely affected by the presenice of obstacles
in the near neighbourhood of the vibratory
element, The matching transformer if incor-
porated in the body of the microphone forms
an appreciable obstacle, and should preferably
be so disposed as to minimise its effect upon
the sound field in the neighbourhood of the
vibratory element. :

For these reasons, according to a further
subsidiary feature of the invention, the afore-
said support is made hollow and the micro-
phone transformer is disposed within this sup-
port. Mechanical connections between the
swivel] joint and the support may be by
hollow tubes through which the electrical con-
nections are passed to the transformer. In
this way these connections are totally enclosed
and protected from damage. The leads from
the microphone to the transformer are pre-
ferably duplicated, one twisted pair of flex-
ible leads passing through one swivel joint
an the other through the other swivel joint.
This enables thinner and more flexible leads
to be used for a given electrical resistance
thereof. In order to minimise interference
through pick-up by these leads, the leads of
one twisted pair are preferably connected in
parallel with those of the other pair res-
pectively.

In carrying the invention into effect, we
-may proceed as follows. In the following des-
cription it will be assumed for convenience
that the zibbon lies in a vertical plane with
its longitudinal axis vertical. The ribbon is
mounted between two clamps, One of these
clamps, for example the upper, is of metal,
for instance brass, and consists of a bar, re-
cessed ceatrally to receive a clamping block.
The ribbon is clamped between the inner
face of this block and the bottom of the
recess by means of suitable screws. The
lower clamp consists of a body portion in
the form of a bar of insulating material cen-
trally recessed to receive a metal block, the
lower end of the ribbon being clamped between
the inner face of this block and the bottom of
the recess by means of suitable screws. To
this block is fixed a metal pin projecting out-
wardly therefrom, this pin serving for making
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electrical connection to the lower end of the
ribbon and coanstituting one output terminal. -
The two clamps are fixed in suitable posi-

tions relative to one another by means of four

pillars of rectangular cross-section, for in-
stance of brass. Two of these pillars are
located on one side of the clamps and the
other two on the opposite side, the pillars
being arranged in two planes, one on each side
of the ribbon. The arrangement is made
symmetrical about the longitudinal axis of the
ribbon. The pillars are fixed to the clamps
by means of bolts and the two pillars on what
will be called the back of the clamps are
also soldered to the uppermost clamp,

The ribbon is arranged between two pole
pieces of a permanent magnet, the pole pieces
having vertical surfaces tapering at a semi-
apical angle of about 30°, and the edges of
the ribbon being close to the inward-facing

ends of the pole pieces: The central part of -

each of the pillars is twisted. relative to. the
two ends through an angle of about 30° in
order to provide surfaces which engage snugly
against the tapered faces of the pole pieces,
and thus locate the structure comprising the
pillars, the clamp aod the ribbon correctly in
relation to the pole pieces. A thin coating of
insulating varnish is provided on the inclined
faces of the pole pieces in order to insulate
the pole pieces -electrically from the pillars.
The lower ends of the four pillars are con-
nected together to form the second output

terminal. The upper ends of the pillars are-

electrically connected to the upper end of
the ribbon. With this arrangement it will scem
that the four pillars together with the ribbon
form: four loops, and, since the arrangement is
symmetrical, the electromotive forces.gener-

ated at the output ‘termiinals due to an alter-
nating magnetic field: will substantially cancel
one another.

In order to remove the ribbon assembly
from the pole pieces when it is required to
replace the ribbon, the electrical connections
to the two pillars on the front face of the
clamp are removed, and these pillars are re-
moved by loosening the clamping bolts. The
remainder of the structure can then be with-
drawn from the microphone body.

For supporting the microphone there is
provided a vertical tubular metal support hav-
ing fixed at its upper end a tubular stirrup,
the cenftre of the stirrup being fixed to the
upper end of the tubular support. The upper
ends of the stirrup are inwardly turned, in such
a manner as to be co-axial and form pivot
bearings for supporting the microphone. A
suitable. transformer is disposed within the
upper end of the vertical support. Two twisted
pairs of flexible leads are passed through the
two arms of the stirrup between the trans-
former and the microphone. One lead of each
pair connects one output terminal of the micro-
phone with one of the primary winding ter-
minals of the transformer. The twisted pairs
are a loose fit in the anms of the stirrup and
the effect of rotating the microphone about the
axis provided by the stirrup bearing is to
twist and untwist the conductors over a length
of about three-quarters of an inch. The maxi-
mum angle of tilt required is about 90° and
a twist of this amount so distributed repre-
sents only a small bending effect on the in-
dividual strands of wire.

REDDIE & GROSE,
-~ Agents for the Applicants,
"6, Bream’s Buildings, London, E.C4.

Leamington Spa: Printed fdr Her Ma.iesty s Stationery Office, by the Courier Press.—1955.
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