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The invention relates to multiple contact elec-
tric switches and more particularly to the appli-
cation of such switches to effect connection to
tapping points on impedances.

Arrangements, such as continuously variable
potentiometers and stud switches, for effecting
electrical connections to a series of tapping points
on an impedance are well known, but these ar-
rangements have certain disadvantages when it
is desired to employ a very large number of tap-
ping points and high precision is necessary. If
stud switches or the like are used, the large
number of tappings and studs required give rise
to practical difficulties, and continuously variable
potentiometers cannot usually be adjusted with
precision and are not always consistent in opera-
tion.

It is the object of the present invention to pro-
vide a multiple contact switch which will enable
electrical connection effectively to be made to a
relatively large number of tapping points by
means of a relatively small number of contacts,

According to the present invention, multiple
contact switch apparatus comprises a series of
main contacts and means for making electrical
connection with each of said main contacts in
succession, a series of auxiliary contacts and
further means for making electrical connection
with each of said auxiliary contacts in succession,
said means and further means being electrically
inter-connected and arranged for simultaneous
operation in such a manner that as said further
means is caused, to pass over said auxiliary con-
tacts, a conductor associated with said auxiliary
contacts is operatively connected sequentially with
a main contact and a sequence of a given num-
ber of auxiliary contacts.

In particular applications of the invention the
multiple contact switch apparatus is arranged to
effect selection of desired values of resistive or
reactive impedance and may be applied, for exam-
ple, to a potentiometer arrangement, g time delay
network or to an attenuator.

In order that the invention may be more clearly
understood and readily carried into effect, such
applications of the invention will now be de-
scribed in greater detai] by way of example with
reference to the accompanying drawings wherein
Fig. 1 discloses a multiple contact switch accord-
ing to one embodiment of the invention, and Fig.
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2 discloses a multiple contact switch according
" to another embodiment of the invention.

Referring to Figure 1 of those drawings, tap-
pings on a first impedance { are connected to
contacts 2, which are spaced apart on three con-
centric circles, only parts of which are shown
as rows A, B and C in the drawings. The length
of each contact is arranged to be at least two-
thirds and preferably three-quarters of the dis-
tance d between the centres of adjacent contacts,
and the spaces between adjacent contacts are
preferably filled with insulating material, shown
cross-hatched. Three brushes 3, 4, 5 spaced
apart from each other on the switch arm (shown
diagrammatically at 9) by a distance equal to

one-third of the distance between the centres of

adjacent contacts 2 are arranged to slide over
the contacts in the three rows A, B and C re-
spectively. 'The brushes 8, 4, 5 are connected to
slip rings 6, T and 8 respectively.

A second impedance 10 is tapped at intervals
and the tappings are connected to contacts 1
which are spaced apart on a circular arc, three
brushes 13, 14 and 15 set at an angle of 120° with
respect to each other being arranged to rotate
about a common axis so as to slide over the con-
tacts 1I. The contacts 1l extend over an angle
of approximately 240°, so that as soon as one brush
has passed off the extreme right-hand element
1a, another brush passes on to the extreme left-
hand element {1b, the remaining brush sliding
over the centre contact Ile in the meantime.
The brushes 13, 14, 15 associated with the second
impedance are coupled respectively to the brushes
3, 4, 5 associated with the first impedance | by
gearing 12 or otherwise in such manner that the
brushes 3, 4, § move through a distance equal
to the distance d between the centres of adjacent
contacts 2 during one complete revolution of each
of the brushes 13,14, 15. The brushes {23, 14, 15
are connected to three slip rings {6, 17, 18 which
are in turn connected to the slip rings 6, 1, 8
associated with the first impedance {, so that the
brush 13 is connected to the brush 3, and so on.
The contact {lc is connected to the output or
“slider” terminal 20.

The arrangement operates as follows. Let it
be assumed that the brushes 13, 14, 15 are rotated
clockwise from the position shown in the draw-
ings. In the position shown the output terminal
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20 is connected via the slip rings 16 and 6 and the
brush 3 to one of the elements 2 of the impedance

{. As the brushes: 13; 14; 15 rotate, the brush 5

meakes contact with the contact 1, and that
portion of the impedance 19 connected between
the contacts {1b and 1lc is connected in parallel

with a pair of adjacent contacts 2.on the imped--

ance |. This connection is efiectively maintained
as the brushes 13, 14, 15 rotate; different portions
of the impedance 18 being utilized in turn until
when the brush {3 reaches the element {la; and
the brush 15 reaches the element (¢ the portion
of the impedance 18 between the elements {ic

and tlg is connected in parallel. with the above.

mentioned pair of adjacent. contacts 2. on the
impedance 1. As the brushes 13; 14, 15 rotate.in

this manner, the output terminal 28 is, in effect,.

connected in turn to the elements of a.constant
impedance connected in parallel with one e'ement
of the impedance | until when the brush I3 moves
off the contact 11a, it is connected to. the tapping

point on the impedance | adjacent to the tapping:

point to which it was formerly connected. The
brush (4, which has in the meantime been dis-
connected from the second impedance 19 then
makes contact with the contact 1{b and cooper-
ates with the brush 15 in the same manner as the
brush 15 previously cooperated with the brush (3.
The result is thus that a tapped impedance egual
to one-half of the impedance 0 is connected in
parallel with adjacent. tapping points on the im-
pedance I, and by means of the impedance 19 and
the brushes 13, 14. 15, the intervals between suc-
cessive tapping points on the impedance { are sub-
divided in turn without the necessity of a separate
potentiometer for each.pair of tapping points.on
the impedance |I.

The impedance | may conveniently be provided

_with three rows of 100 contacts 2, and each of

these contacts may be three-eighths inch long
and be spaced from each other by one-eighth inch.
The impedance 18 may be provided with twenty-
one contacts in all, only ten of which will be effec-
tive at any given time, so that the impedance |
may effectively bhe provided with 3000 tapping
points by the use of only 321 contacts, the maxi-
mum diameter of the apparatus being only 16",

In.order to afford further sub-division, further
impedances may be connected between the tap-
ping points on the impedance {0 and the contacts
{1 to which they are connected and. the dimen-
sions of the brushes 13, {4, 15 and number and
dimensions of the contacts {1 are so.chosen that
one brush, for example, the brush 15 bridges two
adjacent contacts {{ while brush I3 makes con-
tact with only one contact.and vice versa. When
two adjacent contacts are bridged: in this. way,
the brush bridging them will then assume. a po-
tential equal to the mean potential of the two
tapping points on the impedance {8 to. which the
contacts are connected, so that the number of
tapping points on the impedance 10 is effectively
quadrupled.

If, on the other hand, brushes 15 and 13 are so
arranged.that they can simultaneousty bridge two
adjacent. contacts Ii, the number of tapping
points on the impedance {0 is effectively. doubled.

It will be appreciated that. if it. is desired. to
give the potentiometer a non-linear law, the im-
pedance 1 should be tapped at. intervals suffi-
ciently close to ensure that the linear sub-division
of those intervals by the impedance 18 and the
brushes 13, 14, 15 will not give rise to any serious
error in the desired law. In such cases, if re-
sistances are inserted in series with the tappings
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on the impedance {8 and the contacts 11, they
should preferably be increased in value for the
entd’ contacts I1eg and (1b, so that should all the
brushes 13, {4, {5 momentarily make contact with
contacts i1, the output terminal 20 will not tend
to assume the mean potential of two adjacent
tapping points on the impedance |.

AltHough the impedances | and (0 will usually
be resistances, if it is desired to divide a constant
voltage, these impedances may be constituted by
3 tapped choke or g tapped condenser or other
reactance when it is required to divide an alter-
nating voltage. When tapped chokes are used,
it is.desirable to include resistances between the
tapping points on.the choke and the brushes {3,
{4, 15 so as o avoid short-circuiting turns of the
choke when any of these brushes bridge adjacent
contacts 1. If desired, a condenser may be con-
nected across the choke so as to increase the im-
pedance which is connected in parallel with the
adjacent elements 2 of the impedance I. Alter-
natively, the number of contacts 11 may be in-
creased so as to occupy a complete circle, a tap-
ping on the impedance {8.being connected to each
contact [ 1 as before, and the slip rings 6, 1, 8 per-
manently connected to three equidistant tapping
points-on the impedance (0, the brushes 13, 14, I5
being removed. If now the output is taken from
s brush moving over the contacts 11, the voltage
obtained from such a brush will be similar to that
obtained from the terminal 20 in the arrangement.
described above. This alternative arrangement,
although reducing the number of brushes re-

_quired has, however, the disadvantage that it
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tends to place a larger load across the impedance
{, so that the impedance 10 has to be of a rela-
tively high value if the law of the impedance |
is to be substantially unaffected by the shunting
effect of the impedance 10.

If the impedance | is tapped so that the ratio
of potential on any two consecutive contacts 2°is
the same for all pairs of contacts, the apparatus
may be further simplified as will nowbe described
with reference to Figure 2 of the drawings:

Referring to Figure 2, the impedance | which
is shown as a time delay network, is tapped at
equal intervals of time delay and the tappings
are connected to contacts 2 which are spaced
apart on two concentric circles, only parts of
which are shown, as.in Figure 1, as rows A and
B. Two brushes 3, 4§ spaced apart from each
other on the switch arm. shown diagrammatically
at 9, are arranged to slide over the contacts.in
rows A and B respectively and are connected: to
slip rings 6 and T respectively.. . The slip rings
6 and T are connected, if desired, each through a.
buffer valve 21, to a second impedance. 10a, 10b
respectively, each of said second impedances 10gq,
i0b being, in the arrangement shown, a time.de-
lay network terminated at its end remote from,
the end operatively connected with the slip ring
6 or T so as to prevent reflection. Each of the
impedances. 18a, 10b is provided with ten tap-
ping points, and these tapping points are con-
nected to sets of contacts ! {a and 115 respectively
spaced apart on a circle. A brush {3 is-arranged-
to rotate so as to pass over the two sets of con-
tacts tia, 11b in succession and is mechanically
connected by gearing. {2 or otherwise: with: the
switch arm 9 in such manner that for one com-
plete rotation of the brush 13 the brushes 3, 4
move through a distance equal to the distanece.
d between.the centres of the adjacent contacts.2..
The brushes 3, 4 are spaced apart by half the
distance d, so that as the switch arm 9 moves,
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one brush remains in contact with the same con-
tact, while the other changes from one contact to
an adjacent contact. The second impedance {0a,
100 is tapped at equal intervals, and the total
time delay is arranged to be less by the time delay
of one of said intervals than the difference in
time delay between adjacent tappings on the first
impedance 1.

The operation of the arrangement disclosed in
Fig. 2 is as follows: With the brush 13 in the
position shown in the figure, the time delay cor-
responds to that of the tapping on the first im-
pedance { to which the brush 3 is connected to-
gether with the additiona) delay introduced by
two intervals of the second impedance {0a. As
the brush I3 moves over the contacts Iig in a
clockwise direction, the delay is successively in-
creased, the brush 3 remaining in contact with
the same contact in the row A of contacts as-
sociated with the first impedance I, but the
brush 4 passing over the insulation between two
adjacent contacts in the row B of contacts asso-
ciated with the first impedance . As the rota-
tion of brush 13 continues, it passes off the ex-
treme left-hand contact ife on to the extreme
left~hand contact 11b, by which time the brush
4 to which the latter contact is connected has
made contact with the contact in row B con-
nected to the next tapping in the first impedance
. Purther rotation of the brush {3 then adds the
delay of the second impedance [0b by successive
intervals until in due course the brush {3 passes
on to the extreme right-hand contact Iiag and
makes contact via brush 3 with the next adjacent
tapping point on the first impedance | and so on.
It will be appreciated that each of the intervals
on the second impedances i0a and 10b must, in
the example shown, be one-tenth of each interval
on the first impedance 1, so that as the brush 13
passes from the extreme left-hand contact of
the impedance I8¢ to the extreme left-hand con-
tact of the impedance 108, for example, the in-
crease in time delay is equal to the increase in
delay between adjacent contacts {ig or Iib,. A
conductor connected to the brush {3 will there-
fore have a delay which can be adjusted by rota-
tion of the brush 13, to intervals of one-tenth of
the intervals between adjacent tapping points
on the first impedance 1.

By replacing the reactive elements of the im-
bedances {, 10a¢ and 10b by resistances, and ad-
justing the terminating resistances suitably, the
arrangement which has just been described be-
comes an attenuator. If desired, the shunt re-
sistances replacing the condensers of the time
delay network may be omitted providing that the
series resistances are graded so as to give the
impedances 10a and 10b an exponential law.

Although the invention has been described with
reference to voltage division and time delay by
means of potentiometers and time delay networks
respectively, it will be appreciated that the in-
vention may be used generally for effecting elec-
trical connection to a large number of confacts
to which may be connected any desired king of
impedance or circuit.

What is claimed is:

1. Multiple contact switch apparatus compris-
ing a plurality of sets of main contacts, each of
said contact sets being arranged in a circle and
the several contact sets being concentrically ar-
ranged in spaced relation, a plurality of main
contact brushes each individually associated with
one of said contact sets and adapted to make
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electrical connection therewith in suceession, a
series of auxiliary contacts, g plurality of aux-
iliary contact brushes, equal in number to the
main contact brushes, adapted to make electrical
connection with said auxiliary contaets in succes-
sion, an electrical connection hetween each of the
main contact brushes and a corresponding one of
the auxiliary contact brushes, a conductor asso-
ciated with the auxiliary contacts, and means
for effecting continuous and simultaneous operg-
tion of the main and auxiliary contact brushes
in timed relation such that as the auxiliary con-
tact brushes pass over said auxiliary contacts said
conductor is operatively connected sequentially
with a main contact and a sequency of a given
number of auxiliary contacts.

2. Apparatus according to claim 1 arranged to
effect selection of desired values of an impedance
wherein said main contacts are connected to
tapping points in said impedance and said aux-
iliary contacts are connected to tapping points
in an auxiliary impedance, the arrangement be-
ing such that at any given instant in operation,
the portion of said auxiliary impedance between
any selected number of auxiliary contacts is con-
nected effectively in parallel with a selected por-
tion of said first-mentioned impedance,

3. Apparatus according to claim 1 arranged
to -effect selection of desired values of a poten-
tiometer resistance wherein said main contacts
are connected to tapping points in said resistance
and said auxiliary contacts are connected to tap-
ping points in an auxiliary resistance, the ar-
rangement being such that at any given instant
in operation, the portion of said auxiliary re-
sistance between any selected number of aux-
iliary contacts is connected effectively in parallel
with a selected portion of said first-mentioned
resistance,

4. Multiple contact switch apparatus compris-
ing a plurality of sets of main contacts, the con-
tacts of each set being of uniform length and
arranged in a circle and the several contact sets
being concentrically arranged in spaced relation,
corresponding contacts, one in each set, being
aligned in the axial direction, a rotatable switch
arm provided with a set of brushes equal to the
number of contact sets, said brushes upon rota-
tion of the switch arm adapted each to make
electrical connection with the main contacts of
its associated set in succession, a series of aux-
iliary contacts, a switch member provided with
a set of brushes equal to the number of switch
arm brushes, an electrical connection between
each pair of corresponding brushes, one in each
set, a conductor associated with said auxiliary
contacts, and means for effecting continuous and
simultaneous operation of said switch arm and
switch member in timed relation such that as
the switch member brushes pass over the aux-
IHary contacts said conductor is operatively con-
nected sequentially with a main contact and a
sequéence of a given number of auxiliary contacts.

5. The combination with an impedance, of
which it is desired to effect the selection of a
predetermined portion, of a plurality of sets of
main contacts, the contacts of each set being of
uniform length and arranged in a circle and the
several contact sets being concentrically arranged
in spaced relation, corresponding ‘contacts, one
in each set, being aligned in the axial direction,
an electrical connection from each of said cor-
responding aligned contacts to successive, equally
spaced tapping points on said impedance, a rotat-
able switch arm provided with a set of brushes,
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one for each of said contacts sets, said brushes
upon rotation of the switch arm adapted each
to make electrical connection with the main con-
tacts of its associated set in succession, a single
set of auxiliary contacts, an auxiliary impedance
provided with equally spaced tapping points elec-
trically connected each to one of said auxiliary
contacts, a switch member provided with a set
of brushes equal to the number of switch arm
brushes, an electrical connection between each
pair of corresponding brushes, one in each set,
and means for effecting continuous and simul-
taneous operation of said switch arm and switch
member in timed relation such that at any given
instant a selected portion of said auxiliary im-
pedance is connected in parallel with that portion
of said first impedance determined by the posi-
tion of the switch arm brushes in relation to their
respective main contacts.

6. The combination with an impedance, of
which it is desired to effect the selection of a
predetermined portion, of three spaced apart
concentrically arranged sets of main contacts,
the contacts of each set being of uniform length,
insulated from one another and arranged in a
circle, corresponding contacts, one in each set,
being aligned in the axial direction, an electrical
connection from each of said corresponding
aligned contacts to successive, equally spaced
tapping points on said impedance, a rotatable
switch arm provided with a set of brushes one
for each of said contact sets, said brushes upon
rotation of the switch arm adapted each to make
electrical connection with the main contacts of
its. associated set in succession, a single set of
auxiliary contacts arranged in a partial circle and
having less than the number of main contacts
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in any one set, an auxiliary impedance provided
with equally spaced tapping points electrically
connected each to one of said auxiliary contacts,
a switch member provided with a set of three
radially extending brushes only two of which are
adapted to contact said auxiliary contacts at any
instant, an electrical connection between each
pair of corresponding brushes, one in each switch
set, and means for effecting continuous and
simultaneous operation of said switch arm and
switch member brushes in timed relation such
that for one complete revolution of the switch
member brushes the switch arm brushes are
moved a distance measured between the centers
of adjacent main contacts, so that at any given
instant a selected portion of said auxiliary im-
pedance determined by the position of the switch
arm brushes in relation to their respective main
contacts.
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