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This invention relates to apparatus for tuning
a variable electrical oscillator and of the type
comprising (@) an -electrical generator or gen-
erators adapted to provide alternatively i set of
standdrd frequencies spaced at mineor intervals
tsay fo), to-one-of which the variable gscillator
hag to be tuned,-ard a set of standard frequencies
spaced 'at major intervals (say 10f¢), (b) tneans
for comparing the frequency 7 to which the var-
iableoscillator is tuned with the frequency of
any member of either of the said sefs. As'indi-
cated By the examples, the said intervals in any
one set'are preferably all equal in any one set and
the major interval is preferably an integral mul-
tiple of the minor intérval; both sets can then be
harmonics of a single master oscillator and the
second set derived from the first by suppressing
members-of it. But, though no advantage of de-
parting from this arrangement is known, the
équality of the intervals in any one set and mak-
ing the major interval an integral multiple of the
minor are not essential to:the invention. When
the variable oscillator is said to be tuned to one
of the standard frequencies of either of the said
sets of standard frequencies, it is not necessarily
implied that it is made to-oscillate at that fre-
quency; it is implied only that it is made to oscil-
late at a frequency standing in some predeter-
mined relation to (e. g. having an assigned dif-
ference from)-that stahdard frequency. When
the said relation obtains, the frequency of the
variable oscillator will be said to coincide with
that standard frequeéncy.

In the use of means of this type it is possible
to proceed as fellows, The variable oseillator
starts tuned to a frequency lowetr than the lower
limit of the second set, and the said meéans (@)
are madeé to give the second set of fréquencies
spaced at major intervals. (Of course it would
be equally possible to start beyond the upper lim-
it.) 7 is increased until the said means (b) indi-
cate that f colncides with a standard frequency,
which must be the lowest member of the said
secorid set. ~This fact is hoted., f is increased
further until it again coincides with s standaid
frequency, which must be the second of the said
second set. The process is contintied, the coin-
cidences being counted, until f coincides with the
member of the sald second set next lower than
the frequency to which the oscéillator-is to be
tuned. (AHernatively it might be made: to coin-
cide with the néxt higher member.) . Means (a)
are thenh made to give the- first set of standard
frequencies spaced at minor iatervals. The proc-

ess is ther continued and the number of coinei~
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'2 .
dences with members of the first set counted, un-
til there is coincidence with the desired member
of the first set.  The advantage of this proce-
dure is, of course, that, when the member of the
first set is large, fewer comparisons are necessary
than if the oscillator were made to coincide in
turn. with éachi member of ‘the ﬁrst set below the
desired: frequency.

This method hds been proposed-in the specifi-
cation of copending patent.application Serial No.
484,332 filed April 24, 1943; the present invention
is specially adapted for use in asseciation with
the invention-of that specification; its object is
to enable the said procedure to be performed with
ease and rapidity and, at least partly, autoniati-
cally.

This object is achieved, according to one fea-
ture of the inveéntien, by providing driving means
for varying continually in the same direction (at
least so long. as the change-over mearns herein-
after mentioned do not operate) the frequency of
the variable. oscillator,: by applying to an auto-
matic selector switch, on the occasion of esch: co-
incidence between the frequency of the variable
cscillator and a standard frequency, a pulse
adapted normally to move its wiper on one step,
by providing ¢hange-over means associatéd with
the automatic selector switch for causing the sec-
ond set of standard fréquencies t5.be replaced by
the first set when the wiper reaches a predeter-
mined stud of the automstic selector switch,
theans for varying at the will of the operator the
number of steps that the wiper must take under
control of said coincidences before it reaches the
predeterminéd stud, and by providing also stop-
ping means, adaptéd to be associated with differ-
ént steps of the autoratic selector switch, that
put the said driving medns out of operstion when
the wiper, of the automatié seleétor switch reaches
the stud with whlch the stopping medng afe asso- -
ciated.

The change-over means may be-capable 6f be-
ing associated at tHe Will of the 6perator with dif-
ferent studs of the dutematic selector switch; so
that these means will cause thé second set.of
standard frequeri¢ies to-be replaced by the first
set when the Wiper redchés-the stud with Which
the: chiange-over Means have been so associated.

- Alternatively, the change-over fieans nidy be per-

manently associatéd With o predetermined stud

of tHe dutoriatic selector switch, medns being

provided for varying at: the will of the operator
the ntmber of steps that the wiper must take un-
der control of theé coincidences before it reaches
the predetermined stud
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3 .
The automatic selector switch is preferably an
instrument of the kind used in the art of con-
structing automatic telephone exchanges but it
may also be any instrument equivalent to an in-
strument of the said kind for the purpose as-
signed to the automatic selector switch in this

specification. Further, if the automatic selector: ;-

switeh is an instrument so equivalent, the terms

“wiper” and “stud” mean the elements of it cor-:

responding in function to the wiper and stud of
an instrument of the sald kind.

Suppose then that the standard frequency to.

which the variable oscillator is to be tuned is such

4

of the automatic selector switch between (and ir-
cluding) the stud selected by the switch N2 and
the stud 20a; this is secured by choosmg suitably -
the position of the switch N2, :

" After the stud 2ia has been reached, coin-
cidences occur with members of the first set of
standard frequencies. The wiper therefore still

_ moves on unitl it reaches a stud that has been

10

- ‘selected by the switch Nf.

Then the drive of the
motor ceases, a signal lamp is lit; and & device is
brought into operation which maintains f in co-

-‘incidence with the desired member of the first set.

that the oscillator has to make n2 coincidences

with the second set of standard frequencies and-

then 71 coincidences with the first set in order to. -

reach that standard frequency.
change-over means might be associated with the
n2 step of the automatic selector switch and the
stopping means with the (na{n1) step. But then
the step with which the stopping means would
have to be associated would depend on 72 as well
as on 71, - It is more:convenient to make the po-~
sition of the stopping means dependent only on
n1as the position of the change-over means is
dependent only on nsa.-. The modifications of the
simple arrangement that.are preferably made to
produce this and some other subsidiary results are
best explained by describing the general manner
.of operation of a particular example of apparatus
according to the invention.

In the accompanying drawings: .

Fig. 1 is a circuit diagram of the sa1d example,
and

Fig. 2'is a block diagram of part of a radio
transmitter-receiver station embodying the ar-
rangement shown in Fig. 1.

Referring now.to Fig. 1, the automatic selector
switch, the wiper of which is denoted by W, has
twenty-five. studs, of which those numbered
8a—-29a are associated with a selector switch N2
and the last five are associated with a selector
switch NiI. On the shaft of the wiper W are three
cams 58, 51, 52 in duplicate, of which 51 opens a

contact 2025a¢ only when the wiper is on one of:

the studs 20a to 25¢ and 52 closes a contact. 2125¢
only when the wiper is on one of the studs 2ia
to 25¢; the function of the third cam 50 will be
- mentioned later. When the contact 2025¢ is open

and the contact 2125a is closed, g relay-causesthe-

generator of the standard frequencies to supply
the first set of frequencies: which (in this ex-
ample) are 80 kec./s. apart; when the contact
2025¢ is closed and the contact 2125« is open, the
generator supplies the second set which (in this
example) are 900 kc./s. apart. Accordingly the
said contacts are the main part of the change-
over means and the change-over is complete
when the wiper reaches stud 2{a.

When the start.and change switches are op-
erated, the wiper, starting at stud la, begins to
move step by step, under the usual self-interrupt~
ing action of its driving magnet, until it reaches
a stud selected by the selector switch N2. When
it reaches that stud, it initiates actuation of a
cluteh, associated with-a gear controlled by a
relay, and causes a motor to drive the tuning ele-
ment of the variable oscillator (not shown).. At
the same time the magnet ceases to be supplied

with pulses from its self-interruption and is sup-:

plied instead with a pulse whenever a.coincidence
occurs between f, the frequency of the variable
oscillator, and a standard frequency of the-sec-
“ond set. - Consequently, if.there are to be n2

coincidences with this set, there must be n2 studs

- Then.  the:
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These  constitute the aforesaid stopping means.
For: this purpose there must be n1 studs between
(and-including)- stud 2{e and the stud selected
by the switch NI ; this again is secured by choos-
ing suitably the position of the switch Ni. -
That is the main cperation; but some subsidiary
operations are also important. First, it is desir-
able that the drive of the tuning element should -
be slowed down when the wiper approaches the
stud 20a just before the change to the first .set
of frequencies occurs. . This is -conveniently
achieved by providing a second clutch associated

‘with gear of a larger reduction ratic than the

gear associated with the aforesaid clutch.. Sec-
ond, it is important that the system should be
in a suitable state before the wiper begins to.move:
from its starting point. In particular, the tuning
element must be in its normal starting position,
the wiper must be on stud la, and the positions
of the switches N2 and NI must be selected.

A detailed explanation will now be given, by
way of example of how both the main and. sub—
sidiary operations may be. performed automam-
cally by the use of relays and clutches. .

In order that the purpose of the relays and the
like shall be understood, it is necessary. to know
something of the rest of the variable _oscillator-of
which the devices shown in Fig. 1 form part. .It
will be supposed that this generator is of the
kind illustrated in Fig. 2, which is a modification
of the drawings of copending application No,
484,332. The parts represented in the drawmgs
of the copending application by numerals 31, 32
and 35 are irrelevant to this invention and have
been omitted from the present Fig. 2. The parts
represented by numerals 22—25, and 21—30 in
the drawings of the copending applicatmn have
been profoundly modified; for the present inven-
tion is concerned with the substitution-of auto-
matic setting for. mere counting. The termmals
40, 41, 42 and 43 of the present Fig. 1 are con-
nected respectively to the terminals 40, 41,42 and
43 of present Fig. 2.

Relays which are the same as the relays 19 and
20 of said copending  application and switches

which are the same as the switches §, 21 and 34 of
said copending application play an important patt
in the following. description of the present. inven-
tion.  Of these the relays 19 and 20 and the switch
21 are designated respectively by Y, -Z and RP2,
and are shown in Fig. 1 only. - Switches 6§ and 34
of said copending application are designated re-
spectively MINI and OTI and are shown in. both
Figs. 1 and 2 herein.. However, the relays for op-
erating these switches are shown only in Fig. 1.
The tuning condenser that: forms -part of the

_tuning device 26 of Fig. 2 is not shown in Fxg 1,
70 '

but the motor driving it is shown.
The filters 14, 15-0f the present case are mudi-
fied from the filters .14, 15 of said copending:ap-

- plication in g manner to be explained later, but
-the modification is immaterial so long:as - coin-

75

‘cidences with standard frequencies of ‘the second
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B
set- (maJor intérvals) are being considered: For
thén, whatever the nature of these filters, a “co-
incideénce” oecurs when the fréquency of the vari~
able oscillator comes within a range about the
standard frequencies which is small compared
with ‘the-interval between standard frequeticies;
it-would make no difference if it were supposed
that a “coinc¢idénce” was-exact equality of the fre-

24

quency of the variable oscillator with that of the

standard.- - Aceordingly - consideration of these
filters will be postponed until the account of set-
ting to the second set of standards is complete.
-'In Fig. 1 all relays and the like are shown in
‘their unoperated ¢ondition. ‘The  convention
adopted for showing the rélays is that the ener-
gising winding or windings of -a relay are indi-
cated by one or more tectangles which are inter-
posed in the eneérgising ciréuit or circuits ahd
which are matked by a reference character con-
sisting of a letter or lefters denoting the relay.
The contacts of the relay are shown underneath
the rec¢tangles: and aré -denoted by serial num-
bers 1, 2, 3, etc., so that -a reference such as SA2
in the specification denotes the number 2 contact
of relay SA. The primary movihg member in each
relay contact is indicated by a plain arm without
&-contact head,

It will bé assumed, that after the last use, the
electric supplies were cut off leaving the wiper W
in contact with soine stud, other than la, which
Wwill be assumed to be different from that distin-
glished by the setting of Nl or N2 switches shown,
which will be assumed to be the required setting.

The nature of the parts shown in the drawings

will generally appear best, in view of what has
been said already, by a description of their func-
tion; but it should be stated that the operating
magnet M moves the wiper on one step when it
is Teleased, and that m is the self-interrupt con-
tact that drives the wiper continually so long
“as the necessary voltage is applied to it. The
symbols “1-43” ‘attached to M refer to the -one
bank of studs (1a-25a) and the three contacts
marked 111, 2025a¢ and 2125¢. The contact {11
is operated by 50, the thirq of the three cams
associated with the wiper W as -aforesaid, when
and only when that wiper'is at stud la.
_When the “Start” key is depressed, a con-
tactor (not shown), which energises a motor-
‘generator (not shown) supplying -high-tension
current to the associated apparatus, is closed.
Simultaneously a 12 volt supply with earthed
positive is connected between the bus-bars shown
in Fig, 1.

The automatic selector switch magnet M is then
energised via make-before-break ¢contact 8C2, the
self-interrupting contact 7, ‘and the contact 111:
the wiper W is driven clockwise until it reaches
the “home” position, When ‘the Wiper is resting
on stud la and the contact 111 is opened.

Relay OT (which operates via contact R2) op-
eratés switch OT1 and the tracking elements 33
‘afe ‘cut out.  RP operates via the contact 2025q
anhd DR opérates via the cam 53 (wWhich will be
described later). RPI applies an earth to one
side of the make-and-break contact Y1 via the
contact 2025¢. - RP2, DRI -and DR2 ‘assume the
positions in which both filters | 4'ang 15 feed relay
Y ‘and ‘operate contact ' ¥'l. FC is'not operated so
‘that 12P remains in cireuit.

When the wiper has homed, S relay operates
via the contact #11, the contact CON, which is
closed when the ‘tiining condensér (forming part

-of 26) Teturns to'its starting ‘position’ under spring
Pinis when the cliitcHes afe ‘released, ahi the con-
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6
ta¢t CPN, which'is open if the tuning condenser
is‘drivén by acééident beyond its normal limit cor-
responding -to the highest frequency reguired of
the variable oscillator.. S relay then -self-holds
via, CPN contact and S1. S1 also prepares to ap-

‘ply an earth to the contact arm of the Ni select-

ing switch.- 82 applies an earth. to one side of
the magnet M, causing it to self-interrupt via m
and:SC2. 83 applies an earth connection to the
contaet arm of the N2 selecting switch which in
turn earths -a “stud:-of the -autematic selector
switeh: ecorresponding to the N2 wunit chosen.
24 prepares to selfhold relays SA and SC. and
also applies an earth:to one side of the tuning
motor via SAl, which drives the tuning con-
denser, thus starting the motor.

The ihagnet M-continues to self-interrupt until
its wiper reaches the stud earthed via S3, when
the SC relay is operated and locks itself opetrated
via SCI and S4.  The closing of SCI also op-
erates the “master cliuteh,” which establishes a
connection with the tuning condenser via the
“fast - clutch,” so that the tuning cordenser- is
driven at high speed. - The magnet M remaing op-
erated, first through the upper contact of make-

‘befotre-break contact SC3 and the -wiper; after

the .said upper contact has opened, it remains
operated via SC2, SA2, Y, SAl, and S4, so that
it will be released when Y| breaks. Contact SC4
applies an earth to the stud corresponding to the
position of the NI selecting switch.

When the variable oscillator makes a eoin-
cidence with the first of the N2 series of standard
frequencies, contact Yl is opened momentarily by
relay Y, releasing M and making the wiper take
one step. This process continues on subsequent
coincidences with the following members of the
N2 set of standard frequencies until the wiper
reaches stud 28, when contact 2025a opens. Relay

‘RP does not relax immediately the coincidence

occurs that causes the wiper to move to stud 20a;
for it is self-held by contact RPI. It is released
only when the coincidence ceases; i. e. when f
passes beyond the fange about the standard of
the second set within which ‘contact YI is op-
erated. (The importance of this will appear
presently.) When the coincidence ¢eases, the
cifcuit of RP is broken and the RP contacts are
operated. RP2 separates the pulses delivered by
the rectifiers 17 and 18, and applies them ‘sepa-
rately to relays Y and Z. ‘RP3 substitutes ithe
“medium” for the fast clutch and  therefore
causes the tuning condenser to be driven more

~8lowly as coincidence with the last of the

standard frequencies of the second set is ap-.
proached. When contact Yl is operated by this
approach, the wiper is stepped to stud 21e and
the contact 2125a closes. Relay MIN is operated
and changes over switch MIN{, thereby substitut-
ing. the first set of standard frequencies (minor
intervals) for the second set. Subsequent coin-
cidences will be ‘with members of the frst -set;

‘the four positions e. g. A, B, C and D) in NI

with a single stud of ‘the automatic selector
switch ' are . important.  In order that their
function can be appreciated it is necessary ‘to
consider the filters 14, {6 whose pass ranges deter-
mine‘the nature of the coincidence, - They are
chosen in-accordance with a known principle,
similar to but not identical with one described
In' the said copending ‘application Ser. No.
484,332.

The oscillaticns :from the variable oscillator
are caused 'to ‘beat  with ‘the -oscillations of
standard Irequency, ‘and the beat oscillations sire
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‘applied to the.two filters. One of these passes
frequencies between 0 (or substantially 0) and a
limit slightly greater than Y;fs, where fo is the
difference between successive: standard frequen-
cies; the other: passes frequencies between Y%fo
and a limit slightly less than Yfe. Thus in the
present example, where fo=90 ke., the said limits
may bé 23 and 22 kc. respectively. If oscillations
passing the first said- filter: cause the frequency
of .the variable oscillator to decrease and oscilla-
tions passing the second said filter cause it to in-
crease, then the frequency of the oscillator will
‘tend towards.a value ¥4ifo less than the standard
frequency, at which both sets of beats pass their
filters owing to the overlap of these filters. It
can be arranged that within this overlap neither
set, of beats causes the frequency of the oscillator
to. vary, so.that this frequency will remain very
near the said value. If the functions of the two
sets-of beats are interchanged, i. e, if those pass-
ing- the first filter increase.the frequency and
those passing the second filter decrease it, then
the frequency. of the oscillator will remain very
near a value Vifo greater than the standard fre-
-quency.

;- The filter {4 has then a pass range Y2fo to just
less than Yifo (say, if /=90 ke., 45-22 ke.), and
filter 15 a pass range from just more than Yafo
to substantially zero (say 23-0.2 kc.). The said
-interchange of the functions of the two sets of
beats is effected by the contacts DRI, DR2, of
relay DR which causes (4 to operate Y and {5 to
-operate Z or vice versa. The relay DR is op-
erated by a first cam 53 on the shaft of the con-
tact .arm of selector Ni when that arm passes
from the first to the second pair of contacts con-
nected to the same wiper stud, e. g. from (A, B)
~to (€, D) or from (E, F) to (G, H). The passage
from the first contact to.the second contact of
such s pair operates contacts via a second cam
54 on the shaft of the contact arm of N{ which
‘operate a relay PC whose contact FCI (Fig. 1)
.substitutes (as suggested in the said specification
:No. 484,332)- for one crystal oscillator .{2P an-
other 12Q oscillating at a frequency Yafo higher.
It thus .effectively raises the whole series of
standard frequencies by Yafe.

~~Suppose then the arm of NI is on contact A.
Then . the. variable oscillator will set itself (by

means about to be deseribed to nfo—Ysife, where.

nfo is one of the first set of standard frequencies.
.When the arm changes to B, 12Q is substituted
_for i2P and the oscillator sets itself to njo; when
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the arm moves to C, 12P is replaced, but now the_

. oscillator sets itself to nfo-+Yafo, in virtue of the
changeover of the switches- DRI, DR2. When
the arm reaches D, the oscillator sets itself to
nfo-+Yofo.. When the arm reaches E, the oscillator
sets itself to (n-+1) fo—Yafo=nfo-+34fo.

-The result is that the effective minor interval

.18 not fo, but Ysfo.

_..The operation of the main device will now be
further described. -A “coincidence,” operating
.contact Yl and energising the magnet M, now
occurs when f reaches a value Y2fo less than the.

_standard frequency of the. minor set, modified
possibly by the substitution of 12Q for 12P; the
coincidence ceases and the magnet. is released
when f reaches a value %fo higher. It is now
clear why it is important that RP should not
operate and throw over RP2 before the magnet
is released; for if it did, the magnet would be
released before the penultimate standard of the
second set was reached and would be energised
again soon after that standard was passed; there

55
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-action of contact YI,

would be two “coinc1dences" with this standard.
The holding up of RP ensures-that RP2.is not
operated until the said penultimate standard has
been passed.

Relay MIN having operated and the first set
of standards having been substituted for the sec-
ond, each coincidence of J with a member of the
first set- moves the wiper on one step, by: the
until the stud selected by
NI isreached. Then relay SA is operated through

contact SC3, which is still operated. - ;

Relay SA locks itself in the operated posiuon
via SA5 and S4. Contact SA4 de-energises both
the “fast” and “medium” clutches, and prepares
to operate relay ME via contact Y| or ZI, when
either of the make-and-break these contacts is
operated. Contact SA3 removes the —12 volt
supply from one side of the tuning motor and
substitutes a connection to the moving member
of contact Zi. Contact SAl removes the earth
connection from the other side of :the tuning
niotor, leaving it connected to the moving mem-
ber of contact YI. When both Yi and Zl are
operated both sides of the motor are joined to
the —12 volt supply and the motor does not run
and ME is unoperated. Similarly, when both ZIi
and Y{ are relaxed the two sides. of the motor
are connected to earth (direct and via SA2 re- .
spectively) and again the motor does not run and
ME is unoperated.  However, if Z{ is operated
and Yi relaxed the motor is driven in a. forward
direction, i. e. in the same- direction as during
the counting operation. : Conversely, if Z{ is re-
laxed and Y| is operated, the motor is driven in
the reverse direction, ME being operated in either
case.

The “slow clutch” relay is energised through
contact ME2 in parallel with SA and causes the
tuning condenser to be driveh very slowly either
forwards or backwards according as Zl or YI is
operated; -f is thus automatically maintained in
the desired relation with 'the selected standard.
Contact MEI, being open, prevents the operation
of relay R until the motor is de-energised for the
first time, whereupon R operates and locks itself
operated via Ri, SAI and S4. The “ready” lamp
also lights, being effectively in- parallel with R
relay. The make-and-break contact R2, being
operated, removes the earth from the relay OT
and puts the tracking elements 33 in circuit; the
control of switch OT{ by energisation of relay
OT, and hence the removal or insertion of the
tracking elements, is transferred to the “push-
to-transmit” key. Contact R3 prepares to oper-

.ate relay TD on depression of that key.

The apparatus now is in the state for the recep-
tion of signals. If signals are to be transmitted,
the “push-to-transmit” key is depressed and the
tracking elements are cut out by the operation
of relay OT. The contacts of the relay TD and
the contacts of the relays MIN and OT not ex-
plicitly mentioned perform certain- operations
incidental to transmission or reception, (e. g. the

“introduction of a side tone) which are not char-

acteristic of this invention and-therefore need
not be considered further. .

- ‘The “change” key shown in the drawings, when
operated, releases the relays sufficiently to enable
the variable oscillator to be tuned to a new stand-
ard freguency, determined by .a new: setting of
the switches NI, N2, without the need for cutting
off. all supplies and operating the “start” key
again,  This it does mainly by releasing the relay -

'S and therefore causing all S-contacts to return

k]

to the unoperated state. Experts will understand
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the exact operation-without further description.

Having thus described our invention, we claim
as new and desire to secure by Letters Patent:

1. Apparatus of the character described for
tuning a variahle electrical oscillator and includ-
ing driving means capable of varying . continu-
ously in the same direction the frequeney of said
oscillator, means for generating alternatively a
first set of standard frequencies spaced at minor
intervals, to one of which the variable oscillator

10

has to be tuned, and a second set of standard -

frequencies spaced at major intervals, an: auto-
matic selector switch including a wiper, a: plu-
rality of studs and electrically actuable wiper
moving means, means responsive to coincidences
between the. varying frequeney of said variable
oscillator and said standard frequencies for ap-
plying to said automatic selector switch, on the
occasion of each such coincidence, a pulse serving
to move its wiper one step, change-over means
associated with said automatic selector switch for
causing said second set of standard frequencies
to be replaced by said first set when the wiper
reaches a predetermined stud of said .automatic
selector switch, means for varying at the will of
an operator the number cf steps that said wiper
must “take under control of said coincidences
before it reaches said predetermined stud, and
stopping means-adapted to be associated ‘at the
will of the operator with different studs of said
automatic selector switch and serving to put said
driving means out of “action when the wiper
reaches the stud with which said stopping meéans
are associated.

2. Apparatus of the character described: for
tuning a variable electrical oscillator and includ-
ing driving means capable of varying continu-
ously in the same direction the frequency of said
oscillator, means.for generating alternatively a
first set of standard frequencies spaced at minor
intervals, to one of which the variable oscillator
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between the varying frequency.of said variable
oscillator and said standard frequencies for ap-
plying to said automatic selector switch, on the
occasion of each such coincidence, a pulse serving
to move its wiper one: step, change -OVer means
permanently .associated.. with:a predetermined
stud of said automatic:selector switch for causing
said second set of standard frequencies to be re-
placed by said first set when the wiper reaches
said predetermined .stud, means for varying -at
the will of an operator the number of steps that
said wiper must take under control of said coin-
cidences  before - it reaches sald - predetermined
stud, and stopping means adapted to be associated
at-the will of the operator with different studs
of said automatic selector switch and serving. to
put said driving means out of action when the
wiper reaches the stud with which sald stopping
means are associated.

4. Apparatus of the. character descrlbed for
tuning a variable electrical oscillator and includ-
ing driving means capable of varying continu-
ously in the same direction the frequency.of said
oscillator, means for. generating alternatively g
first set of standard frequencies spaced at minor
intervals, to one of which the variable oscillator
has .to be tuned, and a second set of standard
frequencies spaced at -major intervals, an auto-
matic selector. switch including a wiper, a plu-
rality of studs.andelectrically actuable wiper
moving means, means responsive to ‘coincidences
between: the -varying frequency..of . said variable
oscillator and. said standard frequencies for ap-
plying to sald automatic selector switch, on the
oceasion of each such coincidence, a pulse serving
to move its wiper. one -step, change-over means

. Including a selector switch for selecting-a pre-

40

has to be ‘tuned, and a second set of standard -

frequencies spaced at major intervals, an auto-
matic selector switch including a wiper; a plu-
rality of studs and electrically actuable wiper
moving means, means responsive to coincidences
betwéen the varying frequency of said variable
oscillator and said standard frequencies for ap-
plying to said automatic selector switch, on the
occasion of each such coincidence, a pulse serving
to:move its wiper one step, change-over means
capable of being associated at the will of an oper-
ator with different studs of said automatic se-
lector switch and serving to cause said second
‘set of standard frequencies to be replaced by said
first set ‘when the wiper reaches the stud with
‘which ‘said ‘change-over ‘means are associated,
and stopping means also adapted to be associated
at the will of the operator with different studs
‘of said automatic selector switeh and serving to
‘put said: driving means out of action ‘when the
'Wlper reaches.the stud with which said qtoppmg
‘means are assoclated.

'3. Apparatits .of  the “character described for
tuning a variable electrical oseillator and includ-
ing idriving ‘means capable of varying continu-
ously ih the same direction the freduency of said
:oscillator; means for generating alternatively s
first set of standard frequencies spaced at minor
intervals, to -one of which the variahble oscillator
‘has to'be tuned, and a second set of standard
frequencies spaced at major intervals, an auto-
~matie selector switch ineluding a: wiper, a plu-
rality «of ‘studs. and. electrically actuable. wiper
‘moving means, means responsive to coineidenees
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determined: stud of said-automatic selector switeh,
a. source .of current, a relay and a cireuit includ-
ing said relay in series with said source of current
and with said-selector switch and capable of being
completed by the wiper’s reaching said predeter-
mined stud and thereby causing said second: set
of standard frequencies to be replaced by said
first- set-when the wiper reaches said predeter-
mined - stud, and stopping means adapted to be
associated at the will of the operator with dif-
ferent-studs of said automatic selector switch and
serving to put said driving ‘means out of action
when the wiper reaches the stud with which sald
stopping means are associated.

5. Apparatus ¢f the character described for
tuning a variable electrical osecillator and includ-
ing ‘driving ‘means -capable of varying continu-
ously in the same direction the frequency of said
oscillator, means for generating alternatively a
first set of standard frequencies spaced at minor
intervals, to one of which the variable oscillator
has to-be tuned, and a second. set of standard
frequencies spaced at major intervals, an auto-
matic seleetor switch including a wiper, a plu-
rality of-studs and electrically actuable wiper
moving means, means responsive to coincidences
between the varying frequency of said variable

-oscillator and sald standard frequencies for ap-

plying to said automatic selector switch, on the
oceasion of each such coincldencs, a pulse serving
to move its wiper one step, change-over means .
associated with said automatic selector switch for
causing said 'second set of standard frequencies
to be replaced by said first set when the wiper
reaches ‘a- predetermined stud of said automatic
selector switch, means for varying at the will of
an operator the number of steps that said wiper
must: take - under control of said . coincidences
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before 1t ‘teaches -said predetermmed stud and

stopping means including a selector switch for

selecting a second predetermined stud of said
automatic selector switch, a source of current, a
relay and & circuit including said relay in series
with said source of current and with said selector
switch and capable of being completed by the
wiper’s reaching said second predetermined stud.,

6. Apparatus of the character described for
tuning a variable electrical oscillator and includ-
ing -driving means capable of varying continu-
ously in the same direction the frequency of said
oscillator, meangs for changing the effective speed
of said - driving means, means for- generating
alternatively a first set of standard frequencies
spaced at minor intervals, to -one of which the
variable oscillator has to be tuned, and a second
set of standard frequencies spaced at major inter-
vals, an automatic selector switch including a
wiper, a plurality of studs and electrically actu-
able wiper moving means, means responsive to
-_cOincidences between- the varying frequency of
said varlable oscillator and said standard. fre-
quencies for applying to said automatic selector
switch, on the occasion of each such coincidence,
a pulse serving to move its wiper one step, change-
over means associated with said automatic se-
lector switeh for causing said second set of stand-
ard frequencies to be replaced by said first set
and for actuating said means for changing the
effective speed of said driving means so as to
cause the frequency of said variable oscillator to
vary more slowly when the wiper reaches a pre-
determined stud of said automatic selector switch,
means for varying at the will ‘of ‘an operator the
number of steps that said wiper must take under
control of said colncidences before it reaches said
predetermined stud, and stopping means adapted
to be-associated at the will of the opeérator with
different studs of said automatic selector switch
and serving to put said driving means out of
-action when the wiper reaches the stud with
which said stopping means are associated.

7. Apparatus of. the character described for
tuning ‘a variable ‘electrical oscﬂlator including
a control member capable on contmued displace-
ment’ in the same direction of varying continu-
‘ously in the same. sense the frequency of said
oscillator, a motor, a two-speed gear mechanism
connecting said motor to said control member
and including electrically-actuated gear-selecting
clutch means, means for generating alternatively
a first set of standard frequencies spaced at minor
intervals, to one of which the variable oscillator
has to be tuned, and a second set of standard
frequencies spaced at major intervals, an auto-
matic selector switch including a wiper, a plu-
rality of studs and electrically actuable wiper
moving means, means responsive to coincidences
bhetween the varying frequency of said variable
oscillator and said standard frequencies for ap-
plying to said automatic selector switch, on the
occasion of each such coincidence, & pulse serving
to move its wiper one step, change-over means
associated with said automatic selector switch
for causing said second set of standard frequen-
cies to be replaced by said first set and for actu-
ating said clutch means so as to cause the fre-
auency of sald variable oscillator to vary more
slowly, when the wipér reaches a predetermined
stud of said automatic selector switch, means for
varying at the will. of ‘an operator the number
of steps that said wiper must take under control
of said coincidences before it reaches said pre-
determined: stud, and stopping means adapted to
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be associated at the will of the operator with
different studs of said automatic selector switch
and” serving to put said driving means out of
action when the wiper reaches the’ stud with
which said stopping means are associated.

~ 8. Apparatus of the character described for
tuning a variable electrical oscillator and includ-
ing ‘driving means capable of varying continu-
ously in the same direction the frequency of said

“oscillator, ‘means for generating alternatively a

first set of standard frequencies spaced at minor
intervals, to one of which the variable oscillator
has to be tuned, and a second set of standard
frequencies spaced at major intervals, an auto-
matic selector switch including a wiper, a plu-
rality of studs and electrically actuable wiper
moving means, means responsive to coincidences
between the varying frequency of said variable
oscillator and said standard frequencies for-ap-
plying to said automatic selector switch, on the
oceasion of each such coincidence, a pulse'serving
to move its wiper one step, change-over means
associated with said automatic selector switch for
causing said second set of standard frequencies
to be replaced by said first set when the wiper
reaches a predetermined stud of said automatic
selector switch, means for varying at the will of .
an operator the number of steps that said wiper
must: take under control of said coincidences
before. it reaches said predetermined stud, stop--
ping means adapted to be associated at the will
of the operator with different studs of said auto-
matic selector switch and serving to put said
driving means out of action when' the wiper
reaches the stud with which said stopping means
are ‘associated, and means for maintaining the
frequency - of said variable oscillator in a. pre-
determined relation to a selected standard. fre-
quency after it has.been brought, at least ap-
proximately, into such relation.’

9. Apparatus of the character described for

. “tuning a variable electrical oscillator and includ-

435

50

60

o5

70

75

ing driving means capable of varying continu-

ously in the same direction the frequency of said

oscillator, means for generating alternatively: a
first set of standard frequencies spaced at minor
intervals, to one of which the variable oscillator
has ‘to be tuned, and a second set of standard
frequencies spaced at major intervals, an auto-
matic selector switch including a wiper, a plu-
rality of studs and electrically actuable wiper

.moving means, means responsive to coineidences

between the varying frequency. of said.variable
oscillator and said standard frequencies for ap-
plying to said automatic selector switch,-on the
occasion of each such coincidence, a pulse serving
to move ifs wiper one step, change-over means

‘associated with said automatic selector switch for

causing ‘said second set of standard frequencies
to be replaced by said first set when the wiper
reaches a predetermined stud of said automatic
selector switch, means for varying at the will of
an operator the number of steps that said wiper
must take under control of : said coincidences
before it reaches said predetermined-stud; stop-
ping means adapted to be associated-at the will
of the operator with different studs of said auto-
matic selector switch-and serving to put said
driving means out of action when the: wiper
reaches the stud with which said stopping means
are associated, and means for maintaining the
frequency of sald variable osecillator in.a pre-
determined relation to a selected standard fre-
quency after it has been brought, at least approx-
imately, into such relation, the last-mentioned
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means including two filters, one passing frequen-

cies only between substantially zeroc and a limit

slightly exceeding ¥.fo, where fo is the effective
difference between successive standard frequen-
cies of said first set, in the absence of the last-
mentioned means, and the other filter passing
frequencies only between Y%fo and a limit slightly
less than Y4ifo, and two relays arranged to be
actuated in vresponse to passage of current
through said filters respectively and to cause said
driving means to operate in tlie one or the other
direction according as only one or other of said
relays is actuated.

10. Apparatus of the character described for
tuning a variable electrical oscillator and includ-
ing driving means capable of varying continu-
ously in the same direction the frequency of said
oscillator, means for changing the effective speed
of said driving means, means for generating
alternatively a first set of standard frequencies
spaced at minor intervals, to one of which the
variable oscillator has to be tuned, and a second
set of standard frequencies spaced at major inter-
vals, an automatic selector: switch including a
wiper, a plurality of studs and electrically actu-
able wiper moving means, means responsive to
coincidences between the varying frequency of
said variable oscillator and said standard fre-
quencies for applying to said automatic selector
switeh, on the occasion of -each such ccincidence,
a pulse serving to move its wiper one step, change-
over means associated with said automatic se-
lector switch for causing said second set of stand-
ard frequencies to be.replaced by said first -set
and for actuating said means for changing the
effective speed of said driving means so as to
cause the- frequency of ‘said variable oscillator
to vary more slowly when the wiper reacheés a
predetermined. stud of said automatic selector
switch, means for varying at the will of an oper-
ator the number of steps that said wiper must
take under control of said coincidences before it
reaches said predetermined stud, stopping means
adapted to be associated at the will of the oper-
ator with different studs of said automatic selector
switch and serving to put said driving means out
of action when the wiper reaches the stud with
which said stopping means are associated, and
means for maintaining the frequency of said var-
jable oscillator in a predetermined relation to a
selected standard frequency after it has been

10

15

20

25

30

35

40

50

14

brought, at least approximately, into such rela-
tion, the last-mentioned means serving to control
said driving means in such a manner that the
frequency of said variable oscillator is varied for
the purpose of maintaining said frequency more
slowly than just-after said change-over means
have operated.

11. Apparatus of the character described for
tuning a variable electrical oscillator and includ-
ing driving means capable of varying continu-
ously in the same direction the frequency of said
oscillator, a first generator of a set of standard
frequencies spaced-at uniform intervals fo, a sec-
ond generator adapted in two alternative condi-
tions to generate respectively two frequencies
differing from each other by Y% fe, means for mix-
ing the cutputs of said variable oscillator and of
said first and second generators, two filters for
receiving such mixed output, one passing fre-
quencies only between substantially zero and a
limit slightly exceeding Yfe, and the other pass-
ing frequencies only between ¥fo and a limit
slightly less than %fo, an automatic selector
switch including a wiper, a plurality of studs and
electrically actuable wiper moving means, means
responsive to the passage of a current pulse
through at least one of said filters for applying
to said automatic selector switch a pulse serving
to move its wiper one step, a selector switch for
selecting a predetermined stud of said automatic
selector switch, said selector switch having four
positions associated with each stud of said auto-
matic selector switch, stopping means serving at
least momentarily to put said driving means out
of action when the wiper reaches the selected
stud, two relays arranged to be actuated in re-
sponse to passage of current through said filters
respectively and to cause said driving means to
operate in the one or the other direction accord-
ing as only one or other of said relays is actuated,
and means actuated by said selector switch for
interchanging the functions of said filters as said
selector switch changes from the first pair to the
second pair of said four positions and for chang-
ing the condition of said second generator as said
selector switch passes from the first to the second
of each of said pairs of positions.
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