
June 4, 946, N. R. BGH ETAL 2,40,604 

MEANS FORTUNING ELECTRICAL OSCILLATORS 
Filed Dec. 23, 1943 2. Sheets-Sheet 1 

s 

EE He 
NWENTORS 

NORMANRCARD 8LGh 
DOUGLAS MAX HELLER 
Luis CHARES STENNING 
ALEXANDER ALBERT CHUBB 

73, 7%. A TORNEY 

  

    

  



June 4, 1946. N. R. BLIGH ETAL 2,401,604 
MEANS FOR TUNING ELECTRICAL OSCILLATORS 

Filed Dec. 23, 1943 2 Sheets-Sheet 2 

Alig. 2. 
y s 

FTER 
0-6MC, MXER 

FILTER 
AMPFER 

61-8 MC. 

FILTER 
AMPLIFIERITIAMPLIFIER 
O 80 KC. 22.45(C. 

73 74 

FILTER 

47 
CRYSTAL 
05CLAOR 
900 KC. 

2 

TUNING 
DEVICE 

FILTER 
AMPLIFER 
O-23 (C. 

75 
7 Areceiver ?a5 
and 7 fansniffer 

CRYSTAL 
OSCILLATOR 
6i525MC, 

Acty Arequency A.C. 

6.750MC. 

FNVENTORS 
Waa-aw/7caata a 67, Aoustas wax Azzaar, 

40 CV/a/725 S727Wrve, we AlexaveralasearCase 

2. - 
ATTORNEY 

    

  

  

  



Patented June 4, 1946 2,401,604 

UNITED STATES PATENT office 
2,401,604 

MEANS FORTUNINGELECTRICAL 
OSCLLATORS 

Norman Richard Bligh, Harrow, Douglas Max 
Heller, Wembley Park, Luis Charles Stenning, 
Ealing, London, and Alexander Albert Chubb, 
Shipley, England, assignors to The General 
Electric Company Limited, London, England 

Application December 23, 1943, Serial No. 515,400 
In Great Britain December 14, 1942. 

11. Claims. 
1. 

This invention relates to apparatus for tuning 
a variable electrical oscillator and of the type 
comprising (d), an electrical generator or gen 
erators adapted to provide alternatively a Set of 
standard frequencies spaced at minor intervals 
(say fo), to one of which the variable oscillator 
has to be tuned, and a set of standard frequencies 
spaced at major intervals (say 10fo), (b) means 
for comparing the frequency f to which the Val 
iable oscillator is tuned with the frequency of 
any member of either of the said sets. 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 mull 
tiple of the minor interval; 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 
equality 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 standard frequency. When 
the said relation obtains, the frequency of the 
variable Oscillator will be said to coincide with 
that standard frequency. 

In the use of means of this type it is possible 
to proceed as follows. The variable OScillator 
starts tuned to a frequency lower than the lower 
limit of the second set, and the said means (a) 
are made to give the second set of frequencies 
spaced at major intervals. (Of course it would 
be equally possible to start beyond the upper lim 
it.) f is increased until the said means (b) indi 
cate that f coincides with a standard frequency, 
which must be the lowest member of the said 
second set. This fact is noted. f is increased 
further until it again coincides with a standard 
frequency, which must be the second of the said 
second set. The process is continued, the coin 
cidences being counted, until f coincides with the 
member of the said second set next lower than 
the frequency to which the oscillator is to be 
tuned. (Alternatively it might be made to coin 
cide with the next higher member.) Means (a). 
are then made to give the first set of standard 
frequencies spaced at minor intervals. The proc 
ess is then continued and the number of coinci 
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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 each member of the first set below the 
desired frequency. 

This method has 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 association 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, automati 
cally. 
This object is achieved, according to one fea 

ture of the invention, by providing driving means 
for Varying continually in the same direction (at 
least So long as the change-over means herein 
after mentioned do not operate) the frequency of . 
the variable oscillator, by applying to an auto 
matic selector Switch, on the occasion of each co 
incidence between the frequency of the variable 
Oscillator and a standard frequency, a pulse 
adapted normally to move its wiper on one step, 
by providing change-over means associated with 
the automatic selector switch for causing the sec 
ond set of standard frequencies to be replaced by 
the first set when the wiper reaches a predeter 
mined stud of the automatic selector switch, 
means 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 
predetermined stud, and by providing also stop 
ping means, adapted to be associated with differ 
ent steps of the automatic selector switch, that 
put the said driving means out of operation when 
the Wiper of the automatic selector switch reaches 

the stopping means are asso 
ciated. . . . . 

The change-over means may be capable of be 
ing associated at the will of the operator with dif 
fei'ent studs of the automatic selector switch, so 
that these means will cause the second set of 
standard frequencies to be replaced by the first 
set when the wiper reaches the stud with which 
the change-over means have been so associated. 

* Alternatively, the change-over means may be per 
manently associated with a predetermined stud 
of the automatic selector switch, means being 
provided for varying at the will of the operator 
the number of steps that the wiper must take un 
der control of the coincidences before it reaches 
the predetermined stud. - - - 

  



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 
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specification. Further, if the automatic selector. . 
moves on unitl it reaches a stud that has been switch 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 said kind. 
Suppose then that the standard frequency to. 

which the variable oscillator is to be tuned is such 

O 

standard frequencies. 

4. 
of the automatic selector switch between (and ini 
cluding) the stud selected by the switch N2 and 
the stud 20a; this is secured by choosing suitably 
the position of the switch N2. 
After the stud 2 a has been reached, coin 

cidences occur with members of the first set of 
The wiper therefore still 

'selected by the switch Ni. Then the drive of the 
motor ceases, a signal lamp is lit; and a 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 15 
then n1 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 (n2+n.1) step. But then 
the step with which, the stopping means would 
have to be associated would depend on 12 as well 
as on n.1. It is more convenient to make the po 
sition of the stopping means dependent only on 
n1 as the position of the change-over means is 
dependent only on n2. 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 said 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 
6a-29a are associated with a selector Switch. N2 
and the last five are associated with a selector 
switch N. On the shaft of the Wiper Ware three 
cans 5E, 5, 52 in duplicate, of which 5 opens a 
contact 2025cl only when the Wiper is On one of: 
the studs 29a to 25d and 52 closes a contact. 225a. 
only when the wiper is on one of the studs 2 a. 
to 25a; the function of the third can 50 will be 
mentioned later. When the contact 2025a is open 
and the contact 225a is closed, a relay causes the 
generator of the standard frequencies to supply 
the first set of frequencies which (in this ex 
ample) are 90 kc./s. apart; when the contact 
2025a is closed and the contact 225a 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 a, 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 
clutch, 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 m2 
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 fa and the stud selected 
by the switch N?; this again is secured by choos 
ing suitably the position of the switch. N. 
That is the main operation; 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 ratio 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 fa, and the positions 
of the switches N2 and N. 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 automati 
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 
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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 drawings 
of the copending application by numerals 3, 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 27-30 in 
the drawings of the copending application have 
been profoundly modified; for the present inven 
tion is concerned with the substitution of auto 
matic setting for mere counting. The terminals 
40, 4, 42 and 43 of the present Fig. 1 are con 
nected respectively to the terminals 40, 4, 42 and 
43 of present Fig. 2. 

Relays which are the same as the relays. 9 and 
20 of said copending application and switches 
which are the same as the switches 6, 2 and 34 of said copending application play an important part 
in the following description of the present inven 
tion. Of these the relays 9 and 20 and the switch 
2 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. MIN and OT 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 Fig. 1, 

70 but the motor driving it is shown. . . . . . . ; 
The filters 4, 5 of the present case are modi 

fied from the filters 4, 5 of said copending ap 
plication in a manner to be explained later, but 

- the modification is immaterial so long: as coin 
cidences with standard frequencies of the second 
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set (major intervals) are being considered. For 
then, whatever the nature of these filters, a "co 
incidence' occurs when the frequency of the vari 
able oscillator comes within a range about the 
standard frequencies which is small compared 
with the interval between standard frequencies; 
it would make no difference if it were supposed 
that a “coincidence' was exact equality of the fre 
quency of the variable oscillator with that of the 
standard. Accordingly 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 condition. The convention 
adopted for showing the relays is that the ener 
gising winding or windings of a relay are indi 
cated by one or more rectangles which are inter 
posed in the energising circuit or circuits and 
which are marked by a reference character con 
sisting of a letter or letters denoting the relay. 
The contacts of the relay are shown underneath 
the rectangles and are 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 moving member in each 
relay contact is indicated by a plain arm without 
a contact head. 

It will be assumed, that after the last use, the 
electric supplies were cut off leaving the Wiper W 
in contact with some stud, other than la, which 
Will be assumed to be different from that distin 
guished by the setting of N 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 released, 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--3' attached to M refer to the one 
bank of studs (la-25a) and the three contacts 
marked lif., 2025a and 2 25d. The contact if 
is operated by 50, the third of the three cams 
associated with the wiper W as aforesaid, when 
and only when that wiper is at stud fa. 
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. i. 
The automatic selector switch magnet Mis then 

energised via make-before-break contact SC2, the 
self-interrupting contact m, and the contact lif; 
the wiper W is driven clockwise until it reaches 
the “home” position, when the wiper is resting 
on studia and the contact if f is opened. 
Relay OT (which operates via contact R2) op 

erates switch OT and the tracking elements 33 
are cut out. RP operates via the contact 2025a 
and DR, operates via the cam 53 (which will be 
described later). RP applies an earth to one 
side of the make-and-break contact Y via the 
contact 2025a. RP2, DR1 and DR2 assume the 
positions in which both filters 4 and 15 feed relay 
Yand operate contact. Y. FC is not operated So 
that 2P remains in circuit. 
When the wiper has homed, S relay operates 

via the contact fit, the contact CON, which is 
closed when the tuning condenser (forming part 
of 26) returns to its starting position under spring 
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6 
tact CPN, which is open if the tuning condenser 
is driven by accident beyond its normal limit cor 
responding to the highest frequency required of 
the variable oscillator. S. relay then self-holds 
via CPN contact and S. S. also prepares to ap 
ply an earth to the contact arm of the Nf select 
ing switch. : S2 applies an earth to one side of 
the magnet M, causing it to self-interrupt via in 
and SC2, S3 applies an earth connection to the 
contact arm of the N2 selecting Switch which in 
turn earths a stud of the automatic Selector 
switch corresponding to the N2 unit chosen. 
S4 prepares to selfhold relays SA and SC and 
also applies an earth to one side of the tuning 
motor via SA, which drives the tuning con 
denser, thus starting the motor. 
The magnet M continues to self-interrupt until 

its wiper reaches the stud earthed via S3, when 
the SC relay is operated and locks itself operated 
via SC and S4. The closing of SC also op 
erates the “master clutch,' which establishes a 
connection with the tuning condenser via the 
“fast clutch,' so that the tuning condenser is 
driven at high speed. The magnet M remains Op 
erated, first through the upper contact of make 
before-break contact SC3 and the wiper; after 
the said upper contact has opened, it remains 
operated via SC2, SA2, Y, SAE, and S4, so that 
it will be released when Yf breaks. Contact SC4 
applies an earth to the stud corresponding to the 
position of the N selecting switch. 
When the variable oscillator makes a coin 

cidence with the first of the N2 series of standard 
frequencies, contact Y 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 20d; 
for it is self-held by contact RP?. It is released 
only when the coincidence ceases, i. e. When if 
passes beyond the range about the standard of 
the Second set within which contact Y is Op 
erated. (The importance of this Will appear 
presently.) When the coincidence ceases, the 
circuit of RP is broken and the RP contacts are 
operated. RP2 separates the pulses delivered by 
the rectifiers 7 and 18, and applies them sepa 
rately to relays Y and Z. RP3 substitutes the 
“medium' for the fast clutch and therefore 
causes the tuning condenser to be driven more 
slowly as coincidence with the last of the 
standard frequencies of the Second set is ap 
proached. When contact Y is operated by this 
approach, the wiper is stepped to stud 2a and 
the contact 225a closes. Relay MN is operated 
and changes over switch MN, thereby substitut 
ing the first set of standard frequencies (minor 
intervals) for the Second set. Subsequent coin 
cidences will be with members of the first set; 
the four positions e. g. A, B, C and D) in N 
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 4, 5 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 oscillations from the variable oscillator 

are caused to beat with the oscillations of bias when the clutches are released, and the con- 75 standard frequency, and the beat oscillations are 
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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 4fo, where fo is the 
difference between successive standard frequen 
cies; the other passes frequencies between 2fo 
and a limit slightly less than 4 fo. Thus in the 
present example, where fo=90 kc., the said limits 
may be 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 Alfo 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 Alfo greater than the standard fre 
-quency. 
The filter 4 has then a pass range 42 fo to just 

less than 4fo (say, if f=90 kc. 45-22 kc.), and 
filter 5 a pass range from just more than 4fo 
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 DR, 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 N. When that arrin passes 
from the first to the second pair of contacts con 
nected to the same wiper stud, e. g. from (A, B) 
to (C, D) or from (E, F) to (G,H). The passage 
from the first contact to the Second contact of 
such a pair operates contacts via a second cam 
54 on the Shaft of the contact arm of N which 
operate a relay FC whose contact FC (Fig. 1) 
substitutes (as suggested in the said Specification 

: No. 484,332) for one crystal oscillator 2Pan 
other 2G Oscillating at a frequency Alfo higher. 
It thus effectively raises the whole series of 
standard frequencies by Alfo. 
Suppose then the arm of N is on contact A. 

Then the Variable OScillator will set itself (by 
means about to be described to info-Afo, where. 
nfo is one of the first set of standard frequencies. 
When the arm changes to B, 20 is substituted 
for 2P and the oscillator sets itself to info; when 
the arm moves to C, 2P is replaced, but now the 
oscillator sets itself to nfo--Alfo, in virtue of the 
changeover of the switches DRI, DR2. When 
the arm reaches D, the oscillator sets itself to 
info-Alfo. When the arm reaches E, the oscillator 
sets itself to (n-1) fo-Afo=nfo-Afo. 
The result is that the effective minor interval 

is not fo, but Afo. 
The operation of the main device will now be 

further described. A 'coincidence,' operating 
contact Y and energising the magnet M, now 
occurs when f reaches a value A2fo less than the 
standard frequency of the minor set, modified 
possibly by the substitution of f2G for 2P; the 
coincidence ceases and the magnet is released 
when if reaches a value Alfo 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 
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would be two "coincidences' 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 f with a member of the 
first set moves the wiper on one step, by the 
action of contact Y, until the stud selected by 
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N is reached. Then relay SA is operated through 
contact SC3, which is still operated. . . . . 
Relay SA locks itself in the operated position 

via SA5 and S4. Contact SA4 de-energises both 
the "fast' and "medium' clutches, and prepares 
to operate relay ME via contact Y or Z, 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 Z:. . Contact SA removes the earth 
connection from the other side of the tuning 
notor, leaving it connected to the moving mem 
ber of contact Y. When both Y and Z 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 Z. 
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 Zl is operated 
and Y 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 driven very slowly either 
forwards or backwards according as Z or Y is 
operated; if is thus automatically maintained in 
the desired relation with the selected standard. 
Contact ME, 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 R., SA 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 O 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 frequency, determined by a new setting of 
the switches N, 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 
again soon after that standard was passed; there 75 to the unoperated state. Experts will understand 



9. 
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 variable 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 O 
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 
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 of 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 means 
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 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 
leans are aSSociated. 
4. 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 
natic 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 
Occasion of each Such coincidence, a pulse serving 
to move its wiper one step, change-over means 
including. a selector switch for selecting a pre 
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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 
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 switch and serving to 
put Said driving means out of action. When the 
wiper reaches the stud with which said stopping 
means are associated. 

3. 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 
imatie selector switch including a wiper, a plu 
rality of studs, and electrically actuable wiper 
moving means, means responsive to coincidences 
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determined stud of said automatic selector switch, 
a Source of Current, a relay and a circuit 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 said 
stopping means are associated. 

5. 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 
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 of steps that said wiper 
must take under control of said, coincidences 
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before it reaches said predetermined 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 a 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, 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 
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 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 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 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 means are associated. 

7. Apparatus of the character described for 
tuning a variable electrical oscillator, including 
a control member capable on continued 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 notor 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 
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 
a SSociated with said automatic selector Switch 
for causing said second set of standard frequen 
cies to be replaced by said first set and for actu 
atting said clutch means so as to cause the fre 
quency of said variable oscillator to vary more 
slowly, 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 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 a SSociated. 

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 
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 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 
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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 plus 
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 
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 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 approx 
inately, into Such relation, the last-mentioned 
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means including two filters, one passing frequen 
cies only between substantially zero and a limit 
slightly exceeding Alfo, 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 Alfo and a limit slightly 
less than 4fo, and two relays arranged to be 
actuated in response to passage of current 
through Said filters respectively and to cause said 
driving means to operate in the one or the other 
direction according as only one or other of said 
Irelays is actuated. 

10. Apparatus of the character described for 
tuning a variable electrical osciliator and includi 
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 
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 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 reaches 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 diving means out 
of action when the wiper reaches the stud with 
which said stopping nears are associated, and 
means for maintaining the frequency of Said war 
iable oscillator in a predetermined relation to a 
Selected Standard frequency after it has been 
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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 includi 
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 Alfo, means for mix 
ing the outputs 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 Afo, and the other pass 
ing frequencies only between Alfo and a limit 
slightly less than Alfo, 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 nove 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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