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57 ABSTRACT 
An electronic timepiece in which the output of a sta 
ble, high-frequency standard such as a crystal oscilla 
tor, is fed to a presettable frequency-divider to pro 
duce periodic low-frequency output pulses for actuat 
ing a time display. The frequency of the oscillator lies 
in a range somewhat below an assigned value produc 
ing, upon division, the desired number of output 
pulses for accurate timing, the resultant deficiency 
being made up by adding pulses to input stages of the 
divider sufficient to compensate therefor. In this way, 
one may manufacture crystals under far less restrictive 
tolerances than those imposed when the crystal is re 
quired to operate at the assigned frequency. 

12 Claims, 5 Drawing Figures 
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1. 

PRESETTABLE FREQUENCY DIVIDER FOR 
ELECTRONICTIMEPIECE 

BACKGROUND OF THE INVENTION 

This invention relates generally to electronic time 
pieces, and more particularly to a timing system in 
which low-frequency periodic pulses for actuating a 
time display are derived from a presettable frequency 
divider coupled to a stable high-frequency source. 

In order to provide an electronic timepiece of high 
accuracy, it is known to derive periodic pulses at a low 
repetition rate from a non-settable frequency-divider 
coupled to a high-frequency standard, the pulses serv 
ing to actuate a suitable time display. The frequency 
standard or time base is generally in the form of a pi 
ezoelectric crystal-controlled oscillator or any other 
highly stable high-frequency source. The time display 
is adapted to indicate time in terms of seconds, minutes 
and hours, and it is therefore necessary to divide down 
the frequency of the time base to a low rate suitable for 
the associated display. 
Thus in U.S. Pat. No. 3,540,209 of Zatsky et al., an 

electronic timepiece is disclosed wherein pulses at a 
rate of one per second are generated, the pulses serving 
to actuate a liquid-crystal display for indicating the pas 
sage of time. For this purpose, use is made of a crystal 
controlled oscillator operating at a frequency of 32,768 
Hz, the output of the oscillator being applied to a chain 
of 15 binary divider stages yielding an output of exactly 
one pulse per second. 

In a similar timepiece arrangement disclosed in U.S. 
Pat. No. 3,540,207 to Keeler, a crystal-controlled time 
base operating at a frequency of 16,384 Hz is divided 
down by fourteen binary stages in tandem to yield one 
pulse per second for actuating a motor driving the gears 
of a conventional mechanical display having time 
indicating hands. In the Langley U.S. Pat. No. 
3,485,033, the frequency of a crystal-controlled oscil 
lator is divided down to produce one pulse per minute 
for activating an electronic display using light-emitting 
diodes. 

In the Schaller U.S. Pat. No. 3,282,042, the fre 
quency of a crystal-controlled oscillator is divided 
down to produce a 360 Hz pulsatory output for syn 
chronizing the operation of a tuning-fork resonator. 
driving the gear works of a mechanical time display. 
Thus various forms of mechanical and non 

mechanical time displays have heretofore been used in 
conjunction with a stable high-frequency time base 
functioning in combination with a frequency divider to 
reduce the frequency to a rate appropriate to the dis 
play. 
The crux of the timepieces disclosed in the above 

noted patents lies in the crystal-controlled oscillator. 
This high-Q oscillator not only has the advantage of 
being inherently more stable than other species of fre 
quency standards, but it is further characterized by an 
insensitivity to position error. When, therefore, the 
timepiece is in the form of a wrist watch, the frequency 
of the standard and hence the timing of the watch, is 
not adversely affected by changes in attitude. 
A conventional crystal-controlled timepiece is a pre 

cise timekeeper only if the crystal is dimensioned to 
function at an assigned frequency. Thus in one of the 
examples previously given, one pulse per second for ac 
tuating the display, is produced by dividing down the 
output of a crystal oscillator operating at a frequency 
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2 
of exactly 32,768 Hz. Should the crystal frequency be 
displaced from this particular value, the timepiece will 
be inaccurate to an extent depending on the degree of 
displacement. An error of only one part in 10 thousand 
in the crystal frequency will give rise to a timekeeping 
error of about ten seconds a day or five minutes a 
month. This error, under modern standards of accuracy 
for electronic watches, is unacceptable. 
Assuming that the frequency divider in the timekeep 

ing system is an invariable element, the only means for 
assuring precise timekeeping is to provide a crystal op 
erating at the assigned frequency. Though it is possible 
to manufacture crystals at a predetermined frequency, 
the processes involved are elaborate and costly. Highly 
trained personnel are required to carry out the tech 
niques entailed in exactly dimensioning a crystal so that 
it operates at an assigned frequency. 

In mass producing electronic timepieces, it is not fea 
sible to require crystals operating precisely at an as 
signed frequency, for the expenses entailed in making 
such crystals are such as to raise production costs to a 
prohibitive level. 

Alternatively, it is possible to incorporate the crystal 
in an oscillator circuit having an adjustable reactor or 
a group of reactors which are selectively switched into 
the crystal circuit in order to slightly shift the oscillator 
frequency so that it operates at an assigned value. 
Should the deviation be fairly large, it is not possible 
even with large reactance values, to bring the oscillator 
frequency to the assigned value. 
Moreover when capacitors or other reactors are in 

troduced into the crystal circuit to produce an output 
frequency which is displaced from the natural fre 
quency of the crystal, the efficiency of the crystal sys 
tem is impaired. Thus if the natural frequency of the 
crystal deviates from an ideal value more than 0.001 or 
0.002 percent, it is not feasible by means of adjustable 
reactors, to effect the necessary correction. 

SUMMARY OF THE INVENTION 

In view of the foregoing, it is the main object of this 
invention to provide an electronic timepiece making 
use of a presettable frequency divider in conjunction 
with a stable high-frequency standard to produce peri 
odic low-frequency pulses for actuating a time display, 
which divider makes it possible to employ a standard 
whose frequency is displaced by relatively large 
amounts from the exact or ideal value normally re 
quired to afford precise time indications. 
More specifically, it is an object of this invention to 

provide an arrangement of the above-described type 
wherein the frequency standard includes a crystal reso 
nator whose frequency lies in a range slightly below 
said ideal value, whereby the crystal, since it need not 
meet highly restrictive tolerances, may be mass pro 
duced at reasonable cost. 
Also an object of the invention is to provide a system 

including a presettable frequency divider operating in 
conjunction with a high-frequency standard whose fre 
quency lies slightly below the ideal value at which the 
resultant low-frequency pulses are yielded at the de 
sired repetition rate, which system is arranged to add 
pulses to the divider to an extent compensating for the 
deficiency of the standard. 
Also an object of this invention is to provide a preset 

table divider of the above type which may be con 
structed as an integrated circuit and which may be 
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readily adjusted to add the required number of pulses 
to the clock pulses supplied by the standard. 

Briefly stated, these objects are attained in a system 
wherein clock pulses from a high-frequency time stan 
dard whose frequency is somewhat below an ideal fre 
quency, are applied to the main divider section of a 
presettable divider circuit having a predetermined 
number of binary divider stages, which number is such 
as to yield with respect to an ideal high-frequency, low 
frequency output pulses for activating a time display at 
a rate affording precise time indication. 
In order to provide the proper number of output 

pulses despite the displacement of the standard fre 
quency from the ideal frequency, the output pulses 
from the main divider section are applied to a supple 
mental divider section to generate a frequency 
adjustment control pulse at a rate depending on the 
number of supplemental stages. The control pulse is ap 
plied to a preset section coupled to selected stages of 2 
the main divider section, which preset section is adjust 
able to introduce a correction number in the main di 
vider section compensating for the deficiency in the 
standard frequency whereby the total number of pulses 
yielded by the main divider, within a given period, is 
equal to the number of pulses that would have been 
yielded had the standard operated at the ideal fre 
quency. 

OUTLINE OF THE DRAWING 
For a better understanding of the invention as well as 

other objects and further features thereof, reference is 
made to the following detailed description to be read 
in conjunction with the accompanying drawing, 
wherein: 

FIG. 1 is a block diagram showing the basic sections 
of a presettable frequency divider circuit in accordance 
with the invention, the circuit operating in conjunction 
with a timing display system; 
FIG. 2 illustrates the logic circuit of one preferred 

embodiment of the presettable divider; 
FIG. 3 is a block diagram of a presettable divider in 

accordance with the invention, using electronic rather 
than mechanical switching means for adjusting the di 
vider; 
FIG. 4 shows the logic circuit for the presettable di 

vider illustrated in FIG. 3, and 
FIG. 5 is a block diagram of the logic circuit of an 

other embodiment of the presettable divider. 
DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1, there is shown in block dia 
gram the basic elements of an electronic timing system 
in accordance with the invention. The system includes 
a stable, high-frequency time source 10, preferably in 
the form of a crystal-controlled oscillator having an 
output frequency f. The output of oscillator 10 is fed 
to a presettable divider arrangement including a main 
divider section 11 having 'n' stages of binary division 
to produce output pulses at the desired rate for actuat 
ing a time display 12. 
Display 12 may be in any available form, such as a 

liquid-crystal time indicator, an electro-luminescent 
time indicator or a mechanical time indicator. The na 
ture of the display forms no part of the present inven 
tion except that it must be of the type which can be ac 
tuated or synchronized by timed, low-frequency pulses. 
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4 
The frequency f, of oscillator 10 lies within a range 

slightly below that of an ideal frequency fat which, as 
suming a non-settable frequency divider having 'n' 
stages rather than a presettable divider of the same 
number of stages, would yield the desired output (i.e. 
1 Hz). Thus ideal frequency f= 2". 

In other words, the number of stages in main divider 
section 11 is such as to provide a 1 Hz signal from a 2" 
Hz source. If, therefore, one wishes, with a time source 
having a frequency f. slightly lower than frequency f, to 
produce output pulses which average fin Hz, it is neces 
sary to add an appropriate number of pulses to the 
main divider section to obtain this result. 
This addition of pulses is accomplished in the preset 

table divider by means of a supplemental divider sec 
tion 13 coupled to the output of main divider section 
11. The supplemental divider section is provided with 
"m" stages to yield a frequency adjustment increment 
or resolution of one part in 2" ' ". The main divider 

0 section 11 cooperates with a preset section 14 coupled 
to the output of supplemental divider section 13, the 
preset section furnishing appropriate inputs to the pre 
liminary stages (L) of the main divider. By so providing 
inputs to the L stages of the main divider section, one 
determines the upper limit to the frequency adjustment 
range; namely 2 - 1 parts in 2" ' ". 
Let us now assume that the ideal frequency f= 2 = 

32,768 Hz. This assumption dictates 15 stages (n = 15) 
of binary division in the main divider section to pro 
duce a 1 Hz signal for driving display 12 whose smallest 
time unit is one second. Let us further assume a supple 
mental divider section 13 having five additional stages 
(m = 5), yielding a resolution of one part in 2*, or 
about one part per million. This is equivalent to a fre 
quency adjustment increment of 0.08 seconds per day. 
Thus main divider section 11 in combination with 

supplemental divider section 13 creates a divider chain 
of 20 stages. If we now allow for one additional input 
to each of the first six stages of the presettable divider, 
one obtains a total frequency adjustment range of 2'- 
1 parts in 2" " ", or 63 parts in 2*, or 60 parts per 
million. This upper limit of the frequency adjustment 
range is equivalent to 5.2 seconds per day. 
An alternative method to setting in a number in the 

first L stages of the main divider section once in every 
2" ' " input pulses, is to enter an additional pulse in the 
first stage of the divider up to 2 times during a com 
plete cycle of the divider. By distributing the additional 
pulses evenly over the cycle, irregularity in a relatively 
high output frequency can be obviated. 

It should be understood at this point that "m' can be 
zero, in which event the resolution is 1 Hz in 2" Hz; and 
also that L can be one, in which case the adjustment 
range is one part in 2" ' ". Moreover, should a resolu 
tion of one part in 2" be greater than is desired, then 
"m' can be made negative. Under this circumstance, 
no supplemental dividing stage is required at all, and a 
feedback output may be generated at the (n-m) stage 
in the divider chain. 

In the present arrangement, the presettable divider 
functions to add pulses at the input of the main divider 
section to make up for a deficiency in the output of the 
high-frequency oscillator whose frequency f, is slightly 
less than the ideal frequency f. The presettable divider 
therefore acts in an additive way to furnish the requisite 
number of pulses to make the output, on the average, 
equal to fin Hz. 
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Let us now consider the significant practical advan 
tages of the present invention. The resonant frequency 
of a crystal depends on the dimensions of the crystal 
slab and the relationship between the geometry of the 
slab and the geometry of the crystal structure. In the 
standard manufacturing process, the crystal is first cut 
to a size approaching its assigned frequency, and then 
by extended lapping techniques, the crystal dimensions 
are slowly reduced until the frequency of the crystal 
reaches its assigned value. This means that great care 
must be exercised to prevent overshooting the assigned 
frequency, for once this happens, the crystal must be 
rejected. 
But with the present invention, no high order of skill 

is required, for the tolerances are more liberal and the 
crystal is acceptable as soon as its frequency is fairly 
close to the ideal valuef. Since the presettable divider 
associated with the crystal is adjustable within certain 
limits, it is not necessary to grind the crystal to a spe 
cific frequency value as long as the actual value is 
somewhat less than the ideal frequency f. This facili 
tates the mass production of crystals at relatively low 
COSt. 

Realizing that the binary system is capable of gener 
ating any decimal number, let us now consider as an ex 
ample, an ideal frequency fequal to 10,000 Hz, a de 
sired resolution of one part in one million and a fre 
quency adjustment range of one part in a thousand. We 
shall now assume that the actual frequency f, of the 
time source is equal to 9998.65 Hz. It becomes neces 
sary therefore to add 135 pulses every 100 seconds. 

In other words, in a period of 100 seconds, using an 
ideal time base frequency fof 10,000 Hz, exactly one 
million pulses will be produced. But with an actual time 
baself, of 9998.65 Hz, only 999,865 pulses will be pro 
duced in 100 seconds, resulting in a deficiency of 135 
pulses which must be made up to provide accurate time 
indications. 

In this example, our resolution requirement dictates 
six decimal stages, an output frequency of 1 Hz re 
quires four decimal stages, and our adjustment range 
requires three inputs. The addition of 135 pulses calls 
for settings as follows: hundreds input, one; tens inputs, 
three; and ones input, five. - 
After counting for one million pulses, a feedback out 

put is generated at the end of the divider chain, the 
sixth decimal stage, which is fed back to the input 
stages to set into the first three stages the number 135. 
Subsequent pulses from the time source are then 
counted in the normal way, although the counting pro 
cess has begun at 135 instead of zero. 

In this fashion, for every one million pulses processed 
through the divide-by-n (10,000 in this case) counter, 
135 will have been generated from the preset function 
and 999,865 pulses will have originated in the time 
source. These one million pulses will be seen by the 
time display as 100 pulses and hence 100 seconds will 
be displayed. It follows therefore that the 999,865 
pulses generated in the 100 seconds of displayed time 
will be a reflection of the true count rate, 9998.65 Hz. 

In the case of the alternative circuit, we would again 
have six decimal stages for the required resolution and 
four decimal stages for the output. Here too in a 100 
second period, we must add 135 pulses, one every one 
tenth second for the first 13.5 seconds, and no pulses 
for the next 86.5 seconds. This is achieved by using the 
last three decimal stages to obtain a pulse of 13.5 sec 
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6 
onds every 100 seconds. This pulse is gated with the 10 
Hz output to produce 135 pulses, one every one-tenth 
second. These are then used to add a pulse to the first 
divider stage. One way this can be accomplished is by 
resetting the first stage to 0 when it is in the 9th state. 
Referring now to FIG. 2, there is shown the logic cir 

cuit necessary to perform the preset function in the 
presettable divider composed of the main divider sec 
tion 1, the supplemental divider section 13, and the 
preset section 14. Conventional symbols are used to 
represent flip-flop and gating functions. 
The main dividersection is composed of an appropri 

ate number of binary counter stages 11, 11, 11, 11 
to 11, the preliminary stages 11, 11 and 11, of which 
constitute the L stages. The supplemental or 'm' di 
vider section 13, which is coupled to the output of the 
main divider section, is shown with a first stage 13 and 
a last stage 13. 
The output of time source 10 is applied to the divider 

chain and when the 'm' divider section has attained 
full count, its last stage 13 generates a pulse which is 
applied to and sets a flip-flop FF1. Flip-flop FF1 is asso 
ciated both with a first AND gate G and a second AND 
gate G2, one input of each gate being coupled to time 
source 10. The other input of gate G is connected to 
the Q output of flip-flop FF1 while the other input of 
gate G is connected to the Q output thereof. When 
flip-flop FF1 is set by a pulse from the last stage 13 of 
the supplemental divider section, this setting operation 
disables gate G1 and at the same time enables gate G. 
The output of gate G is coupled by way of three sin 

gle throw-double pole switches S, S and S, to the L 
stages 1, 11 and 11, respectively, of the main di 
vider section 11 when these switches engage their r 
contacts, as shown. But when switches S, S and S 
engage their y contacts, they are connected logical '0' 
and gate G is disconnected from the "L' stages. 

In operation, as pointed out previously, flip-flop FF1 
is set by a pulse derived from the last stage 13, in the 
chain, which enables Gate G2. The next clock pulse 
from time source 10 then sets the 'L' stages (11, 11 
and 11) of the main divider section to the state deter 
mined by the setting of switches S, S and S. 

If switch S is in its x position, then the next clock 
pulse sets the associated binary stage 11 to the “1” 
state, but if switch S is on they contact, then the clock 
pulse has no effect on the binary stage which remains 
in the '0' state. The same results are obtained with re 
spect to switch S and its associated binary stage 11, 
as well as with switch S and its associated binary stage 
11. (All "L' stages occupy their."0' states when the 
supplemental divider has reached full count to produce 
a pulse to set flip-flop FF1). 
Associated with flip-flop FF1 is flip-flop FF2, whose 

C input is coupled to time source 10 and whose D input 
is connected to the Q output of flip-flop FF1. Hence 
the same clock pulse acting to enable gate G also sets 
flip-flop FF2, in that its D input was placed at the "1" 
level by the setting of flip-flop FF1. When flip-flop FF2 
sets, this generates an output at its O output which is 
applied to reset R of flip-flop FF1 to reset this flip-flop, 
thereby causing gates G and G to revert to their origi 
nal states in which Gate G is enabled and gate G 
disabled. 
The L stages of main divider section 11 are now con 

nected as a ripple counter, which means that the 
counter with the next clock pulse from time source 10, 
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counts up or begins from the pre-set number (i.e., 135) 
just set in. The next clock pulse will also reset flip-flop 
FF2 whose D input is at “0” level at this point. The sys 
tem is now in condition to receive a pulse from the 'm' 
or supplemental divider section 13 to repeat the opera 
tion. 
Switches S, S and S, though shown in the drawing 

as mechanical in nature, may in practice, be in the form 
of thin film connections on an integrated or printed cir 
cuit board, which connections are capable of being 
abraded for opening the related switch, or resoldered 
for closing the switch. Thus no discrete switching ele 
ments are necessary. 
In the arrangement disclosed above, the divider is 

preset manually by a multiple choice switching tech 
nique. Once the minumum increment of frequency ad 
justment is chosen (i.e. 0.1 sec/day), the range of ad 
justment is limited by the available choice of connec 
tions. As a practical matter, these connections can be 
provided within the limited space existing in a wrist 
watch. 
We shall now, in relation to FIG. 3, consider a non 

mechanical system constituted by memory elements 
presettable by means of electronic circuits external to 
the watch, either at the time of manufacture or subse 
quent thereto, to provide means to regulate the timing. 

In FIG. 3, switches M, M, M, M and M at the 'L' 
input stages of main divider section 11 are constituted 
by electronic switches. Such electronic switches, which 
are used only to contain the switch"state' information, 
are each formed by a memory element. The physical 
phenomenon incorporated in the memory element 
need not be electronic in nature, whereas the interroga 
tion, the reading in and reading out of the “state' infor 
mation, must be electrical in character in order to oper 
ate the electronic divider. For example, the memory 
elements may be in the form of magnetic cores, mag 
netic "bubble' devices or semiconductor devices. 
Operation of switches M to Me is effected by a pro 

grammable memory element 15, consisting of an L 
stage binary counter with a reset input Y and signal 
input X. Signal pulses fed into input X are counted by 
the memory element, and if the number of pulses fed 
in is less than 2 - 1, this number will appear in binary 
form at the switching points M to Me. For example, if 
six pulses are fed into the counter, the output stages 
will appear as A - "0", B-"1", C - "1", D (and fol 
lowing) - "0". These states constitute the settings of 
the switches M, M, Me, Ma, etc. necessary for the pre 
settable divider. 

Physical size limitations are the primary determining 
factors for the upper limit of the frequency adjustment 
range in the mechanical switching version shown in 
FIG. 2, but such limitations are not imposed in the FIG. 
3 arrangement. We can, therefore, as far as the preset 
table divider is a determining factor, allow an adjust 
ment range of the order of 10 percent or more of the 
input frequency itself, thereby greatly extending the al 
lowable manufacturing tolerances with respect to the 
frequency of the time base. 
FIG. 4 shows in greater detail one embodiment of the 

electronic logic circuitry necessary to perform the elec 
tronic presettable feature. The AND gates M, M, etc., 
replace the mechanical switches shown in FIG. 2. The 
outputs from these AND gates are analogous to the 
outputs of the mechanical switches and feed to the 
NOR gates connected to the C inputs of the flip-flops. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
The inputs to these AND gates from the programmable 
memory are analogous to the positions of the mechani 
cal switches. 
That is, a logic “1” level at its input is electronically 

the same as if the mechanical switch were in its "down' 
or closed position (again refer to FIG. 2), while a logic 
'0' at its input is the same as saying the mechanical 
switch is in the 'up' or open position. The logic level 
at each input is controlled by the state of the corre 
sponding flip-flop. These flip-flops are connected to 
gether to form a ripple counter, and additionally if this 
counter counts in the same manner as the n and/or m 
divider, then this counter need only to receive the num 
ber of pulses equal to the preset number required. In 
the example previously given, the preset number is 135. 
Therefore, if 135 pulses are fed into the counter after 
it has been reset to zero, then these flip-flop stages will 
be in the proper state so that 135 will be set into the n 
divider when the system requires it. 
The programmable memory is programmed by con 

necting the X and Y inputs to an external circuit. This 
circuit first applies a pulse to the Y input thereby reset 
ting all stages to zero. Next the circuit applies a number 
of pulses to the X input numerically equal to the preset 
number. The memory now retains this number until it 
is changed again by the external circuit. 
Referring now to FIG. 5, there is shown still another 

embodiment of a logic circuit for a presettable divider 
in which the output stage of the supplemental or 'm' 
divider section is applied to a third flip-flop FF3. When 
the "m' divider has reached its full count, the pulse 
yielded thereby will trip FF3 and start an '0' state 
pulse on the reset R line of flip-flop FF3 for a duration 
determined by the states of the input lines associated 
with the L stages of the divider chain. These lines are 
connected to an "0" or a “1” depending on the desired 
frequency adjustment. - 
When this pulse ends, the Q output of flip-flop FF3 

returns to the “1” state. This output gated with the Q 
output of the m + n - L' stage of the divider produces 
a series of pulses at the input of flip-flop FF2, the num 
ber of which is equal to the complement of the binary 
number on the L input lines. One of these pulses will 
remove the 'i' state from the reset line of FF1. 
When the first divider stage next reaches the " ' 

state, it will trip flip-flop FF1 which resets the first di 
vider stage to the “0” state, thereby adding one pulse. 
When the input of the divider changes to a “0” state, 
flip-flop FF2 is reset, thereby removing the “1” state 
from the reset line of the first divider stage and allowing 
the next input pulse to trip it. The system is now in 
readiness for the next pulse to flip-flop FF2. 
While there have been shown and described pre 

ferred embodiments of a presettable frequency divider 
for electronic timepieces in accordance with the inven 
tion, it will be appreciated that many changes and mod 
ifications may be made therein without, however, de 
parting from the essential spirit of the invention. For 
example, in lieu of a crystalled-controlled oscillator as 
a high-frequency standard, one may use a radioactive 
timekeeping standard of the type disclosed in U.S. Pat. 
No. 3,629,582. 

In these patent applications, use is made of a radioac 
tive source having a prolonged half-life, alpha particu 
late emanations from the source being converted into 
electrical pulses which are then scaled down to pro 
duce low-frequency control pulses at a constant rate. 
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By the use of a presettable frequency divider in accor 
dance with the present invention, one may obtain con 
trol pulses at a desired rate. 
We claim: 
1. A timing system for producing low-frequency con 

trol pulses to actuate a time display as well as other 
pulse-actuatable devices requiring accurately-timed 
control pulses, said system comprising: 
A. a high-frequency standard whose operating fre 
quency is somewhat below an ideal frequency, 

B. a main frequency divider coupled to the standard 
and having a series of binary stages in tandem rela 
tion to divide the operating frequency of the stan 
dard by an integer 2", where “n” is equal to the 
number of stages, to produce said low-frequency 
control pulses which within a given time period, 
have a deficient count which is less than the count 
derivable from said ideal frequency, and 

C. means to add pulses to said main divider to cause 
the number of control pulses yielded within said 
period to equal that obtainable from an ideal fre 
quency, said means including a multi-stage supple 
mental divider coupled to the output of said main 
divider to generate supplemental pulses at a rate 
depending on the number of stages in said supple 
mental divider and means to apply said supplemen 
tal pulses to a preset section coupled to selected 
stages of the main divider, said preset section being 
adjustable to introduce a correction number in said 
main divider compensating for the deficiency in the 
COunt. 

2. A system as set forth in claim 1, wherein said stan 
dard is a crystal-controlled oscillator. 

3. A system as set forth in claim 1, wherein said stan 
dard is a radioactive time base. 
4. A system as set forth in claim 1, wherein the ideal 

frequency is 32,768 Hz, and 'n' is 15 to yield output 
pulses at one per second. 

5. A system as set forth in claim 1, wherein said pre 
set section adjustment means includes switches for con 
necting said preset section to selected stages of said 
main divider. 
6. A system as set forth in claim 5, wherein said 

switches are formed by connections, each of which may 
be closed or interrupted to make or break a connection 
to the associated stage. 

7. A system as set forth in claim 5, wherein said 
switches are constituted by memory elements presetta 
ble by means of electronic circuits external to the tim 
ing system. 

8. An electronic timepiece comprising: 
A. a time display actuatable by low-frequency timing 
pulses having a predetermined count within a given 
time period to provide accurate indications of time, 

B. a stable frequency standard whose operating fre 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

O 
quency is somewhat below a predetermined binary 
value, and 

C. a presettable divider coupled to said standard to 
derive therefrom said timing pulses for driving said 
time display, said divider including a main fre 
quency divider section coupled to said standard 
and having a series of binary stages in tandem rela 
tion to divide the operating frequency of the stan 
dard by an integer 2", where “n” is equal to the 
number of stages, to produce low-frequency output 
pulses whose count falls below said predetermined 
count for said timing pulses, a supplemental divider 
section coupled to the output of said main divider 
section to generate control pulses at a rate depend 
ing on the number of stages in said supplemental 
divider section, and means to apply said control 
pulses to a preset section coupled to selected stages 
of the main divider section, said preset section 
being adjustable to introduce a correction number 
in the main divider to cause the output thereof to 
contain precisely the said predetermined count 
within a given time period. 

9. A timepiece as set forth in claim 8, wherein said 
time display is constituted by liquid crystal elements. 

10. A timepiece as set forth in claim 8, wherein said 
time display is constituted by electroluminescent ele 
ments. 

11. A timepiece as set forth in claim 8 wherein, said 
standard is constituted by a crystal-controlled oscillator 
provided with a crystal dimension to resonate at a fre 
quency slightly less than said ideal frequency. 

12. A timing system for producing low-frequency 
control pulses to actuate a time display as well as other 
pulse-actuatable devices requiring accurately-timed 
control pulses, said system comprising: 
A. a high-frequency standard whose operating fre 
quency is somewhat below an ideal frequency, 

B. a main frequency divider coupled to the standard 
and having a series of binary stages in tandem rela 
tion to divide the operating frequency by an integer 
2", where "n' is equal to the number of stages to 
produce said low-frequency control pulses which 
within a given period, have a deficient count that 
is less than the count derivable from said ideal fre 
quency, 

C. a supplemental divider coupled to the output of 
said main divider to generate supplemental pulses 
at a rate which is still lower than the rate of the 
control pulses, and 

D. and means to enter said supplemental pulses into 
said main divider to cause the number of control 
pulses yielded within said period to equal that ob 
tainable from an ideal frequency. 
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