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1. 
ELECTRONIC DIGITAL CLOCK 

BACKGROUND OF THE INVENTION 
l. Field of the Invention 
The present invention relates to an electronic digital 

clock and more particularly to an electronic digital 
clock in which the desired time quick feeding operation 
is performed through a quick count faster than the nor 
mal one due to the application of a quick feed signal 
having a period shorter than that of a reference clock 
signal to counter circuits. 

2. Description of the Prior Art 
The conventional electronic digital clock which is 

similar in principle to that according to the present in 
vention is as illustrated in FIG. 1 of the attached draw 
ings. In a quick feed circuit 2900, a minute clock signal 
having a period of one minute and received at a termi 
nal a is fed through the normally closed contact 2901 
a of a single-pole double-throw switch 2901 to a decade 
minute counter circuit 1700. Then, the output of the 
counter 1700, which is delivered every 6 minute-clock 
pulses, is applied to a divide-by-six counter circuit 
1800, which in turn delivers at a terminal ban hour 
clock pulse signal having a period of 1 hour. Namely, 
the output of the divide-by-six counter 1800 is deliv 
ered every 60 minute-clock pulses reaching the termi 
mala. The hour clock signal is fed through the normally 
closed contact 2902 a of a single-pole doublethrow 
switch 2902 to an hour counter circuit 1900. Now, if 
the minute quick feeding operation is desired, the 
switch 2901 has only to be changed over. Namely, if 
the movable contact of the switch 2901 is shifted from 
the normally closed contact 2901 a to the normally 
open contact 2901 b, a quick feed pulse signal having 
a period of 0.5 second and applied to a terminal c, is fed 
to the decade minute counter 1700 to perform the min 
ute quick feeding operation. When it is desired to stop 
the quick feeding operation, it is only necessary to 
make the switch 2901 resume its initial state that the 
movable contact is in engagement with the stationary 
contact 2901 a. On the other hand, if the hour quick 
feeding operation is desired, the switch 2902 has only 
to be actuated. The quick feed signals used in both the 
cases, i.e. minute and hour quick feed operations, are 
the same and derived at the terminal c. 
However, the conventional electronic digital clock as 

described above is largely influenced by the chattering 
of the switch 2901 or 2902. This is explained below by 
reference to FIG. 2 of the attached drawings. FIG. 
2(A) shows the minute clock pulse signal applied to the 
terminal a, FIG. 2(B) illustrates the quick feed pulse 
signal applied to the terminal c, FIG. 2(C) depicts the 
ideal quick feed pulse signal which is considered to be 
applied to the input terminal of the decade minute 
counter 1700 in case where the switch 2901 causes no 
chattering, and FIG. 2(D) represents the actual quick 
feed pulse signal which contains chattering compo 
nents and is applied to the input terminal of the decade 
minute counter 1700. In these figures, the time base is 
measured on the same scale. Under ideal conditions, 
the quick feeding operation starts at time T1 and ceases 
at time Ta Actually, however, chattering generated be 
tween time T and time T, and between time Ta and 
time T, as seen in FIG.2(D), will cause an operational 
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possible to quickly shift the counter 1700 exactly for 
any desired period of time since the duration of chat 
tering is rather indefinite. For this reason, capacitors 
2903, 2904, 2905, 2906 and 2907 are connected be 
tween the contacts of the switches 2901 and 2902 and 
the ground so as to absorb and eliminate the noises due 
to chattering, as seen in FIG. 1. However, it is impossi 
ble to completely eliminate the chattering noises with 
such capacitors, and there is still a small probability 
that an erroneous operation will occur. Moreover, with 
the conventional electronic digital clock as shown in 
FIG. 1, it is necessary for the minute clock pulse signal 
or the hour clock pulse signal to be cut off when the 
quick shift pulse signal is applied to the minute counter 
1700 or the hour counter 1900, respectively. Conse 
quently, two separate single-pole double-throw 
switches 2901 and 2902 have to be used respectively 
for the minute counter 1700 and the hour counter 
1900. And this adds to the complexity constitution. 

SUMMARY OF THE INVENTION 
Accordingly, the object of the present invention is to 

provide an electronic digital clock wherein a pulse sig 
nal having a constant period shorter than that of a 
quick feed signal and signals transmitted through the 
actuation of a quick feed switch are used as signals for 
triggering flipflops, which deliver signals corresponding 
to the time of actuation of the switch, wherein the 
quick feeding operation is performed by applying the 
quick feed signal to counter circuit only while the sig 
nals delivered from the flipflops are lasting so that the 
desired quick feeding operation can be performed very 
accurately without suffering from erroneous operation 
due to the chattering of the quick feed switch, and 
wherein the reference clock signal is not interrupted 
but superposed on the quick feed signal so that the su 
perposed signals can be applied to the counter circuits. 

Therefore, an electronic digital clock according to 
the present invention comprises flipflops which receive 
as their trigger signals the pulse signal having a constant 
period shorter than that of the quick feed signal and the 
signals transmitted through the actuation of the quick 
feed switch and which deliver as their outputs the sig 
nals corresponding to the time of actuation of the 
switch, and gate circuits which during quick feeding 
operation feed the quick feed signal to the counter cir 
cuits only while the flipflops are delivering their out 
puts, so that even if noise is generated due to the chat 
tering of the quick feed switch, the actuation of the 
quick feed switch is accurately detected due to the 
memory effect of the flipflops. Consequently, errone 
ous operation due to the chattering can be completely 
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disturbance. Namely, spurious pulses due to chattering . 
between T and T, and between Ta and T. make it im 

eliminated and the desired quick feeding operation can 
be very accurately performed. 
The above mentioned gate circuits comprise gates 

which take the logical product of the outputs of the 
flipflops and the quick feed signal and gates which take 
the exclusive OR logic sum of the outputs of the gates 
and the reference clock signal. Accordingly, the refer 
ence clock signal need not be interrupted when the 
quick feed signal is applied to the counter circuits, as 
is not the case with the conventional electronic digital 
clock in which the reference clock signal must be inter 
rupted whenever the quick feed signal needs to be ap 
plied to the counter circuits. On the contrary, the quick 
feed signal can be superposed on the reference clock 
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signal and the superposed signals can be applied to the 
counter circuits. Therefore, such a special circuit for 
interrupting the reference clock signal, as is usually in 
corporated in the conventional electronic digital clock, 
is not needed. This simplifies the manipulation and the 
constitution of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an electrical connection diagram of a con 

ventional electronic digital clock. 
FIG. 2 shows the waveforms of signals necessary for 

explaining the operation of the conventional electronic 
digital clock shown in FIG. 1. 
FIG. 3 is an electric connection diagram of an elec 

tronic digital clock illustrating one embodiment of the 
present invention. 
FIG. 4 shows the main part of the electric connection 

diagram shown in FIG. 3. 
FIG. 5 shows the waveforms of signals necessary for 

explaining the operation of flipflops used in the elec 
tronic digital clock according to the present invention. 
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FIG. 6 shows the waveforms of signals necessary for 
explaining the operation of a monostable time-limit cir 
cuit used in the electronic digital clock according to the 
invention. 

FIG. 7 shows the waveforms of a quick feed signal, 
the output signal from the flipflop and the resulting sig 
nal detained through the combined effect of the two 
previous signals. 
FIGS. 8 and 9 show the waveforms of signals neces 

sary for explaining the inputs to and the outputs from 
exclusive OR gates used in the electronic digital clock 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now, the preferred embodiment of the present inven 
tion will be described with reference to FIG. 3. In FIG. 
3, a signal having a frequency of 2"Hz, delivered from. 
a stabilized oscillator 1100, is applied to a frequency 
divider 1200 having a dividing factor. 2'' so that a 
signal having a period of 0.125 second (hereinafter re 
ferred to as a "0.125 sec signal") appears at a terminal 
d. The 0.125 sec signal is also fed to frequency dividers 
1300 and 1400, each having a dividing factor 2, so as 
to be further frequency-divided so that a quick feed sig 
nal having a period of 0.5 second is developed at atter 
minale. The quick feed, signal is further frequency 
divided through a frequency divider 1500 having a di 
viding factor 2 to develop a signal having a frequency 
of 1 Hz (hereinafter referred to as a "l sec signal") at 
a terminalf. The 1 sec signal is then applied to a fre 
quency divider circuit 1600 designed for a dividing fac 
tor 60 to be converted to a minute clock signal having 
a period of 1 minute, which is fed to a time feeder cir 
cuit 2200, The minute clock signal from the minute 
output of the time feeder circuit 2200 is sent to a de 
cade minute counter circuit 1700, the output of which 
is connected with a divide-by-six minute counter 1800. 
The divide-by-six minute counter 1800 delivers a signal 
having a period of one hour, i.e. hour clock signal, 
which is fed through the time feeder circuit 2200 to a 
divide-by-12 counter circuit consisting of a decade 
hour counter circuit 1900, a divide-by-2 (or binary) 
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shown in FIGS. 6(A) to 6(E). 

4 
hour counter 2000 and a clear circuit 2100. The out 
puts of the decade minute counter 1700, the divide-by 
6 minute counter 1800, the decade hour counter 1900 
and the divide-by-2 hour counter 2000 as BCD codes 
are applied respectively to solid-state numeric indica 
tor 2400, 2500, 2600 and 2700 to give digital represen 
tation of time. Each of the digital display devices 2400, 
2500, 2600 and 2700 comprises a BCD-to-decimal de 
coder and light emitting diodes. . . . . 

Referring now to FIG. 4, there is illustrated the above 
mentioned time feeder circuit 2200 which comprises a 
monostable time-limit circuit constituted of inverters 
2201,2202 and 2203 and a NAND gate 2204; two R-S 
flipflops constituted of NAND gates 2205, 2206 and 
2207, 2208; NAND gates 2209 and 2210 constituting 
digital switches; and exclusive OR gates 2211 and 
2212. The hour quick feeder circuit comprising the 
NAND gates 2205, 2206 and 2209 and the exclusive 
OR gate 2211 has the same circuit configuration and 
operates in the same manner as the minute quick 
feeder circuit comprising the NAND gates 2207,2208 
and 2210 and the exclusive OR gate 2212, and there 
fore only the operation of the minute quick feeder cir 
cuit will be described below as an example of time 
quick feeding operation. 
FIG. 5A shows the 0.125 sec signal applied to the ter 

minald in FIG. 4, and FIG. 5(B) shows a signal appear 
ing at a terminal g in FIG. 4 which signal is converted 
from the 0.125 sec signal through the monostable time 
limit circuit comprising the inverters 2201, 2202 and 
2203 and the NAND gate 2204 and hereinafter re 
ferred to as a "set signal.' 

First, the operation of the monostable timelimit cir 
cuit will be described by the help of the waveforms 

When the 0.125 sec signal shown in FIG. 6(A) skips 
from its 0 level to its l level at time T, the output of 
inverter 2201 is reversed after a delay time T - To 
which time delay is characteristic of a the inverter and 
delivers an output signal as shown in FIG. 6(B). The re 
versal of the input signal to inverter 2201 in turn forces 
the inverter 2202 to be reversed after a delay time To 
- T so that the latter delivers an output signal as 
shown in FIG. 6(C). The output signal is then reversed, 
while being delayed by a time T-T12, through the in 
verter 2203, which delivers an output signal as shown 
in FIG. 6(D) having a delay T-T with respect to the 
0.125 sec signal. The NAND gate 2204 takes the 
NAND of the signals in FIGS. 6(A) and 6(D) and pro 
duces a set signal as shown in FIG. 6(E). The set signal. 
has a duration T-T equal to the sum of the delay 
times of the three inverters 2201,2202 and 2203, 
FIG.S(C) shows the waveform of a voltage available 

when a manual switch 2300 is actuated, in which the 
time T to T, is the period during which the movable 
contact of the manual switch 2300 is engaged with the 
contact 2300 a to perform the minute quick feeding 
operation and in which irregular pulses appearing for 
t and t, correspond to chattering noises. FIG. 5(D) 
shows the waveform of a voltage signal appearing at 
the output terminal Q of the R-S flipflop consisting of 
the NAND gates 2207 and 2208, in which noise due to 
the chattering of the switch 2300 is eliminated. 
The truth table for the R-S flipflop is given below. 
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TRUTH TABLE I 

input terminal output terminal 
R S Oth 
() () 
() 

() () 
Ot 

The operation of the R-S flipflop will now be de 
scribed. It should here be noted that the signals shown 
in FIGS. 5(C) and 5(B) are applied to the terminals R 
and S, respectively. Reference should now be made to 
FIGS. 5(A) to 5(D). Before the time Ts, the signals at 
the terminals R and S have both the level 1 so that the 
output Q is maintained at the level before the time Ts, 
as seen in the above truth table. Upon the arrival of the 
time Ts, the input signal to the terminal Sturns to 0 
level and then holds the 0 level for a very short time. 
During this period, the input signal to the terminal R is 
at its 1 level while the input signal to the terminal S falls 
to its 0 level, so that the output Q assumes the level 0, 
as seen in the truth table given above. Next, when the 
time Ts is reached, the input to the terminal R falls to 
the 0 level while the input to the terminal S is at the l 
level, so that the output Q, as seen in the truth table, 
has the l level. At the time Te, noise due to chattering 
of the switch 2300 starts and lasts for a period t. How 
ever, the flipflop does not change its state whether the 
level of the input to the terminal R is 0 or 1, since the 
level of the output at the terminal Q of the R-S flipflop 
is maintained at 1. 
The minute quick feeding operation terminates at 

time T, and the input to the terminal R is shifted from 
its 0 level to its l level. At the same time, noise due to 
chattering of the switch starts again and last for a pe 
riod ta. Also in this case, however, the flipflop is not ac 
tuated for the same reason as stated above. And at Ts, 
as soon as the level of the input to the terminal S has 
been changed from 1 to 0, the level of the output Q be 
comes 0. Thus, owing to such an operation of the R-S 
flipflop as described above, noise due to the chattering 
of the switch can be completely eliminated, that is, a 
wave shaping effect can be enjoyed. . . . . 
FIG. 7(A) shows a quick feed signal applied to a ter 

minal e in FIG. 4. This quick feed signal is controlled 
by the output of the R-S flipflop shown in FIG. 7(B) 
(corresponding to the waveform as shown in FIG. 
5(D)) and fed to the input of the NAND gate 2210 only 

- when the output of the R-S flipflop is at the 1 level 
which is attained only when the manual switch, i.e. time 
quick feed switch, 2300 is actuated. This is manifested 
in FIG. 7(C). If the manual switch 2300 is not actuated, 
the level of the output from the R-S flipflop is 0 so that 
the level of the output of the NAND gate 2210 will be 
l, as seen in FIG. 8(A). The truth table II for the exclu 
sive OR gate 2212 is given below. The operation of the 
gate 2212 will be understood by reference to the table 
II. Namely, a minute clock signal as shown in FIG. 
8(B), applied to a terminal jin FIG. 4 is passed through 
the gate 2212 to be converted to the reversal of the 
minute clock signal, as seen in FIG.8(C). The inverted 
minute clock signal is fed to the decade minute counter 
1700 and the ordinary minute counting operation is performed. 
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TRUTH TABLE II 

input terminal output terminal 
2212 a 222 b 2212 c. 

O O 0 
O 

O 
0 

As stated in the description concerning the wave 
forms in FIG. 7, if the movable contact of the switch 
2300 is engaged with the contact 2300 a, the level of 
the input to one of the input terminals of the NAND 
gate is changed from 0 to 1, as seen in FIG. 7(B), so 
that the quick feed signal as shown in FIG.7(A) is con 
verted to one, as shown in FIG. 7 (C), that is fed to the 
input terminal 2212 a of the exclusive OR gate 2212. 
The exclusive OR gate 2212, with an input as shown in 
FIG. 9(A) (which corresponds to the waveform shown 
in FIG. 7(C)) applied thereto, delivers an output signal 
whose waveform is as shown in FIG. 9(C) to the scale 
of-10 minute counter 1700, when the level of the min 
ute clock signal, as shown in FIG. 9(B), applied to the 
input terminal 2212 b is 1. If the level of the minute 
clock signal is 0, as seen in FIG. 9(D), the waveform of 
the output of the exclusive OR gate 2212 is as shown 
in FIG.9(E). The quick feed signals appearing a period 
T-Ts as shown in FIGS. 9(C) and 9(D) triggers the 
scale-of-10 minute counter 1700 so that the quick feed 
operation will be performed. In this case, when the 
quick feed signal is applied to the decade minute 
counter 1700, the quick feed signal can be superposed 
on the normal clock pulse signal. Namely, the normal 
minute clock pulse signal need not be interrupted in 
case of the application of the quick feed signal to the 
counter 1700. 
The foregoing description is for the minute quick 

feeding operation, but a similar description will be true. 
Namely, if the contact 2300 b is closed, the quick feed 
signal appears at the output terminal of the exclusive 
OR gate 2211, as in case of the minute quick feeding 
operation, and the hour quick feed signal is applied to 
the decade hour counter 1900 so that the hour quick 
feed operation will be performed. 

It should here be noted that the present invention is 
not limited to the above described embodiment but 
that various modifications are to be devised, such as 
one in which a tuning fork or a monostable multivibra 
tor is used to generate stabilized oscillations in the os 
cillator circuit 1100, and one in which the digital dis 
play 2400, 2500, 2600 and 2700 are some kinds of 
glow tubes. 
What we claim is: 
1. An electronic digital clock comprising a clock sig 

nal generator, a plurality of frequency dividers for di 
viding the output of said clock signal generator, said 
frequency dividers providing a quick feed signal at a 
quick feed output and a control signal at a control out 
put thereof, time display means, and time feeding 
means for coupling another output of said frequency 
dividers to said time display means, said time feeding 
means including time setting means comprising a man 
ual switching means for initiating time feeding, a set 
signal generator connected to said control output, a 
set-reset flip-flop circuit having an output terminal and 
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a pair of input terminals, one of which is connected to 
said manual switching means and the other of which is 
connected to said set signal generator, a NAND circuit 
having two input terminals, one of which is connected 
to said output terminal of said set-reset flip-flop circuit 
and the other of which is connected to said frequency 
divider for receiving said quick feed signal, said NAND 
circuit further including an output terminal operatively 
connected to said time display means. 
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2. An electronic digital clock according to claim 1 

wherein said time feeding means further includes an ex 
clusive OR circuit connected between said NAND cir 
cuit and said time display means for taking the exclu 
sive logical sum of the output of said NAND circuit and 
the divided clock signal from the output of said fe 
quency dividers. 

k k . . 


