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ABSTRACT

The project desoribes the desi gn and construction of 1 Dighal hourly alarm

clock System,

The vlock is designed by the generation of a clock pulse from a orystal
oscillator, divided and scoumulated then to be displayed on the seven (7)
 sepment display,

 An alarm system is incorporated which souwnds every hour, the number of

- time displayed. The alarm triggers when the pulse is sent to the alarm unit,

The whole system is powered from the 240V e supply, but also has »
buckup battery incase of powsr outage, mcorporated into the system. The

clock s reset able to the desire time by the switches {conirol swilches),
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CHAPTER ONE

INTRODUUTION

Tune wiling s an essential aspect of the e of human being, Man penerally

live by thne because all his sctivity is based on time. The project ig

cormeentraied on the design and construction of a digital hourly alarm clodh

5YSLen.

#

The design circuitry consist mainby of three (33 basic sections namely, t

v
v
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clock wnil {pulse generation unit), the alarm unit and the Power supply unil

The dimgram i Bg | oshows the block disgram of an bourly alarm clock
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The clock unit is basically built on the generation of pulse which ix achieved
by the use of 8 crystal oscillator, This is finther divided to pive sixty {601}
pulses per minude, that is , one second pulse per second {Ipps) output. The
docade counter sends the input signal to the 7 segment display which is
decoded by the decoder. It also consists of control switches used in sedting

the desire time,

The alerm unit 15 designed to sound howly, the number of times of the
displayed time. This was achizved by a timer commecled lo two down
counters. The time sends out the desire number of pulse to the speaker which

produces the sound,

The power unit supplies the other main units with the desired voltage. The
required voltage for this project s 5V D00, the A.C main is converted 1o D.C
and meorporated voltage regulator the 5V, Backup batteries were also
ncorporated into the cirouit to keep the cironit on when the main supply
fails. The batteries are rechargeable, when the main is on it charges, when

oif, the battery supply power to the system.

In comstruction of an accurate digital clock, a very closely controlled
frequency s required. The frequency or pulse clock could be generated in
differest ways. In the case where AC power line is the svwee of pulse
generation, & 30Hz or 60Hz power frequenoy is generated as the hasic clock
frequency before it is divided to one pulse per second (1pps) This however,
i nol stable as there are fluctuations in the pulse generated. In case of 2 DC
operated clock, a 355 timer powered by the DU could be use to generate the

pulse, this however is nol also very stable. A more stable, accurate pulse

=3




generation could be aclseved by the we of a quarte cryvsial oscillater, This bs

used in this project for stable frequency generation,

12 LATERATURE REVIEW

Prehistoric man, by simple cbhservation of the stars, changes in the season,
day and night began to comwe up with very primitive method of measuring
time. This was necessary for planning nomadic activity, farming, sacred
feasts, and so on. The earliest time measurement devices bafore clocks and

watches wers the sundial, bourglass and water clock,

The forerunners to the sundial were poles and sticks as well as larger objects
such as pyramids and other 13l siructures, Later the more formal sundial was
invented. It is gonerally a8 round disk marked with the howrs ke a clock. |t
has an upright strocture that casts a shadow on the disk - this i3 how time i3

measured with the sundial.

The howvrglass was also used I ancient times. It was made up of two
rounded glsss budbs connected by a narrow neck of glass between them,
When the hourglass is turned upside down, a measured amount of sand
particles stream through from the top to bottom bulb of glass. Today's egg

timers are modern versions of the howrglass.

Another ancient time measurer was the water clock or clepsydra. I owas an
pventy marked container with a spout it which water dripped oul. As the
waler dripped out of the container one could note by the water lovel against

the markings what time i was.




Uine of the varliest clocks was imvenied by Pope Svlvester 1 in the 990s. A
huge advance ocowred in the 1300°s when mechanical clocks, which used
weights or springs, began o appear. At first, they had so faces, and no howr
or minute hands; rather, they strack g bell every how. Later, clocks with
hour, and then minute hands bogan to appear. These early mechanical clocks
worked by using an escapement, a lever that pivoted and meshed with a

toothed wheel at certamn intervals,

In the 14005, another hmportant discovery in timokeeping was made! i wag
learmed that coiled springs, which used small coiled springs unwinding at a
speed controlled by an escapement, were able to move the hands on a clock

as well a3 weights or springs of previous, larger clocks. This discovery made

smaller clocks, and later waiches.

In 1656, Clyistinan Huygens invented the pendulum clock, which used
weights and a swinging pendubum. These clocks were much more scourste
than previous clocks, off by less than 3 minute 3 day, compared to the 15
minutes a day of carlier clocks. The bigeer the pendulum, the mors accurate
the clock was. In 1761, John Harrison succeeded ot inventing g small clogk

accurate enough to use for mavigation at sea.

Electric clocks came mto being afler 1850, when Eb Teny developed
machines, patierns, and fechniques that produced clock parts that wers
exactly alike. An electric motor with alternating current powers these clocks.
Later digital clocks with LCD {bguid crystal displays) rivaled the clecyic
clocks. Quartz clocks use the vibrations of a quarts orvatal to power the

clock.




There fwo basie types of clock used today; digial tmepieves which is #
digital display of the time in numbers, While the Standard uses the three

arms pointing to the number 1o indicate bow and minute,

Buoth of the basie type could have alson system which sounds, al a set time
or hourly indicator as the cuse might be. Some make melodious sound, some

g beep sound while, improvesd one will speak the

This project 15 widely wseful o both the sudents and the entive stalf of the
school 1t updates them of the current time by sounding bourly. This enables
both the students and leclurers to be aware of thelr aest leclure period and
when i i through, The library {or instant is upsdated with e tine, when to
open and close to the students. Alse ¥ can be uwse in manuiacturing
industries, whers they do shifling. In the hospital, this keop both the palients
ang stafl aboul thoe I take medical rocord, treal » patient, or do regularly

check up. I is applicable to all Belds.




CHAPTER TWO

PROJECT DESIGN

INTRODUCTION

There are three {3} main stages of the whole ciroult namely; the POWER
SUPPLY., the CLOCK SECTHONM, and the ALARM SECTION, These are
further subdivided, for instance, the power supply has both the main {ac)
source and & backup {dey unit. The Cloek section has the pulse generator,
frequency divider, control, count secumulator, decoder and the display, The

Alar unit has decade counters, tmer and an oulput wmedia (speaker),

21 THE POWER BUPPLY

2.0 THE MAIN (A SUPPLY

to drive i The mains s g 240Y ac

%
S
»

The cireui ;‘s:z;;zz.iz“es a BY do supply

supply, s however, is needed {0 be rectified to give a do outpul, By mean

of a rectifier connected o the source will convert the ac input to do ouiput,
this however consists of both the ao and do componenis. The o component
is needed to be Allered out for a proper operation of digital clock, and this
was achiieved by & capaciior conmected goross the output, The Bltered oulput

which iz 12V was regulated by LM 7805 1 1o the desired voltage of 3V Fig

288 shows the basic representation of voltage conversion

&
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Fig 2.0 BLOCKS DIAGRAM OF VOLTAGE CONVERSION
BECTIFICATION

The rectifying clroult converts the input ac sowce o g do supply, needed by
the circuit to drive #. There are different rectificstions circuits that can
convirt gc to de, among this are the Hall wave rectifier, Full wave rectifier,
For this project the Bridge rectifivation was employed to convert the ac o

de, in order to bave 3 steady de input,

The Bridge rectifier consists of four {4} dindes, 3y, Dy, Dy, 13 The inpast
voltage is sinusoidal, that is the voltape has both the positive voltage, V.,
Cos wi, and the negative volage - ¥V, Urns wi During the positive voltage
input, diodes 12, and Dy are forward biased, therelore conducts, this form the

wave form. On the negative voltage input, the two other diodes Dy, T,

conducts 1o form another half ovcle. Hereby, eliminating the negative half

eyvele, Both current pass through in the same direction 1 give g fluctuating

unidivectional voltage, The waveform is shown in the fig 2.1 below,
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Fig 2.1 WAVEFORM OF A FILTERED RECTH %R




The ac ripple in the output of the rectifier can be smoothed by a filter sivouit,
This 15 achieved by 2 capaciior connected across the putput of the rectifier.
Anvther capacitor is connected which is a high frequency filter, # surpasses
the high frequency power due to oscillator divider. Then tapping of the load
across the capacitor to the regulator input, which regulated the input voltage

from 12V to SV,
202 BACKUP POWER SUPPLY

Two 6V rechargeable batteries were connected to the sireuit to keep driving
the cirvalt wases of power outage. The batteries are recharged when the
mwin i o On power oulage, the balleries back up the cireuit by supplving

the required voltage to drive the cirouit,

A Bode is installed ot the output of the rectifier 1o prevent backward flow of
current, in case of power outage by the mains. The oulput of the batleries
12V is regulated to supply 5V desired 1o power the circult, Fig 2.3 shows the

power supply
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2.2 THE CLOCK SECTION

This section described the desipn of the clnck which consisis of differen
subsections, the pulse generstor (Timer) the frequency  divider, count

accumulator, decoder and the display unit.
221 PULBE GENERATION (TIMER)

The timer is responsible for the generation of timed pulses counted by the
counder. This was achieved by the use of a guanz crystal oscillator in this

project, These generated pulses are accurate and stable. There are other
generation as that of the quartz crystal oscillator used in this project,

QUARTZ CRYSTAL OSCILLATOR

It main function is to control the oscillation of an elecirie currend, the
frequency of which is reduced to compute time. They are made from RSB,
Complimentary Metal Oxide Semi conductor. 1t consists of twe MOS FET

integrated on a silicon chip. They are sasily damage by static eleciricity,

The error by quarte crystal is plus ur minus one second in ten years, The
accuracy of the quartz erystal olock is very high and reliable. The extremely
high quality factor or quartz orvstal applied to oscillator led 1o very siable
frequency value such as ones used in timing cirouit and clock sigrul

generation. Below fig 2.3 show the urystal oscillator




5 B |
| Z s e
. o Shigy  FYNOE

Fig LI DUABTE CRYSTAL OSCILLATOR

2.3.2 THE FREQUENCY DIVIDER

The generation of the clock pulse or frequency of 32.768Hz from the quarts
crystal oscillator needed to be divided 1o give one (1)Hz output needed by
the cirewit. The application of 3 HCF 40608 1€ which can he used as an
oscillator divider along with a toggle (JK) flip-flop was emploved 1o get the

desired 1Hz

The HOP4060B. IC comsists of an oscillater section and 14 ripple camry
bimary counter/divider stages or flip-fop stages responsible for the division
of the input signal from the orvstal oscillator of 32.768KHz by a factor of

frurteen (14} o give an output of 2Hz, at the pin 3.

Output frequency = 312.768K
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The required frequency is 1He, but the output of the HOF4060 1 is 2He.

thevefore, there 1 need for further division. This can be casily achieved by

the use of an external toggle (JK Hip-flop. Connecting of 3 HEF4027B dusl

Fi fhp-flop made this possible.

The IK flip-Hop is one of the memory clements used for counters, When 1=

I and K = 1, the circult toggles and compliment the output. The transition

table shows the time sequence of inpuls, oulputs and the state of the flip-

fop. x represents the Don’t Care condition,

- Present ouiput

Nest state sutput

Required inputs

Q3 (=1} 4 K
g f i X
£ - H %
i 4 X i

] i X 0

TRAMSITION TARLE OF IK FLIF FLOP




22.3 THE COUNT ACCUMULATOR

Ths consists of counters (HEF43208B 1) that keep track of the number of
seconds from D0 through 59 and then reset ¥ to 00 with an output of one

pulse per minute.

The HEF4S20B IC is a dual 4-bit intermally synchronous binary counder,
gach can coupt from O — 15, by cascading both together, B gives g B-bit
counter which could count for 0 ~ 256, 2%, It is designed to count sixty
pulses then o sends oul a ;}zzise@ The AMND gates detect 60 (00111100)
pulses. The IC being o dual binsry counter, the Brst counts i 8011, on
gelling to this count, the AND gate detect i amd send 2 high 1o the input of
the other AND gate, While the other counts to 1106, the dinde detect i and
both high input to the ANIDX gate to give an ouiput of 1, which is the 60
second pulse, Thers is a feed back to the IUs to aveid having a cound greater

thian 6
224 MINUTE COUNTERS

For every sixty counts {seconds), a signal is sent out 1o the decade counter
which triggers #. This was schieved by the use of two HEP40298 1Ce The
HEF40298 i synchronous upfdown 4-hit binary/BUD decade counter. Here,

the sounter was used 85 an up counter,

Each of the counter can count from § — 9, cascading the two counters by
joining pin 7 and 5 respectively give 3 configuration that can count from 00

-~ 99, For every 60 second pulse, there 15 5 signal sent to the decade counter




which vount as one. I increment for every minute. When the first counter
zets o 9, at the ncoming of the next impulse, i s reset 1o zero, then # send

the signal to the second counter which reads as 1.

When it reaches 60 minutes that iz 3t had counted o 59, then to 60 at the
next by coming of the pulse. The ANID gate detocts the 50, instead of
displaying the 68, the OR and AND gate clear off the other fgures and resot
it to zero. Then a pulse is sent out to the howr hand counter. Pin 4, 12, 173 and
3 serve as the preset able inputs, When pin 1 is active high, it jams the input

pode to the output a8 the vode to be displayed.

2.2.5 HOUR COUNTERS

Thiz alse consists of two decade (HEFA0298) Counter, alsp used a5 an up
counter, I is designed to count from 01 ~ 12, as the hour. The last counter

can only count om0 -1,

The output pulse from the minute counter triggers the how counter, i
receives it as a pulse o be display as 1. for every 60 minute pulse, a pulse is
sent ouwt angd there i3 an increment in the hour counter. The first counter
coungs from 0 9, when it got to 9 any incoming pulse roxet it o zero amd it

sends @ pulse to the other counter,

For the howr of the olock, we can only have a display of 12 hours. Therefore,
when the counter counts to 12, an incoming pulse which is meant to make it
13, iz oul off and reset to 00, This was posaible by the two AMD pgates

commested which sends 3 pulse o the proset pin | Whenever there i3 a




binary code combinmtion of BROI{(1) and 0011 {3}, the AND gate detect and

send a pulse 1o reset i o 00,

2.2.6 DISPLAY UNIT

BUFFER (MULTIPLEXERS

The CD4S5038 iz 8 hex non inverting buffer with 3-state output having high
sink and source-current capability, The output is the same as the inpul, if has
enabling input, which is used to enable or cut off the output of the nput. It
joins two or more buffer together, i is active LOW, that is, § (LOW ) enables

the output of the inpit while when high, disable the output,

it has six {6) buffers, but for this project T am making wse of four (43, it has a
common enabling nput. The mechamsm of the buffer &5 used to multiplex
the outputs of the counters towards the only decoder (HEF4311B), which
display the output on the T-segment display. Fig 2.5 shows the funciionsl

diagram of bulfer

Conventional frequeney for multiplexing is 1 KHz, this was achieved fom
pinn 5 of the 40608 10, Period between cach of the pulses i3 T = /4, This

made it unpossible to human eyes the transition

Where C= J2.768K =1 24K Hz

s

Pertiod T=1/§, = 0.0009763625s

14
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Erbiing Input
227 BTEPPER

The HEF4017H is an example of a Decade counter, decade counders enable g
clock pulse 1o be vounted or divided, and i is a five (8} stage. The
HEF40178 has 10 output pins, when pin 14 s connecied to an astable ‘clock’

input and pis 16 and 8 are connected 1o a suitable power supply.

This serves as the HEART (Control) of the multiplexing. Only one output of
HEF4017B s high for ever clock mput. It has ten (19} outputs, but for this
project, Pm making use of four {4) outputs, To cut off the other six outpuls,
the 5 owtput pin 10 is feedback to the reset pin 15, this send i back to the

starting pin 3, hereby using only four (4} active pulputs,

The clock put st pin 14 comes from pin 7 of the 40608, for every clock
inpi, # increments hereby, causing i to move from one bufler to the other

1o sefect it




CLOUK | 7 3 4
A H £} ) 3
B K i 0 0
i {3 £ i £
{3 ] ] 3 i

The output clock which i3 high only once will select the buffor 45038 on
after the other, When the oulpul of pin 3 (A} is HIGH, all others are LW,
therefore, the first buffer 15 sefected 1o send its outpuwt binary code 1o decode,

The same goes for the others a5 shown in the tue table above.

The buffer is active LOW, but the signal sent to it is high, therelore the need
of an inverter comes i an inverter i3 connected to the nput pin 1 of the
buffer, which invert the incoming high signal to 2 low pulse to enable the

buffor. The gotive low i3 shown i the true table below

 CIOCK (] 2 3 4
A b i i i
B i it - !

2N i i & 1
i3 i i £ i

228 DECODER/DRIVER

In digital electronics, all operstions are carvied owd in binary form. The
cutput information al the counter are in binary form, therefore, need arise for
converting the form suitable for a man to interprel. This reguired the use of g

YRECODER”,




A Decoder is a combinational logic cirouit that converts bimary codes from

n-input Hnes 1o a maximum of 27 unigue ouput lines.

For this project, 3 HEF4511B decoder was used, The decoder s a BOCD o 7-
segmernt decoder/driver with four inputs, with severn high active ontputs. It s
a common cathode. The selected hufler sends the mformation which triggers
the decoder. If devodes the incoming binary vodes at the pin 1, 2, 6, 7 then,
iams it to the display segment through the output pins 2, 10, 11, 12, 13, 14,

and 15, Below shows the true table of HEF451 1B decoder,

INPUTS QUTPUTS A ‘
D CIB A O 0,0 10,10 0 0 | Display
TN A R A I ¢ i ; i Pl 0 g
g 0 n ] g i i g 0 60 3
EiRR AN 1 & ] ! ) i ] 0 2
6 0 1 i i i i i 4 0 i 3
T ¢ 00 i i 0ol 0 i i 4
& i ) i 1 1] { ! £ A %
& i i g 0 0 1 i } ! i &
f i } i i i i IR IO I T I 7
i g1 010 Pl i _ A 3
] 80 P i ! 610 i o
FUNCTION TABLE OF HEF4S1IE DECODFEE
RECSTENT BESIGNATION B0t Ponasrgryent fatobvdenosta Ui HREA N‘;gi
2 ;
o Ty iRl R
| ; AN NI It A
—

13




2,33 DISPLAY

Fow 7-segments displays were wsed in this project to display the time
output. The display itself Is made up of 7 LED {Lght-emitting diede}
segments linked together via 3 common anode connection, Fach of the four
displays is connecled in parallel. The decoder used hers is a vommon
cathode connection, while the display is 3 common anode, Therefore, for
capabilities, an inverler was connected o each of the output s of the

decoder. Each diode has its own current-limiting resistor of 220 ohns,

The dusplys are also mulliplexed, because of the comnection, i not
multiplexed, the information sent by the decoder will be displaved 1t all the
F-segment display. This was achieved by the use of PNP transistors drivers,
they are inverted to turn them to common cathode, each having a limiting
current resistor of 220 oluws. The sutput of the stepper, which is active high,
is inverted to active low, select which display is to be enabled. The other

ones are disabled,

2.3 ALARM BECTION

This section is responsible for the output sound. 1t consist of two counters
(HEF40298), timer (HEF40178), SR flip-flop (HEF4027B) and the oulput
speaker,

The HEF402Y is a synchronous up/down 4-bit binary/BOCD decade counter,
it could be used as a up or down counter. For this section, they are being

used a3 down vounters. The two counters were cascaded by joining pin § and

I8




pin 7 together. The configuration of the two pave a B-bil binary down

sounier,

They serve a5 the input Hour time Inte the alarm unit, The outputs of the

hour counter are connected {o the input of the counler as shown in fig 2.6

The OR gate comnected o the oulpyt pins of the minuty counder is 4 zero
detector, i deterd when the putput 18 zero then sends 8 low signal which is
inveried o the AND gate. The other input from the 60 second pulse ig also
high. Both inpuls gave a high ouviput at the AND gate, this preset the two

counters by jamming the input data to the outputs,

At the same time the set pin of the SR flip-flop became hugh. The 3 output
becomes high while, £ became low. For the sound to be heard, an audic
frequency i needed. This was achieved from pind of the 40608, the outpwt
frequency; 256 Hz, was conpocted botly with the € signal fro the fip-flop to

the input of the AND gate to give the output of the audio frequency.

At the timer {40178} when pin 13 (resetl} ts high, the timer is disabled,
therefore becomes emable at active low, T ouiput of the flip-flop
complement, activate the thper, The thner meed clock pulse, this was
achieved from pin 2 of 40608 1o the pin 14 of the tmer. For every clock, #
gives an active high output at pin 2, this & connected along with the audio
frequency as the input of the AND pate which sends out 3 pulse which

triggers the speaker and 3 sound s heard.




The output signal form the timer also clock the down counter al the same
time, this causes it to decrement. That i, counting downward the input time,
When it get to zevo, the pin7 of both 1T beeomes zere, the zero detector
detect it, the output was inverted which made 3t High to reset the flip-flop,

The AMND and OR gates allow the sound before it reset when i got 1o zero.




CHAPTER THREER
CONSTRUCTION AND TESTING
LY CONBTRUCTION

The design specifications are pre ally considered when construct ting each

section of the digital clock with how eiy alarm system. The need to classify Y

logic fmmilies is essential; there are carlier types such as Reglster Logic,

¥ »

Hesistor Transistor Logic (RTLY and Transistor Logio {1371 these had boen

superceded by the Transistor — Teansistor Logie (TTLY This waz used for

the project. In order to avoid probioms associated with | pterfacing differem

HERS

fogics,

The constructions of each seetion are elaborated below,

A transtormer rating 220V, S00mA fprimary and 12V on the zaa-’:wz‘;{:im”}{,
feeds the bridge rectifior, which was construcied with 4 L odiodes (IMNA400T

Fhe outpul voltage was filtered by a capacitor rating 1000uT, a regulator was
cormected 1o regulate it o 8y re.n:;uiz:ﬁ::% by the circuil. Two recharpeable

batteries were connected to the outpul of the Gltere d 12V, the purpose s 1o

O

backup the system incase of power failure. The filtered voltage alay charges

The pulse generator was construsied ush ng @ gquartz orystal oscillator, there

are other astable multi-vibrators such as 555 tiner, but i1 is not as sizhle as

N2
—




the crystal oscillator. The output Froquency of the quariz orystal oscillator

gave 32.768 KHz

A divider with 14 stages and 8ip-flop were connected in series gave an
output of one pulse per second (Ipps) this serves as the required pulse
generation. Count acommalator was constructed with the wse of dual binary

COLRICrE.

The minute counters wore constructed with the wse of two decade up
counters, pins 4, 12, 13, 3 were grounded, pins 6, 11, 14, 2 serve as the
putpuls 1o the decoder. Pin 15 s the clock wpul. For the hour counters, two
decade counters were used for the construction, all input pins were grounded
except pin 3 of the first howr counter o reset  to 00 when the time get 1o

i '331;:

In the construction of the :;i:%f.@pmy, muoltiplexing principle was smployed.
Four buffers, | decoder, 3 stepper amd 4 T-sepment display were used for the
construction, The stepper controls the chiolve of the buffer and that of the 7-
sement display. The luniling resistors of 22002 were used to reduce the

output of the devoder current to the T-segment display.

The alany unit was construcied with the use of down countersfzero
detectors, tuner, SR flip-flop, and the spesker. The thp-flop serves as the
conirel of the unit, ¥ activates the thner R the meoming signal, then

deactivate it. 1t conlrols the signal sending of the counters Bikewise,

B
AW




The whole sections wore interlinked, such that the vutput of one siage serves

25 the input of gnother stage.
32 TESTING

Components used were tested befre usage in the nroiect, The rating of the
: & i j £

capacitors, resistors were ensursd,

I powering the circuit, the output of each of the pulse penerstors, counters
and logic sequential cirouit were tested by LED. Hach of the siages was
tested to ensure reguired outpul. The soldering techniques were smploved 1o

erware no damage 1o the 10s,

At the ond of all cormection and testing, the system was counting and
displaving of Hours, Mintes and sound at every hour. This justified the

design and conatruction.




CHAPTER FOUR

CONCLUSION AND RECOMM ENDATION

41 RECOMMENDATION

case of power outage, the backup batteries can power the cireuit byl the
e might not be tong, therefore 2 rmuch Blgger capacity of batreries is
recompnended. There s alzo ne wndicaior of the second section. This couid

ve replaced by a 7-segment dispiay.

The alarm sounds the o splaved time. A better project could be achioved, if

the thme s satd rather than beep sounds

boalso recommend a microprocessor chin i be used in future, thic will

5

reduce the complexity and bulkiness of the circuit,

4.2 CONCLUSION

.

H3 s::{m%ii be deduced afier testin i each stage, that divital cloe k with an how y

3

il

afarm system can be designed and constructad from the basic principle of

electronics counting,

With the use of count ers, oome to 2 conclusion that COURHers can be used

not only for counting Bgoare but muck more, such as for digital clock an NI

L
N
wh




others, The profect sl

1

ows that the theoretical values tafly with the practioal
values,

3
L
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