
DESIGN AND CONSTR1JCTION OF A 

REACTION TIMER 

BY 

ADEBO SAMUEL ATTAI 

2003/14921EE 

DEPARTMENT OF ELECTRICAL AND COMPUTER 

ENGINEERING FEDERAL UNIVERSITY OF 

TECHNOLOGY, MI~~A NIGER STATE 

NOVEMBER, 2008 



DESIGN AND CONSTRUCTION OF A REACTION TIMER 

BY 

ADEBO SAMUEL ATTAI 

REG. NO. 2003/14921EIE 

A PROJECT SUBMITTED TO THE DEPARTMENT OF ELECTRICAL / 
COMPUTER ENGINEERING, SCHOOL OF ENGINEERING AND 

ENGINEERING TECHNOLOGY, FEDERAL UNIVERSITY OF TECHNOLOGY, 
MINNA, IN PARTIAL FULFILMENT OF THE REQUIREMENT FOR THE 

AWARD OF BACHELOR OF ENGINEERTING DEGREE (B. ENGR) IN 
ELECTRICAL AND COMPUTER ENGINEERING. 

NOVEMBER,2008 



DEDICATION 

This project work is dedicated to the Almighty God for his. mercy, guidance and 

protection granted to me, through out my research and entire w<ork of the project. 

I also dedicate this project to my parents, Elder R. 1. Adebo and Mrs. Jane Adebo. (In 

blessed memory) 



DECLARATJON 

I. Adebo Samuel Altai declare that this projcct was done by l11e and has never been 

pn.:sented anywhere for the award of a degree. I also hereby relinquish the copyright to 

the Federal University of Technology, Minna. 

ADEBO SAMUEL ATTAI 
ENGl\.. J\. S MOl lAMMED. 

(Nall1t.: of student) 

.~ ... !.I.':":/( .~Qi?; 
(Signature and date) 

(Signature and date) 

ENGR DR Y.A ADEDIRAN 
....................... , ...... . 

(Name of nO.D) 
(Name of external supervisor) 

................................... 
. .................................. . 

(Signature and date) 
(Signature and date) 

II 



AKNOWLEDGEMENT 

First and foremost, I want to appreciate the Almighty God who is the inspiration behind 

my studies, for His grace upon my life. May llis name be exalted for ever. 

I wish to specially thank my indefatigable supervisor, Engr A.S Mohammed for his 

painstakingly going through my work and his guidance. 

Moreover, I want to express my gratitude to my 1100, members of academic and non-

academic staff of the department for their fatherly and motherly advice throughout my 

stay in the department. 

My unreserved appreciation goes to Mr. Fred Jonathan, the general manager Nigerian 

Television Authority, Minna for all his labour of love tuwards me. I sincerely pray God's 

blessings upon you. 

Furthermore, I want to say 'thank you' to Mr. Emmanuel Obakpee, the managing director 

of Ami-Tech computers, Minna for his untiring effort in attending to all my needs and 

making sure I am what I am computer wise. 1 do pray that Gud's blessings be resident 

upon you life and family. 

My special appreciation goes to my cIder sister and her husband Mrs. Aladi Jacob D. 

Maji and Elder Jacob D. Maji for faithfully standing by me in every thing 1 set my hands 

to do. Your financial and mural support cannot bc forgutten. May the good Lord rewards 

you in abundance. Not forgetting my younger ones: Martha, Taye, kehinde, Emmanuel, 

Mary, Monday, Audu and Ajuma as well as my cousin brother, Joseph A Iyeh. Your 

words of encouragement are living inside me. 

III 



To God be the glory for who Mr. Eric Sunday Okura is to 111e. Words of mouth cannot 

describe your care, concern and kind gestures. The almighty God rewards you in Jesus 

name. 

"A friend in need is a friend in deed" goes the common saying. Priscilla Oycladun 

Bayode is God sent. You arc a beloved sister and not a friend. May God keep us together 

in His love till He comes. Pst. Okpanachi John Wada is a friend closer than a brother. I 

equally want to use this medium to appreciate my friends: U111ar Buhari U, Joseph 

Amodu Enoyi, Yemisi Johnson, Rashcedat Damilola Ajide, Adcjumoke AyodcIc, Charles 

Mayaki, Friday Christopher, Victor Iyang, Arc. Rufus Juwon Oni, Charles Asenuga, and 

Ifcanyi Ekwueme. 

Mother's role can in no way be neglected. Mrs. Nike Ajibade and Mrs. Bosede Olaitan 

Dosunl11u are role model of good mothers. You really played your parl. May God's 

blessings be resident upon your lives in Jesus name. 

Pst and Mrs. Abolarinwa arc worthy of God's blessings. Your prayers, encouragement, 

and care has sunk deep in my heart. You will definitely sec the goodness of God all the 

days of your lives. 

Efforts of my pastors: Mike Ogu, Falodun Ebenezer and Yakubu Anaja arc hereby 

recognized. Your labour of love will surely be rewarded by God. 

I thank Mal. Iyeh Yunusa and Mrs. Rckiya Iyeh who brought me up in my formative 

years. You are good parents indeed. May you live to reap what God has used you to sow 

111 me. 

Engr Moses Akwu Adegbe, you really stood by me in terms of prayers, finance, and 

encouragement. God will never forget your labour or love. Thank you very much. 

IV 



ABSRACT 

The design and construction of "reaction Timer" is described iin this project write up. 

Over the years, there has been problem on ascertaining how fmst or slow people react to 

signal. This has become a problem in the recruitment / selectilll>fl of security personnel. 

A second's moment of delay in responding to signal can pose <a serious problem to an 

individual or a nation at large. On the other hand, quick and timely response to signal can 

save an individual or a group. 

Therefore, a detailed understanding of one's reaction time goes a long way to help him 

know where he fits in, in terms of responding to signal. 

The gadget that is capable of measuring the time it takes a person to react to a signal is 

what this project is aimed at producing. With practice, one mi~ht even improve and could 

compare his performance with that of other people. 

v 



/ 

TABLE OF CONTENTS 

Dedication 

Declaration 

Acknowledgement 

Abstract 

Table of contents 

List of Figures 

List of Tables 

Chapter one 

1.0 General introduction 

1.1 Introduction 

1.2 Aim and objective 

1.3 Motivation 

1.4 Methodology 

1.5 Scope 

Chapter Two 

2.0 Literature Review / Theoretical background 

2.1 Theoretical Background 

2.2 Time and the history of its measurement 

VI 

1 

1 

2 

2 

3 

3 

5 

6 

6 

6 

11 

III 

v 

VI 

IX 

X 



.I 
2.3 History and Development of Timer 

2.3.1 Mechanical Timers 

2.3.2 Electromechanical Timers 

2.3.3 Digital Timers 

2.3.4 Computer Timers 

Chapter Three 

3.0 Design and implementation 

3.1 CMOS Seri~s 

3.2 General Characteristics of 4000 series 

3.2.1 Supply voltage 

2.2.2 Input 

3.2.3 Output 

3.2.4 Power dissipation 

3.2.5 Fan-out 

3.2.6 Gate propagation Time 

3.3 Static Precaution 

3.4 CMOS 4060 IC 

3.5 BCD to 7-segment Decoder (CMOS 4511 IC) 

3.6 BCD to 7-Segment Display Driver (CMOS 4511 

3.7 CMOS 4518 IC 

3.8 Basic operation 

3.9 Capacitor 

VII 

IC) 

7 

7 

7 

8 

9 

10 

10 

11 

11 

12 

12 

12 

12 

12 

12 

12 

12 

14 

16 

20 

21 

21 



3. ] 0 Resistor 

3.11 LED 

3.11 Principle of operation 

3. 12 Power unit 

3. 13 Transformer 

3. 14 Bridge rectifier 

Chapter Four 

4.0 Construction, Testing, and Result 

4. 1 Circuit Construction 

4.2 Testing 

4.3 Result 

4.4 Discussion of Result 

4.5 Problems encountered during construction 

Chapter Five 

5.0 Conclusion, Precaution and Recommendation 

5. 1 Conclusion 

5.2 Precaution 

5.3 Recommendation 

5.4 References 

VIII 

22 

24 

25 

26 

27 

28 

30 

30 

30 

32 

32 

34 

34 

35 

35 

35 

36 

36 

37 



J , 

LIST OF FIGURES 

Figure 

3.1 CMOS 4060 IC 

3.2 RC oscillator 

3.3 CMOS 45111C 

3.4 7-Segment Display 

3.5 Connection of7-Segment display to CMOS 4511 IC 

3.6 CMOS 4518 IC 

3.7 Circuit symbol of capacitor 

3.8 Circuit symbol of resistor 

3.9 Symbol of an LED 

3.10 block diagram of the circuit 

3.11 Block diagram of the power supply 

3.12 Bridge Rectifier. 

3.13 The complete circuit diagram. 

4.1 pictorial view of the construction in its casing. 

IX 

page 

13 

13 

17 

17 

18 

20 

22 

22 

25 

25 

27 

28 

29 

31 



LIST OF TABLES 

Table 

3. I Truth table of BCD counter 

3.2 Truth table of BCD to 7- segment display 

4.1 Table ofresuIt 

x 

page 

15 

19 

33 



CHAPTER ONE 

1.1 INTRODUCTION 

Time is the concept used in describing when events take }place and how long they last. 

Therefore, the significance of time in all human endeavors cannot be overemphasized. As 

such, it is very important to provide the means of timing to aid human being in achieving 

a particular aim at the appropriate time. All events which happen in nature involve the 

idea of time. In the laboratory, time is usually measured by at stopwatch or a stop clock. 

Timer is a device used for timing one's activities, operatioJ[}s of electrical/electronics and 

mechanical equipment. They also serve as safety device for some appliances, when 

incorporated in them. [1]. 

Timers come in various sizes and ranges based on its intendled application. Accuracy and 

stability are trademarks of a good timer. 

However, most analogue long period electronic timers use a 555 one-shot and a large 

electrolytic capacitor as their main timing element. Convcmtional electrolytic capacitors 

have a very wide tolerance and consequently suffer from relatively large and 

unpredictable large leakage current. As a result, these sirmple circuits cannot be relied 

upon to give accurate timing periods. 

Timers that use electrolytic capacitor and one-shot 555 trimer IC as the basic timing 

element suffer the effect of stability. [2] 



John G Truxal in his contribution to Clock control system in the encyclopedia in science 

and technology grouped the timing devices into rive functional group, timi.! switches, timc 

dday rdays, inti.!rnal timers timi.! cycle controllers and the timers schedule controller. 

This proji.!ct consists of five chapters. Chapter oni.! points at what this project is all about, 

the objectives and the methodology of thc work. Chapter two deals with literature review 

I theoretical background of the project. Furthermore, chapter there presents the design 

and implemcntation of thi.! project while chapter four discusses the tests, results and 

discussion. Finally, chapter live summarizes the enter work amI gives recommendation 

for improvement. 

1.2 AIM AND OBJECTIVE. 

This project, "TI-IE DESIGN AND CONSTRUCTION OF REACTION TIMER". Is 

aimi.!u at producing ~ gadget that is capable of measuring the time it takes a person to 

react to a signal. 

1.3 MOTIVATION 

The need [or quick response of individuals i.!specially, the military pcrsonnd and other 

security operativcs cannot be overemphasized. As such, it becomes paramount to usc 

reaction timer in the recruitment of military personnel and security operatives. Hence this 

becomes a motivating factor. 
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1.4 METHODOLOGY 

This project involves the design and construction of reactiion timer to count the time it 

takes an individual to react to signal. The frequency of c([>unting is determined by the 

value of the resistor and the capacitor. 

The 4060 integrated circuit is a ripple counter. It goes OIll and off continuously. It has 

sixteen (16) pins. Pin 12 of 4060 IC is clock enable. It is aICtive low. It enables the IC to 

start operating when connected to the negative, hence it starts counting. The frequency 

output of 4060 IC is fed to the clock input of 4518 Ie. 

There are other pins of 4518 whose functions are not to set a time duration output but 

rather to ensure other operation like 'RESET' to take pll:ace. The output of the 4518 

integrated circuit is fed into the input of 4511 which is resPJonsible for the display of the 

time on the seven segment display. 

1.5 SCOPE 

The logic (CMOS) is seen in modern electronic devices, especially in computer 

technology. The most exposed demerits are statistics distriblution and low speed. Today's 

CMOS provide high speed capability. 

As a result of inadequate electronic exposure and limited imformation resources, a lot of 

students that carry out projects based their design mainly.' on transistor-transistor-Iogic 
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(TTL). 555 timers only. But in this case. I have decided to usc 4060 integrateu circuit to 

generate the constant clock pulses. 

CMOS logic integrateu circuits arc extreJ~lc1y denser than any other logic tcchniques. As 

such it makes design very compact. The usc CMOS lcchnology is the driving 10rce of 

today's technological Success. 

Gcnerally, the design is based on components that arc cheap and readily available in the 

market. This project was carried out with sufficient information and Data sheets of all 

components from their manulacturer where obtained and carefully worked with. [9] 



CHAPTER TWO 

2.1 THEORETICAL BACKGROUND 

Time has played a central role right from the very beginniing, yet it remains one of the 

most mysterious aspects of the world in which we live. Tine beginning of civilization on 

earth required knowledge of the seasons and the mysteries surrounding the length of the 

year, length of the month and length of day began to be sttudied. All the world religion 

gave a central role, be it astrology, stories of creation, cycliical world histories, notion of 

eternity etc [3] 

Philosophers have tried to come to grips with the concept; $ome have argued that time is 

a basic property of the universe while others have argwed that it is an illusion or a 

property of human mind and not of the world. A huge effiort has been put into making 

devices to measure time with ever increasing accuracy from the beginning of recorded 

history to the present day. [3] 

Ideas about time have changed dramatically in the 20th cemtury. At the beginning of the 

century, time was viewed as Newton's Universal, absolute mathematical time. There has 

been remarkable progress towards more accurate measurement and at the beginning of 

the century pendulum clock had been perfected to the extent!: that they recorded time to an 

accuracy ofless than 1/100 of a second error in a day. [3] 
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2.2 TIME AND THE HISTORY OF ITS MEASUREMENT 

From the earliest periods, man has used some forms of time measurement, be it only the 

seasons of the year or phases of the moon. This was am that was needed in simple 

nomadic or agricultural communities and prices enough fOJl" their daily needs. As people 

began to congregate in villages and forms of religions cerremonies began, more refined 

methods of time measurement were needed. Civilization irn early times was concentrated 

around the Mediterranean, where there was lots of sunshine ,and water, plenty for the then 

relatively small populations. Here time keeping was develowed along two main line-from 

the shadow sticks, probably the earlier and then the water el(ock. [3] 

Although crude by modem day standards, sundial and WIater clocks were eventually 

developed to give surprising accuracy. But probably, the most accurate, early devices 

were those designed and used by the Chaldeans. The Chaldieans, the tribe of Moses, were 

the first people attributed with dividing the day, and the niglht into twelve hours each. [3] 

Despite early fascination with time-keeping by water or <candle, undoubtedly the most 

accurate early time tellers were Sundial. Time was measured from noon one day to noon 

the next day that is for one revolution of the earth on its axis. [3] 

Many ancient churches had sundials long before the more usual steeple clocks. A few 

churches have simple marks gouged in the stone of the walls with a hole where a peg 
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would be inserted to cast its shadow to indicate the variOllls time of worship. These are 

known as scratch dials. [3] 

Early Mechanical clocks were bad time keepers and were often adjusted by the local 

sundial. As the time keeping of these clocks improved, so 1the short comings of some of 

the cruder local sundials became apparent. However, counttry people, ever suspicious of 

townsfolk, took a long time to accept the more accurate and universal time measurement. 

[3] 

2.3 HISTORY AND DEVELOPMENT OF TIMERS. 

2.3.1 MECHANICAL TIMERS. 

Early mechanical timers used typical clockwork mechanisrms, such as an escapement and 

spring to regulate their speed. Inaccurate, cheap mechanisms use a flat beater that spins 

against air resistance. Mechanical egg-timers are usually oftthis type [4] 

More accurate mechanisms resemble small alarm clock. The advantage is that they 

require little battery or electrical power, and can be stored for long periods of time. The 

most widely-known application is to control explosives. [4] 

2.3.2 ELECTROMECHANICAL TIMERS. 

Electromechanical timers have two types. A thermal type halS a metal finger made of two 

metals with different rates of thermal expansion (steel amd bronze are common). An 

electric current flows through this finger, and heats it. Orne side expands less than the 

other and an electrical contact on the end of the finger m,oves away from an electrical 
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switch contact, or makes a contact (both types exist). Tht rmost common use of this type 

is now in the "flasher" unit that flashes tum signals in <B.utomobiles, or sometimes in 

Christmas lights. [4] 

Another type of electromechanical timer (a cam timer) Utses a small synchronous AC 

motor turning a cam against a comb of switch contacts. The AC motor is turned at an 

accurate rate by the alternating current, which power compamies carefully regulate. Gears 

slow this motor down to the desired rate, and turn the cam. 1fhe most common application 

of these timers now is in washers, driers and dishwashers. This type of timer often has a 

friction clutch between the gear train and the cam, so that tlhe cam can be turned to reset 

the time. Electromechanical timers service in these appliications because mechanical. 

Switch contacts are still less expensive than the semiconductor devices needed to control 

powerful lights, motors and heaters. [4] 

In the past, these electromechanical timers were often comllDined with electrical relays to 

create electro-mechanical controllers. Electromechanical timers reach a high stage of 

development in the 1950's and 60's because of their extlensive use in aerospace and 

weapons systems. Programmable electromechanical timer$ controlled launch sequence 

events in early rockets and ballistic missiles. [4] 

2.3.3 DIGITAL TIMERS. 

Digital timers can achieve higher precision than mechan~1 timers because they are 

quartz clocks with special electronics. Integrated circuits. have made digital logic so 
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inexpensive than many mechanical and electromechanical ttimers. Individual timers are 

implemented as a simple single-chip computer system, similar to a watch. Watch 

technology is used in these devices. [4] 

2.3.4 COMPUTER TIMERS. 

Most computer system has one to sixteen electronic timers. These are usually just digital 

counters that are set to a number by software, and then COllint down to zero. When they 

reach zero, they interrupt the complete. [4] 

Another common form of timer is a number that is connpared to a counter. This is 

somewhat harder to program, but can be used to measure events or control motors. 

Embedded systems often use a hardware time to implement m list of software timers. [4] 

Basically, the hardware timer is set to expire at the time the next software timer of a list 

of software timers. The hardware timer's interrupt software [handles the house-keeping of 

notifying the rest of the software, finding the next software time to expire, and resetting 

the hardware time to the extent software timer's expiration. [5] 
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CHAPTER THREE 

3.0 DESIGN AND IMPLEMENT A TION 

The circuit was designed and constructed using CMOS 406>0, CMOS 4518, CMOS 4511 

as well as various values of capacitors and resistors 

All electronic component are listed below 

1. CMOS 4060 IC (Oscillator) 

2. CMOS 4518 Ie 

3. CMOS 4511 IC 

4. Capacitor, C1 = 470flF (Filter capacitor) 

5. Capacitor, C2 = 6.8nF (timing capacitor) 

6. Resistor R1=33KQ 

7. Resistors R2 =100Q 

8. Resistors RJ-R9=100Q 

9. Bridge rectifier 

10.21 LEDs (common cathode) 

11. Power Switch 

12. Reset switch 

13. IC sockets 

14. Probe meter cable 
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4000 SERIES CMOS ~OGIC ICs 

The CMOS LOGIC ICs used in this design arc all 4000 series. 

3.1 CMOS SERIES 

4000 CMOS series introuueed by RCA and 14000 CMOS series introduced by Motorola 

were the first CMOS series. Now 4000 series is designated as 4000 J\ calico conventional 

series anu an improved version 40000 B series is also there, which has higher output 

current capabilities ami it is calleu the buffered type device. These series arc wiocly used 

and have many such functions, which are not available in other series. l6] 

3.2 GENERAL CHARACTERISTICS OF 4000 SERIES CMOS 

3.2.1 Supply voltage: 3 to 15v, small l1uctuations arc tolerated 

3.2.2 Inputs: They have very high impedance (resistance). This is good because it 

means, they will not affect the part of the circuit where they arc connecteu. lIowever, it 

also means that unconnecteo inputs can easily pick up electrical noise and rapidly change 

between high and low states in an unpreoictable \vay. This is likely to m'.lke the Ie 

behave erratically and it will signiJicantly increase the supply current. To prevent this 

problems, all unused inputs must be connected to the supply (.:ither + V s or OV), this 

applies even if that part of the Ie is not being useo in the circuit. [5 J and [6 J 

3.2.3 Outputs: Output can sink and source only about I mA if you wish to maintain the 

current no need to drive CMOS inputs. If there is no need to drive any input the 

maximum current is about 5mA with a 6v supply, or switch larger currents, you can 

connect a transistor. l6] 
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3.2.4 Power uissipation: When CMOS logic circuit is in static state, powa dissipalion in 

this series is extremely low since in Llny of the output state of the gate there is always a 

high resistance between the ground and supply. So, power dissipation or CMOS is only 

2.511 W per gate. This is the reason why CMOS is used so widely. Ie) 1 

3.2.5 Fan-out: One output can drive up to 50 inputs. l61 

3.2.6 Gatc propagation timc: Typically it takes 3011S for a signal to travel through a gate 

with a 9v supply; it takes a longer time at lower supply voltages. 16] 

l'rc<lucIlCY: The frequency is about I MI I/.. above that the 74 seril:s is a better choice. 161 

3.3 STATIC PRECAUTIONS 

The CMOS 4000 Ie series circuitry is static sensitive. TOllehing a pin while it is charged 

with static electricity (from your clothes for exampk) may damage the Ie. In fact most 

Ie in regular usc arc quiet tolerant and earthing your hands by touching a metal bcforl: 

handling them will be adequate. Ies should be len. in their protcctivl: packaging until you 

arc ready to usc them. [6] 

3.4 CMOS 4060 IC 

This is a ripple counter. The count advances as the clock input becomes low. This is 

indicated by the bar over the dock label. This is the usual clock behavior of ripple 

counters and it means a counter output can directly drive the clock input of the next 

counter on a chain. [61 
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Fig 3,1 CMOS 4060 IC 
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RC oscilJa'l-or 

The reset input should be low for normal operation (countting). When high it reset the 

count to 200. The 4060 I C includes an internal oscillatlor. The clock signal may be 

supplied in two ways: 
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(i) From an rxtcrnal source tu the clock input, as fur II normal counter. In this case therr 

shuuld be no cunnrctions tu external C and external lZ (pins l) and 10) 

Oi) RC oscillator is as shown in iig. 3.2 abow. Thr oscillator Jriws the clock input 

1 
with an aI)proximate frequency F = -----

2*R1*C 

voltage). 

F= 11024 ( 
1 ) 

2 * 33 * 10 3 * 6.8-9 

F= 2228.163993 

1024 

F= 2.18Hz 

(it partly depends 011 thr supply 

R, Should be at least 50kilo-ohms of the supply voltage is less is less than 7v R2 should 

be bdween 3 and 10 times R I . [6J 

3.54511 BCD TO 7-SEGMENT DECODER 

BCD stands [or binary coded Decimal. ABCl) counter has four outputs usually labeled 

J\, 13, C, and D. By eOllvention, A is the least significant bit, LSB. 171 

The function or a BCD to 7-segment decoder is to COl1vrrt the Jc.gic states at thr outputs 

or a BCD counter into a form which will uriw a 7-srgment <.!isplay. The display shows 

thr decimal numbers 0-9 and is rasily understood. The easiest way to undrrstand what a 

BCD cOLllller docs is to follow the counting sequence in truth table form as shown below 
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Pulses Output 0 Output C Output B Output A 

0 0 0 0 0 

1 0 0 0 1 

2 0 0 I 0 

3 0 0 I I 

4 0 I 0 0 

5 0 1 0 1 

6 0 I I 0 

7 0 I I I 

8 1 0 0 0 

9 1 0 0 I 

Table 3. I Truth table of BCD counter 
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3.6 4511 BCD 7-SEGMENT DISPLAY DRIVER 

The appropriate output a-g becomes high to display the BCID (binary code decimal) 

number supplied on inputs A-D. The outputs a-g can source up to 25mA. The 7-segment 

display segment must be connected between the outputs and OV with a resistor in series 

(330Q and a 5V supply). A common cathode display is required. [7] 

In a common cathode display, the cathodes of all the LEOs arc ijoined together and the 

individual segments are illuminated by HIGH voltages. In a common anode display, the 

anodes of all the LEDs are joined together and the individual segments are illuminated by 

connecting to a LOW voltage. [7] 

The 4511 is designed to drive a common cathode display and W0n't work with a common 

anode display. [7] 

Display test and blank input are active-low so they should be h~gh for normal operation. 

When display test is low, all the display segments should light (showing number 8). The 

4511 is intended for BCD (binary coded decimal). Input valtnes from 10 to 15 (1010 

to 1111 in binary) will give a blank display (all segments off). [7] 
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br~.lnk in put 

:store 

mput D (e) 

Inpu~ A ( 1 ; 

ov 

Pin connections 

4511 
OLtput b 

outpur d 

(I 'r' J" " .J.,; •. ,..,h ... ~ ?:.: 

Fig 3.3 CMOS 4511 IC 

The individual segments making up a 7-segment display are iderntified by letters follows: 

Fig. 3.4 7-Segment display 
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7·~(Gf-,1[fH (, I':;PLAV 

DECODER 'iS11 

InI"Jt< I~m~ n,'plp 
A P, / C' t .. r.t t""n~ mn 

712~3 ~ 
I ,~. I , •• • I I , 

Fig.3.5 Connection of7-Segment display to CMOS 4511 IC 

The 4511 is designed to drive a common cathode display and wOluld not work with a 

common anode display. When the 4511 is set up correctly, the Q)utputs follow this truth 

table: 
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0 0 0 0 1 1 1 0 D 
0 0 0 1 0 0 0 0 0 

, 
I 

0 0 1 0 1 1 0 0 1 2 
0 0 1 1 1 1 1 1 0 0 1 :I -
0 1 0 0 0 1 1 0 '0 1 1 Y 
0 1 0 1 1 0 1 10 1 1 5 
0 1 1 0 0 0 1 1 b 
0 1 0 () 0 0 

, 
I 

1 0 0 0 1 1 B 
1 0 0 1 1 1 0 0 1 1 

,-, , 
Table 3.2 Truth Table of BCD 7 - segment display 
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There is a question abollt whethcr the 6's and l)'s should have tails. The 4511 produces a 

display without tails. If other binary valucs, greater than I 00 I arc connected to the 

inputs of the 4511, the outputs are all O's and the display is blank. The function of a BCD 

to 7-segmcnt decoder is to convert the logic stales at the output of a BCD counter of 4511 

into a form which will drive a 7-segment display. The display shows the decimal number 

0-9. [7] 

3.7 CMOS 4518 IC 

Normally, a clock signal is connected to the clock input, with the enable input held high. 

Counting advances as the clock signal becomes high. For normal operation the reset input 

should be low. Making it high resets the counter to zero (0000, QJ\ low). [7] 

Counting to less than the maXlIl1UI11 (9 or 15) can be achieved by connecting the 

appropriate output(s) to the reset input, using an AND gate if necessary. For example, the 

count a to 8, connect QA (i) and QD (80 to reset using an AND gate . 

... 
i 

uU 

( .,1 . , 

Fig.3.6 CMOS 4518 Ie 
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3.8 BASIC OPERATION 

In normal operation, the lamp test and ripple blinking inputs arc connected HIGH, and 

the enable (Store) input is connected LOW. 

The circuit diagram above shows the connection of 4511 and a 7-segment cathode 

display. In any electric circuit, the current in the entire circuit is equal to the voltage cross 

that circuit divided by the resistance of the circuit. Resistors arc often made to have a 

specific value of resistance so that the characteristics of the cin:uit can be accuratey 

calculatcd. 17 J 

3.9 CAPACITOR 

Capacitor, or electrical condenser. is a device for storing an electrical charge. In its 

simplest form a capacitor consist of two metal plates separated by a non conducting laycr 

called the dielectric. When olle plate is charged \vith electricity from a direct-current or 

electrostatic sources the other plate will have induced in it a charge or the opposite sign, 

that is, positive, if the original charge is negative and negative if the charge is positive. 

The Leyden jaris a simple form of capacitor in which thc two conducting plates arc metal 

foil coatings on the inside and outside of glass bottle or jar that serves as the dialectic. 

The electrical size of a capacitor is its capacitance, the amount of electric charge it can 

hold. Capacitors arc limited in the amount of electric charge they can absorb. They can 

conduct direct current for only an instant but function well as conductors in alternating 

current circuit. This property makes them useful when direct current must be prevented 
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cntcring somc part of an clectric circuil. i"ixed capacity and variable capacity capacitors 

arc uscd in conjunction with coils as resonant circuit in radios and other electronic 

cquipmcnL. Large capacitors arc also employed in power lines to l\:sonate the load on the 

line and make it possible IlH the line to transmit morc pow.:r. I Xl 

--H--
Fig 3.7 Circuit symbol ora capacitor 

3.10 RESISTORS 

Resistor is a component of an electric circuit that rcsists the now of dircct or alternate 

electric currenl. Resistor can limit or divide the current, reduce the voltage, protect an 

electric circuit, provide large amount of heat or I ighl. ! gl 

An electric current is the movement of charged particles called electron from one region 

to another. The amount of resistance to the now of current that a resistor causes depends 

on the material it is made up of as well as its size. Resistors arc usually placed in electric 

circuits, which arc devices formed when current moves through an electric conductor (a 

material that allows the current to now without much resistance, such as copper wire) and 

when the conductor makes a complete loop. [9 J 

Fig.3.8 Circuit symbol of a resistor 

When voltage, or electric potential, is applied to opposite cnds of a circuit, it causes 

current to now through the circuil. As the current nows, it cncounlcrs a certain amount of 

n:sistance Ii'om the conductor and any resistor in the circuit. Each material has wood is a 
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bad conductors because it offers high resistance to the current whereas copper is a better 

conductor because it offers less resistance. [8] 

R2 = 100Q 

RlIfR2 = Rl * R2 
R1+R2 

RII/R2 = 33K * 100K 
33K + lOOK 

RII/R2= 33 * 10
8 

l33K 

RIIIR2=25K 

V=lR 

V= 12 Volts 

1= 0.12 ampere 

R=? 

R=V/I 

R=~ 
0.12 

R1=R2= 100Q 

330Q resistor and 5V supply are required for 7- segment display. 

Let R3=330Q 

R3=R4=R5=R6=R7=R8=R9=330Q 

23 

Rl =33kQ 



V=IR 

V 
1=­

R3 

5V 
I=-Q 

330 

1= 0.015A 

The total current required by the 7-segment is 0.015A 

But in this project LEDs were used. As such the voltage of 12volts with 100Q IS 

appropriate. 

The current, 1= VIR 

12v 
1= -Q 

100 

1= 0.12A 

Hence, the current of O.12A is required in the display. 

LIGHT-EMITTING DIOCE (LED) 

This is a semiconductor device that converts electrical energy efficiently into visible light 

by electro-luminescence at a forward -based p-n junction. It is also known as solid state 

lamp. Such a junction may be produced with p-type and n-type compounds of gallium 

arsenide. 

An LED will take 1O-15mA with a voltage drop of about 2V to give a small amount of 

light. If a voltage greater than 2V is to be used, there must be a resistance (330,Q-IK,Q) 

connected in series with the LED. [9] 
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Anode 

3.11 PRINCIPLE OF OPERATION 

ASTAB 
LE 

BCD 
COUN 
TER 

Fig. 3.10 block diagram of the circuit 

BCD 
DECO 
DER 

Cathode 

7-
SEGM 
-ENT 
LED 

Electronic counters work on the binary system. But we are ursed to the decimal system 

and so it is most convenient to use counters which display ;answers in their output in 

decimal form. 

In this reaction timer, switching on S3 enables the astable to soend fairly fast square wave 

pulses (their frequency is determined by the values of RI and CI) to the BCD counter. 

This consists of four bistables, like the binary counters, BCD is connected internally so 

that it only uses ten of these states, it counts from 0-9. 

The ten states (numbers 0-9) are fed in turns as each astable pmlse arrives, in binary form, 

to the four outputs of the counter. For example, when the courut is three, (in binary 0011), 

outputs one and two (pins 6 and 11) are 'high' and outputs thrree and four (pins 14 and 2) 
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are 'low'. Moreover, when the count is 9 (in binary 100 I), outputs one and four are 

'high' and outputs two and three are 'low'. This is why it iis called a BCD or Binary 

Coded Decimal Counter - it represents decimal numbers in birnary form 

The BCD decoder receives the four outputs from the counter alt its four inputs (pins 1,2,6, 

and 7) and has to convert them into a form which makes a decimal display possible. The 

7-segment LED display consists of seven small LEDs which !produce the numbers 0 to 9 

when various combinations of the seven segments light up. The BCD decoder therefore 

has to create seven outputs (pins 9 to 15) from its four inputs. This it does and feeds to 

the display. 

R2 is a common current-limiting resistor for all seven segmen1I;s of the display. 

3.12 POWER UNIT 

Power generation is one of the most important aspect of circuiit design, generating a good 

voltage and current threshold for the desired circuit to operate alt an optimal performance. 

In this project construction, a constant DC (direct current) is needed to power the ICs 

using a 9v battery would work perfectly well but for longer tirnne duration of operation, a 

direct supply is rather used instead. Taking this into cognizalJnce, a 220V power supply 

from a constant AC source which has to be stepped dowm using a 12V step down 

transformer was designed. 

The 12V AC was rectified by the four diode network to a 12V DC plus some amount of 

ripple AC signals. A filter capacitor of 470 JlF is used to shurnt out AC signals across the 

2 terminals of the DC supply. 

The block diagram illustrating dc power supply is depicted in tthe figure below. 
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Transformer Rectifier Filterr 

Fig. 3.11 Block diagram of the power supply 

TRANSFORMER 

Voltage 
Regulator 

It is to step up or mostly to step down a.c supply voltages. It. consists of inductive coils, 

which are electrically separated but magnetically linked throUJgh the galvanic separation 

between the means (a.c input) and the d.c output. 

In this project, a 220Vnns 112V step down transformer WalS used to reduce the 220V 

a.c from PHCN supply to 12V ac, which is rectified to give the required 12V d.c. 

RECTIFICATION 

Rectification is defined as a process of changing a !pulsating a.c voltage to d.c 

voltage. They are: 

• Half - wave rectification 

• Full-wave rectification bi-phase rectification 

• Full wave bridge rectification. 

This project adopts the use of a full wave bridge rectifier cirClUit because of its ability to 

produce the appropriate varying and reference voltages. 
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THE BRIDGE RECTIFIER 

The bridge rectifier employs four diodes for tlhe rectification purpose in 

obtaining a desired a.c voltage to be rectified. The output terminals are independent 

completely. These are two d.c terminals; neither is common fior the a.c voltages. The four 

diodes are arranged in a diamond configuration called the tUlll wave bridge rectifier as 

shown in the figure below. 

1n1 

I 
D3 D4 

Fig. 3. 12 Bridge Rectifier. 

The maximum instantaneous voltage between the terminail is V m=.fi V nus. The d.c 

I .. b 2V max 
vo tage IS gIVen y = O.636Vrnax But the PIV (peak inverse voltage) should be 

3.142 . 

greater than V max. Also, V m = 2V. 

This value prompted the need of selecting a 2A bridge rectifier. 
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4060 

PROBE 

16 16 

16t----i 

RZ 4518 
R1 

4511 

5 8 

CO~ON 
CATHODE 

Fig. 3.13 the complete circuit diagram of the reaction timer imdicating all components. 

29 



CHAPTER FOUR 

4.0 CONSTRUCTION, TESTING AND RESULT 

4.1 CIRCUIT CONSTRUCTION 

Electronic simulation software (electronic workbench) was first of all used to ascertain 

the workability of the circuit and the circuit diagram was crurefully followed module by 

module until the construction was completed. When tested it worked. 

The second phase of the testing was to build the circuit om the bread board using 9v 

battery source to check the pulse generated and the various tiime outputs of the integrated 

circuit. 

The circuit construction involved the connection of compoments directly on the bread 

board by means of lead soldering. 

The components needed for the constructions were acqUlired. They were new and 

apparently in good working condition. They were also tested with a digital multi-meter to 

confirm their accurate values and continuity. 

Listed below are the instruments and working tools used in the construction of the 

project. 

1. A cutting scissors 

2. An electric soldering iron 

3. A rim of soldering lead 

4. Razor blade 

5. Tinned copper wire (connecting wires) 
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6. A digital multi-meter. 

The components were arranged on a sizeable vera-board and! soldered one after the other, 

considering the components that make up each module as well as the one preceding it. 

They were then connected together to complete the circuit. 

The circuit construction was done on a vero-board. BeloW! is the photograph of the 

construction. 

The casing was made out of transparent plastic and well glUled at every side to maintain 

rigidity of the construction. 

The switches, push buttons and the probes sections were pr<JI:ruded out off the surface of 

the casing through appropriate holes created for them. 

Below is the pictorial view of the construction in its casing. 

, ' , 

.' 

, 1 

Fig.4.1 pictorial view of the construction in its casing. 
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4.2 TESTING 

Testing of the circuit was performed at each module of the !Construction work as well as 

at the completion of the entire circuit construction. This \Was done by connecting the 

device to the electric power supply and different persons were used to test the ability of 

the circuit to measure the reaction time of different people. 

When the device was first connected to the AC mains amd the probes were held, the 

reading by the seven-segment display began and continuedL But as soon as the person 

reacts to the signal by removing his hands from the probes, tlbe last number then remained 

on the display, indicating that, that number is the reaction time of the person concerned. 

4.3 RESULT 

Different people were used on the device during the test. Thee main aim of the test which 

was not only to keep the seven segment on but also to measure their individual reaction 

time. 
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The table below shows the different people used and their different reaction time. 

SIN Person Tested Reaction Time in seconds I 

1 A 5 

2 B 4 

3 C 8 

4 D 7 

5 E 6 

6 F 6 

7 G 4 

8 H 9 

9 I 5 

10 J 5 

Table 4.1 Table of result 
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4.4 DISCUSSION OF RESULT 

From the table of results in the result section above, following the testing of the 

construction, the main aim of the project can be said to have been achieved. It was 

observed as expected that when the device was connected ho power and switched on, the 

reading commenced and stopped at the last figure on which !the hands were removed from 

the people. 

PROBLEMS ENCOUNTERED DURING CONSTRUCTION 

1. Bridging of close terminals during soldering. 

2. Mistake in connection (e.g. on the pin of the integrated circuit). 

3. Problem in resetting the counter. 
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CHAPTER FIVE 

5.0 CONCLUSION, PRECAUTION AND RECOMMENDATION 

5.1 CONCLUSION 

The successful completion of this project is due tOl the fact that organized steps 

and procedures were ensured. This goes a long way to sho\W how important the concept 

of time is in today's world of technological advancement. 

All information gathered from the data sheet of all compoments used was very useful in 

the construction of this device. 

A few new and interesting knowledge were acquired durirng the course of carrying out 

this project. Likewise the great importance of the applicatilon of integrated circuit in the 

fabrication of electronic gadgets was appreciated. 

APPRECIA TION 

I really give thanks to the Almighty God for seeing me throJUgh to the completion of this 

project work and for the means to purchase the componentts used in the construction of 

the project. 
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5.2 PRECAUTION 

1. Insulation of some part of the circuit was don;.~ to prevent circuit bridging. 

2. A digital meter was used to test the readings of the expected output values at certain 

points of the circuit. 

3. Soldering was done with maXllllum care to prevent burns and damage of the 

component(s) in usc. 

4. Integrated circuit sockets were used to reduce risk of damage to the Ie in the case of 

troubleshooting the circuit. 

5.3 RECOMMENDATIONS 

1. The usc of an alarm system could be incorporated to indicate the completion of the 

device's task 

2. The device should be made to work automatically 
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