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ABSTRACT 

The principal aim of this project work is to design and construct an automatic 

access system with gate as the prototype. It is a security system with exit [gate in this 

case] that opens and closes automatically when infrared ray from a transmitter [Remote 

Control] reaches a receiver. 

It is applicable to security exits such as warehous?' stores. vaults. security post 

. and other restricted areas. 

The system consist of a transmitter. a receiver. an amplifier with electric brains 

that'sens3,f0rward and reverse signal and controls feed hack to an electric motor which is 

responsible for the forward and hackward movement ri.e. open and close operation 1 done 

-
by the gate, a mechanical timer that automatically rcverses thc current flow to the motor 

and reverses the rotation of the motor and thus closes the gate at a regulated time of ten 

seconds. And lastly an electromagnetic device is incorporated on the system that serves 

as a key that locks the gate after the system has been uti I ized. 

In this project. general principles of electromagnetism and remote control 

switching device are discussed. And this project has heen carried out to reveal the hidden 

details of the design and construction of the of the component parts of the system. 

. The approach is to consider each circuit on the descriptive basis in order to give a 

clear understanding of the systems behavior. The design approach was based on choice of 

values of component and material used. 

The result of the testing of the operation or the constructed device IS very 

encouragIng. 
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CHAPTER ONE 

1. t INTRODUCTION 

Automatic access system as designed and constructed in this project work is a 

remote control security system that is rarely used in this part of the world. There are three 

different approach as to the design or the system. They are: 

1.2 CONTACT S\VITCH APPROACH 

For this approach, the system can he designed in such a way that a switch is 

connected under a slab or tiles supported by an clastic spring positioned about a meter 

before the gate. As soon as a person steps on the slab or tiles. the terminals of the switch 

.. gets contact and a current is sent to a motor that control~ the opening and closing 

operation or the gate thus the motor rotates and the gate opens and remains in this 

• 
position for ten seconds after which a reversc cllrrent is sent back to the motor and 

revet'ses the rotation of the motor and the gate closes. The ability for the gate to remain in 

its open position and close ~ner ten seconds as a result of the of the reverse rotation of the • 

motor is controlled by a ten seconds mechanical timer connected across the terminals of 

the motor. 
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1.3 PIiOTOI)(OnE APPI{OA(,II 

For this approm:h. the automatic systcm can bc designed in such a way that as 

soon as a person gets close to the entrance. he breaks a contact. usually a ray of light 

emitted from a source at one end or tht; entrance incident on a photo diode on the other 

.. end of the entrance. As soon as the emitted light is cut olT by the obstruction of an opaque 

object r a person]. the photodiode sense it and sends signal to an electronic device that 

controls the electric motor responsible for the opening. and closing operation of the gate. 

Automatically the motor rotates backward bringing the gate to an open position. The gate 

remains open for ten seconds antI aller which it closes as a result of a ten seconds 

mechanical timer that controls the fi.lI'\\'ard and reverse current flow across the terminals 

of the motor causing the forward and backward rotation or the motor as well as the time 

delay. 

1.4 REMOTE CONTROL APPROACH 

Lastly. the design can be achieve by the use of a transmitter and receiver rRemote • 

Control] circuit. In this case, when a person reaches the entrance, a security personnel at 
_. 

the security post controls the transmitting operation and the receiver receives the infrared 

rays from the transmitter and sends it to the amplilier with an electric brain that sends 

forward or reverse current to the electric motor responsible for the opening and closing 

operation of the gate. 

As soon as the receiver receives the infrared rays. current is sent to the motor and 

the gate opens and remain in this position for ten seconds aller which a reverse current is 

2 



sent hack into the motor and reverses the rotation of the motor and the gate closes. This 

operation of the ten seconds delay and the rC\'crsed motor rotation is as a result of a 

mechanical timer connected across the terminals of the motor. 

More so. as the gate gets tQ the end of the entrance. it closes a switch that powers 

an e\cdromagnctie device that serves as a key that locks the gate. 

Our emphasis as to the design of this project would be laid on the remote control 

approach. 1\ block diagram of the remote control automatic system is shown below in 

fig. 1.1 
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.l\tv1PLlFIER WIllI 
ELECTRIC BRAIN TO 
SEND FORWARD AND 
RFVFRSF SI('NAI. AND 
CONTROL TilE 
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'RANSMITTER 
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Fig. 1.1 . 

Dt-:VI<.,\: 

ELECTROMECIIANICAI. 
DEVICE TO CONTORt. 
THE GATE OPEN AND 
CLOSE OPERATION 

FEEDBACK STAGE TO 
AUTOMATICCALLY 

I----l .. ~ CLOSE THE GATE 
.... AFETER OPEN WITH 

TIMER 

BLOCK DIAGRAM OF AUTOMATIC ACCESS SYSTEM 
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(,IIAPTER TWO 

2.1 POWER SUPPLY 

The function of the power supply is to pnn-ide the necessary DC voltage and 

current with low level of AC ripple and gl.lOd stability. Also a stable DC output voltage 

must be provided irrespective of fluctuation of supply voltage. 

2.2 . METHODS OF PROVIDING DC SUPPLY 

Basically there are three methods or producing Direct Current power supply. 

They are: 

• Direct Current generator 

• Battery 

• Conversion of AC lo DC -Rectilication. 

The method of supply used is that of conversion of AC into DC by rectification, 

lIsing Bridge Full Wave Rectifier. The rectification of the power supply unit is made up 

of: 

• Transformer 

• Diodes Bridge connected circuit 

• Filter Circuit 

'·2.3 TRANSFORMER 

Transformer operation is based on the alternating magnetic flux produced by 

altetnating current on the mutual induction between two magnetically connected circuit. 
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The transformer is nn electrical machine lIsed ~.'ither for raising or lowering the 

voltage of an cmf supply with corresponding decrease or increase in currcnt. This is done 

with high degree of efficiency and .. without any change in the frequency . . 
A transformer consist of essentially two coils wound on a closed magnelic circuit 

of low reluctance made up of laminated iron core. Such coils with high mutual 

inductance. The arrangement is as shown hel{)\v: 

Ip 
r • ·il· - - . . . . . . 

Is 

p 5 

Fig 2.2 

Where P = Primary windings 

S = Secondary windings 
I • 

0= Magnetic nux hiking the two windings 

N I = Primary number of turns 

N2 = Secondary no of turns 

If the primary coil is connected to an At' supply. a current will flow and an 

alternating flux will be set up in the core most of which will link the secondary coil. An 

emf of mutual inductance will he set up in this secondary coil and if its circuit is 

.. complete. current will flow. Since the magnetic field is an alternating lield. the induced 
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emfin the secollllary coil is likewisc altcrnnting at a frcqucncy equal to that of the current 

in the lirst coil i,e, the primary coi\. 

Let N I nnd N2 be the number or turns in the primary and secondary windings 

respectively, Then; 

Total emf induced in tht: Second~ry N2 * t:mf per turn =' N2 •.••.•• (i) 

Total emf induced in the Primnr), N 1 ... emf per turn 

When the secondary is on opt:n circuit. its terminal voltnge is the same as the 

induced emf. The primary current is then very small. so that the applied voltage V) IS 

practically equal and opposite to the emf induced in the primary, lIenee 

V2 = N2 ···············································(ii) 
VI NI 

Since the full load efficiency of a transformer is nearly 100% . 

II V I * Primary power factor _ 12V2 * Secondary power factor. 

But the primary and Secondary power factors at full load are almost equal. 

Therefore. 

!l = V2 
12 VI 

But V2 ='N2 
VI NI 

There fixe 

V2 N2 = U ............... ----.---------------- (iii) 
VI _ NI 12 
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2... BRID(;E RECTIFIER CIRCIlIT 

Bridge connected Rectilier circuit is comlllonly used as full wave rectifier unit in 

most power supply unit. It is made lip of I()ur diodes connected in such a way that only 
, 

.. two diodes conduct at any particular time. This arrangement of diodes is connected to 

appropriate transformer secondary that supplies the hridge with AC voltage. The output 

oftne bridge is DC voltage. The circuit is shown in figure 2J 

, . 
fig 2.3 

·2.5 FILTERS 

It is seen from the above output wave !()fIll. the output of rectifier contains 

ripples, in other words it's pUlsating. for this reason filtering device are used to smoothen 

the wave form. Capacitive filter is chosen and used for this project. It is connected as 

shown in the above cit·cuit. The output waveform are as shown in Iig2.4(a & b). 

v v 

( b) 
(a) 

Rectifier output Recti fier output 

Without filter. Without filter 

fig. 2.4 
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(,IIAPTEn THREE 

3.1 TilE TRANSI\JlTTER IIUTEIVER UNIT 

3.2 THE TRANSMITTER lINIT 

The transmitter unit is a digital. logic unit which involve descrete signals 

represented by binary codes of 1 s and Os. 

Button I gives output 1 () 

Button 1 gives output II logic circuit 

The transmitter as part of this project generates inli'ared signal from the infrared 

source which is amplified and tra~smitted if there is presence of codes '(high) from the 

logic circuit and not transmitted for ahsence of code (10\\) from the logic circuit. 

When any of the two huttons is depressed. the corresponding code is stored in the 

4013 (Latch). The Stepper I Controller (4017) docs the inputing. The same logic unit 

sends the code one hy one (in serial form) through the multiplexer and through the 

VMOS which powers the infrared' sourcc. Thc output logic allows only a complete code 

transfer. 

The Oscillator divider pO\vered hy a 32.7RKIIZ crystal produce the control clock 

so that a complete code is sent within OJ seconds. It takes 0.25 seconds for each bit. 

3.3 THE RECEIVERS UNIT 

The receiving part of this project consist of a receiver but manly logic circuit as it 

is in the transmitting part. The receiver receives the incoming infrared signal. The 

amplified signal (code), (x), is linkt:d with the receiver logic circuit. It also has 'nn 

9 



Oscillator / divider (4060B) operaling allhe same speed (\7.7R6KIIZ) as the transmitter 

so as to he c()mpatihl~ with in~o\lling signal.. the cllntroller / Stepper arranges the 

incoming code into the shift regist~r. Aner the \ .... hole code enters. a corresponding .IK 

4027. flip flop is clocked. The 7805 regulates a 5V supply for the digital circuit. from the 

t 2V supply. 

Analysis below gIve the detailed explanation of the different parts 111 the 

transmitting and receiving unit. 

F 
.3,.. SlUff I~EGISTER ANI) LATCII 

Latches and registers arc used to hold a sci of hits even if the input changes. Shift 

1. I regi'ster can be made of RS flip flop. D - flip I1np and .IK flip flop etc. A set of .IK flip , 

nop constitutes register. At each dock pulse the pattern of O's and) s in the register shift 

-
to the right with the data at the first D input entering from the left. The latch on the other 

hand operates in such a way that the output follows the input when enabled and hold the 

last value when disabled . 

. 3.5 CI{YSTAL CONTIU)LLEI) OSCILLATOR AND STEPPER 
. . 

The Stepper controller docs the inpllting or the codes through the multiplexer and 

the 'vMOS which powers the infi'ared source. The clock generator circuit provides the 

basil' thing signal to all parts of the system while the control stepper ~ivides the pulses of 

the clock. Each pulse will now be used to clock any of the logic circuit according to the 

operation of the circuit. 
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3.6 .IK FLIP FLOP 

Considering the data sent from the transmitting part when push-hutton 1 was 

pressed. code (10) of different hinary hit will he generated which will now he used to 

transmit" signal generated hy the t,:ansmilter received hy the receiver and finaJlydecoded 

hy the logic circuit of the receiving part. 
• 

The electric motor is connected to"the 4027 which is responsible ror the clockwise 

and anticlockwise movement of the motor causing the opening and 'closing operation of 

the gate. 

The circuit diagram for tht: transmitter and rt:cein:r is shown below. 

) I 
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CHAPTER FOlln 

THE ELECTRIC MOTOR 

4.1 MOTOR PRINCIPLE 

An ekl:lric molor is a m'Khine Ihat wll\'erts ekdric energy into medumical 

. energy. Its aClion is based on Ihe principle Ihat when a current carrying conductor is 

placed in a magnetic field. it experience a mcchanical force whose direction is given by 

Flel\ling's left hand rule and whose magnitude is given by F = BlL (Newton) .......... (i) 

Where B = Flux density. I = current. L = length 

For a DC motor. when its lidd magnet are excited and its armature conductor are 

supplied with currcnt from a source. they expcrience a force tending to rotate the 

armature. Armature conductors under N - polc are assumed to carry current upward. By 

applying Fleming's Len Hand Rule. the direl:tion of the li.lI·l:e on each conductor can be 

. found. I~ will be seen that each l:~mductor experiences a Illl'ce (F) which tends to rotate 

the armature in antidockwise dircdion. These {i.lI·cc collectively produces a driving 

• 
tongue which gets the armature rotating. 

I • 

4.2 MOTOn ACTION 

As the armature of the motor starts rotating. induced cmf is produced III the 

llrmaturc conductor. The direction of this induced emf is III direct opposition to the 

applied voltage. and it is called counter emf or bal:k emf Fb and its given as: 

Eb =:= (QZN) x (PIA) (volts) ............................................ (ii) 

Where 0 = Flux 

Z = Total number of armature conductor 

15 
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P == No, of motor poles 

A == No, of parallel paths in armaturc 

N == Armatll\'e rotation, 

The applied \'oltage (V) has to force current through the 'armature conductor 

against its back emf. The electric work dm,lc in overcoming this opposition is converted 

into mechanical energy developed in the armature, 

The power required to overcome this opposition generated by the back emf is 

given as: 

P == Eb la"",,""""" ,.,', ... " .. , .... , .. " ............. ,., '" (iii) 

Where la == Armature current. 
t 

".3 VOLTAGE EQUATION{)F A MOTOR 

The voltage (V) applied across the motor armatmc has to overcome the back emf 

and supply the armature ohmic drop, 

:. V == Eh + la:! Ra ........................................... , ........... (iv) 

"If we multiply both sides by l~ 

VIa == Eb la + la3Ru 

VIa. = Electric input to armature 

Fhl" == Electric equivalent of mcchanical power developcd in armature. 

Ja2Ra == Cupper loss in the armature. 

The efficiency of the motor is given as Ela = 
Via 

16 
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Thus the higher the value of Fh compared to V lhl' higher efliciency of the motor. 

Thus the gross mechanical power developed hy a motor is given as 

"Pm = Via -la2R .................................. (\'i). 

4.4' ARMATURE TORQUE OF A MOTOR 

Torque is the turning or twisting movcmcnt of a force about an Ul~is. It is assured 

hy the product of force and the radius at whidl this Ii.m:l' ads. 

Consider a pulley of radius r metre acted upon Iw a circumferential force of F 

Newton which causes it to rotate at Nr.p.m. 

Then torque T= F x r (Nm) ................................. (vii) 

Work d{?ne hy this ('{)lTC in one re':lliulion is gi,'cn as: 

W = Force x distance := F x 2m x N tionie / sec or watt) .......... (ix) 

= (F x r ) x 2nN watt. 

But 2nN = angular velocity (w) in vadian / sec 

. Power developed = T x w (walt) ..................................... (x) 

IfN is in rPm. then 

W = 2nN x T = 
60 

2n. NT = 
60 

NT .................... (xi) 
9.55 

~et Ta he the toque developed hy the armature (If a motor running at N (.p.m) 

then power developed is given as TLl x 2nN (watt). 

We also know that electrical power converted into mechanical power In the 

armature is given as 

Eb la (watt) 

Equating equation (iii) and (x) we have: 

17 
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Ta x 2nN 

Since Eh 

Ta x 2nN 

Ta 

Fh la 

0/N x (PI A) volt. we han: 

0/N (PIA). la 

L . 0/ia (P/A) N.ivt 
2n 

. Thus the armature torque of a m(lt~)r is given as: 

Ta :::: L· 0Zia (PI A) NT\1. 
21t 
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CHAPTER FIVE 

5.1 ELECTROl\1AGNETIC DEVICE FOR LOCKING GATE 

In this work. only one of the three univcrsally known effects of electric current 

(heating. chemical and magnetic effects) are relevant. It is tile magnetic effects. 

The magnetic effect forms the hasis of the effective operation of the 

electroniagnetic device discussed' in this project. It an electric current is made to flow·· 

through a coil of wire wound round a piece or iron. a magnetic field will.be set lip arollnd 
• 

and in iron. The iron will be capable of magnetically attracting any magnetic material 

brought close to it. If the electric eurrent now is disconnected. the rnagnetism is referred 

to as an electromagnet. It is this interesting effect of electric current that is being 

exploited in the construction of generators. lifting magnets. relays. which depend of the 

principles of electromagnetism for their various operations. 

5.2 MAGNETIC CIRCUIT 

5.3 • INDUCTANCE 

When current (I) 'ampere' Ilows in an electric cin.:uit which is linked b}' magnetic 

flux. the circuit is said to have all inductance. Inductancc (L) is a p~opert)' of a physical' 

arrangement of conductor. 

It is a measure of magnetic flux which links the circuit when a current (I) ampere 

flows in the circuit. 

Inductance is also a measure of how much energy is stored in magnetic field of an 

inductor such as a coil or a solenoid. 

)9 



• 

f.lux linkage may be defined as the flux that links all the circuit multiply by the 

numbers of turns (N). 

5.4 SELF INDUCTANCE 

When the flux I inkage prodllce(~ is uue to the current (I) ampere in the circuit 

itself. it is said that the circuit has self inductance (sec ligure 5.1 (a) below) . 

. - - -- "-... - --, ,"~---. 
'\. ,,------

'" ...... ,_ .. r 

"- - ' .' -,-
• r • , , 

" / f " -----"-p-_ ... ------

FIG. 5. I (a) SELF INDUCTANCE 

5.5 MUTUAL ,INDUCTANCE 

When the flux linkage in a 'circuit is produced hy the current (I) ampere in another 

circuit. the circuit is said to have Illutual illuuctallce. (sec figure 5.1 (b) below) . 
• 
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Fig. 5. I (b) MUTUAL INDUCTANCE 

5.6 lNIJUCED EMF 

\ 

When there is a change in the magnetic flux linking an electric circuit there will 
• 

be an induced emf in th circuit. The induced emf is expressed by Lenz Law as:. 

e dA. ..........................•............ '" (I) 
dt 

= 

The polarity of induced voltage is slIch as (0 produce a current 0) ampere in 
. 

direction as to oppose any change in (he /lux. 

To pass a current (I) through an inductor it is necessary (0 apply a voltage. 

v == iR + Ldi ........................................................ (II) 
Dt 

Where R is the resistance of (he winding 

A. is the nux linking the winding 

If the flux linkage (A.) in a magneti~ circilit is due to it 0\\11 current (I) then, 

v = iR + L dt .................................................... (III) 
Dt 

21 



a 

Where (L) is the self illlluctancc in-the winding. 

Comparing equations (I\) and (III) 

v 

v 

= 

= 

dA
dt 

L 

iR + ~ ........................................ (II) 
dt 

iR + L <.Ii .......................................... (111) 
<.It 

L 

= iL 

~i 
dt 

.......•.............................. (IV) 

Where (L) is self inductance. 

I f electrical dn:uit has N· turns the equation (V) becomes. 

L = N0 . Where 0 is the 
I 

.. Magllcti,c flux linking the circuit. 

5.7 INDUCTANCE OF A SOLENOID 

In the 'solenoi&, flux density (B). at the centre of the solenoid IS a good 

approximation of the flux density (B) in the solenoid that links all the turns. 

Then. 13 = 

Where II = 

= 

13 = 

• 

Mall 

Ampere-turns per metre length 

IN 
) 

MaIN 
L 

(L is the length in metres) 

If flux leakage is ignored. then the flux in solenoid is given as: 

22 
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s 

== AB 

Where A = Cross section area. 

=: nr2B No Nl ..................................... (VI) 
I. 

Flux linkage for N-turns 

= 0N 

nr2 No N21 ........ , ....................................... (VII) 
L 

Therefore the self inductance of the solenoid is 

L == 

= (VIII) 

It can be seen that apart from No. the inductance of a solenoid depends only on geometry 

of the solenoid. 

M = MoMr 

If an iron core is introduced into the solenoid the inductance will become, 

L == 

Where Mr 

Mo 

== 

MoMr N2A 
L 

is relative permiahility 

is the permiability of free space 

4n x 10 -7 xIII. 

.. The figures below show the physical arrangement of a solenoid. . . 

23 



• 

~ _ --..1'\ "" A .. A .. _ 
....., 

~ 

f'5 

~ 
~~ 

., ,., 

Fig. 5.2 (a) 

.. r' +]) 

5.8 FORCE OF MA(;NET 

'" , ' ,; 

• C t \ , , . 
, . ' .. ' 

" .. . . 
( . '. 

~ - . - ..... 
, . -- - _. - - - -, 

, '\ " 

1 

" , 
},I,' , .... - ....... -

"":.. ~ .. ," "-
" ,.... " 

• I , . , , 

- - -

Fig. 5.2 (b) 

Magnetic materials stich as iron will always be pulled into regions of stronger 

maglletic field. A ferrous magnetic material which is brought into the field of a magnet 

will have poles induced in sllch a way th<lt the induced North pole is opposite to the south 

pole. 

The result is th'lt there will be attraction of the object by the magnet. To 

understand why magnets attract ferrolls objects. one will view the space between the 

object and the magnet as a gap since magnetic poles of opposite polarity exist at the ends 

of the air gap they will attract each other and the effect of the magnetic field will be to 

exert a force which will tend to close the gap. This is the reason why a relay closes and 

electromagnet can carry loads. 

Figure 5.3. below illustrate the action between a magnet and an iron body. 
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Fig. 5.4 (a) 

The lilting force of an electromagnetic can he determined. 
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. fig. 5.4 (c) 
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Let 'A = Area of a small gap (x) between the upper and lower sections of electromagnet, , 

assume tat fringing is negligible. thc cnergy stored in each air gap is give~ as 

2S 
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W := '12 Mol fAx ............................................. (x) 

Whc!'c Ax is the volume of the air gap. 

Assume that the current (I) in thc coil is allowcu to change so as to keep the flux 

o := AB through the magnetic circuit constant. Then a change is the magnetic energy 

(dw) of the system can occur only as a ch;mge of encrgy storcd in the air gap. 

Let a mechanical force F (Mech). Pull the two-half sections apart through a 

distance·(dx) then the work it must do is givcn hy dw (mag) therefore. 

W2 := 112M 011 2 A (x + dx) 

Therefore the change in energy 

Dw (mag) == W2-Wl := 

Because the air gaps involved arc two thcn 

dw (mag) == 2M oH2A dcx 
2 

'12 MoJJ2 A (x + dx) ................... (XI) 

== MoH2Adx ...................................... (XII) 

.. The two energies dw (mech) and dw (mag) involeved must be equal i.e. 

dw (mech) = dw (mag). hcfi)re one can think of lifting. This gives for the 

magnetic force: 

F == (XIII) 

B == MoH 

== n 
Mo 

Substitute for H in eqn ............................................. (XIII) 

F (mag) == g2A 
Mo 

== 02 ...................................... (XIV) 
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Mo/\ 

This actually is the lifting force. 

The, magnetic pressure is define as force per unit area. the the magnetic pressure on each 

pole face can be defined as 

p == F 
L 

'12 B2 ............................................................... (XV) 
Mo 

This is the same expression as the energy density for the magnetic field in the air gap. 

If the air gap involved is only one like in the electromagnetic device then, 

F = (mag) == F == Yz Moll 2
/\ ..................... : .... (XVI) 

But H == IN 
L 

Substitute H == IN in egn ..................................................... (.XVI) 
L 

F (mag) == F 

== '12 Mo (IN)2. 

L 

== (IN)2 Mo/\ ........................................... (XVII) 
2L2 

Where I == The current 11) ampere 

N == The number ofturIls of the coil 

L Length of the air gap 

A = Area of the air gap. 
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CHAPTER SIX 

6.1 CONCLUSION AND RECOMMENDATION 

The design and construction of the automatic access control was quite eventful. 

Some of the components used were not.readily available but modifications were made to 

.. some readily available components to suit the purpose or the design. 

From the test of the prototype. the project work proved successful. I sincerely 

believe and hope that the circuit would be appreciatcd and utilized hy target domestic and 

industrial concerns where it is applicable. 

().2 RECOMMENDATION 

I recommend that for further improvement. the project work should be modified 

for a real life situations where applicable. 

Also. further improvemcnt should be made on how to use the work for an inge 

gating system - which will give a precept for multipurpose application. 
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