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ABSl'RAC'f 

Thi.s project is to design and G.H1struct an ekctric oven for baking of 23rhoHs "\},:ith po\},er 

Tbis unit is cap:1bk of baking f~~st fiJods and other kinds of rUG;;!s \vdhout tl1<;, f(}od 

n<::c(~ssarily com ing into direct contact with the SGw'(:e of lKat Such liv:ds like blTB{L 

vmidy of cakes, meat, and their likes can be hakd "orcookd as a result of tiK heat 

c.nntcnt of the oven \.vhkh IS generated >1t high templ.:::ratun:. hy the thcrrnosuttkal!y 

'rhus, this dectric oven is con!:>tnlded from louil materblls obta.ined from OUf m<'!rkd. 

Thls unit has also been tested and tbund to k efkctivt; and hmctiGni.ng <'!,,~cording to the 

de~,igned sp:cdkations and is ;;:apab!e of v:lthst>1nciing the test of its Lm';:lgn equivaknt 

fa',onrabiy. 

Lm:.ign ones. 
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from ohm' s lav~. R ::: V/1. 'NhereR is the !t~B1;:,tance of th,;; elenwnt The totd b:at eHemv . , ..... '~. 

produced is not fully used in baking due W heJJ loss by conduction, convect.ion, and 

radiation, Hence to minimise this, lagging matm1ab are m;ed to kcep th,;~ 1emvntulc at 

in<;Gfpmabd in the electric oven, Thus this "vm cut off the povler sopply when the 

temperature of the 0'\/1:11 has leached the pre~set valtH:; and \'.lin also Hutrmwtically swi.tch 

O}\ when Hus temperature faH~, a l1ltie hellow the pre-set value, 

:-\n dectrk oven b·;:ing H chamher of an I:n<;kn:;ed compartment fix heating and 

baking of foods is. cOHstrucwd frr!!u dift{:rent local materia!::; r,btained from tl1<:: In<;;d 

market and these materials are ,datively cheaper than the onei:! in the Oilt.;; in the modu:n 

nHlrkeL Tlws(~ local materials are used in the ;;:onstnlCtion of the cabineC ·which is housing 

the heHting element 

L 1 OB,JECT1VES 

"" The major objective of the. electric o',,\~ns is to h<.=tke foods which must not <;Olrl.t: 

into din:.<;t <;ontaei 'Nith the soun.:;e of heat ilnd this must be done at ii pn~s(t 

~ /\uothtf objedive of the dectrk oven is to achieve unifixm nov,.. of htHtd air for 

baking of om tooth 
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1..1 tviETHODOLOGY 

An electric oven h(:lng a chambtT of env]o::;ed comnartment kr baking of foods is 
- ~ y' 

hdng mad(: from different loe;;!1 material::; obtained from our toed lnark.eL The::;e local 

ltl<l<.erials are USG.l in the construdion of the cabinet, \,,;'hich is housing the heatin,s 

dernent 

This heating element gcneraks heat \vhkh i::; being us~;d by the nvenf<:.n the 

b(lking of fbods. Current Ihws through the wire in the centre of the re~:;htalHX~ ekment 

regdating ;;!nd controlling tht: temperature of the oven. 

1.3 SCOPE 

1000Y!atts, 130Volts and 50Hz to meet th~;; designed specification of the rmes in th<:.: 



LITKRATURE REVIE\V 

1.1 THE S(~OPE OF THERlVIAL INSULATION 

The t;;;\r1y man during the Dark Age realised that the GOnserYMion of heat energy 

',va0 effected t)y u;,;ing insulator::>. HO\vever, h(~ did not assign :.l.ny lw.rne or give any 

,ksigned technical fundions fbr it This he a(;Cilievcd bywmpping himsdf v,;ith clothes 

',.v)-;ew;.ver it nfil1<:d therehy finding the reb.tiun:Jlipbetv/een the qn;;mtity of hCHt nOV{ and 

the Humber of tJothe;:;; b: >,'{Hipped 

The insuhHor was m;ed h:>r 1';<;0 purpus.;;;, by the early man; 

a} For tempaatuK contwl. 

in the progress of this <"!chievernent with time, man 0tarkd Hsmg insulating 

mat.erials tn build !'i::lf himself cornthruible environment dmoing the cold scwnn; because 

he discov:;::reJ thut if fin:: WtW mnde .:mct heat energy $0 prodw:ed is controlled and 

preserved, 'Nill SUi)"' f{)r a long period tn comfort bim, He also w<.;;d the heat tnergy 

pro---JU(TO hy the fire to wann and cnnk his food by bringing the i~:}od in a container in 

direct n-nlJac{ with the Ere, 

In this pn;,seni. dispensation, the activitici:> have remained, but with modiikation:;; 

due to the progress in the sid,;; of tcdmnlogk:al gro'\.'./th and advancement Insulation \vas 

bcbn., before choosing any n:-eateriul h.>r Ui:>e as ;:H1 insulator. 

This is because when a matedal is combustible, it car:.not come in direct contHd 

<Nhh fire. There arc some mat,;;ria1s he used for shelter ,,yhk:h haw to be kept far aw;w 

4 



Waf; con~;;cious of the temperature limit;,; iind combusihn tendenck~~ o1'llis insulaiors, 

and the risk nfpossibk ike outbreak is much reduced, 

1.2 PROCESS OF HEAT GENERAT]ON: 

woods, keros,~~ne, liqudled rw:troleum gas, the heating effect of ekctr;c ctlrrentis another 

current on a H:sisLnce element as the method of heat pwdw;;tion \vhich tnrpha:;;i:" '-vi!! be 

laid on, 

1;-'1 1(1\'U;"1\..:']' 
.8:'.,.:1~~ ... Ix:~t-' . 

Electric energy is con\.'erted intn heat energy whenever an electric cunent nows 

prrvluces heat, example eleudc stove, dedrlc soldering iron and electric iron just to 

For instance, if a current of l(amps} nows through a res!stance ekmem of 

5 



F = IV. hom thi.s J,lln<:S >''.!'it{ law, one can no,}; dekmrine the prnver injected into tbe 

2.4 TYPES OF .RESISTANCE HEATING ELEl\lEN'f 

Alread.y VlC know that many domestic electric appliances have heating ekmenL,; 

such ,b kettle, laundry hon, room hcakrs ! warrners ct~. it is irnpnrtant that UK); dement::. 

nm:.:;!. not C()Im:.~ into contact v."ith their encasem!:nts to avoid the danger of short circui.t <.W 

cupper mangaro alloys, copper ~ nickel, zinc aHoy, (nicbJ silvu) etc. But alloy;:; used for 

<:nvirOHllKnt. 

pwcessibility U.\ (apablc of being dra\vn into t1exibk ;;!nk~s. The v;;.rioHs manner of 

u.) Coil elenwm 

;\ coil heating element consists of a long section of Nkhronw '>vire and is m;<;;d 

mainly in pl.aces \vbere there is little chan~e that anyone \vil1 accidentally touch. H. j(; 

<~ummon1y, pj(Ked in the: gri H ">vOfk of a space heater or inside an electric dryer. 

(; 



b.} IabHlar or carlod dement 

The principle of operation is the same itS that fif the cod denl('~nL The tabular 

~-------- Nichrome 'wire 

-:.~~=~-"" Fu~ed magnesium 
oxide 

c.) Fiat sudhce heating dcnwnl 

Lih: tabular el<:~ment this use Nidu'ome wire as their primary source of heat fat 

d.} Double spiral ekw';:nt 

This is of tv..-\) spiral. elements 'Nith ,~ doubk :~piral shape as ShO\Vll Hl the fig ) 

power nting but the inner one normally has il sB1alkr pO'kef Taung. 
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2.4.1 Types of bousing for varirms heating denwnt 

Beating elernent:;; normally consist (if one or more resistnnce 'Nire enciosed in ell) 

o'lerall heat condHctingmakrial but in::;ulated bymka~ asbestos, pnxalin magnese ~\>:1de, 

The method of insulation depends on th,;; type of b:at prodHction heing used r>n 

Snme Gf the cnmmon encasemenb used are: 

<1) Porcelain: Spirally heating el.ements can b: placed inside the gL:\\'i;' of 

f)()tcdain mouldedp!ak design for the overL 

b,) Fire d<'ly slab: Here the spirally wound dement madc of Nidnome '...vire of bot 

plate is elnbc{Lkd in between two fire clay but ha::; tht~ di::;,ldv<'lnt:lge of being 

easily broken. 

c.) Chrome iron: In this case the heating dem{,ut i;:> placed or in$erled in a 

chromed or bras::> pme and are comrnoniy u$ed in im.nwrswn wath henk,', 

Thr;re is aiways insulation around ttl!;; dements so tha.t it rnight not com.;; in contact 

'...vith tb: pipe to l>rev<?ntbt;.d dectric shock to Hsers. 



Fig. 25 Spira! ;yp<: 

,....~ ••• m.~ __ 

L-~l 
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1.5 CHOICE OF HEATING ELEI\lENT 

In the construction of the (lven, !.h~ Fork type ek:ment is bettn used since the 

'-'n'·'<':jTu"·r;"11 () ... 111" {j";"") l'!-'; !-,;,,:_:l, ,> Uf"·V '·l~'" tll~' l"';lt 111'{'~~iHc""{l "I·'{j'll"',' ·'~i·' "'ll"[.:{'I' "'.',;- ~"poo<.>.ll '·· .. .l.H;I ...... v •. {\.~ .J ....... ~ ~W); ..... ".) ... S. ... {lv ... ~"U:l l:,.~.~". V) ........... ..... v.. v~ );,~A .. : .... t .... · '-~ .... 1 .... H .... : .... '. "".~_ ... ~~ 

~:onseql.lenny, the heat productJ L evenly dbtributed within the oven. 

2,(:~ ~'Iit A. 'r 'I'·fl ~ ~,cI"'·s<'nnnlN·"'llH3:·'S ....... ~ 1 .1.:;/"1.. I .1. I'\.j'"~t ~~.J' « 1-..... I:\. I .1:\. .. $, '\.. ... j . .I .. 1 . .li";A .. 

Heat is a fonn of energy and is doe to the motinn of l1lokcuh::::> '''''h.cll ail 

wh!ch its mnh;;llles move and b:::!)cc their ew:rgy. 

2.7 Bt)"V EIAtCTIUC OVEN HEATS 

}\ny' wiTt (;e;;uying curn:nt becOfncs ,-vann because of the energy of motion uf 

electrons, As dectnms move th'OlJgh the condud'Jr, some (nilide with aimn::l to give up " 

are often. <'oiled to some l.ength to fhrm heating ekrnenl$ when mounted on su.it:l.bk 

lO 



d.} C:ondudron. This is the transtb~ ,)f heat from one place to the other through a 

materia! as il. medium by the vibrational motion nUb:: mokcuk~; of the ma{eriHL 

as veil n::; in a med1lin1, .Radiated heat tr<wsli;~rii:l proportional to the i'ounh po\ve{ 

Ibt in natme, aU the three are combined in any basic process of heat transfer a~; 

2,S THERMAL EXPANSION 

The expan::;ivity of sulid i:~ Ie::;::; than that nf ci 'liquid. In snLid the mokcuk~; are 

dose parked and tht:re is attraction bct\veen then"!, but in liquid there are littk spac<~s 

behv(~en the n1Okcuk.;; \Y1th only a little attraction, more so the molecules of a liquid can 

! 1 



t,:F .. ...... = rnT 
v 

:,3.L 
.•.• ~ ;z; I:. T 
L 

The quant.ities y, n (lnd f\ are knO'\·,,/1\ as the Volume, Area and Lineilf !.hcrmal 
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HESfGI'L CONSTRUCTION AND OPERATION OF OVEN 

Iile r:k;;:Uic Oven is designed io operate at 230V, SOliz. ,wd! OOOW hut dtk L.> 

k,r the succe::;sful operation of the OVetL 

3.1 CALC'ULATJONS 

'The design if; ba::;ed on a voitag,; nf 13{) vol!::; with power consurnp<.ion Ol 

p::,,!V 
------------.-.-.---------------- .. ------------- (3. I) 

P '"" Pov,·cr consurnplion in \vats (w) 

J '" (:urrem in mnpen~ (A) 

Sub;Ututing the values into equation (3.2) above, \V(~ hiwe; 



4,35./\ 

\/ ::: 11<. 

I and V ar.e ;;!s defined abovt. 

R i;:; the res}stan<;e of the heating dcrnenL 

I ::0 4,35Amps 

1 ! ,. 

Th<;;refore, reslstan,,'e of the heating element is 52.9 Ohms, 

\i'oltage nov 

Current 4,35l~~ 

Com;idering the 40V/atb lamp f::rr visualizing what is being baked, we 'Nntdd have; 

40 
j,,::-
. 230 

Thus, the total current of the (~lectric oven is; 
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H'" (2. RT jOHks 

H ,,: Heat 

R ::: Resistance 

r "'" Current 

T '" Time 

,,2, 
The be;;IL H c(;uld h:; eXlxes$ed (is \ilt (vI. ami :: .. ,,:. J'uules. \Vhne \1 L OK: yoita;:".$t, 1 and R 

. . . [(',. '.' 

are HS ;;k:n,l(:d above and t 1$ timc in seconds, 

The: medlanical equivah;:nt of the heat plo{}w.::ed Ciin be e xpro; sed in (:alork~;. 

Hence, 
j ~ ... f?T 

J'j""-­.. 'L~ ---------------------------------------------------- (3.G) 

3, L3 'file emdency of the oven 

l"he effkiency of the oven can be given a:;;; 

r: :z: ~~~nH 

. V·I-+- A + B .;- C·!· D 
~"'l' ~~\ 

------------------------------------- tJ. I} 

/\ "" heat uscd in raising temperature of the oven.. 

B "" heat used in raising temperature of container in uibrie::; 

c ~< Conduction of heat through walls. 

D ::: escape of heat dw=; to opening of door. 
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change 

( .1.9) 

t ,,: thkkness of 'NU!!S in (M) 

l. "': "f"'" n'" ''''a· l\<' i" J {~"1;\ J «, ,,~1< .... (~ ..... ~ ,,:,v .• ,;., ... ~ s...!.7 } 

K """ thermal conducti.'li ty 

H<:<11 loss duc to opening ()f the door is diHkult to cakuI<lk m tbat it depcnd~ on 

Hencc, the relationship of ih~;; heat produuxl electrically, the heat absorbt:d 

v [t ~ ,".';' ~ ~ .'. 
j ,«~::: ;vi :x ;j >>: t I-z ... r!) 
/'" :. 



from energy Golt'lerted into heat energy heating ekment. 
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A good design of an electric oven should IUH'1; the fdJ.o\",'i.ng: 

a'l It ;;hould be abk" to pwvide adequate temperature unifonnly throughout the 

erven. 

b,) There dmuhl be a suitable temperawn.: runge 

G) Tb: tempemtHrc control should. be reliable aW;l there should tx: ~-:rfecti 'iC 

e.} it should be eas.y (n operate. and maint.ai.n 

dough, Humber of dough to he; baked at a time, Hence, this ov,:n can hake a very };;trge 

Hllmber of cake or pie at a given l.inK:, 

L" '" length::::: 91 em 

[\ lagging space of 1.5 inches war..; rnade on aU sides of the oven 1.0 prevent heat loss. The 

dinwns!nns of the baking com.partmcm are: 

Length ::" 88.5<.:w 

Vlidth :" SE.5cm 

Height ,,: gE.Scm 

The vohnne of the oven (baking compartnwnt) was cakulakd to he: 

Volume ,,: kngth x 'Yvidth >< hdght 



::::: 458186,625 em3 
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Tb;; cabinet vlhkh provides bolh the oHkr and inner waHs has i1 structural frame 

The cabind consist of t\VO iron trays knKHvn as the griH:, ()nc l-H:ating ekmcnt, nne 

thermostat, two indk·a.tof kmps, a 40\'i lamp to brighkn the 1ml';;r ch'lrnbers and 

(orrosinn. It conserves the internally gtnemted heat thereby making the heat more 

::; 
"" Q 

"" 0". 

S 

~}Jrm 
<! •••• '''.~~-~ "'_.1> 

~ ~":.". - ........... ::;:;:;=.~" 

IIII~~" -1'" 

~X f~%., 
". ~ 

~ ~ '~ :::::; ....... """''':'''' .... '':.: .. ;;;;;;;;;;;,::;;;; ........ '' .. ''~.!! 
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Abo, a provision of about 13cm is ,,:reared by the side rd-' tb:: oven. \Vith tbis 

design, the control s'Nikh, aU the wiring, til,;; w.;i!.ch for the 40W bulb, pilot lamps arc 

placed. 

~ ... ",,~~ 
iJem 

The door is also nnck of sted with an opening in tJK middle \vb:.~re the tra.n~:parent 



heat loss. Tlle door a1::.o has a handle for opening and dosing of the door. 

r······ .. 
-_·_···· .... ========··::::···1 

! 

I ] ~LI~I~I~=~ 
I inHH=I,:P 
; 

/ 

, 
---Hji--. __ m~_ Door 

I 

th<;: constru;;:iiun of tk~ OW!L Tbey are con.sidered in knns of environment to which HH:: 

C.} Vh:m ouL 
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J.J INSULATION 

\Vith due considt:nttion nf the tbenwll chanlCteri::;tics of the insulating material 

v.,..hich were nwntioneo earlier and the lev;;:} of heat range with the OV(;H, \vood j),nti:;;lc 

bGnd and allrminimn foil::; was used as the iw:;uhdng materiaL. 

cendw:.J.ors of heat but have thecharackrisiics of being non intkmmahle. Thus any 

<L} The ','/ood partkle b();~rd: To prevent heat loss by Conduction and Convention. 

b.) The ("\lmniniH!1:"l bib: To prevent heat ins::; by RadiatloIL 

The heating dnnent is placed on the bottom ::;idc of the oven. The bottom sidl~ W[l;" 
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because it is le~;; dense ,vhik~ tb: cold air "vin move downwards due t~) (:onvection ;;'urn:nt 

heaters. Sec ihe diagnnn bdo'N 

3.3.4 l'he grUb 

The oven haB grill::> thaI. divl.de ihe inside into three dHmbus The grins arc uscd 

as the Hoors to pla.ce the food that is in be b;l.ked and dw plate ihat conceals the dement 

33.5 PnJnting 

hr th~' dom (Hid the entire front view iind the top of the oven. 
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with an dimensions indicated, 

2:'> 



I 
I , 

! 
I 

~ .. , 
'<J "-

3.4 ITIE CON'fROL SYSTEl\l 

3AJ Tbe switch 

This controls the incoming supply to the oven by putting ttK PO\vu' supply ClN 0,' 

Of·I: when ever desired. 

Thi~:; cut off th~~ SUppl;l on tb: ()(\~asi()n of short cin~uit Of over current \~'hiGh might 

f1o,v through the circuit. Hence, it protects the circuit from damage. 
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JA3 The thermostat 

This is a temperature operated device used to 'control heating (xp.;ipmcnt so that 

l . ~ .. .' "r'!' i' I' .. ! J t le re<rUH'C(1 temperature lS l1w.munneo. . (HS fOHns t lC most nnponant part OJ. t.lc contro 

of the oven, 

prcs:mre of the s>"tem until a stJk of equilibrium is H;at:hed (i.e until the pressure is such 

as to m.akc the boiEng point of the liquid equal the temperature, 

pB.rt is situated insid<~ the ovcn fOr ac;::un){f;: sensing and radng of tempcmtuff:. 

35 (}PEHA'fION OF THE OVEN 

tenrpewture BenBing devit:e then opemk~s the thennostat, Oris cut off supply to the hCHtiog 

ekrnent and the temperature begins to talL When the temperature has fidkn sufficiently, 
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The difference behveen the levels is called th,; differential of the thermostl.t If 

\vhich Gauses \vt'ar out of the (;ontacts of the therrnostat So it is advisable to make the 

28 



\ . 
...... 

/ 
/ 

> 
o 
.~ 

;" .\ 

;~ (s;:p ~_«~«, ____ ----

c--l 

--,."---

> 
o 
(;-, 
t....;; 

(\:~;:,~) 
__ ::-:k'~ _______ ,","" 

« .... 1 .. ; ... /.) 

___ ::1wl_,,_~ 



to the elenwot The power ~s taken to the ektnent through an 8AhlSC to protect tll<:; 

cnnnfciiun goes to the lndit;;:itor !amp and to the 40watts lamp all connected in parallfL 

or pi lot hmp ;;:omwckd in p<:!raild, then Hnrdly to the heating dem~:nt ,-vhi::;!! con:n<:cb to 

The instalhtion is proper..!y cilrthed at th: H<xessary point,;. 
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CHAPTER.FOUR 

;'~'['CoYl"lN(' l"'['Col'f "p l)ICoC"l"S"CI(''oN ~ 1'<.:-]) ':\'l Af':'\.."I'Pl'<..~ N{"I" 
J. I~.i~j .1 _11 : .J', .['~.Ii.d._" t..,i 1.) 1. ~.I f..-" .. ' t) >-. :,J.g~ "",11 F\.J. ~.I .iVli~.I.L-~ .g . . I:~;l·~ j-\,i .,.' .8~~; 

4.1 TESl'lNG 

The fdkrwing tests \Vf:re carried out: 

b.} In~lllahon resistaHCf..~ test 

;;:, J (\mtinuity test 

4,2 RESULTS 

During the testing, it \va,';) ihund that there is no leablge of current frmn the healing 

ek:ment to the: general body of the ovtn \vhkh could result to electric shock tu the H~;er 

minimum, there ',v;}.s no response However the powtr supply indicator lamp camt (}f',,~ 

maximum tcmpt':ratun:, the: expansivity of the inner <.:asmg \'las Ci! knlated Hsing ih:~ 

princ;,pk of eXViH:.:;ion in dl;}.pler two. 
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th,,'ll whenever the oven is not m u::.:::, it ShOldd be s'·,vilched uff 
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the oven, and tlK~ voltage regulated to 230V, tht:.~ time bk.tn for the oven to get to 150'\.~ 

2Gmlns. Thus, 120V heing thc !t.nv<:st voltage, the ekctric cOHtroUed oven takes 3Umtm 

\\--'hcn voltage is reguJ(lkd l.x;low 120V, the oven wiH Jutorna.tlcaHy not opcrak under this 

cond i hon. 

kn,l;er voltage, it t~~k<:s more time to generak :~uffkient kmperature for tv~king, 

4.3 DISCUSSION 

'file meral ii'mm: structure was wdded to th<: ,lnntr part and the outer case V/,b 
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whi<.~h is clipped to the basement 

opening on the right part side Gf (he OYCIL A red coioured light indicatnr tn sho\v ttK 

prescn;;:e of power supply nnd a yellov.,? coloured :ndi;;:atnr light to [ndkaL~ it ',vnrking 

conditio!! of the oven is also included on the control paBc!. 

4.4 l\IAIN'fEN A.NeE 

tv'hlintenance h the upb:epm good (:Gnditioh of an appbmz.:(,l to p<~rrurm ab 

designed fundion Of it can he ~;e<:n as putting equipment baGk lnits operational sWndard, 

4Al Need lhr HUllntemmce 

, , . " " I 'I '. l" "j' " i' ,;V Il' " 1i. IS lmporwnt to lWlmWH, tl1W e t:ctnca e{lmprnent ~<O t lilt It Wl.l keep lUll. mg ::-s 

d(,lsig:w~d functions <tnd to tw SHre of its rdiability, 
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Rdiability is the .;:haracteristic5 of equipment eXpress<3d <1,',: the probabllity tint it 

VillI perf(mn ;;( required lbnction under stated conditions for H given period of time. To 

iLl To minirnizt; breakdO'\"vH. 

b) To prolong the lik span ofthe oven. 

c.) To incn::H5e ()f maintain its reliability. 

4.5 FAULTS 

a.) Open circuit. 

b,! Short circuit: this can be cau",ed bv the !.henrHJ~.;tat .fr.l.ilimr to o)}ewte or ',Nelded 
/ ../..... ... 

wtth their GaHSeS and remedies. 
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C.HAl~TEj{FIVE 

('"'f)~;("1 lVS'I[\N' ,_. '. h ,.g.,; :, .. '!,.%!. 

'fhi" dementi" placed bdow the l:.la.0dnent of the casing; the thermostat and mdicMor 

and suitabk ror the :mcct's,3fd perrcnnance of tht: ovtn, 



country hy conv(:rting them into it(:rHf> of good suvice to populace. 

i;h;'sign and contractIOn nf <m electric oven) is a good cxarnple h is recommended thilt (he 

section/Department \vhich should tw commercially orl<:'.nted to c;;my om tlw production of 

thL, unit which is cheaper than the om:.;;; obtainable in the market Since the nwteri<ds us"L! 

By commen.:htlizing {hi: project, the department and schon! a.uthority in genera! 

Hence, this v,/ill improve their financial ~4amt Thw:>, by tilL, the school carl genu;;tte 



.. On;;~ lhik, (2004), Research Frede;) 1 rnpk mentati on Made E,'u;y In Ekctrical ,md 

Fle,:tronicsEngineering", 1~; Edition, i:~cas(Nig)LtJ. L!go::;, pp. 11:<2······ 1 n. 

1 .. ·30. 

tL 'NLite Fin (1988), I·kat and t'Yi<lSf; Tr<msier, Addison Wesley Publishing 

(:ompany, London" pp.6 .. · 25, 

). T. Wikli (1969), Uedrkal PO"NnTecnnology, Jo1m \Viley and Sons Fublishing, 

London, pp. 47 .. ··48,69. 

38 


