
A cat aJ

uilrufinuauil

-rdlet,d
n 

-l :? 9t clu I tJ | | tJ I m a fl | 9t u 0 I fl g n fl u o tt T'l 1 : I I o sj
q,rad

uayuclgl{ 9.t a n? g n 0 ilvt? [9] 0:
Magnetic Field Measurement using Faraday's law
and Displaying with Computer

Ke-v word : Magnetic field measurement
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Abstract
This Lrticle involves magnetic field measurement by using the principle of Faraday's law and

displaying with computer tbr using in magnetic ceramic tesr laboratory room. This constructed system
compose of small 1in motor, ceramic magnet bar, rclay coil, amplifier, rectifier circuit, intedacing
circuit and computer. This mcthod can measure the magnetic lield getting the approximate value and can
use in laboratory scale only.
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u ril
r. drurtorln:rnr:

d1-11:Jltri[ 6ntflu 3urofirllu rr: ttritvEn

ar: urirn6 nfirl:vltryri:lr nlur.: nr:intl dl detitldg

oerdrfi fl :5r.r nrnilrfl ?n#ld'rioaouitrfl frnti':'aq

rJluruufr'r qir rilt-t d'0.: fi n r: iqr aur rui rt 6 n dr t:"u
" ) - rrrirrlfinfia%d'odn!ridE tuu:slr l "l tn:oll9lflulxJ

lrnrir{ :rtr gfi :lnrttn':rrnqt'lttqi e rdrrLrv ou6'l
,);zz uaun itl tvt ilotnffn;vt6o:.rtl"i 6lki6ovr

ii nr:fo curru urjtmd nIo o o r fro n qt o'rvh:r tn tid

tue o': ru o ri'r r o orfir r sr o {tilr ill"ilu rio 'r:J fr u"6 nr:

Io aor.rln u 6s n:tifi alrr rrrirn fi nfi inkihifi nr rl
ru:iutirrrnrin

z. orrrurir6'rytorlo:lnr:
forrJfr ffi nr:fl fr niiiaq crlr:nrniuurrvi't

rurirtFn r.rt- tfi ndfr fr 4or:ot l r 1 rlu Bao. 6Fc-o,.

SrO. 6Fe,O. CoFe,O. tta r CuFe,O, ttoi tl".tltl o tnSo'l

ioaur:rurirlrf; n iinr:r"qaur tuir inwlrurur dr

}lldi'o au r u uri rt fi n trl30 tfitlrlnl tl5nuondu1lJ

ru:irv6n unvr-o aurl rtrltu 6 nfidun-lq olv4fi
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3. nqgqflrns?1|0.1

g.r :ruavt6so'uo't![Nn[16ntq:1fi nd

fi {finu trrrjruhn rt: tfrn d tceramic magnet)

rruruud'r 1u-rl rgae Neel ld'n-otur truliir noldl

iutn"larltl"6rfilrilu:In$tudlY:unl1 [u1 ln[:o Itf

rurj ru fi n (magnetic property )11 rvloil:oi (fcrrite )

rirurrurir 6ntiqnrndiulo'iAtfina:orr nri xlu

:ou0-t rdttorA lfi nq5 ou (eleclron spin ) rirlrirfi 9r

h r:lusirrri tr6 n (magnetic moment) fi tt nfiln t'xd'u

^t(magnerization) [nqtu d n15dlni! n0

B = pH = P.[r,H = [r"(H+M) ; M =

X-H :H = nl (Moulson and Herbert. 19s0)

rfl o B rfl un : trtru turiurdurt: lttri rt6n H tilun lrll
r{:.r au r r urj tr 6 n p rfluanrntrl6r rirulli'mrr

turjru6nto'rar:ttritm6n p" tiluanrlltru6lilrulai'

vnrurj$16nro'rqqqlnrfl p, tiludnrnmudlriru

laia'rLvr'vrri u rilu urL n fi'lsrr"lt'u I", riluonrr,

eioulvrmrruritr6n n tiludruru:oultoltnornsio

vd':nlironlrutlr uns I riJun:;rra'hlflrfi1v n r'iru

tonro ar:fil{riruvirtnitu6nom,-to.t1tft rtn:rirlu t

ki'uri Bao.ore,o. ude SrO.6Fe o c,:tirdol

roitnr{ulquiit nfi nifi ffitrranru;to.ttr{.: (Solid-

state reaction technique) ar:lg{i'oi rilu nr: lt nfi-

1n rryr"u6'r o ri uru nfi'lo rryd'uol ri't I (remanent

magnetization) ttvi.r rrrj rr 6 n n r r: tilu tvio dl: sirr{.r

(hard ferrite) [doltirurl rrri ttld n rllofl : ( ferro-

magnetism) (Buchanan, rs91)

s.z unGi{rirrfi naur&ltrilfi 6n

n r:ri rlftffonutr:rrriprfinfi aruiG rdu rnio:

rirrfi oaurruriur6nfi rixru]ooorfl'ono"nnr:to lnr:

flouu:rq"ulvlq:in'r (54 v) n:rrdldfll(i (1 A) lf
rurir er n rq un; uvirrtrirtl6nfirirlrotnlav, trio

rdrJl nd ruuau

s.s iGnr:ioalr ttritfl6n

nt: ioru uLuriruEnfima roli rrirr i6fi1"fi

r n"nnr:t or :rn4 nr:air^lr:r rori (Faraday effect) i6

fi l{na'n nr:lol :r nq nr:niao a ei (Hall effect) rra:

i6fildn dn n r:t orrJ:r n q nr:oirrl nfilqi6arnu'ri
(magnetoresistance effect) rfl usiu

nntolr,h:rtoti (Fnraday's law) fr rfiornll

nr:urfi rrdrurirmff nb,lfl r fihnrlL'ir "rir rtoaro
pirrir},lflrrrrxluri rr rufifiaur:L rrrirv6 nff rrjduu

ru arnru n ar o;vru'ir tfr ou:ltndoub"lfl rrt,tdt:rir

{ulurfrr,larq" ds ri u ulli'o"l al nr:

, = !9u (1)
"dt

rfio v, rillu:r rn6ou}'iflrtnfiulir rta: Qozdt

,iluylri'i,,rfuil til 6 nfi r duurr:lnisrrrlrlnru:ltn6ou

hlflrrrfitrrir (vu) fi n rr rL ti'uri'u ri'n"r aurlb"lflr
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ifr s ql"lfr 1-z rln:lRll - r"r1'rn! 2b4b1l

r fis'rdr (E) 6i'{dln1:

r, = {E.aI = {oat (z)

a. ra ndr:uavlruio-gfi rd srrio.r
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un Jflt mflnutrflulnunt:tloun0n0u )rst05

niuqiln:ni loi'uri :4.6u {::l::or tzssl) 'lriuao.r

ruurnofi rfi urn-rnr:nruqrqrurqiro,rrerrlyfilr uay

66 vr4rri'r (zosa) ti'uuyrir rfitr: n-uii nr:1{
norfir roroir"oq ormnfr

e av !< a - i -ufl tflumflnu IrfluIn rfl:0tt9ld tlJutJrff0n

ludr :;urs ld'uri Beckley lzooo) ld'f,nurnr:r"o
J.f,utur dndt?:u.lllt0fldtfln5: !nttuuuuBllds

:r nr run ar.: Popovic (zoo r ) li'dnurn-rr"n alt:l
rurirrfi n (magnetic field sensor) fi rirlrulouordu
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tai'nnr:ror :rnqnr:oiaoad lrny Nossov (zoor) ki
dnsrt"rio eur:L urirn 6 n Iosorerua"nnr:to.:
rJ:r n q nr:niur nfiln36auqrud ua:lduounru"l
rnrnrluai (lanthanum manganite) rflln":'l"or
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r. nr:d:snouxo:rf,o sioooruf,rreroiainrilio

aurrrrrirmdn

rilnr:oonu !:cu o"ruaor.rlug:Jfi r ud'r
t x ,f s,:vnourrn:finrr:r.1fr z n rrLu}.1:Inr-rofo udr
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ET-PC8255 Card

Magnetic relay Anplifier ADC 0809 74L5244
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2. nr:rfisulvlo-itl{n nr:r{cul :rrn:tJ n1: ;u

rfiuuoirunthigor:oi r r 1 arlul :t'n:rurfiohin,rru-

fi rrooirirnrirfi ioaulLrrritu6nornttriltrritu6n

r; rfroulv{n'itrin (flow chart) fittdo{fid'nnr:

drnuroirnSorr-qdurruritvdn o"lrrao.:lugrJfi :
z) riorniolnolffrrnoi rrirl :rrn::lrvroillrjra-

nro rirurirrnirr6n (Bao.oFe,o.) 6 o 
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hiurirurirrfi nrn6ouff n-prtqarrrirad too:oirnd"ki

irauurrrirndnfir 6uutt a':$r trnroriu:lrn6ou
u,- ,. -J
[l'{V{t {vr) rn9]1u

r) r{uul:J:un:rnruqlrYrtnrurrvrofll ranra

lrivir l rulug:.Juuuoir r 'l e-:unnllul :ttn: fi r

+) r"o rdu r.it gutin ar{t 0.110 a-t el (d)rrdrrirurru

dufi nrir"-er (A) ritu?0l rnlrxrsl?1o.wqd]o (L)

lou or a-tqor:o-r ar nr: ( s ) udrltilllJ:rrn:ufi t Io u

orri'rfrira'i Li= c A/L:= 370 (nl't ul1lJollJodlo

rirurnld' :zo tun:) iirurir rnrurjrb'{fl rloiutrn
n -o -- ai,ra 
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5) x"elr"f,firo,:r.,Frdloirnti 1r;ua'r1rio,:1u}J:un:l l :un: EXCEL nrrta-ur,r-udd 6o
fi r Io0ora-rrrirc'.: r:= 0.01 (iflfilo.ilerd1ofi?-n!i' leinrrr a-ur-uridn.rlu}l:iun:rrd r
o.or r n:) n:tl6 rlt

a; n r n rtl d'lu"udr-:rirl orrru 6 nt:m:1ut o.l z) iorir u:l rndouldflt rfifitr r (v") loa}i
lqarofrer"oruruurirudn (f) n"u u:.rro 6ouldflr noufir rnoi€iru rirlo a or s-a rir o9,r ov := portlpAl ;

tfifigrdrfirfinrrnnr:rn6oufirolurilurjrmfinqt-nto Av := (5/255)*DV ; V- := (o.ooos?2t.nv rfio
d'ro (vF) nr:ionxrtLinr:N4ur:1#firorafr-prnrrl6 r/o.ooos72 riluo-"r.,l0rJto,r op amp ze r
rfirnrtitti (DIcrcoN DIGITAL TACHO iu a; nrqor:fil{rirurorrirauruu!'nr6ndoiornr::-er
DT-240P) u:,r rno'oub,,h{r urfior rfirfiolrnnr: (B) o-luaolluarunr:fi (e) rirlrir,r filrroldlnr:
tna'oufiroruviturjurHnor-orora':oqnrurad'rt op tirriuldrraur:lurjnr6n fielid
u.p zar rr:lor-ud l.irunr:r ur o 6unir u:.r6r-uouraon

(Av) ldlorloo rN loot u alu:.ro-uouraondhi

r{lu rr: r or"ulr^lo: r (Av;ufirl.fi ADC 08oe u dru:r ,, ={[o[ = {("- r a- )a t' =,et.
q"uournon (AV) hirillu:lo"u6n^non (DV) r:.lo"u v
66norrtvqnrilriruu"r,ln,Joi zaLSz+l ud& ET- B =-':-
PCs2bb Card nolfir rsr oio;:1u:.r o-u oi no aorn

orfofi'Ioaordtrira'r Dv := porrlpAl rir&lu t =;d*) (4)
l:un:rt;u n.lu:rq"u6inoano"u'l rflu u: r o"r.r

ournon u:.ro"uoutaon (AV) d6ou:.:rn6oullhlt
rtfiar r v. rilol o rn o flriuvi.: urjtv 6 nrryuer-o umurir V", L, fua; ralluarunr: (a) o:!i'alnr:
lqa:qirori rJ:"rorrr 6nr:rryllo onr:urru u:.ro-u (s) kialnrida.:lu}l:un:rufi r
1r4flrfi uirro rn o{uiir eiruu:r rnd ou1r4flr rufis rdr
nr: :-rrfirrrr:.:rn6oullirfturfirrriro:1{rndo,r B:=Vr /(Lx2x(2217)x(f 160)xr G)

r"anfirnoilnluke az True RMS Mulrimeter) u-ufin d!nl: (5) fi"fi60 ri., &fi}inolfirrqroirirurturir
rir f n"u vf d rirllnnosrn:rr.,luarudoldrunr:oi':r aur:lurjrrin (B) }i'enroio.rnr:

f=fn(V)
lJ1u0U l9lO-l
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nul4o}J:rrn:rL rird'ildlo rirnuq6l"rrrrj:siri rfrld
+

rirtuo address tolvro{n A to.l IC 8255 fins address 1o'llofT Confiol 10{ IC 8255

+

d'rllonru oYtdofiol ,iUu4o{nnno{ dr un control word lfnoir R rirmrirfiriluvroindulvr

+

ltirir nrr srrto.tltel o? t! (L) rlns iait o'ttsr a': o (r)a'rlu}J:rrn:l

+

fi}iiu u:'r o-u6i o o n (Dv) n1 n rr .:']nn : ADC os o s durlr nl"r:-o aurl rnj tn fi n

aitirnj n': rr:l riu66 n o n (ov') }irfluu:':o-uoltldon (AV)

+

allririlur*n:.r,nduu}'1flrnrdtrrrjrdrfiolrnlri':ruiminurlun-otoarn (v.)

+

d'.rlriurlalu:.rn-uouraon (eV) litfllnrrtdrilrdltolnr:ur|firo.rrrrilruim6nol-ornoa'ln (f)

+

atr}irirl:tuurriralrlrrriminlnunr:ulurir vr, L, f uor r all lualnr:

B:= VE / (L*2* (22/ 1)* (f / 60)*t);

+

ehhirran.rriraurlrnin46n uno

d'.rl#nrir.r rr nr i o}{riru ri rloi'n-u

+

uhl:rrn:l

:rJfi s lvlnitrirdudo.lvn-nnr:l-odutrurrrirrHndrracr':Hnsirunolfr rrqoi



nr:-l-od .l:JlrrjrrrAnlnuorelnqrolv{r:troti

tr"i'r x"ldrutrqnf uar fi5:hri:hnr
r r: er :l n r i n g r d'tr n"ni tu

flfr r rriri r-2 lnnnr - l"urrnl zoll15

Program Magnetic_Field Measurement;

uses c ;

var

i, DV

rir ri'.r r oldr o

rir nu o or"r urJ: oir.r 1fild
: mteger;

AV, f, r, L, V., B : real;

const rirnuorirn,rdoiN 1

PA = $0s04; rittuo address tolnoim A roi IC 8z5b

Pcontrol = $o3o?; rirfiuq address ro,ltroin Control 10{ IC 82bb

begin

clrscr; 01n00ntyt

gotoxy(zo,z); writeln('MAGNETICFIELDMEASUREMENT'): sro.rfiordor

gotoxy(2e,3); writeln(,------ ------______-_,);
gotoxy(21,6); writeln('Assoc. prof. Thongchai panmararith,)

portlPcontroll := $eo; riruuo control word bivroivr e rirnritfiriJunoivrauqvr
L := 320; r := o.o1; L riJunrrutJ t:rloltonro (m) uo; r rilu:"cfirjo.rrqoro (m)
for i := I ro bboo do d'.:binolrfurnafrir.rrurijlru:ol
begin

DV := port[PA]; a"rlri:"uu: ro-u6o'sro nn r n ur,r.r r rr5 ADC oeos di rorn -rr-odur lnjrfi6n
AV := (b/2b5)*DV; &hiurlalu:oer-u66noolfriluu:.1o-uournon

VE:= (o.00os?2)*AV; a"lldriruruu:.rrndoub,lflrurfiurdrfirfion1nr {urity6n {un-oroo?rl
vu fir .:tlih v

f := 291.43*AV+136.21; a".rbitt olrt:'tsr-uouraoolrirflunrrrdr8rrdutornr:nrluro.rrrri.rurirnfin

sr"oaoaro rio r fin rurilurr-tfi
B := vE / (L.2.(22/ 7).(f/ 60),r); ch}iriru:onrreirruruuritrFnlounr:umuril v.., L, f ua:

r arl:l rflo fzoo firrirarfluiurfi '
gotoxy(2a,22); writeln('Magnetic Field = 

"B:3:s, 
'wb/m"); &biuaorrirauTrurirrfinruro

delay( I0o )I a"l}inri :Ir Inrrdobiejruri rlcyyr-r.r

end;

end.
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3. fllrrirr rul,olno fi rrsroini'lornflr;il (RUN )

lurtuviflaur urin46n

rfl o arriu (RUN) ur-rtn6oulvirI rrvfitlrjr
firfrfltrn nliqtrir 6n tn 6 oufi sr-ot o n r oi ta tit tlr rrir

op amp ?4 1 o on uou{wt t rttt:.rcl"ulr4fl I ril r'iru

lqloorfior nirih!"lo:': ld ADC osos tt a'rriJu

u:no-uAinod I : ttn:l n oltir tsrofo:rirlrun ru

rira"q DV ;= portIPA] lqunr:1 :1[t:.: ql-u66qo n

lvlflrornuw.lrro: ADC 08oe u:'t o"udi o o o q n ci't

rioriruro{v A 1o': ET-PC8255 Card trd'r rrit}llu

RAM ronnouff'lrerof rfi L rr:l n"'l6i q o a dlu sr"r rrrj:

ov u nru'i.rq: 6ioonnn"tll tilurt:.:o-uolraon (Av

io vE) floufixrsrofoEejrunrrl6nr:lnlu (f)

norLfir rqoinzrirur Eurirauru ttrirv finrol trvi': rtrinr fi n

ff6'ornr:iqlounr:tlnuril vf, L, f (nr r aihJlunlnt:

B := V, / (L*2*(22/?)*(f/60)-r) rriirlddrdi

writeln uao':riraurluri rn6nfi riruruld'lulo
4. nlrdriint:;oduuurirn6n"hlldlru

rilornioinoutirrnof rrir}l:trn:l riloaimflvl

r d'a r fi rcir tJ o r fl o irff ohirri I rrri rv 6 n r o 6 o r fi t-t

ronloirdri d'l RUN ejtunururrrjrt6n (B) luoo

norffrrsrof

d nrtdil.i ltasio'l: [i
a a. ;-tr.-,

fl r r tJ l11dllqn lqr-[dtJ (L) r )91 l9]un1 3?0 t 9h-

infito.:tonroiroti (r) flrir o.or rtsr: ririi'.rfr1{:"1

u:.roluAAqod (ov) d': rilurr:.r o"ulrtrrlrfi r'irurtN.r

rlr:r6ousio ADC osoe filrornfriqeurut! 1116n

6o ov := pontPAl rird'rfi1"frrr nru:loludisron
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