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How Magnetic 
Amplifiers 

( ., II. STI ', A IH.! Y 

f'nll'nro""'~ I>""."" ...... "",Il M",,,, I'",,,,~, 
W~""'llh"" .~ t I""" C"rr~"""~' 

Operate 
iMl'lUIVI M 1''\1'\ IN M.\lIIlLAI \, in ,1\, 
~1E!n, or In IIJ'le JpP'.ullon lomq'" 
Ofllll r(~lIlt 10 'h" rnh-.<OVCfY or ,1 fl" 

alin'l\' o ld ,In'llc, ~nd in ih wilk 
iprc.lli 115(' In new c'luirrncn! Slit II ,. 
the (,\\C with the m~J.:n{'ll' J!1Iplltic-r. 
.tn d('("lnCll (onlrol toul Ilut III 1Il.1n)' 
1n,IAn,C', (All outperform d('(rr,mi. 
J.1Il1'1;fi('f\, Jnd l.ln .10 .. " ..... ,Ihoul "lul 
glol'c" /real/nell!. I'rc,cnt applll.LIIIHh 

I ·' ,-

.Ire to Ilw ... nnllol \11(1111, lIe ,11110111.1111 
pilot,. (Irc (.Hllml .11'1'.11.111.\, Inll,I,I:(
,\lltl f Inl lll'.1< I It·,l:ULlllIr\. \\ IlhlllL.l! 
ll1.h. ,hllll,l.lhle 'I>!cd 1111'10.', 1'.111\'1\ 
, h.II~l'r" a ... 1 111.111)' 1)'1'1.-' nl Indu,ln.d 
("lllll'llllnt 

1I.1'k .Llh' .. 1 m.L~It("li, ,'lIIl'ldin ',1(\ 
,,,I, Ilf .1 '.Llllr.lhk ,111(' I, .1.1", .uul .1 
hH·,r 1'1.11(- rnlltin II .1 1m .. ,,,h.I,I.:' " 
"PI'bur 10 .1 '1t11l'le lion 1 'HI' 11'.hIOl 

rIll' '!lru-III rhr.Hl cll rlrt· 1(.I,tO( hUII,I, 
lip Willi IItt· 111.1,,; lOl h.I' l ('m( I' hu;:h 
IlIOII,t..:h I" ","I.II>J"II 'It',ld), ~t.II(- (omh 
I"ln', 1'f'rlll1lltn.l! rill' r!(l l\ u( \lIlh .1 
'mall t·),.1 illlll! ".nt'nl II til(" 1,.luc(
;III,J II('II(C rilt· nl.l.t..:ill·tllin,t.: I,n,(·,.., 
~r ... IIt,llh' ill. a·.I"-"!. 111(' Ilu\ .1.11,11\ 
\\.11 I/I,(CI\(' IIf d<flllilUlH, lilt J'tl 
nlt'.lhiIIIY I ' Hf rill' (ur(' 1\ .It .U1r pl1U1' 
(·'III.d to till' ,1"j'C of rhe 1111 ,IIHe 
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.It tli.tl .I.:I\UI I",ml[ I1K'rLhlr~. III(' 

1"_ 1I1ll'.rhllll}, i~ m,IXlIlllll1; .11 1I11' !,flint 
01 mlklr"'11 on tll(· nUl.:lll'!tZ.tlhJll 

U !fH', ,lIhl .11'l'rll.1< IlL" 1:{"rl1 In til<: 
f<}!HII1 01.11>,,,11111' ,,)f(' \ltur.l1hlll 

J.~ .HI1IU.ltll'n ,II I ilL' t'UII.I.I!1\l'IlLl I 
l'III,IIIOIl, 

I. ,. \', I 
" I', (I) 

\ , h"«'11I . 1 .111,1 I .Irl' .01(' ,11Ill\' l hIHlh 

((Hh~ 'utllm.d lrl',l ,111.1 Itll.!;th) \ 

I~ til- limnl,. r (If turn, .. m.! k" " .1 UIU

"'I.IJU. ,11,1\\, 111,11 1IIl' 111,111<.1.11111', I •. 
:111.1 rln ILion' rl ,(- IIll!'td.lIUl-. jI (If .111 

indmtor j, <111(111)' Phll"lrlion.d to thl' 
p<'rtnl.lI'IJril' /' 'l'lur,_ ,II i\' , •• tllrol 

\,11('111(' uh,. II 1.lnl" I' I, 111 f.,,1 I,Lr}'. 
illL: rli l ' .lIIlUOInt 01 ,1111(111 Ilul i, Ilf· 
lu'J.u"lrhrn,ll!h III(' mdlll[.lf.1l .1 fix,d 
~l' l'lh',1 \"II.I.~l·. 

T I,t, hkl j , rll'II'tn l .. -.1 .l.:f.ll'lIl .. lIlr 
1111,,;': I I t''/ ",hn"u.hIIIL"II'~1 
~Iill~ 1~lInt. .111 .IIrUI1,I/IIH! nllx ,hi, " 

.. ( t ,']' •• lIld lhe ulck emf , 

N ".'" J. 

i .. 'plill' Ilr:,:,- But If rhe 1)1'<111111.1; 
!,oml h IIh'\, d 10 .11\ ,r IIll ,itlll I · 

Ihlll It ,l!ro .,,_ "~ i, '111,111. 1"'11, \ ,I,t, hi." 
flllt. 

i\ ~JtI.III, .111,[ .1 Ilij.; 11 1.11"0: o( {lIfr,Ht 
cm t10\~. 

,\lIh'III.I.:II \1"-"(1.11 uu,' m.lleri.", 1t.IH· 
hn-Il <lL \ dlll'l,.1 10 ;.:il L' IW.lri} 1(, ,.111,1.: 
IlllT Itl,lt're", 1,1°1", .1 '.IIIIT,ll>k f{'K ' 
tor. ,II 11\(·<1 in IIt(' ,illlr!,')t (mill of 
mJ,l:rHtlc .llIll'lifIH'. 01"'Tlle~ 111.1 m.l ll 
nl'r ' "nd .n to 111.11 del',"nl III I'i ,: 
I. Tit,· .IPJ,II<.lfIOIl or ,I .1 ( Inli.I!!'· 
10 indilidll.r1 1\",,[ill,I.!'; on fil(: "In: 
-.('rH' 111 Ir.,II,LII,· tl ... HI't"r.,tlnl! 1'''"11 
.lIoll!! Ilw IIl'CIWII/.IIIIlI I tllTlt· •• 111,1 

t1w, rl'~lIl.lll' Ihl' 11.1\1 tlr PUI\'{ r ,lIr 
h III In IIt,- In,hl. 

A ,ttlll'l ~ ht,l, m.U:I1l-1 1 ,1tlll,lIlT "r 
\1111 I" ,II""" 111 II :': ' .11\>111.: "lilt 
",,111''1'1.1111'> "t In_'hl I,,, •.• !!t"' ,'lIrf·· 
SI"'lh!m!! I" .Idkr('ut OI'(· ... II;".!! 1'4111'" 
.,Iollc I Ill' IlI.lClIl'IlI,lrlIJIl ,"rn· In II. " 
drn;,t .. 1 III.ell IInl'",I.IIIH· i, 1'1.1<,,1 III 
~n,·' "'1111 Ill!.' ,f>nrrolllr'UII 10 111111; 
mil,· III<' ,1"11 !If .1-\ \llrn:rrl _ ,d up h\ 
Ir.tn'(Cln",r .ldl{)11 · I II ~· rt't,ifil"T III 
'erie, widl lht, In .1< 1 l'ftH'llt, d. 'III.I,C 
0('li7.111011 ,If Ill(' H'r~' 1)11 1I11' 1l(·!.:.lliH' 
ollt'lulf of <.:.h It 1'/1\\'('T I)< k If ;ll'tT.I 
II'In 1"II,lllr, ,1110111 POil1l .1. Ihe Ih.lnt:e 
io IIttx \.IIN'./ hy lI, t· .1 11, rrt.uin.1..: ~ tll'l'l r 
IOIt .I.!!(, \\1)1".1 1101 h(' ,t;f\·.U('f Ih,1I1 till' 
(IItX ,h,lIlct, •• I-f. H"pl1n·.! I.) .. ,lIlIr.Lll' 
lit,· 1'01('; /['("r\l'"t' .. ,Ittl "I • .,1 III <II\" 
~lI rl' l} 10tr.Il!L" r ". \I(luld JI'IX'.Ir 
~(rn" 111(" 1(·.I,lm 1"1 1 1,1.hl \Olt.lt.:t·, 
£,. "IlLd,1 1">(" Ill'.cl t,crhk AI POIIII b 
on Ih(' IlIlIl'. till' .1I· .• il.lhk nllx dUIlCC 
"" orrld he ,t.:('.lIt' r rlun h- r. tile .1111011111 

Ad v;t nl :I~L'S of Magn c ti c Amplificrs L lo~ 

• I{ug~~lln t·~!> Jilt! "ltilily 10 ",idl"and severe ~hock and \·ibradon. Mag· 

n~lic '1II1I' Ii titT) :Ibo requ irc III' warm ·up pcrioll. contain no nto\' illg paru, 

I)l't 'r.tIC .1I I,IW ("()M, rC(luire :1 minimum of 1Il,linu:nancc, and haH' long life. 

. l lI plll ,ir(uib "Ill Ill' ,·ornpl,·,dy iw l.lI l'd. ga h'anica lly, from the OUlput 

,·inui!. \\l l1 llil' lc illl'"1 circlli" e,1II I .... , uscd rn " mix" the sepaf'Jtc signals 

,0 ri ll' .1l11 1'I i';('( n " pHmts w ti l,· '''" lp,,~i((' o r :tlgehm ic ,\1111 o f Ihc signals. 

• 1. 11t11: l~Il"r~} """I'.IIio n . (Tlli, j, til tli rt,CI Cl)nlras t 10 \'lcuu m IUix'S, 

lI'l' inlt·rn.d illllll'd. 1I1~1: of "'hidl i, ((·~iS liH' in~ ( t·.t<1 o f inductive.) Can be 

d l".I..: I1<'(1 hi 111.".11 (Itt' illlJ'ul. lIHc of hOlb IIll' 1".ld and till' ~i~n:t l !ooun:c. 

N .. Ill.lh Iti ng If.ll1,f .. rtUL·'" ,11" rl:tl"ir.:1I. 
r 

• ( )11I1'1li i:. n,·.,rI~ utd':I', ," tluil of HUI HI .Hill"!> in tH ' supply "ohllg~. Ampli· 

fil·r., It.<,,· h'·':11 d,',i~ 1 1t"11 \"",rdn .1 ,h in y p"rn 'n! ch ange in a ·c voltage 

, ·. I" .... d "" IIUlf\' Ih.1t! UIH' .Ind \l(1(' ·1';l lf r"nl'l1I change in Output currenf. 

• No I'r.ll liet! ,i/(' lillli l,uiu ll . t (.'lin~' up to ~O.()(K) KYA , and power 

J,;. lin, up 10 1tI0,()OU .In · f,· .... I[,I., in Jllllll ipll' "I.'g(' UllilS . 

Lilli i l:1 r i I' n 5 0 ( M ag I I (' t i ( Amp 1 i fie r 5 

• Utl'a ll!oC o f clu·ir iWII·cor(· (Ulbtrll l"lilln, !o.llUr.lble·reac(Or applica tions :Lre ~ 
lilllitcLi ILl rhe low('r f r('(l"elll)" rangl's, \'<' lIi ll' Ihis limits some ndio aud .• 

r, .. I.IT . lpl'l inlliu l '-~, il h,l~ no pr.lClical eflcct on mos t industrial u.~eJ. 
, . 

• Spwcd·of. r(:!oI>t)II l>{' is low, cspcciall y .11 lower frequencies., This time . ":~ 
tld .l)' 1Il,1} cause "hu ll tin~" ill WlIll' types of control cirruju:. 'Tl1C use o f • • 

mult iple nUIl,ner of conU'ol windings f" rthl' r reduces spcec.4i!; rcsJ,>OfUe, 
..... -, ' '. 

• lh.rt·,~ pu!>h· putl cin 'llilS a rc u~cd, "zcro·~ ign .. ll" correction ca n be "'1/ 
.tlhil·ll'd only by addilional comp{,Il~.I(ing r~;l(tors or ~b)' ~e addition or" .. 
(·" tfa w indings to the e",istillA rC:lCtu r. Ohl'ia llsly, this incr~ the eOSI , ' 

O( .h, ,Iml,lifi"' r. • .. , I' .r/t ~::;;... • 
.. 1 ~ ~1 ~ ~.' I ' • 

. , 'lNt! ..... -.. .... 1II"t.'1~ ... 
:~ 4 · ·1(' ,4\:J,.-

• M.I!-:Ilclic amplitil'r~ o fa·" heCOIl1 t' ultsl:ahle wheo ~ to mpiJ1~~1~~ 
indun i\'(' lo ads. A cC)IIllIlul.lting rCCt i·ti l·r across the (bali ~, be ptCessary , . 'L , 
to ~hun ·t"i((u il til l' currl'1It fl ow init j,ltcd by the co~apst of .me...raagnetill 

fid ,1 which s"rruu ll " ~ Ihc inJuni"\' ICJaus. l' 'l .. 
- . (' 

• AmplitiGlliofl is luw fo r ~1l1 :tll signll l inpu ts, unless ~madent-~gpt$ 

rc.. IUlled for \.llur.llion III Ihi5 (.1<.(. 

l he corl' wllu ld 1">(" ~,1 1ur"t c, 1 {Iurin}:: the 
Lllt('f p.lft or the tT, lc .tnd mmc CUf

rcnt w(')Llld I'.H~ throLl.ch the lI)l.!, de· 
Idopin}:: l ~ tIl~1I \'I)II.l,t:c. £1.' At mhcr 
point~ .llon.1! Ih" Utllt. ~.lI urllion 
wou ld O('lIlr ('.HIIN in IIlc qcle, lllli J. 

corrc'polI,lm.!!I), .crr.tt\:r 10ld \"Oll .Ip,C 
w(')ul" he tk'I('[O[' (·11. 0l'cr.l 110n al 
j"'oinl I w(lu ld n"lIlt III nc.HI}" ~n of 

, . 

the sur\,ly voltage bein,lt absorbed hy 
tl,e IOl'. In lny else, the voll:lge 00 
Ihe lleJPli\'c one·hllf of (';I(h crcle 
woul.! app('nr 3crO~S Ihe rcctI fier, if 
Ihe fC(Mier ptrm ittcd no rcvcrse,cur· 
renl leakage. 

A ""h('mltic diagrlm of one type 
o f ~clf-s:ttllrltin}:: magnetic lmplifier is 
,ho""l in FiR ). The :I·e power wind· 
in~~ ~rc pilccd on the outl'r Ic,t;:~ of Ihe 

\ 
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Fijo:. 2-/li lIgn",;,ar ;.,n ,"un , lOr: • • ' 1111'1(. ru "I! I1t" " "'''l'li l"" _' '''' "" ill"J.!"' I,h \r .• ,,'1 ,, ' 
...... "ply ,(>ha),\t rt'l~lim"hil" ~I P";1II\ ", I., (" .1, ." ,,1 j ,I''',,).! ,II., , 'ur"" ' II ... ' ''' I',c.I . .,,, . 
in ,hu .irn,ir minim!,," I h~ ,1"" •• f.r. UH.,," "·,,,IL,o).: fr.,,,, ,r;o'hf"fln.·r ," ' '' ''' •. ,n.1 
t h~ rt.", .... [He,·tnl ' J ,·,na;:u. 11I.lI i,,,, UI1 , I,,· Ul'J.:. ll i,,· 11 .,1/ "r d,~ """"r ", I.·. 

core. Dr}' I,btc re((lfi(' r~ ::Ir(' IIhuled III 
.series WI' I C'.leli l·e cod ,0) pn:\C'1I1 
demagnctll.tlmn of tile IIIrc ( In ,he 
n{"g.ll i lle nuc lI.dt' of c.1(11 q-.k. Tht.' 
d< (OnllOl ,i ru lil ;~ \\ollnd .l\~'r lilt., 
j:enter les, The tlni<iirL,I.o.lll flux ~d 
up hy Ihe J .... ..... indm,i: I':I~~CS Ih roll.a.:h 
the (enll'r p,llh of Ihe t.orc ::Ind .11\ hit. 

111111 Ihe '\\{l IllIler k'~( T il(' loul fllIx 
III the ,,'nll'f k,l: I~ .:I rtu.,II)' :I ptlhltiul; 
1JIIIII,rt·, I ill.1.I1 Uux . 

T hl' 1II.1,l:11l"' I •• lIl1pl,(,('r, lit 1111 •• f Fl ,L:. 

I ",illlll.'r iI) IhC' Iht,'('-loll IIr,UI I of 
l i,a.: ). hUI il I. dc.i,E:oc.1 It) ,E:i\'c :r. 
.1 C oult'tli T I,(, ,inl1l.lTl!\ hc:tw('('n Ihi~ 
"r,,,,, .11,,1 .1 full 11 ,1\l' dl,'(lInl\ rn 

"I" f I itlui t j, nt,lent from till.' ( il,"il . 
I"lIe ,a.:Jtn 01 .lmpldidlton f.tdot HI 

.1 "mple mJ~nt.tH .IIIlI,lill('r Lin 1'1: 
,l;fl'."ly Ino,'J,ecl If "II t":\.ul.llinn 1\ 

IIw.1 1\1.: "i IlImlt.tll" IIIl u.t ,,( 
Ir1.dh.llk or ,.dre\,.Ullun, In 1111' (If 

(till lilt.' ,. r In.,,1 (11111;111 " a·dlhnl 

.1nIII,.I".e,llllrou,;:11 I .... !] .... 1II1111.~\, Hne 
nn 1·.llh ~"tur.lhk '(·.id,lt Althn,,}.:" .f 

I"" J l'(Jk'llIl~ ,lurJ,lcri~II' Illl~ r{", 
lllinl cu r'l' lIl wl"tl, " "Icd h.l'~·' \\lp

pkrnoll~ ,h{' 'l'J'",lIC dt (<IIIItol (III, 
fl'nt III .kl('rmin 1llp tIn: p",IIUIfl 0 1 !I,I' 

' 11'l' I ,1111l1! l">Oinl on tll(' ~.ltllr.t'''I II' IIrn' 

The i"ul 1.111.. (urren, [11.1\' ,l1,j 0' "l' 
f'lhl' ,hl· ,(/"H.II C' .11 (nnll,11 lIurult 
I II I:it hl f I.I'C Ihc .ICJ..:!l"· nf (ore " II· 

IIr .• ,ion will .Il'f'l.nrl ;111 twt Ilu\{, .m.l 
the J1\.I.~nirll 'lc III tht .1, \1J,:nJI rl·· 
'PIlII" tu 1" .. ,1"", ) I!i\lll .I"tt1.~l III 
1 ... ,,1 (1lftl'1I1 .. ,II hi' tc!,illl(lI \111.111 

'10 rn.l ".u,· ,111' .1.:1"1'111 •. 111 \ . t..tNt'II,l· 
I. tn.lI l t' II' l-tJ.,: c, ·1 hc ,lIr\l X '7., 
nrft·"·'I1~ ,I. 'n'" .11 I' lUI 0 1 ,I " .. tl"" 
,lInllll .1'.1 t'llht"", "t "l/.d.l, ,'llIt IUI 
,"11< 111 Itlr.1 I.;lIllI' ",l· null fI,1 1 .m,1 I 

,l:1It'n :t1'1,lil·.1 .1 I ,,,I!.I.1:' The hll,d 

d ( (0111".1 lurrclll .. I,"lfnl to '\,lIIld 
J>(' 1I1l' . 11111 1,1 II t.t J .I.!. 'IIrr('1II ,\11,1 

".a.:n.d ..-.lIrll1l, ,IIOII.t.: ",," I'I.I ~ ' urrUII 
rI Ihe 1.lrkr .. t-rc· 11'1,1 A ,.IIIIlIOj! rlul 
III(' H·,ldilt I. Iltd,,/ (lh,,1 ", " I,,, 

... no fn r" If.! fl·"".II1, ( .. 111.1 IIlhmlt· 
",IIj.,W.".! rt'\"I.Jnn'), rial· m" ,fit·.! il'f·,1 
h.l\L. ~utr,' nl "til hc' I'fnl'OflhJn.11 lei 
rhe .I C ' IIIII'li t (UrH'1lI .11 ('Icry !ll~!.lI1t. 

Tht'n{,lrt' ll li ~ rt L!linn,hir \,,11 I .... · I 
"r.lI).!hl lell,· ,",1,1' 1)1 "he ,I'lll(' uf 
'he line \\ III he .I,·lutnilled 1'1' Ihe m.lt.: 
";,,,lIl' of Ihe fn"II'_I'j.,. If no ~1).!11.I1 
,U trtnl .... In· .11'1,lll,1 rhe 'otJI .1 r 
l onlnl' .urrt ll! .. ,l!lld h{' '- oJHll'ri~e.t 
,,( ,he (('.rdied (('nil "\.; ,'utre-nl nnll 
SUltl' rh(' fll'I"TJIIIIl' I>oi"t \O f)" I.1 ":tH' 
Itl li,· un h",h, lIIH· \'1'/ ,1Il,l lin~' 1)1, 
J! \\nlll.II ... ·~' I'U;III I , till" Inllr-nlhll) 
of Ihl' , .... _ Th", n, \I \\,,,,1.1 1>1: II", 

,I. 10.1.! ,lIffl n ! !lUI \\""Id HII" '1',1 
"1(f(.I'(' II" 1".1. 1 tlt"'llI 1.1 ,I I.llt" 
().\' .I ';I.:tl.ll. '"fllil "1".:0 I" /...' " nllil 
\\.lllld III 11"I'lm.1 t}f till IllI.d ,I 
«llU rnl (lIff"II!. '. /'. I],,' ,iflWcli l1 \/...' 

..... llIlti hI' f'ITtll,IIC',1 I'r 'llf {'Xli" .t"m 

t "IIf ~,u l ,1'JrJ.I, Ir,l il' mJr 1'1. nl, 
1.1111.-.1 hy the ,11'1'h, J,ioo 'If J Llf).!' 

~!1lI)U IlI of 1'(""1'" t' kt>!h.h k ( "" 
• .. In II,,·. IIfI( .1"",,, 11\ I \\'llh 
WI ';';II.,J (urn'nl ),,,, \\llh rd,l"'" 
/ l"(,II,:u k I'TO!,Clr'tlln.,1 10 Ihl' ,I,,!,c I)f 
t h l' 11111', Oil ,11'1.'1,(111)0 ",,,"]'1 11.\11' 

.11"'111 I'l.)lIIt f'. I'tTOIIUtn,~' tlf.!.:l .1.-
1" ,,,1 rltrrOH It J '11.; 11 ,I .lIrr,'1II (\111.11 
10 1/. 1 w,'r,· "1'1'1..-.1 In o!'l'lI,iti(lli ro 
II'l' ~·If-l·.J(,'I.U I.m IlI fr(,l1I. thc pol.ilion 
or ItIlc, 01\. .... 0,.1,1 he IrJn,I.lte,\ to 
I'",i,mn Ac', ~n,1 the 10.1.1 (lirrenl 
wo"ld he rcd", ('" Then d Ihe lip . 
p,hlOa.: ',)::11.,1 CUffl·nl wefe rt'tllI,{'.1 
rmlll O, l ln ""III1l' \·,duc. or 11tt'1,1 • .,1 
tlJrrl·nt w(lul,\ Ih.H1).!c frnl1l on' III 

IH ]'1; <11" " I " "'I III" J". \11\ 1":; 1 
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h." 1'<.":1."11 J'~ulJ\e.l [lUi clrc (udblCk 
\\ .I~ .ll'l'ht·d to .111 i-.oJ.ut,·d ~cl of wlOd· 
III).:~ ~II, h .1' rhll'>C III h,c \ A schcmc 
whl'f(·in h.Jlh che de fc('dllJck (Urrcnt 
Jnd tire .1 C 1'IO ....... f currt'nt nows in II 
(<Jllllllon WIII'!"1J.: IS sho".,n in Fig 9. 
111 Ihi, (irllill. d·e ('urrenl flo ws in 
tire:: IlXlp \\1I11 1)(·I't·,1 of fOlh I Jnd 3 
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ami the two rldlficr~. Tilt, output 
\'0[1.1;1:1: .1L r(J~" the load ..... ould ~ an 
,l·e VOIt.L,L:l', bU!, if desired, a second 
rc(ldicr ~ridgc tould be added 10 giH: 
d-e output voilJ,L;c. 

In many applilJlions of amplifiers, 
It is unclc\irablc to have a static output 
current when the input d -e curren! is 
zero Till: <.<. lu::nlJtH: III Fig. 10 h3( been 
included in this paper tx.·nu~ it rep
resent' onc type of circuit that hl$ hccn 
correrled (or " zero siRna!." Reference 
to the diJ,t;flm w,11 show that fractor 
windl!l,a.:~ It and C will take a mull 
cxcitlllJ.: current from the transformer 
T, evco thou.£;h the si.t:nal current in 
A is lero. Thi, cxcilin,!.: current will 
he (COllie.! hy t , Jnd alll10ush it will 
h.we ollir J 'mall m,I,t;nitudc, it will 
Jp(lC"Jf H .t .1.( siJ.;nal in control win(l· 
jog E of the second 'tage. ReJctor 
windillJ>i ,.. :Hld G will also t.lke a 
$mall excitinMcurre·nt from transformer 
1". In addition, they will lake an in · 
crease in current he<lu~e of the fal,c 
~igna l in E. llnlc~~ comrensation were 
employed, this tOIJI ac current woulJ 
~ rcrtified by J\I and would appc:ar .H 

a steady d-c rurrent throu,J.;h the oper
ating windin}i II i" on the rela)', e\'en 
though the input current throuf:h / 1 
were lero. The circuit of Fig. 10 has 
been coffcrled for zero siJ;nal by the 
addition of rectifier N :md comrx-n
sating windings H and S. D< cur-

rena of sufficient magnitude and correct 
polarity is fed b:lck from N through 
II, to (Jllcd the t'ffect of the f:llse 
signal in E. In a like manner, doc 
cu rrent i~ circu lated through wind 109 
S to nullify the cam of the normal 
exci ting current through f :lnd G, rec· 
tlfied by J\I, lncl cirnf1.lted th rough 
operating winding W'. Thus, by proper 
J.djtl~tment of the twO resistors R, the 
inherent effects of excitin, current Cln 
be completely nu ll ified. anJ the pull 
on the reby armJture is zero when the 
input si}inal is lero. The circuit shown 
UH'S only two lmplifier stages. How
e\'er, more stlges could he emplo),ed 
:md properly corrected (or zero signal 
by a simil:cr scheme. 

The 'iChem,lI ic clia(!ralll in Fif:. I I 
~hows how the frequency of a 400-
cycle alternator. driven by a sera
r,Hely l·x~it~d doc motor, (".In be ~ta
hilizef! hy a magnetic-amplifier con
trol. The '>ltuuble reaClor windin,lt IIi" 
i~ linked m~gnelic~ lIy with windings 
X, )"', and Z. Winding Z is e~~entllJ1y 
:1 feedhlck winding. The re1~tive 
polarity of d·e ampere turns i~ ,such 
thal an increls(' of current in wind 
ings Y lnll Z increlses the a·c current 
in willdin~ \17, but an innelSe of cur· 
rent in X denc.l~es tht' a-c current 111 

I/i". HCClifier P ,upplies shunt-field 
rorrent 10 the d-c mOIOt. I\-e cur
rc.'fIt to rectifier R pas~es through a 

series·tuned urCIiH L, rc~on~nt at :nO 
cp~. TIle filter circuit AI supplying 
rectifier S i, resonant al 450 cps. llle 
principle of operation is as Tollows: 
I\ssume that ,Ilternator rreqtl~ncy is 
400 cps. Reference to the nlter·char
aClerisdc curves sho ..... s that the 1 ..... 0 

series fill ers Land JlI :He draw 109 
equal currt·nl~. Therefore, currents in 
windings X and 1"' are ha\·ing no net 
e/Teet on the $,lIur.ll!on of reaCtor W. 
If the motor specd d('(reJst'~, the liter
n:1I0r fre(lucnc)" will drop helow 400 
cps. Fdtcr L 1,lkn mor~ cutrent; 
filter At ukcs l e~~ (Unent (Operat
ing points 3 and 1) Under these 
conditiom, till" netllux (q,r mmlls <jol') 
will dccTe.w: core ~lturJtion in W. 
Then Ic,~ fidd currelll will he sup
plied to the motor, It, speed will De 
Il"k.reascd. :lIId the JhernalOr (re· 
~Iucncy Will he inf"relSed Conver~ly, 
If altern,1l0r frc'luelll Y i~ too high, 
filter operation WI I be at I)QUlts 5 :lIld 
4, and inCf,,:ued core SJtur.lllon will 
imrelse field current. deaea'tC motor 
~peeJ and alternator frequency. 

In the circuil de'iCribcd abm·e, the 
effect of ·'hunting·' has been neglected . 
Furtbermore. in prJCtical 3ppbcat ions, 
It would be desirablc to rurni~h a 
rc,ltuiJted \'oltage to rectifier F. This 
..... ou l(1 prevent the cont rol circuit from 
mi~interprelin.': J low-\'oltlf:c condi
tion as l low-frequency condition . 

r iJ.:. I o--Two-< I aj.,~ mantlic .ml'lifie r drcuir cnrrl'nt'd I"r "Urn 
~ i ).:na] inl'ut wbkh i~ nI'C(,<SllIry wh. n the aml.l ificr i, connecteJ 
tt> ;1 r('I:/.)' W tha i Ihe pull ,," Ih" rel ll' i< UfO wil t. 7UO inpul. 

Fi).:. I I- Magnelic amplifier (irnlil fur slabili~in~ Ihe frecl uency 
of a 400 ()·clc. ah ernaror dr;" cn by ~ -.eparalely U"(ileJ J-c molor. 
In Ihie ri reu ir, Ih" ('fful of huntinJ.: has bc"n n('"lcCled. 
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