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ELECTRI CAL COMMUNI CATIONS TECHNIQUE 
A N D IT S APPLI CATIONS IN ALLIED FIELDS 

IMPEDANCE MATCHING 

1\ E of the firs t and best 
learned lessons ill commu
nica tion.system design is 
Ihat , loobta ill tllc grea lcSl 

l)O;!.S iblc Ir/lIIs rer of energ), from olle 
circuit 10 another, the impeda nces of 

r-- the 11.0 l- ircuil s lIIus t be matched. So 
.. traigh tfor"ard is IIle concept Ihal IIle 
le....ol1 rna) 118'c ~Il o\crlearned . In 
l et} IIIl1n) ca.i!eS tllc rcason fo r tllc u se 

of IransJormcrg as impedance-mald.ing 
devices is not 80 much to ga in in 1)O II e r 

transfer iUI to reduce dis tortion. fre· 
queuey di scrimina tion, and other com· 
mon dcfcclil ill voice'lransm iS8ion cir. 
cu iu. 

It is l e r) CIt8) to fall into the error 
of exaggeril ling the amount of reflec· 
tion 1083 that occ:ur~ due to mismatched 
circuil i!. Frolll the single (:onsidera lion 
of I}()"er loss a surprising amOllnt of 
misma tch can be 101<: ralel1. T o arri\e 
at a fi gure foOr reflectioOn IOSil, the sim _ 
ples t example is t ile case of a resis ti' e 
[lOv.cr source CoO IlI1CCICd toO a reilis ti\ e 
load . In act lla l prac tice it is nnt often 
tha t pure resis ta nces "ill be foOu nd in 

r radioO- oOr 8udio-frc(lucncy circuits, but 
in moOst cases Ihe phase a ngle iil80illight 

that for purposes of prac t ica l ,Iemnn. 
stration it may be coOnsideretl LO be 
zcroO. In Figure I a gencrntor proOducing 
a volt age Ec a nd with 11 11 i n l,~ rnal re
s istance Re is slloOwn coOnnecled In a 
Inad Il f •• The current !l1II1 I.i ll nnw in 
thecircllitis 

I =<~ • 
U,.+ Ile 

"hen U,. = Ile. thai iii. in the case 
"here the generat oOr alltl load im
pedances are matchetl , the curren t. 

I - 2~c' li nd Ihe I}()v.cr in tl lC load iii 

PN" = 1 ~ lle = ( :~;erf<e - ~. 
\\ hen the impedances are lIo t matche tl 

the current in the Imlll J' - Ne ~ U" 

and Ihe po"er is 

, '2 /l = (~)'u . 
" Uc + Il,. " 

~ 'he rII tio of Ihe I}()\.er itl thc load for 
the matched conditi oO n to the 1}()ller fnr 
the mismatched cnnditinn expre~se(1 in 
deci bels iii the mi ilmatch or the re flec
tion loss. That is 
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F IGlK K I. Circ,, ;t On .. h i,-" to I ... ",· "" I",,l l1lio,,~ or the rd l"",lion 100!II a t II ~i ngl e j""c lio" 

From Illi" (onnuln ('<III be ca !t.:ulu [cil 

the refl ec tion loss Ilull occ urs tluc 10 
connecting toge ther a u) 1" 0 i.l1pe, ' , 
a uces Il1n iug SllJali 1" .. Isc a ngles. For 
iusl a ncc, if a 5000-0 11111 \IICIIIIIII Ill he 

\\ ere COIIIICt' led tiir" !; ll y to a 500-011111 
line, the illllJedance mis-mat ch o f 10 10 I 
\\ould calt.:ula te to Cll Use a loss o f 1.8 
,Iccibels. The losses ca iculal c(1 for a 
lllUllbcr of differe nt illlpcdarwc mis
ma lches II rc sho'\I' ill Ihe chart in Fi g_ 
ure 2. For phase angles of less than ' 5° 
the loss cune is practica ll y ".e sumc. 
IJlIl Ihe mismatch loss is ah, a)s leSS 
... hen ei lher cireuil lUIS II rcacti, c COlli 
IKl llen!.· 

It is o ll\iOlls. therefore. tha t i ll l llllll , 

cases tile M Ilia! 1}Ol, er loss tille 1001;
crating he l\\ een miSll1nldlctl illll}Cd 
a llces is nOI serious. If " idea '" or 110-
loss tra nsformers could be rcn li1.cd . il 
.... oul(1 cer ta inl y he .... orlll "hilc 10 lise 
Ihem where e"cry milli"nll of Ille 
a"ailable 1)4)\\er must bc ut ilizetl . 11 0\\-

---r ....... ....", 'e . ... orL. and .no }'h ... :· ",T. L 
S ........... t.;~ ........ !'Ie'ed...,_ ..... of .h.'I .... ' ..... 

e, er, .... cl l-designctl a nd ('urcflll'y made 
a lll lio.frCilllcncy transforl1lcrs of Ille 
IIs lIall ) pcs l1I ay ha, e an inherent cop-
l:lCr and iron loss of abo lll 20~. or 2 
llcc ibcls. \Vllen il is consillered 111111 
s l1I ali po .... er Iransformers 11(I' ·e effi . 
cieneiei! ill the neighbo rhood of 85CC. a n 
effi eieney of 80% for Ilw lio. fre{luenq 
Irll llsfol'lll eri! is (Illil e goo,l in ,·iew of ~ 
Ihe 1111111)' Oilier problem s in , ol" e(1 in 
their tlesign . sudl :IS frc(llIcncy charat·. 
teris l ie. frce(iorll from lliSlortiOIi. e lc. 

The rC1i 1 vnlllC. howe q ·r. of :lIl1lio· 
frc(lucliCY IranJ; formers 111111 the reason 
"iI) Ilteir lise is 80 essenlial is 10 keep 
Ihecir('uit iml:ICdancCS al llle torreet op
erl( ling: 'a lllcs. I'or ex amplc, Ihe dei! igll 
of a Inlnsformer 10 ol}Crn le frolll a 10\\ ' 
illlj>cd a nce lil1e to Ihe grill of an ampli
fier is 1101 a s illlplc job, and Ihe success
(u l o l>c ra lion of Ihis sorl of Irllilsformer 
(Iepend s u r.on its opcrnlioll from Ihe 
iml>c. lance for" hie!. i l is designed . \ 
line.to.grid transformer liesig-netl 10 
opcra te from 500 oh ms is a pt to sho\\ 
frc(l lIclICY di ;;cri milla l ion if l) l>cra ted 
from a line of 200-ohm5 iml}clla ncc. 
TilliS, a designer o f a I'oil'c. inpul cir. 
cuit fi ndi ng Ihal Ihc oulpul impedance 
of hi s mixer panel is 200 ohm s. whicll ~ 
hail probably been (Ielerm ined by Ihe 
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li IGU II K2. \{ellect io ll losaata gi ngle june lionindeciheisua fll nCl ioll of ,he rat;ohcl"'cenlhe 
a~III' e magni uIlIC"l of thc t ... o i"'I'~ .. laIlCel!. Thi~ curve is for" I,hase difference o f 0 0 

micropholle irupcdal1ccs. wou ld cer
tainly insert a 200- to 500-011111 trallS_ 
former between the mi :l:er a nd the input 
of his amplifier, if it s in put tr:tl1sformer 
"ere designed to 01)Crate from 500 
ohms. The use of the transformer is dic
tated 110t by the consideration of the 
re fl ection loss be tl, cell the 200- and the 
500-ohm circui t, which is less than one 
decibel, but by the fact that the illl _ 
l)Cdances llIust be kept 1.0 their correct 
value to maintain proper fre(luency 
characteris tics. 

Another e:l:!lmple of the necessity for 
correct im l)Cdancc matching is ill the 
fa miliar CIISC of output transformcrs 

r-- fro m vaClium tubes. 1'he diSlOrlion in
trod uced by a thrce-elemen t tube is a 

fu nCliol1, a mollg other things, of the 
im l)Cuance ;1110 wh ich it works. Ordi. 
na rily, Lhe diSl.ortiOI1 isa minimum whel1 
the tube is worked int o all impedance 
e(ltlal to II ppro:l: im a tcly t ,,-ice the plate 
resis tance of the tul)C. 111 ti le casc of 
t he 2A3 tu be the plate resist:lIlce is 
a bout. 800 oh llls and for two tu lles ill 
pusb.pull is 1600 ohm s. The Genera l 
Hadio Tn~; 5 H-D T ransformer is de
sig l1ed 10 couple this sys l,e llJ into d y
IUlIllic s llCllkers. When operating at a 
fi:l:ed bias I>otential , it is recommended 
that these tubes in push- pull work in to 
3000 ohms, wllich is approxima tely 
twice the plllte rcsis tance. From a eon
sidera tion of the l}Ower loss due to mis
match the tubes could be worked int o 
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Two"eWlollllt "YlrlIC": 
rIlht,c:omplete;abonwllh 

tnclosur.s Itlllh'ed lor panel 
IIIOIIntinr- Uisusecllor ljzht
CGIItroiaRdlorlutinchoust· 
hold applbnc:eslnllrldio 

rann 

) 

Well-Designed 
Adjustable 

AUTO
TRANSFORMER 

This adjustable transformer is made 
by the Geneml Nadio Company lind 
represents a slrild1l8 advance both in 

electrical und physica l desig n. 

It is a toroidal. UII IO-I r(l/I s!ormer whose 
output is varied from 0 to 130 volts 
(5 amp. maximum ) by mcans oj a 
sliding carbol/ brush. The input ;$ 

J /5 volts at 60 cycles. 

From the design viewpoillt the lise of 
molded i flSII/olion, circular pU1Iched 
trunsform er Jam ill(lliotls and the splln 
ofumilllltn cose ure interesting. The 
member which co rries the carl' ) 

brush has (I fill 10 dissipate hC(lI . 
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ill1llCUUTll ... S \ur}ing "i,ld~ from 3000 
oluU!;, IJlII the distortion " oult! hecome 
a ;;criollS factor. This is onl.\ of the rca
sons .. II) the ;;Clc"lion of the correct 
Olltput Iran.;:fOTlllcr i ~ .,0 irnp()Tlanl. 

Tilc ill1llCdance of ribboll ami \ c· 
loci!} microphones a\(~rage!! be t" een 
25 and 100h1ll5. The cliSIOrnar) \olurne 
"onlrol u..ctl .. ill! Illcse micropllOlies 
IIlIS a n impctluul-t! of 50 0 111118. A n in
!Opel'lion of Ihe i'lulrl ill Figure 2 "ill 
10110 .. 111111 the rencI"ion loss due 10 

,'oupling a 25· to 10-011111 genera tor and 
a 50-ohm load is ncgligihle. Tile fre
(Iucne) dHlr3cleri,;lic of these micro
phones is 1101 urreeh!.1 iJ) snch a sIUull 
irnpedall':c mismatch. Therefore, it is 
SQUill] prac tice to o pera lc thelll ill to the 
regular 50·olllll lIIi .~c r . I f II trans former 
"cre 118e{1 to couplc tllc t"o circu its 
togct her. il "oliid illlrQl.luec II loss ap. 
proximaling 2 dedhds .. hidl .. ould be 
eUli re!) uuuecessar). Similarl ). 500· 
0111 11 alld 600·oh m lilies Clin hc 1:011' 
IIcell.'ll togelher "it hollt IrouJ,lc, IInless 
spcdll l halanci ng or ililOlating problems 
arc prc8ellt.lmpcda liec'lI1atchiug l ralls
forlil ers pia) a ,er) ill lllOrtalit par i in 
Ihe circui ts ,,11\~re 111I:..c IllIes liolls are 
I!C ri OIl~, Gcnerall). telepholle lilies are 
"c1lllalllnc(.'CI.particu lll rl) Iligh'(lualit ) 
lille@oftll csorl liSCII to ~'OIl1IC('t rcmotc 
pick llp IlOililS "illl the hrolHka sting 
611 1dio, I f Ihese lines arc l'oll!H:cICll di. 
recl l) 10 an IInha1aI1(~11 a mplifier . 

"IIicll is one "ilhout II ba lancetl ami """' 
sllic1dcll inpul transJormer. t.he reSlllt . 
ing IIl1haialice ,,011 1.1 nffec! Ihe lille anJ 
mi ght illlro.lu("c ("ross· la ll,;, T hc C II ~ · 

tOIllHr) eure for sud I a eOl1<litioli is to 
in»crt a 1·10·1 transformer t.c twecli the 
line and t ile a lllplifier illl'"1 trans· 
forme r, The General l( a,lio Tnt: 585 ·B 
Tnllls former is an exa m pic of th is. I t 
Ims IlIIlanced wimlings a nd lW clcetro
@talil' slliel,1 be tween Ille prill l ~Iry alld 
8et:ondHry circuil.S so 111lI1 a balalleed 
line cOlHlCet.,.1 to ii i! primary "ill reo 
main Lalancetl c \'en IllOugh Ihc S(.'Con· 
Ilnr) hcconnceletiloan un!'alancctlcir. 
cu i!. On short lines running arOllnd a 
sllldio or a laboratory, Illc (I" cstioll of 
unhlllHnee is 1101 uSllu tiy so serious, hut 
it is surpris ing Illc U1I101 111\ of pickup 
diniculties Ihat ha \'e IJCCH cncountered 
due 10 the rac i that some "arl of a short 

~;:I~):~~:::';~:~~;~I!:rn:II,~;:tll::~~~:~ '""" 

('ui t is unhulance.l. In the case of larger 
s tnlliOl! "hcre sc\'era l "oice dlanneis ure 
ru nning pl.ratlel tl lfough I'ulch board~. 

rela)s. or OIlier s"itclling mecha nisms, 
it iii 1I 1 "~Ir8 COllsillcre.1 good prac tice to 
run tile " ires in ti ll} form of I"is let! 
pllir, s-' Iiellied by Iic).i "le (."Opper hrlli(1. 
'!"Ilis t} IJoC of (."Onncctor l11uintains a ell· 
padt) bulunce 10 ground , und if wel l. 
Ioala lwclilru nsfor mcrs urc llsc,1 1I10St of 
Ihe cross·lll ik diOiclIll ics l1re elimi, 
nnletl. - A. E. TIlH~SSt; ... " 

ARE YOU PLANNING TO MOVE? 
It" lOU LHC mak ing cilher 1.1 pennll . }O llr pos tm a i! lc r, Oth erw ise yO Il 

nent or a temporar) dUl11ge in mailing ma} mi i18 onc or more issucs of the 

:~ld:~~~~:I:a:r~:l;:I\n~r~:' t:~en:I~~il EXL · I'.I1 I" E~n:1I and wondc~r;:~',;'k YOII , "'-.. 
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'"' AMPLIFIERS FOR ALTERNATlNG·CURRENT BRIDGES 

F'GUII E I. "iew of "n 
andio.fre'lnency" mplifier 
""it ,,·it h two8ta",lurd8 
{C enera l Ha. lio T ype 
222). t he itri. lge "nit in 
.hece11ler. a"dtheaml,li . 

fierBt .he ito llom 

U";)I~II \~:i S B~~II;II:'~ A(je~~;I: ~I~:.~ 
aUllio.frelluell ey bridge lItnplifiers in 
tile .\iay, 193~, issue of the General 
Electric Re .. iew. After discussing the d· 
feci of stray admillllnces be .ween lhe 
bridge element s lind 10 ground, .he 11m· 
pli fiers SilO" n in Ihe IWO llccomp:mying 
photographs are described. 

The complete bridge of Figure 1 has 
an IImplifier for the detector cire llil 
with 1111 iron·cored inpul Irallsformer 

he'"een i. alld the bridge, 1111 arrange· 
llIenl .h:1I was subject to illie rferellee 
induced in Ihe trallsformer loy po"'e r· 
frel/Ilency magnelie field s. 

The derails are gil'en of allolher a.n· 
Illifier of high ga in in "hid. resis lance· 
cll pacitance coupling beilleen brid ge 
ami amplifier is usc{i. This, comhine{1 
"ith suitahle lIIuilillie shielding and a 
self·conlained ga h-anorneter, has min· 
imized ami rClldered fi xed and ,Icfi nite 
many of tire variable stra y I'apaei . 
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FU;UKK 2. Behind Ih" 
I' yne! of a OO"'JllN~I) 

~h idtiN Scheri" g l,ridS"" 
The eI,idtled a"'l'lifio:r ;6 
~"I'I_'Ctlonp<>rttI.;" in
."Iplon in~itle thegro"",I. 
nl Call" of the comple te 

hridge 

lances tllal of len ca use clusi,,, errors 
ill precision measurements. 

Figure 2 sho" s the illic rio r of II 
Schering bridge cOlIl Billing this scrowl 
am plifier inside a slliclde.1 case, "ilb 
the cntire amplifier unil lIuPI}()rted 0 11 

I>orcclain insulator8 "ithin Ihe shield 
for the entire brid ge. 

!leallers possessing an c)e for del ail 
"ill notice the liheral use of General 
nadio laboralor), ac.::essories, e.g .. Tn·t: ~ 
222 Precision Condensers, Tt"N: 539 
Vllriable Air COIHlensers. '!'YI'E 5 10 
Dccade-Hcsis lancc Unit s, e lc. 

- J O II'" D. CK,\IHOIII) 

T'E C£l't'ERAL RADIO COMPANY mails tile Experimenter, tcithoul cllarge. 
each month to engineer8, 8cien,i,'8, ami ot/rer, intere8ted in commun

ication-frequency mea,urement and control problem8. Ple08e 8end reqUe8t8 

for 8ulncription8 and addreu.c1wnge notice8 to 'he 

G~N~RAL RADIO COMPANY 

30 Stat. Str.et • Cambridge A, Musachu •• I;b 
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