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ABSOLUTE CALIBRATION OF 

PZT MICROPHONES 
R(,f'ipro<"il y It'dllliIIU(,SI.,.a,4.1 ha W' long 

tll'C'n rrf'ogni7.1't1 as til(' preff'rrcd mClll1!'i 

of dl'h·rmining the lli)l:oluIC pl"('~SUl'C 
('ulihnllion of mierophoIl(,!<. By tiwS(' 
nlethod:- Ill{' !'wn~ili\'ity. defil1ed ill iermf,l 
of voltage OLlt put per unit of :l{'()ll~,i(' 

pre:>.."'UI'('. is dct('nniJl('(i from tile mea"· 
Ufem('lll of volta!! ... mtios. m('('hanif':lI 
dim(,l1"ioll;':. a nel (>]<'(" rit'll! iml'('(lul1('(', 
'I'll(' \('('h lli l[lI(," han' i)('(>ll f {'nu{'(1 o\'('r n 
IX'rind of year:- to t he poi nt wh£'I'(' ugft'('­
m{,llt hrlll't'cl) laborn tol'ies 10 0.1 db or 

'11. U. \bd...."n. ".~I •• ohll~ _\ I,""""r~"'fnl of ~".l 
Wi.""", • l'ri ..... I~· ""a"do"I." Jo",ttDJ ~I tJI •. 1,,,,,./,,,,/ 
,~"''''I~ oj A"' ... ,m, 12. UO-146 Ot4f1\ . 
'l\. I .. , Cook, ··,11 .... ,1<,«' 1'I""we Cam •• ali ... " of lli. r<>. 
ph"" ...... J''''r~,,1 ,./ No ....... \.tio".! lit" ... " 01 f' ... "d-.,,1,. ~.~. 4'1':1 :S.US nll-!U); .1> .. J"",.".,I "I I" A«" .. I' .... 1 
'~'''''''' <>1 .4 ..... i .... , I~. 41 !;_L~ 1 (19-11). 

FIIIU •• I. Th. Ty," I5S9·A Mic.o· 
phon. Rocl .... odly Colibrol .... I, 
Iuppli. d in 0 Flip-nit can for 
con"onio"t bench "'0. A rel"y. 
,ock mod.1 II 0110 ""oi lobl., 

beiter, on st:lbl" microphrIllC:;, i:$ "011-
siSlcntly ohtained, These vaiu{'s ['(' Im'­
sent the hl'st lll':.ilahie mCUf'UI"{' of 
mic'rophont' ~ni'ilil' il Y in Ihl' pl1'io«'nl 
s l:l1(' of t1w Ul'l. Sm.-h [l,' c'uITH'iPf' ;11"(' nOl 
pn.~ily I'cnliz('d , hOII'PI'PI', and :trt' ill fad 

ob1fdnt'd only by lllt'tkuloliSly ('art>ful 
laboratory work, togl'tbf'r wjth a fair 
amounl of ('u lntlntion. ,'\n hOHt' or mol'! ' 
i" nOl'mally nllu\I-('d 10 (JlJtU iH 1'f'lial 114' 
I"C~u lt l-l UI fl :<inglp fl'(' '1U{, IICY, 

'1., I .. U"f"~~kl ,t''''''li, M""~,",,~""16. ~c . • . ~ • . In)", 
""I~)·.I; """iI, "c. ( 19-19). 
'.\. L. lli'\lauu. . n,1 p, '\1. W .. i" ..... "0" ,I ..... lloiUI.u .. 
l'r_ur~ Cahb1&"on 01 Co".IPr,,~r '\1.~rOl'h",."", hl- Ib~ 
U'-"''1''O<!'l)· l>1~tI, ..... I." JQ~"",I "Ilh • .. t ""u"u·,,1 ''''''-' ''Ii 
01 A '" .... it~. 18. :14 1 :j~4 (\IHtIl, 
·"u,~, ... " i'uu,danl _\1 ... 1"", 1m .h~ I·.--ur~ ( 'alih<o<'am 
of l. .. l-.,ory :<t."darn I'r .... ur~ M'~t"I'I.'"t, ... 7.~4.4-
H!-I !l_ 
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,\ tlC'11 C("Il('ml H:Hlio ur\,C'I(lpnwnI, 
Ilw T\'I' •. 1·l.'W-.\ .\iil'ropholl(, HN'iproc­
it.\' C'alihmtl)r. rt'du('C's t ht" Iw·iproriry 
lll ('tL"I U1' mt'nl 10 a m:ll\t'r of nllltim' fo r 
(:t'I1('n1 I Hadio pit"zl l('I{'(" ril' miI'MphollN\. 
TIlf' i n ~l rumC'1l1 i~ porltLhle. aud tl\{' 
Im'11~III'('m(' 1l 1 Il,,·hlliqut.' l'" !"fl -; imp1ifil'd 
lillll II nw:u"IItX'IllC'nt al any nne fl'(" 
'pLt·ttl',\' ('I UL 1)(' m::td{' in :t rnilltl lt' or >iO, 

li.t:' f() l'(> i rnpl)l't:lllt m('a~ltl'(' m(' !l l." nrc 

tL lIII I'rlllkl'lI. li .. !!1 !·llt·c, b !If mic' l'Ilphc'II(' 
~t'lI~itil'ity 1·: 1It I){' maul' with t hi~ <'flli­
br;llt)r 10 aJ\ :tt't' lIm!'), I'ompamhll' III 

I hat hi l herlo oiltainahl" (,"ly in I hI' 114''''' 
~I:! nlla I'll i):ing lall(mll()ril·~. 

Bosic Principles (lee O/l:;l page J' 
III lIddilioll 1'1 til\' IntlhUlII'l'r 10 III' 

I':ili hr:lll'li, I h(' n .,,·iproC'it.\' h' l'hniqlll ' 11:' ­

Iluit'l·~ 111 0 olhl'l' tl':lll~dll ~·' · r')<. 1111(' I,f 
Irlli l, ll i" rt'l· iprl)(·:tI. · 4 .• 1111<1 :111 llNJII~ li l' 

I':~\'il.\,. Ont' Il'atl~dllf'I'1' i" ll~t'd ll~ 11 'IlHHd 

.~Olrr<·I· whir· 11 l'xl·itl''; thl' I't'm:litli ng I\\'O 
Intll"dUt·!,.-s (mil·rophollt·s) wilh a _~/)lIIiU 

pn.·" .. \ln'. 'I'll(' mlio (,f Ih., 0 l)('n-l'irl'llil 

vullll j!;!'" of the two mjl'mphonr" pqllal,. 
I II(' I'l l I iI' of I hI' mic'mphon(' "1'1I~il i\' il i('~. 
If Ill(' twn mil'rophon{'S at'(' (iI(' " I'ollpll'.:! 
lil}(l'lh('r II ... , a KIlOWIl ll('nu~li(' impl'd­
:111 1'1' (t b!' 1':I\'il.\·) fi nd Ih(' I't'I'iprOt·:tl 
rni l'ruphOl](' i~ dl'i\'f'1l as II l'-Ollud "1)111'1'1', 
till' ralil' of Ihf' Itl)('n -<'il'~'lIil \'(111:tgt· of 
II,,· '::1'I'OIld mi"ropitOlI(' 10 Ih(' uriving 
1'l LlTt' fll of thl' first mil'ropholl(, ,':I n Ill' 

• In ~ ' ..... 1·".·.1 ,I.·",.,.., t"~ '.I~.o' '_1"'''''' "'."~'~""M 
,. ,"'.to.' .... L .lllor I~'''''. ,,/ r,rll.li"" .",1 ,,1 .... ".Ii'>" .". ""rr't'h",,~,.1. ,,,,,,,.d .. , ,ha ' ,h~ '~,,,,on,,1 """."-1,,,,,. 
t~m'"'''''''''''''' 
'I,~,' 1t •• I .... Io. Tl, T~"",. "I ....... d. \01 11. Ih~, 'I~· 
n"lt~ ... ,,01 {',,,,,,,,,,,-, ,-,,\. (l1i;;1. 
,~, H.IIo."',, .... "1( .... ;, ....... ">',,. EI ..... """,." .. " .. , ~I ... I",,,. 
, .... 1 ........ ". ",·.1 " ... , I "" .. ' .... 'r . ...,I"r ~J.t .. n ... " ' .... .......Ji, 'I'''' I ny.. 17. ,o:!\) '151 (tif'-'!lI, 

111I..'Oft'l indl .... t'('1:rh' tl In IIII' pl'o<lIl<' l 'If 
t he mil' l1 lphollf' "'I.' II:< ili vili!' '''. T h., lWO 
rd:ltionship.<;, (1111' f"r 1111' ralifJ of mintl· 
phone ;«'Ibiti\' i l if'~ lI nd Ollt' for Ihe 
p l'IJffllcl uf mil'I't lpll"III' ,.;.(' I,,,ilil·ilif',,. hI ll 

Ihell he "olrl'l.l for , III' ""IHili\il.\· of 
('il h('I' mi('rop huIlI' . TIll' lU't)II .. lil· impC'd­
a n('('~ of Ihe I,tl\' i!.\' i ~ lilt' illdf'I)I'lldl ' ll t 
I'alt-ulnh)t, qUllllli l .l· ill lNIll,'"' I)f whit·" 
mil'rophol lC' '::1'11.", i!i \· it .v il'- C'il l:II,li~lll'd. 

A Unique Device 

Thl' IIlliqUf' IIf'''''' nf Ill(' '1' , N: I."i;l!l- \ 
.\Iil·ropholll' U(,I ·ipl'ttl'it .\ (':llil.,.:\t01' I'f':-; \" 
till Iltf' follo \\' illll; d t'"ill;lI f('allll'l'''': 

(1) 'I'll(' 1r;1I1 .. dlll ·!'r 1I",·d til dt,t('t'mill(' 
I h(' mtio of :<j· Il .. iri\'ili{·" i" in I ll(' form ..... 
of a pi(,1.ocit'f· ' I'i.· rillj!;t \\' llil·h 1Il;lk, ·" up 
I ll(' 1':II'il," w:III. lilt'n ,hy f'lilllit11ttiul' l !tl ' 
1ll'l'd fO!' phy~il':tlJy illll'l't·h:ltll.dllg thl' 
I()('a I i('11 Ilf m i"l'llphtll l!''' (Itlrinp: 1111' 
I'rtur.-(' o f 1I1f' m(':I~I II~·nWIlt. 1':lt,,'ll'i.·:tI 
{'x('il:l1 inn nr!llt' rilll' prodm'f''':'t 11l1iflll'lll 
"'OIl IlU 1)I·t': ... .' .. ur{' l ilrollp:hlllli Ihf' " ,,,· iIY. 
Thi", fat'l. pltl~ l ilt' ",nll nwtr.\' Ih:11 rf'­
,::ul!" frolll l llC' It'"'" (, f:l lr:ln,-cl tll"'1' in I ll(' 
flJl'm of an f'tlt'oIllIJ:I,::"ing (, ... ·Iilldl'r 111-
g('lher \\'ilh:t 11'\'I' I')<ihl(' tr:t IlI'<IrII 'N idl'll­
t i(':l 11O I h(· mi" l'uphullr II(.' illg llU'U;;:I1t"N1. 
m:IKf'~ IIw ('ou pl!'!' tlRlhle OVt'l' :t II iell' 
frl'quent· .... mnw'. 

(1) .\ ;:;wil l' h i~ 1I", 'd to {")llIlt'I'! Ilt(· 
(' i n'uil~ fOI' t il(' rl' llllil" 'cI opl'ralioll" wil h ­
nlll Ihl' n('('d for ph.\·"i.,:"I .... illtN('h~lIlg­
ing tlU' I mnf<UIL(,f' I~ . 

(c'''!li,,,, ... 1 "'I i>"'J( H 
t \ "",;J,., "',," " .. I~, ... ",t~"1 ,1 .. 'r~'I.''' ... '' "". b.>o-" 
'(""'''']y 'PJ,OOtI.-.J, ... ' --,.,. ...... , ... (,,,,I,b,,,,,.,,, of \I .... "n" .. 
'hU"I,I"" ... "l' ,lor 11 .... ,1"",.". \1~,h •• I." ", ... 1 I'~JI"" ''''N'''''''. ~'6. ~.I"'I.I~ 1!1(1ll.!, 2. 0), 
'f'. ,", ~!_. ,-,I .. """ "",, _, ... " .. f. ( '1"", ... , (I, \1,.( .... '" 
(l,1I (1U3eI. 
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THEORY, O PERATION, AND READOUT 

Figure 20. Condilion$ for Ste p I , 

STEP 1 - BOlh m;rrOl'hOllCfl nl'(' ",\"(';I.!,t!Io ... Iht' 
Sll.nw !!Gund PT('SIlUri'. 1\. T \wir "IJf'II-cir('uil 
vol1lllt,"lj 1',., imrl \ ' ... ,up jlTOIJOrtion;11 10 tl,..ir 
!I('n~ilivili,'~, .If R lind .\f .... nwn 

STEP 2 - 'I'll!' rrv(·r .. ihh· min.-.phorw i8 uriwll 
by II f'llrl'('nl, I,." produl'inJ!; 11 vohml<' wl()('ity 
of sound, U - f".If", in tilt' ,',wiLy, wh06t, 
arou~1 ir iml)('(iani;(' isZ". T hie, in turn,protlut..:" 
[l SOUlIl \ pn.'l!Surc, p . - U,z,1 ti l th(' unknown 
mirrollhorw, whi"h ~rnl'rill('~ Il \'OI\I(gp, V'x -
" , .II_>{. 

Th('n, 

1/ ",.11 x 
V'x 

- 1",/". 

CQJnl}i"i,,~ (1 ) :tIlt! (2 ) , 

.11 ''''-_ ;'( ' 

(2) 

Th(' iUljll't\lIll<'t', ZA, is ('lI \('ulatNI, find :.11 tht' 

ot!lf,:r qunnti{i{'6 nrr tIl('lIsUTl-,d. ~~: ''{l1IH'S from 

st~]l 1; 1 R i~ lIWalluri,d in [('rmll of tho voltngt' 
IlrrOllS a IJOh·~t.\'f\'rH" 1'''p'lI'ilor in the <:llrrcnt 
plllh, I" -= \' .... ,('. ; I",\' is nu>usun..>d dirt.'elly. 

Z y /'. 
,,, - ", I ', 

where: 
l' ill tlw ratio of sllC.'eific hl" ~ ~ of nu- tit 

('(mslll1ll ])rf'S6Urt' to /hllt nt ('Ollstll ll t volu)lI<' 

f' . _ 1I1mOllplwric prt'!l!!llro 

\', - ('[wily I'olumr 

The t"'O w---Il'rm~ "1111('('1. lind 

I J' . l 'x \ -' .\ 
""'- \ ~/".('.f ·V; · ~ 

I ( \) \' I "~ -,I: F 'T'T " ", ,~ 

Fla u.e 2 b . Conditi ons for Ste p 2 . 

'1'1,('1) .II X in dl> _ 

10 [ 101( 1: . +1"1(: Vx -log J'", 

+ 101; " '.\" - II}I( 1'$] (I) 

Thi~ OOUl!lulllti.-.n iii rarried .-.ul nn n «imple 
all:~ I,,~ eI)nlpull'r ron~i~linll: of II fUneti'JIl ~wil{'h 
nnd !'In nCtenu:.tor IlmL ill('hl\I('" 11 IOjoi:llrillllni(' 
pol{'ntiorl1etc r, ~howll in Fip;uro 3. T he firs l 
t erm iQ taken C:I~ of h~':11> initil]1 t<elting of the 
nnswer dinl in lernll' IIf h,lrQml'tril' pl'c,-.'Ull'. 
\ ' nlt:lf!Co' III'(' Illl'tl.~llr('(1 II)' n ~ llh~litution mcth-
00.1, :md v.-.ltul!:;{' rl\ ! i'~ upP(,!lr ' I ~ differences in 
ll,c :\Uenu:HOr ~N'inl!;~ III'('('>-~:'ry to produC(' 1\ 
con~tant dcl(,(·tor r{'lI(\ing. The funl'tion switch, 
in !ldoJ lIi(,n In oontrollinl( I(CI)Cml(Jr, ul'u'('Wr, 
!lntl ImusduCl'r et)l)n{'('ti"n~, :1f'tUtltl'!> thl' brakl' 
to hoM tho nn.~\\'l'r dilll ~1:lti(Jllnry whill' thl' 
"tterm:ltor i~ I'd In currl'~II()J)( I to thl' IlmplilUul' 
of the Il Ullwr:ltM voltnjoi:f!l' in (3 ). tlll'1l rl'--cn­
lZ"I!:;E¥ th(' din! fnr the ><ettinj( of t he denominlltor 
\'oltn~C8. TllU~, f\tlclmaiOr ~ottinA" dilT('rellt-c;l 
in Jh tlrt' tr"n~fcm>d 10 the 811M'l'r \Iial duri l)1!; 
HCp~ in Ihe <'otnj"lllt(t!inn. Thl' filml t("'ult, ~,I'., 
the :<C1l!'iti\'il.y ()f miemp h"n(' X, is r(':ul from 
lile C(l1ll1!uler dinl in dh rr Iv lllh.~r. 

Fiil u.e J . Swil<h lnil on" <ompule . me~han;sm 

In e le m e nla.y form . 

3 
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(3) A ~tand:.trd ('apll{,llor i" u".( ... 1 HI 
mcu"ut'(' till' dri\'ing CUI"f'{'nl of the rt.'­

ripl'o('nl tnlllsduc"('r.' 

( ~ ) Th(' w'ec,,-sary ealt·ulation:; art' 
pt'rfomlcd 11)' II simple dinl-1YPc aun log 
eompull' l' t'(lupled 10 tile ~wil('h ("(Ie 
Figure :1) . Th!' \'n!lages Ihll\ rt'.'Hllt frolll 
Ill(' 1L('OU:-;\i('HI u'!l IL",f{'~ a~ dupli(':lIt'd 
with:1Il I'lc{'t ri(':lln('twork l h:11 indudl '''; 
:I ]()gHrilhmic' I>OICllliDITIC\(,r. The lLIlgll­
Itu' pl~ili{lIlS (If Ihe 1>Olcliliomrl('r shzlft 
aN' proportion:llio the lug:..rith m,:; of the 
yoil:lgl's tu ht.' ml'u;<l1red. :Uld the:-{' !!Ihaft 
po~ilion'" fiN' Inln:::fenro 10 the :1Ill\w('r 
dial in t;lIl'h II WfI.\' that the Il(·t"e~.ary 
mul tiplil':llitlils :1110 diyi;;:inns art' 1\ ('('om­

pli"llt'd in II mUIIller :Hl:tlngulis to the 
\I~' of II :-Ilid{' rule. 

(!l) 'I'l l\' elost'd coupler 11.,(·ipnwi ty 
l{'chniqu(' normally yit'ld8 HII' pl'f,:<,:'\lI'C 

h!:<1)(UI.-;(' of fl mif'rophone, b UI l ilt' .\nwr· 
it'an :-;lalld:lrd~ • \ ""t.W:ialion ~p(·l'ilit·t\ I ion 
ror (;t'lINul l'uf]lOI,(' SoUlld·j..('l·d :\j('I('~ 
SI.I-I!)fil I'('qllil'{'~ a mi('ropholle whi('h 
hrul lJ. flul r:mdom·jTwid('Il('(' ((liffu:-(·. 

lidd) fl·~,)lIIl~, III Ihis l':l libl'lllor, the 
d('liatioli or th{' "ollpl(,I' fru m II l"imptc 
t\('oll;;l ic'al ('ll'llll'nl lI'il h irt(·/'f'l\.. .. irtg fn'· 
qn('llI'~' j;c (,lIlpiril'flll.\' mnll'llC'd 10 till' 
'·OITl·t·\ JOI! II('I \\'CC'U IJ1C J'a udllm-ill(·j· 
cl" IWI' t't'~ I)lIII>'f' and I h£' pl"('~ur(' 1·('~I)I!Il,.:(·, 
Tlw ('ulil!l';Lli(l1l i~ Ih('11 t'/T('(: liwl,\' ill 
tcrm~ or 11 diITU;«'''''''<)lInu f-i('ld. \\hi,·11 i,; 
lil(' {,1I\'inmmt'nl to wh ich a :)(lUl\d-ll'wl­
ml' ier mi('rf)phOlW j,., mns! ('ommonly 
('xP(J:-('(1. Fi~uN' I ,;holl'''' thl" dt'gn'(' io 

'.1. K .... itl ... ". "A ",,,,,,hfinl '1·""I"';'l\l~ r", ,"" ",_" ... 
('~lib,."o" "f (,,,,,IM'o_ ~h~rol,I,,)! .... h,· tilt ]('0("1"""'1) 
\lNII",!." _~ , .tv·, I"I~J".!. ll:!'·llh{I\l:'~I. 

which t ilt' nl ildom·incidellec cor rection 
Ill.:.ll ehcs thc d('vi:lI ioll of t he coupler 
impcdnll{'(' wi th fr{'qut'lley. 

Procedure 

To cn tibmt(' a mit' I'ophorlt' olle illt'('rts 
tllr mierophollc iHl o II\{, (';1\' iIY , l'!:1mps 
it in pl:lN .. ·. and cOllllects il 10 Ihe insl ru· 
menl . Then une ::;ellS U l'('fl'f(' ILCC to the 
hnromctril' pn.'~"llre :Inc! p l'Ot'et'<if< IIJ 
m.ake four d ia I 1OCll inw;. At lbe compl('· 
lion or thc rourth $(-'l1 ing, t he nmdom· 
in('idC'llf,(, (di trll:<C'·firld) mi(' rllphQllC ~Il· 
8il il"ily in dh re Iv piJlIr i,., r('ad dif('('lly 
rrom :1 dia l on tilt' in,.ll null('111 p:meJ 10 
:111 3{'{'ur.tey whieh vu ri('f< fru m 0.2 d b:\1 
low frctjHC Il{· ics to O.i d h t1t i kc .. 

The Calibration, Abwlule and Traceable 

The ']' y ... : I.3W·A ,\Iierophon(' I{('{ .• 

iprocity Clitibl'lllor is II prim:lr,\' nnd 
:\('('llmtc (':llihmlOr nf G(' lle l~11 Hadio 
C\lmpany'ij I'z'r mi(' ropholw;:, helow Ike, 
whih· aboH' I k,' (whf'/'f' I he dimcnsion,; 
of ,h(' (';'wily 1)('I'oll1e ('ompamble with 
III(' 11"11 \'(,Icugt hs (If I lit, ";0111'1(1 ) it is dil'f'et 
I'f'fl.tiing in the rH lldom-i llcidCIl("r ( diITlL~' 
fi('l d ) rc;:,pOIl!<f' of Ilw mit'nlpholrl:~ .. 'I'll(' 
4'llliilml ioll of II T nE 1.-,(j()· I ':l 1'7.'1' 
.\ l i('l"opholic hy u!'t· of Ih i,.; inslnUIlClit 
d {·pI.'lI(is Oil til(' Illca';Uf'{'Ill t' lI t of l(,)lgth 
(l'ollln1l' or tli£' ":lvil.V) :l.IId cicc·tri{'ul 
im l')(>(i:1 m'(' (1·:tp:H'it:\!lI'{' a nd n·,;isllln('('). 
fll1d i ~ t htL" " Irtl('{'3bl('" 10 ... n~ f'a1ihra· 
liol1:< of Ihose IIl1il$. ,\11 indl'lX'ndclil 
l'f'{~-.;-t he(-,k is 31,.:.0 I)()", .. ibl(' h.1' ('{JUl· 
pnril'Oll wil h all XTI.-; ('alilmllcd filO-.\ .\ 
mil"ropilollC'. tiS iihoWII bt('r. 

Fi ll"'" 4 A¥e,alle de¥lation b.tw .. n collbratlon b y the Ty~ 1559 .. A MI«ophon, Re.lpro';ly CaUbral .... and 
callbrotlon 01 rondom Incide nce . 

• os ~ 
~ 0'---------------------• 

-1.0 
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A Standard Source 

The Tnr, 15,,)!)·,\ i\lic'ropholle nl'~­
ipl'o<"ity l';\JjlmltOI' ~'nll (dso 1)(' u""d :18 
U PI,(,I';:<;(>11 [11'011,;1;<: 801IN;C fOl' ,-.('U ;Hg 
thl' refl'l\'Jl(:{' 1t,,,'1 of n !'ound m(>:\..'<I1I'('· 
nWIlI :'y:st(>m, When Ole in~trllmellt ; ... to 
IX' uS('(1 as II p1'('(,i,.ioll !'ouree, the 8<'n· 
:oitkilY of u mit'11Jpholle Illll:;;t fh~t II(' 

d(,tl'l'Illincd by lh(' pl'OCt'(hu'f:' OIl1liu('l1 
1l11O\'C, This l;I'n>;it i\'ilY is llsed Hi'! n rl'f('l'­
('lice 10 sct till' dri\'ing CUI'l'ent for die 
rc\'('n-ibie Imni;(hl(:l'I'. For :l gi\'(:' 11 in l>tlt 
voltage a known SQunci-p«'SSIU1' Ipn' l 
will theLl be 1'1'0<1\1('('(1 in th(' ('[wilY .. \ 
$OllIId·mcilsuremcnt !I)'litem eOli llcdl'd 
to the Ollt put of I he mit l'orbon{' cnll I h(,11 
be set to indiciltl' thil'i knOll'1I le'vC'1. 

Compa rison witn Standard Micrapnane 

This tl.'Chniquc for produting a known 
f50UJu.lle"cl in the ('II vit)' ('lin :11:<0 be ui!f'(1 
to (>{)mpare the &'1I!'iti\'itY of II Genct'll1 
H:tdiu Tn'E l.){iO-P'J l'Z,T :\ Iii'rophorw 
to lililt of a Western Elect ric CdO·.\ ,\ 
Lrt!)OI'rl1ury StfLl1dfllu )' 1i{' ropholU! 0 1' to 
('ulilm.llc a sOll nd-Illl'IlJ-iuri llg tiy:<lem I hnt 
U1!l'S :ouch a micl'ophone .. \fTcr the '1', N~ 
15.)9-,\ :\Iirrophtlll(, Hl'(>ipl'tX'ily C'nli· 
hrntor i~ tl<'t 10 produr'c a known sound 
field :11i olll)\'c, the Tn>~; l.)(iO-P3 PZ,T 
i\lie'rophout' i.:; l'Cplucl'd by Ihc !)lO-,\ ,\ 
miNnphone wit h I hfl ndtLplOr s!t.'{'\'(' flU'· 
1lj"lwd wiih the 1':llihml(II', The sound 
1(,\'1.'1 ill thc eii\'ilY i"! tht'll Illl'a~UI'('d hy 
till' f)l()..A,\ mi('I'flphnne and its n~o­
('i:lIed nH':l."Un'mcnt ::;y:slcm, :mc1 the 
i'~,.,It'm ('fllibmt ion ('an 1)(' SCI :1('('t)rdillg 
10 II\(' known len'1. Or, if t he 1.'cn"ili vit y 
of the ti-IO--.\,\ i!-! known nnd iJl(' de('· 
trit-al l't'sp() II.~e of liI(' a,,-«Il'irdl'd systl'm 
i~ knolln, onc (·tlll th('ll comp .. 'll'f' th(' 
f'ound Il'\'cl mea~un'd with the (;10-.\,\ 
und thflt pnxlu{'('(1 ill Ihe e:lvil,'" WI1I'I1 
this is done, the primary en lihr~lt ioll of 
R '1'\ I'~: 1.')G(}..P3 PZ,T ;\ licl'ophonc OlfLd(> 
with a T\'I'~: I:i,j~·,-\ ;\ [it'ropholll' Rrc· 
ipl'ol'ilY C:llihm\()1' h:o'l bc('\l rompnrrd 
If I tht' XaliOllal BIII'f'illl of St:lII<1a ni ..; 
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c3lihr:lIion ('£ a n 10-,\.\ mi(·l'Ophollc. 
:\I1rl fhe agN't'Illt'1I1 is ll('tt(,1' tlU1I1 0,2 dh 
fo r frp(llI(,llC'icl" IX'low 1 h, 

Generator and Detector 

Tilt, :l('I'p,.,.j)ri,,:< rNluil'f'ti are fI gl'lIf'm­
tor lind fI dc\('('wr, The- Tn>1:: 1311-,\ 
,\lIdi" O:O;I 'illulO1', II hil'il :!upplif'll' 10 Iixt'C1 
fr{'(llIclwi(';! 11('11\'1'('11 50 lInd 5000 ,'p". i" 
[,(·t'omrnl'll <1cd , 1'-1)1' (·culti rmou:"ly adjusl. 
fib]" fr{'qll('n('i('~, ei llwl' til{' TY1' ~; 121 n·c 
Pnit n·c OS<'iJl:i1ol' or Ihe '1'\1'1:: 130,1·il 
Be:1 t ·FrctIUt'Ill'~' . \ IIdiu Gell{,r:l I 0 1' e:1 11 Lt.' 
1I~1. For 1'('('ordil1(; appli{,:lIi~m" or for 
fha_'<1 ill;;tlLlbtiun"':. the bttN is prt'fc'r­
flble, Thc detel'lu l' cnn be e ither t lw 
T n·.: 15,31-(' Sound· I..c,'cl :'. Ieler or the 
T \' I'~~ 1558-A Uc'!:n'e- B;1Ild Xoi:,;c Ana­
iY7.er, wntHlly Ihc inr.:l ruilll'nt ",IIo&: 
Illierophonc i" to be l':,dib l~lted, 

ApplicOliOfu 

l'::.c of the T\'I't, 155U·A i\ l icn'phl)lle 
Heciprocity Culihrator dT('cti\'(·ly clim· 
ill:l\(,8 infltl'Uml'nL l' l'I'Or fl'om ~('lll1d­
I{'\'el m ClI$lII'('m(,IlI !<; the ohscr\,{, t' {,lill 

"1('11 {'OIlCt'l1lmlc hi;:: flt\cntion all ill(> 
fll'(ltlstienl f:w\(JI'S, such as CII\';ronm£'nt 
find mic'l'Ophonc pl11{:cnwnt. lIithcrto, 
on£' could readily culihl'3tc Ih'c ck't,tri,':d 
pari of :t Mund-ml'fI>iuring s~r::;IC tn , bUl 

lIlt' (':1 libraiioll uf the mi('I'ophonc was 
rl-'"il'il,tcd ton t'lw('k OIllhc mi(,l'OphlJne '~ 
S<' ll..Jti \'ity Ilt:l "illgie frequcll('Y. ,\ I'om­
pictc C:11ibmtion of Ih(' mi"1'Ophol1c l'I1I11d 
1)(' madc only III a qmdifif'tl laool'atory, 

The n('('d for PI'f')\'C9 nccur:lt'y, inrlud· 
illg t':dilmtlion of th(' mi('roplll)llC', in the 
field of ~()II"t.I-It'\'('1 mettSUI'ctnt'nts, if; 
illll>clrfLlcd hy 11 noiS(' slX'eifiral i(1ll !';!\I'h 
flS :\1 1 L-- 1~22S-1 :! (:4hip;.). ",hi(,h i" refcr· 
(·Il ('N.1 to .\III.-."'TD·710 (:-;hips), Thc 
1:11ler i"j)N'ifi"fltioll r('{llIi~ thai the 
mi..rophl'Jnl' II.-«'d inlh .... ",oulid-mf':I"Llring 
!'Y8tl'm 1)(, \'a1i1mll{'(1 ('\'£'Q' ,;ix II1I)\tth"" 
\\,il h hot h t h(' .... npplier flnrl 1 hc pUI'{,hnS<'r 
pC'J'fonning Iloif;{, tn('tlSlln·mCllt s :11.'('rl1'll· 
inp: 1(1 Ihc :-:11('I·ifil'alion~. :1"('111111'." of 
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GENERAL RADIO E XI'ElUMfNTER 

t:uiihralioll will IJ(' all imporwnl fatlar 
in Ih<' r!1pirl a nd l't'I,uomi<-al cli mjuulj(lII 
of uny cli~'rep,'lIlt'i{'S bctwccnlbc re81X'C­
li\'(' mefumI'f'IlWnl$. 

The mf\tlufaci Ul'(' Rud purchnsc of 
cquipnU'n l to a purltl'uln r no j!!-c sJ)cdfi­
l'alio11 is 1101 r(':!t ri tted to mililtlry appli­
cnt ion~. Mme ('xflmplcs n I'e: ( I) 'I'll(' :t il'­
mm·jng illt111811"Y whieh has SIX't' ifit'ulions 
Oil t he Iwi"", h'\'('I!!1 hat Ill:!.\" be gellrrnlcd 
hy fans, hlow('I~, ('Ie.; (2) cll lllmuuili{'s 

with ordinallf'(~ r<'Slrit't ing Ih(' maxi­
mum nc,i;:e 1('\'('1 p rodu('('(i hy trUl:ks und 
otiJl:r vchil'lc;;; and (3) tlirporls t hai 
h;1\'(' limilR on I h£' noise level prochw«1 

hy :lirl'mfl lI~i llg 1 hl'ir fac il itics. Indus­
tria l h ygicn isls require proof o f the cnli­
bralion a CI·ur.w)' of thei r SOlllld-Jc\"c1 
mC':tslIring equ ipment. In gener.II , rc­
qui!"Cm en/..\! for' Ilou lld-mca..;u ring cqui l>­
ment arc becoming morl' st ringent be­
callsc ll:'('I"S demand ('OI' I"f,l;ltioll of 
mCllll lll'cnwn l t:; tllk('ll :IL di fTf'l'Cnt l{){':~ 
tion..; lind t'on"istclll'Y of measurcmcnts 
tahn ai diffcr('nt l irnl'S. 

Si mple to openlie, di re('t f"('ading, 
and 3ccu ra tc, ! hi~ cn lihr.ltor pl'o\' ides:t 
reliahle a nd ('Olis-islen! Jnmus of stand­
ardizing sound mca-SUI'(' llle nts. 

- i3A811. A. D OXK 

SPECifiCATIONS 

MICROPHONE CAlIlHtATOIt 

M'crophon." Thi~ in-1Mlmcnt IlilI rlllihrntc 
thC'l'HI: 1;.tiO-1>3 110,1 -1>4 I'ZT ~ hrl"f)phon('>l, 
C'nrrenlly u>«\ "11 the 'fYPI: I.).; 1-<.' ~lInd- Lev(' 1 
:'oldl'r Ilml lht' Tn'I: I,i.').'!-,\ Ot-tl\\'c- IS3l1(i 
"\"obc .\I1I\I)'"lrr, !"('>l1W'ctively ; ,1\-.([ the T,I'I': 
t.,)(,JO-I'I m'it'hcllc ~In :'ofictnphonc, u<eol on 
Iht' o ldcr", "" 1 ~fil-B N>u.\J-I.. .. vt'1 :'ol ctt'r. 
Rong., I)irort rriI.(linK for ml('rol'h"nf' 'll'IN1IV'­
l11">'h('tll<'eJI -5.5clbu.IH;I-6.jdll,,,,1 ,,,,It,,,hfH. 
ft. q .. . n~y Itong., 20 to 8000 cpo. 
Acu",.<y, ±O.2 rlh ± (0. 1 dh X frr>quCIlI'y in 
kc) up to :!/, kc, ± O.7 d l) ahovc 2 .. ; kc I" 7 k<', 
",11('11 rdtrt·,u'c ill 1i<'t to ;l.ctuul hUl"UlIll'triu 
l ,rC:;~lIrl.'. 

PRECISION ACOUSTICAL SOUItCE 

F •• q .. . n<y R.n&.: 20 10 '\000 epe. 
0 ... 11' ... 1, 02 .11l 1'( 0'(1IJ02 "h:lr for exc-it.ation of 
5Ovo\lJ<. 
A .... ra.y, At !l2 dh, ±fl. 1 IIh + ermr in 11l'lcr-
11Imin" mi(,l"Ophune ~t:n~itivity. 

SOUND_LEVEl CALI8RATOR 

Fr . ...... n.y RO"II .: :!(l Iv 'l()OO I'P<'. 
O"tp"" 02 lib re 0.0002 .. hur for cl(citntion or 
50w,It.~. 

Acc ... rocy, ±0.7 (ih nt ~t.. .. ,,\(l:int ftll"llO;tphf'ri(' 
]lr~urc. 

GENERAL 

M,,,tim .. m Sal. Inp,,' Vol loV.' W \'OILS behind 
600 ohm$. 

Ac.usoriel It e q ... lred, Generator nnd detector. 
Gt'oernt.or to ~\J]lI't.\· 5 vott.~ or more into 3 
2000-rf loall, ant 2.r. volUl or more into n 
GCIO-ohm loud. Louer VOltll/o:C .'1ln he 11 <0.:1, .... ith 
11 f('~\J1t:U11 lowcring or _i lfllnl_lo-nmhirnt_nobc 
rntio. TheTYI'E 13<11- 1\ Il.cal- I·'J"I.'(IU('UI'V Audio 
Ol'llcnltor, the T n 'E 1210-(' t 'nit H-l: O;tcil­
lator, lind the T no.l 131 I-A Aud io (};cillntor 
IU'(' n.'('()mmf'lIdctl. Thl.' Tn'!: lwl - H or -C 
N!lInd-I.(l \" ct ;\ Ictcr or the Tn.: I ,;'~AP Oc­
tllv ..... Bllnd XoL-.e AnnlY1.c r i~ rl'f'ommcnli ()ft for 
t h" dctl'Ctor. 
Ac •• " o'; •• S .. ppli ed , ('nhlL~ for ronncctif)ll to 
((('I1('nltor Mlt l .1('I('('tor; ftds]ltor slccY(' ror 
6..\()-AA microphone. 
Cabln el, Flip-Til t; rcilly-mck model ulso is 
nvailable. 
Dim. nlion., l'ortAhle model. 1.'tI.<;C c\O$('(\ ~ 
width 10, heif/:ht 5, dC]Jlh 71., llll'h~ (235 h~' 
2()j hy 100 mm), o\'cr-nlli rnl'k llIodcl-JIIlII('1 
II) h~' 101~ llll'h"" O!\5 h)" 270 nun). ('plll 
h('ilillli JI,Hl('1 5 ill('heo (130 rum). 

Nel Weight, Portable model. 13I)1)uudl! (6 kg) ; 
rll('k model, 1'1 lX1l1ntlli (11.:'i kit . 

Shipping Weigh l: Purtllhlc mlM"lel. 22 pOUlnls 
(to kl!lj !"lick model, 29 IXlllnJ" (13.':' kg). 

Price 
IS.5"'" Mi crophon e R..: 'pro';ly Callbra lor, P .... 'Clbte Model 15.;0-1);01 

IM9-!lS:hl 
$47.5.00 

47S.OO 1.5.59_9120 Microphone Redp.oc rly Col;brator. R".k Model .•• 
, .. , .... , '\1'1", ... 1.'00. 

Nole: The ",lrw-ro('\" Inodf'l I)f Ihi~ ill-trom('nt 
ffiflkl'" u. ... of lin Ilflaptor ptl.ncl of th(' tyP(' ,I&­
,('I"IIJ('l 1 (f(,r the 1'n'r. 16.-.0-'\ lml"lt'(itlnoo 

nrid~('\ on IXU.l;f' 7 of lh(' ~("'f'll1hcr, 1002, i,;;;oo 
of the e.rII'T·i"'~'lter. T hl.!' I\lcthod of ruck 
mounfill~ i~ U,;()I\ for nil GH F1iI .. l'ilt C!l.SCS. 
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TYPE 1120-AB FREQUENCY STANDARD 

Emergency power equipment, which 
aSSllrcs continuity of 8{'ryicc despite in­
terrupt ion of normtll power scn'icc, is 
no\\' incoqXlr:Jted in a. new aSS<'mbly of 
standard·fr<'\lucncy c<lllipmf'nt, the 
TYI'~; II:W-AB Frequcncy St:mdnrd, 
The indi\'idual 'ittlnda rd-frcqucncy in­
s trumentti, \dlich hn,\'e been described 
previously, 1 arc: 
T Yl'~; 1113-A STAKllAllD-FHEQUENCY 

O~l'1 LLATon 
TYPE III"\-A FREQUENCY DIVIDEB 

TnE 1103-13 Sn,cno ...... om:TEH® 
1'nn: ('OMI'AIlATOR 

Thcudditional tllliif;, whichpro\'idccmcr­
gener IXlwel', nrc: 

Tn'F; 1116-B E~IEnGEl\CY POWEll 
SU I'PI,Y 

,....., TY1'E 1268-.\ AUTO'\IATIC llAT'TEHY 
CIiAltG~;1! 

TYI'~: 12()8-Pl B ,'1"rEIt\' DltAWEU 
THE 12(i8-9G02 B.U'I'EIIY 

'fhe en! ire us-"Cmbly is hOllscd in 11 

floor-type cabinet rack, as shown III 

Figlll'C I, 

Standard-Frequency Oscillator 

The perfonnaw'c of Ill(' Tn,g 1113-.\ 
Rlnndard-Ff('quency O,,('illalOr h11S lun­
pI," jllstified Ihe original e\'alnation!;l or 
it>; o\'cr-nll stability. The one-year drift 
IX'cord of fl. typi('id unit is shown in 
Figure 2, Xote t hat t h(> drift rnte at til(> 

end of:t year has dimini:<h(>d to less than 
OJl(> p:.H't in tO~ IX'I' month, or bettC!' 
than 3 parts in 1011 JX'r day, 

Figure I , View 01 t he Type II20-AB Frequency 
Standard, 

Of p:.Hliculnr intet'est is the spect rum 
plot of Figlll'C 3, which ind ieates a high 
degrcc of short-term stabilit y, that is, 
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G E NERAL R ADI O E X PERIMENTER 

.. "" I ., 
~, 

~4 
,,,-~~~ ".2 ,n, 

Figu.e 2. T."pical lan9-t ... m Irequenc." drill 01 T."pe 1113·A Standard.Frequenc ." Oscillato •. 

:I VNY II)\\" 1('\'('1 of fm noi~('. :'\01(' th:!! 

thi,-; Sp('l'ln lm i" that of the oscillator 
f,·cqu<.'nry multiplit'u up to :23,900 :\1('. 
Ilnd so it inl"illdcs not onl,\' oscillator in· 
slabilitil',., hut :llso tilly noise HUll might 
1)(' contrihul('d by the multi pliers, 

Freq uency Divi d e r 

T hc 'fn'E 1114-/\ F requency Di\" id{'l" ' 
divides the j~m('"g(lcydc (' I"y!-lllll f l"('­

qucney to prodllre !-l ille-w(lve output 
frcqul'lwit's at I ;' 1(', 100 kc, 10 ke, I k{', 
and 100 I' I)$!, as wcll as !-!'1uflrC waves fI~ 

100 kc and 10 kc . The didder (' iT'cuits 
are de~ign('d fo r IQII" jitlN (about 0.5 nsee 
Q\'er-all from 5 ~ rc 10 100 cps) and nre 
all "f:lil-saff'," that is, Ow)' ha"f' no out­
put in Ihe nh;:.cncc of a n input signal. 

Time Comp o rotor 

T he TyPE 1103-B Syncl'onometf'r!i 
li m(' l'omp.'lI·fltQr l prnvid('s:1 ('fIlibrntion 
Ilgainst standtlrd time h .... ('omp:uison 
with radio timl' f:ignals. Such compuri­
SOliS ('a n be made to Ith()ut 0 .1 milli-
'1,.". eil. 

0 

- , 

, 

I 
r-

o. .. . ,~ 
~. ~ . ". • 

,, ~ ... 
Figure 3. Spect.um 01 the T."pe 11 13·A Standa,d· 
F.-quenc." O.cllloto, a . measured at 23 ,900 Mc b." 

th. Notional Bu.eau 01 Standa.d •. 

second . Rad io prormgnt ion time v:lI'i l"'s 
up to ± 0. 1 milli5Ccond, mIlk ing o\'er-all 
lH'CUnl C.V of compa rison approximntely 

± 0.2 millisecond. A frequency c:llibrn­
{ioll fI{'C ll rflCY of ± 1 X 10-11 is pos;<ible 
over 1\ 48-hou l" illtcrml. Th is unit pro­
vide'S an a d dil iOllal fa il-safe fentll l'C sinee 
('veil momentary fnilun:' of l he dl'iving 
fl'equrnc,v will SlOp t he clock, wh i('h 
will not 1"C"lML of itself whe ll l he drive 
I'capIX'lIl1l. 

SPECIFICATIONS 
Ou'pu' Frequencies, i'i !\I c, 1 :\Ic, 100 kc, 10 kc, 
I )';1' , 100 t'fJ'!; nddi li{)nall)lulol-ill units For the 
TYI' ~; J 11·1- ,\ Frt."<lUCIH'Y ])i\'idl'.r nre llv:lilablc 
til ]lMduCI' Ol1l]1u l ,II 400 I'])~ find (l(l CIl:<. 
Po""., Req ui , t men", 10,) I" 125 (<lr 210 In 2.iOl 

'I'ypr 

1120· A B Fuquenc." Stondo.d. 

NOI.: OtlH'r rrt-qucllc,v"""'tllndtlm cornhin!.t!io ll~ 
Ilv!.tiiHblc include the Tl"I'f: 1120-A, Wllll'li hll.~ 
the sunw fllJlPut Frequencies n.~ till' -All m(>ttel, 
hut wil hollt ("ml'r,,{"nc~' ]l(lw('r Njuillrllcnl, lind 
I he Typ~: 112l:l-A II, which rurni,he;, itl 1I! lditi()ll , 

VOIL~ , !'iO II) 00 I'I~~' 3i O Wlltli!. 
Dlmenl 'Dn., \\'i~l t I 22, hci"lrt 7UI } , dcpth ISH 
inrhes (sri) hy IfI,c,o hy 470 n1ln ). 
Ne' Weig"" 47i'i p()und,o. (220 kif ), 
Shipping Weight ' (i ·l[i pound.~ (300 kg). 

Corle Nmul"" Pr ir~ 

112\)..~lI30 $5200,00 

fl"('(llll'lI("ics of 1(1, 100, nnd 1000 i' lc (u l!;() wi lh­
Ollt Cl!lCf/{Cllt)" IlQ\\'CI' I'quipment). /\ 11 r.orn-
1'''I1I'I!1 ullil ." nrc flvnilJ(hll' ~('I)M"nlcl.\. und ~pe .. 
ri;l l :l'O'('rnhlics CUll be devi~ to meet individ­
unl requiremcnt ll. 
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EMERGENCY POW ER SUPPLY 

Thl' Tn.; 1116-B Emergmcy Power 
:-tnppl.'· i~ !l combination ill\'er!('r and 
swiH'hi llg dc\'ic'e, dc!:< ignl'd for U."-C Wilh 
a 28- 10 :l:!-\'olt s tOnlb!'(J bllttcry. Upon 
fnilllrl.' of the· power lim'. till' \'ibl'iltnr­
tyJX' invNIN is automali('ally {'ollm'cled 
to the b:\1tery supply, t he pow('r-inptll. 
IC'rmin:ll~ of the frequcIlcy stand:ud nfe 
tnlll~fNred to lhe iuw'rter oUtPllt, and 
l\ front-pallel Ilimp glows 10 indicate 
l'mergem'y o{X'rnt ion. This cllllng('O\'('t 
()('('Uf'i'l \\hen till' line w)ltllgt, full:; hdow 
IO,j (or 210) voill<; til(' N'tlll'n to [inl' 
opcm I ion 1 nk('J; plact' a I 1\ le\'el 1)('\ ween 
lOS a nd 113 (or :!IG lllld ~:!(i ) \'oJls. 

Thp swil(-hing is ac·compli.<;he(\ so 
rtlpidl.\' Ihat no interruption ()('('urs in 
till' openllion of the ff'('(lliency !!t:\Ild:ud . 
The' Nt lI"f('r I:lk('s piali' ill les. .. limn I w() 

c-,,('I('~ of the power-lin" ff'('(lltell(,Y. 
011 n';:<umplioll of IIIf' power-linl' i'\('I'\' ­

i('l' , thl' st:lIldard is uutomutil':llly 
8wit('hNI htlck to the lilL(:', :wd Ihl' in­
wrrf'r is di"w{!Illlected from Ill(' IJllttt'r)'. 

~\\'i\(-hillg is :wl'omplislwd h.1' fa~l­

:wting relays :lJld ;oolid-slal(' (\iIKh'!< . 

Automatic Battery Charger 

'I'll(' Tnt. I:lGS--.\ .\utomnri(- Ibtt{'l'Y 
ClllLrg{'r j" dp",igu<.'d If) maitltain al opti­
mum dlarg(' ('ol1dilion 1\ '1I--('f'11 lli(,k(·I­
('admilllll hllttery to pl'!l\' iti(' t'mNgt'llf'Y 
pOller for the TYI'~; IIIG-U Em(> I'~(,Il(,Y 

Power :-;\\pply. 
_\,;: 1<oon a~ line \'ollflb'1' i8 N'F<tOl'(-'d 

after IXJ\\'(, r fHilul'e , n ('OIl"Ialil (,lIl'relll 
dllll'~p of ahoUI I nml)('n'1< il' appl ied In 

fill""'" View of th •• m"-lI.n~y pow..- .~Pply .q~ip­
m."I. f.o m top , Ty .... 1116-8 Em ... e-ncy 'ow ... 
Supply. Ty .... 1261_A AUfOmolic 80tt • .,. ChorgOr, 

Ty .... 1261-Pl Sa"-ry D,ow .... 

the batlery. Arter 6 h OUN; of ihis (;harge, 
n limer ch:mgc8 the Ol)(,111 ling mcxle \0 
('on1<lalll. voltage. Thi:) fkmt \,ollugl' 
maintains the bal wl'y fl.t opt imum 
chaJ'g(' rcg:U'dlrss of the u-i t'k lc--chnrgl' 
cUI'I'{' lllreqllired . Under these conditions 
the \'oltage ncl'O&; the h~lttcry is about 
31 \'olts, "I"tl'l'S nre provicic'd for b:1ltcry 
\'ohage and ('tlrrelll . 

Battery Drawer 

Thi.,> un it is n relay-ruck-mou n ted 
dmll'cr cll pabllJ. of hOllsing the 2·l--cell 
b:l!.tery, Ball-l)(,(uing slid e:; li nd qu ick­
l'cll'ase f:\stencrs pro\'idc C:\i;y acecss 
for battery m:linl('n:IIICf'. Stainless sled 
is u;,cd for lhe h[tllery holder 10 iustln' 
chemical f'C8iSl[tncc tlg:linst the alkalilll' 
elrl'l rolyt{'of i hl' niek£'I-<'lIdmilim ba t t('r.\' 
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GENERA l R .... O IO EX'E R IME NTE R 

Bo ttery 

This :!-h·C't t Ilif·k(']-I.::l(lmillffi Ualll'rY 
iii :-hippe(i dirt'I'l ly from Ill(' mntlufHc-

hirer's pl tl ll!. 11.:'1 (':q>': lcity is :)1I " k;('IU to 
OIX'ralf' t he frequl'ncy sianclard fl ... at 
least 3 )Al hout'S. 

SPECIFICATIONS 
TYPE 1116·1 fMERGENCY POWER SUPPLY 

l"p .. l : II;; 230 v, ;j(I-l.iO q'" rrom l}(lller liue. 
2foi 32 v, 1.3- 3.2 I1IUp rrmll baltel'Y ( "'h~1I 
ope' rullng Tv l'l': 1120-AIl Fr«)ut'nl')' ~ll1nllan l l . 
O .. lp .. l: 1]'-, v, nom;IIIiI, 00 1:1"', 11::\0 "l1 lt ~ COII­
lIllU"\l~ IIll\xlmum t:,tiuJp:. 
Op • • al iana l Rana" Blltlery ('u t..~ in ,,111m lille 
vilit/ilfe ru.ll~ bell,,, 10:t \' lind l'UIi' (IU~ \l'hl' lI 
"-... lol'l'Il line \'011111/:<' rl'!\l'Iu", I. thre:<hol.1 vtllll(' 
h<'I"(,(,1I IO~ iliid 113 v. 
.... <eusorl •• S .. ppli.d , Tn'E ('A 1'-2".2 Po"er ('unl 
12 1; ~ llUl'1.' 1'00\"('t hill' fu~ 2 ). 
Au ... arl ... h q .. lred: 2$-, 3()..., or 32-v hlllll'ry 
:\1111 cnhh ... . 
......... 0.; . . .... va ilabl .. Tn' v. 12fiS-A Aut orn'ltu" 
Jllllt<'r~ ('hllrll:(>I'; T n.: l'2tiS-PI Hutter,I' 
1l!'!III!.'r; '1"1'1'1': 12HS·f\(102 I!!lU <'r~', 
Ca blnel, H,'I:I.' -!1i,·k. 
Olt ... nolanl: 19 hy 101 J Incite< ( 1;;;""1 by 270 III III I , 
delllh t)('hillti pUllet 13 illch ..... (3-10 111m ). N., W,ighl ,:}8I "l pUllnd~ (2GJi kl/:). 

TYPE I '268.A AUTOMATIC IA TURY CHARGER 

Co", ICln',CII".nl Chorg., (i Iwul'l' fit I ,1111pl'r{'<C, 
nomlllui. 
Tr lckl. Chorg., 33.s voh~ t 2 (';' i~ 1llUlllt:linl'd!l~ 
tlw hllttery. 
' o w .. Req .. lred , 10.1 to 130 101' 210 U! ~j()1 vult~. 
liO CI)Oo, 210 ",\tL~ IlII1!Cimulll. 

E"' .. g en.y 'ow .. Supply 

.... "'bl.nl T .... ,....al .. , . Rang ., 0 to 50 C. 
Cobin. l: Buck-bellch . 
Oi ", ' n~l on., l\(on("h nlod!.'l - width 10, Ill'i lth t 
Ii' I, del'th I I M" illchC:l ( -lS,'i hy 13;) hy 300 mill ) , 
over-III j rllck lllodl'l - pllnel 19 h.v .'P , Illcl,f.'ij 
(48.1 by 135 111m ), del}lh I)f'hiud ;:m.nelll illda!!! 
(280 mill) . 
Ne' Weigh! : 2!)1 ~ l.KllIlld~ ( 13.a klj: ). 
Shipp ing W. ig ht: r,Q IlOund~ (23 kit ). 

TYPE 1268. Pl IATTERY ORAWU 

Cabin. l: itel:lrrnck. 
Oi""n$lono: l illie.! 19 hI' 12 1 ~ ill("he.< , .... -, by 
311 IUIIl ). dCllth Iwhiml I"I,ulI,"1 Itl illl'ht"" I I!:>."t 
mlll l ; in tl'n o)T.lou\lN)' rompllrl rnelll floor, l(jl~ 
h.l· I Hi inch\':'< (4 J.i hy 3ill O1m), h<'l/tht HI'~ 
illl'hl!l' (27511I1n). 
N,I Weig ht , l,e.o;:o tlllll cr)" 2" I"}uml ~ {ll..", kid. 
Shlppln" Weig h ' , I.e!:! hnttcry, 3.'> 1'()\ll1fI~ 1(', 

"It}· 

TYPE 1268-9602 I AnERY 

Ty p., Xiekel-e8tl miulO , 
Vo llog., 2S l'uJt~ ell', nomillllJ. 
A"'p .... Ho .. r~: 11i IUl1~l('re-houn'. AI 1.3 10 3.2 ........ 
1l11l lWl"C:' rCtluirt"t1 hy 1' \ I't: III/} .. B Em<'I'/[l'llr.V 
Puwer Rtllmly, hn ll f'r!('>I will fUn [.l leu't 
3 1 ,! houn<. 
N., Weig ht: !)() IlOund < I II k, t ll. llll1'<)XI",n""I,I" 
ll:itlcr'Y ~hiJlpe .. direct fmm ~UI'V ICt. 

r rite 
1116-B 
1261_AM 
1261· .... R 
1268 .Pl 
1268 -9602 

.... lI la"'al lc Ballery Charg er, 8ench MCldel 
Aulo",ali. 8C1I1 .. y Cha,g er, Rock M<ldel 
Ball .. y O,ow", I ftn balle.y 

11 16·9702 
1268-9801 
1268·98 11 
1268-9601 
1269·9602 

'.50.00 
. 50 ,00 
.SO,OO 
19S.oo 
250.00 Baller y •...••• . 

COMING EXHIBITS 
Gt'Ilf"l'ai Hadi,) iw-lrUllwnt:: \\'ill 1)(' lin tii"piay at t hf'~ mN"ling" and f'xltihil:'! 

during the monlh of ~ I ll.\·. Our r llgi ll('{'ri' will he on huncl to 1I't'lI"f)mc )"01\ ;111(\ to 
II IL:,I\\'(' I" YOllr qUf'sliot\;;;, 

Do" Spo~.o. or fI,l. 

'\ational Ind\l:-t rhll l'rotiu(' l j,ul 
Show (If {'iLllalin 

~lll~t H- IO .\nll"rit,:UI Industria l lI ygit 'Bf" 
('ollft'rrnf'f" 

~ I uy 15 18 .. \ ('u \l ~ li ('; lI :=;Ql"i t'ty of Amrl·im 

.\h\y:!U 23 I)(':-i,l(n \':n,l(illPC'ring ~h(lW 

t ocol ia" 

Exhibi t ion P:lrk. T oronto 

R]l{'mlllTl-Cil)Mrl 110lrl, C'i twinnuti 

lI otel ~("W Ymkrr, :\r\\' York 

Coli .~rllm, ~rll' York 
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"PRIl . M" Y , 196 3 ~ 

MORE WATTS PER DOLLAR WITH 

THE NEW W8 VARIAc' AUTOTRANSFORMER 

"AlUM" alltotr:Ul!<fonn(']'s, Tyl'~;~ \\'8 
lInd \\'8 1., ofT,'I' iIl4Tl'H !:'<'d ra(illg,.; Hlld in­
{'l'('Il-.:t·d \'ol1-llmp<'rt'" !){'r d oll[II', yl'l 
(J('('lI py the 1'(11\1(, plltl('1 :,p:\('(' :l!'; the 
l}Opllbr THE \\',i T lw), clitf(']' d inwlI­
~ i (lfl:\l1y from tli{' T YI'E \\,,) ill hut one 
r{''''p('\'t, an ill('],f'Ilt'<' ill b:\( 'k-of-p:uwl 
ilf'pth of olw-half itwh, 'I'h",\' l'mllody all 
the f{'aluN'S ,'omlllon 10 Ilw (:C'Il ('I":l1 
Ibdiq ';W" lin(' of VAIUAf' IlIIIOIl'nn .. ,­

formt' l'''. :lIld an' ('W'I'Plltly undlnbl(' :1<0 
hasil' modds only, wit hout 4'flH~, 

\\'e f.,('1 thaI I lw,~ 111'0 11('\\' ullil,; will 
~f'I'\'(' a lI:-;f'ful purpoEl(' h,v Ilv,t'ling Il 
df'm:uld 1'01" m(ll'f' I}()II'('I" in a limi(C'd 
"PUI'C', Their inl'f('iI!':/' in \,olr-:J1npf']'(';:;-

1l(']'-£!oll:1r i" :) IInil1-in 1")11\1:;, 

SPECIFICATIONS 

7'Y{16 W. W81' T1I1>iJ W. WU' 

Input Voll . J20 1'" MOll Ampe.e. II 13 

Oulput Volli 0-'''' 0-12\1 R"ted KV" 1.32 1,5!; 
0-140 Code Number 303S-5110 305S-,,}11O 

l ine Freque ncy [,()..{i() 1"pi4 601'1»- Price $2 1.00 $ 21.00 

R"' ed "mpere. 8,5 10 Vo!t,"mpe.es / $ 62,9 ; ·1.3 

• "",e Ihal ,!.~ "1"),,,1' \\'st ~"nnol I ... ".",,.,., .. 1 lit jin,' r."lue",i ... low~r I""" 6\1 <I", ",,,I tb!\, It ",,,,no, h,· "" .. I 
10 "hla;" "'-"rI-oIlalt", 

AC THEORY AND THE HUMAN CHEST 

Th,· (:n TYI' ~; 130,")-,\ Low-Frt'qllt'llI'Y 
O;.eillulOl' WtlS f(';ll11rf'd in all UIIU~utll 

delllull ,<;ln\lirm In''''1 Rt'plemlX'1' at Ihe 
XX II In H'I'lulliolllll (\mgl'('.';'<' of Ph),>1-
iologil'nl Sf"iell,,(,;j at (Riden, In tll!"' ("x­
hihit. ('ntillt'd " l lll!'I,]}I"('latioll of Ill!"' 
UN'pil':.!! 01',," I 'r(,~\ll'p- \' olum!' l.i;::"':ljow' 
FigUl'(');," th(' n,,('ill:llot' \\"as lL~!'d !o pro­
Cil1{'(" , on :1 dual-lX'lllll 0:'I" illool'Op(', 

I.i~l jolls loops !lll:dogous to PN'S"lll'I'­
yolnow tlnd Pl'("s"ul't'-\'olump flo\\' ill Ill(' 
Itumall (' I1\'sl. Till' input data \\,(")'(' tak("n 

from :H'tnal ('xpedm('!}!" ]X't'fornwd (m 
:tuilllub und h llmflrl hcillb"ti, PUl"t of n 
1()t1!!;-t<.'J'1ll prClgram f"Olldtwted h,v D r.';, 

\Vnylaud E. /lull :lnd E, ('l'oft Long:l t 
Dnkr " niH'rBity :\ [('dit:ll ('('nl('1', 

Tlw ('I(,f"lri~':l1 analog of 1Iw hUlllutl 
(, llI'sl is an intl'l'('f;ting ('xampll' of thl' '1"(' 

of tlllulog()ll," i<,VliII'IllS l(l explnin naHlntl 
phenomen:l, 'I' lw human ('h(',,1 and Illngli 
are her!' \'i"llalilRd !IS II l'('J'ies l'in'lIit, 
t'onlailling t':lptl('itll)H'(' ({'ompli:'lIH'(' of 
lung li~llN-i nlld rib ~abl'('). indllf"I:tIl{'e 
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>0 

FIIIII .. 1. P.euII,._"olllme 
Uua!oll. p~lIe.n . 0' f,e- 20 

0. "IIencie. Indlu,Md, Sy,'em 

" o'ymm.ttlcol 0' 10 ....... 
, 

f,e"uenel .. 0"' . nonanl , 10 
, 

'" ,hi. p""lculat oou, 0' 0 

abou, 10 oyol .. / ... OI .Un .,; 
ham " .. tlcol loop indical. 0 

~ 
0 

'". " choll'H' 01 phoo. ~ 

.hlt! . 0010 'OM anuth.· ~ 
W 

lIud dOli. ~ 
-10 • 

(by vermi;ol'i(lll of the 
JlJllnuP 0/ 

-20 

,'/'fllif'/ Pltgkl'dnglll 

->0 
.4 .> 

(t he ma:;;;;in' or il)('rtnnt r hll I11C't('f of t hl' 
ti .... "uc . ..;). uno 1'C'!;L"talW(' «(,ppo~itio ll 10 
ai r flow), The hI1':llhi ng ra\(' is fri'­
quclley, til(' !lOl'm.11 fN'ql1l'Jl('Y lM'illg 
01"")111 20 ('ytl('~ per minute. By the 
II~(, uf an iron-lung-I,\'IJt' ~pi r:lt{)r, 
hl'<'alhing mil'':; up 10 20 (' 1)1; ('U II he pro­
dlll'NI in :1Il{',;tll('tiz('d animals, Thu~, if 
pn-,,-;ut't' j" twld (·on.~tll.nt at u\1 f l'cqu('n­
('i('~.:l fN'quf'lwy-itUl)('(lan('e I'<'latinll !'Ill) 

1)(' Oelt'rmill('d. ~imill\fly, t ill' m lnll\(' of 
;lir mo\'t'd hy the ;l),steffi I'unix> stucii('(1 
a" 11 fUlwl ion of fN'qUC'III·Y. The 11 11 ('rl!tll­
ing pl1':--.",u,,' suppliN! ill t h(' Il';:t is mHd(' 
to apPI'O'>: imatc n ... illl' \\'lIYl', ,,0 thai 
mlll'h of f'lemf'lllflr.\' Ill' thl'Qry ('n n be 
ltpplit'd ill thi,; hiolol,li('nl ;ly~t l'm. 

Thi' T'(',;on:lnt fl't" l'U'HC'Y nf hot h tlnimn l 
flllt! h,,,n:m "h"'''l", j", (If lil(' Orc:IN of .j 

tl"'. und many ilnim:ds. iur'ludi ng dog"'. 
Jl.I\lll flt that fT'('qu('nl·.\', To the ph.\·:.;iolo­
gi,..t, thi:o implie~ that til(' mflxi mum air 
now is fi\'ailahk to ('(lO1 th(' mout h, 
IOllglll', find air 1)jl. .... ~ng('1'1 for the mini­
mum ('xlx'ndi!lll"C of I·IINK)'. 

Siotic M'd-Position , 

13 
17 

VOLUME, L 

2 .1 0 .1 .2 .> .4 

The n:!al iull of \'oill ml' !l nt! pi'l's.~ lIre 
ill f'OIl Il(,(·t ion with db;t('ntion of lung 
and thorax is of cspN:inl iulel'{'''\ to 
ph.\·sil·L'\ll~ . R<>"l'r:ll {'hi'S! diR('flSt'S at"(' 
!-f'('1l 10 ill\'o!\'l' ('hang('1; in !'1ll',;l "l'fl p:U' i-
1:II1(-C" Qr ';n'"isl:tII(·C'," IX-yond th" 
('oll!'id('rlltioll,<; of ('hl'st and 11l1lg N''il'a n'h 
lie the exdting po., ... ihilit ieg of ('xpl:iiuing 
oth,,1' hiologi('n ! pilt'nQnwlla hy (·11'(" 
t l'ieal analog. 

Our tha nk" to Dr. E. C, lA'l np:: HUrl 

Dr. W. Kl lullof Duke for p<'nni",,,,jou 10 
puhli::h thi:" hril·r ah:o\m('t. Th,,~ · inh'r-
1'"If'd in a moT'(' {'omplNI' di,.,·w<."i(1I1 a re 
rdl'm'd to . I II/prit(,,! ./ QI/I'Il"1 ,~( .I P1,riur 
I 'h flxio/I.Jf/!/. I Ij : lao -t I:i, Ion III nd 17 :H(ln~ 
o l ? [902, 

])ri<. I1 ull :H1c1 Long han' h('('11 fH·th'('I.,' 
illtCrc"lC'd i"n till' II!«' of allalogou~ sy:<­
le~ 10 (·xplain hiologif':ll pIWIlOIllf'Il:\ 
ami hoJX' t1wl thi .. appro.·wh may Mtimu-' 
\ati' f'II'I'tri('al Cllgim'('ring gradu:de)< \(, 
1"C('i)glli;w t lmt hiologi('nl r-ocielwl' o1T('~ 

tlwm Ihe oppol' tunity for work :11 a 
Il'ItI,\' profl'!,,,,jon:\i I{'vcl. 

General Radio Company 

"'::"'" ••• 
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