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ABSOLUTE CALIBRATION OF 

PZT Ml·CROPHO·N E:S 
R ·< ipro ity 1<'<'.lu ·qu 1·�·3•4•0 ba\'(:°dOng 

h<' u rC'C' gni7.f'd a: 1-1 "' pref Prr 'd m nn� 
of <letenninin.cr Lh" al. lute pr�s:ur 
£'ti lilu·a tii n of miC'rophon i::t. l � · the -

rne1liod. the:-: n. iti \•ity, ldined jn h�rm 
of voltage 011tp11t p r unit f n,(·on�l:ic 
pr . �urc. is det01'Iniucd fn m th n1 a. -

ur mf'11t of vol �n. :r rn.ti ._ mP<' ·t.ni ··1 1 
dim nsion;-:;, aud �'l<·<·t1frn.l i.m.peda 11· · .  

'J:h ' CllllJ(]U '8 Dave 11 PIJ l'f'filrn l I Y �I' U 
rwriod of yP�Lf. lo th poinl wh r agrP.e
mC'n! hetwe u ln.b ra.l. ti t 0.1 db or 

•\\. ·11. \·lacL :rn., ".>\l�ln l\ie uniumnt, of , ' w11l '\Vil hrn11 11 !11 inmr')' Ru111dLLr1l," Jf,t1rna.l vf 01e • I ""'rnlirtal 
,-;,,,.iety uf A.1111• Ira, 12, 1111l 1 6 (lt•W). 
�n. K. Cook, ' ", b.so(uw 1 'n•s>.<urn 'o,U hrn don of l\ I i11ro
r1honr: , " .f.,r1n11rl 11/ R1>.-1�nrrh, l'itt ionnl Bn ('llll >f. a11,tn111.!", 2f;, 4. ·�-;:;{\5 ( l\HIJ): u.1.- Ju1i.r1rn! r•f th _-lc1>141,U.c;tlf 
.';rJi"t..i.'1 ii/ Am.:·ri,·n, l'.!, !Fi �m (II 41 ). 

Figu.re 1. The Type 1559·A Micro
phone Reciprocity Calibrator ts 
supplied in a flip-Till Ct>!ie for 
convenl nt bench use. A relay-

ack mQdel i$ also available. 

Hf.: r, on s D hi micr ph m '15. is n n
si te11t1 obtain . 1. Tl e. e Ya.lite.· r pTe
s nt. i.h b st availt lie m a.'Ul'· nf 
mi ·r phone n._iti vi1.y iii j hf. prPF>ent 
:•tn.i o · hv ru·I. � 'm·L ar<•um.6 ::; an• ot 
Pasily r •tlized, hm>i' vc:r:, and nre iu fact 
ohta.in ,d only by n1etic· l u.<::ly c;udul 
l• horat. ry work togPthrr with :;J. (air 
amouni of cul(·nh tion. An honr or rn< 1·p 
i� nonnally :.:dlowc1d to hlu.in r .li:dile 
resnlt. ai u single fr JU n :y. 
IL, l., B nu1ck .-4.couslic ,lf tl"IU"11:1.e11t", � c. -l.2, .lnJttl 
�-ile, < f'lm1 , Ile. (1!1'49}. 
1A. L. JJil\hLt1ia n l P. �:I. W•i11er, "Oa tl10 ,\lJsulut 
l'.reoour1e Cn.ljbrn.tlou of rmrl('n�cr • ricrnphoue h�· tLr 
Ht> ·i l"() ity n.1 th rt," .lt)lt>'IVll •if a,, Jif'm1 .. <tfrul .... . ,r; .. 111 of Amt:ric11, 18, :l4 L��H·l (IU4f;). 
o lU 'l i(oari f'it.nm]cilll f elJH)n for the l'fe�<!Uni �!l 1 ibr:1t1on of l:pborntm·.v Sirrndnrd Pr ·ur., t\'Ii ·ro1•IH m•.!>, Z24.-1-
HM1l. 
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A nmY 'en ral Radio dev lopment , 

the 'IYPE 1559-A �t!i ·roph nc R ciproc

ity alibra or rcdu · the recipro ·ity 
mC'a ircm nt to a matter of rout ine for 
Ucneral Radio piezo l ctric mierophon 
The in 'irumcut is portabl , and the 
m a nrern nt t chni iu i simpl ified 
that a mea�urcment at any on fre
qu nc. ·an be ma le in a minut or so. 
Before important mea. m· ment arc 
11ndcrtakcn, field ch ('ks of mi crophone 
s n::-i t i ,·i t, c�1n he made with thi. cali
brator to an a c·ura · mpara hlc to 
that hithPrto obtainable only in the he:-;t 

.·1andardizing laboratorie . 
Basic Principles (see also page 3) 

In addition to the tran. ·du · r to he 
c·alil rated, the reciprocit t.echniqu r -

qui re:-; two other transducer one of 
which i r eiproeal . *6 •7 and an acou tic 
ca. vi t y. n i runsdnccr i::-; u�cd a a. ound 
sourc·c whiC'h ex('ite. the remaining two 
t ransdnC'crs (microphone ) with a ouncl 
pre. �ur . rl he ratio f thf' open -circuit 

voltag s of the h\·o microphone e iua l 
the rati of th mi ·r ph n n itiviti 
If tho two mi ·rophonc arc th n coupled 
Io et hC'r by a known acou. ti· i mped

ance (the ca vity) and the rcci pro al 
min phone i driv n a ound . onrce 
the ratio of th0 opC'n-cir uit voltage of 
the s cond microphone to th driving 
<'nrren t of the fir t m icroph one can he 
• 111 u 1·ec-iproC'ul de,·i<' , th ratio f res1 n e to excitation 
is L111chan<>;C'd if the poi11ts of cxcitar ion and bs n·ation 
al'C' interchangPd provided that the terminal conditions 
r<'111ain thC'. ame. · 

•Lord HaylPigh, The Theory of, 'ound, \'ol II, 10 , l\lac
niillan and Company, Ltd. (1877). 
1:-;. Ballantine, "Recipro<'ity in El ctromagn tic, l\fechan
i cal, cousticnl anrl l ntC'rcon11C'cted Systen1 , "Proce di11g 
11/the IRE, 17, 29-951 (1920). 

th r tically r la.tcd to th prod net of 
th microphone . cnsitivilie · .  The t\\·o 
relation hip. , ne for the ratio of rni<'ro
phone en ·iti \ i tic. and on for the 
product of microphon .' nsiti,·it ie�, can 
then be ol v d for th n ·i ti ,·ity of 
either microphonP . Th0 a o u t ic impC"d
ance8 of th cavit.y is th indep0ndcnt 
calculabl quantit.. in t erm . of \\'hich 
minophon n ... i t iYity is esiabli. hcd. 

A Unique Device 

Tho uniquenc. ·. of th TYPE 1539-�\ 
J\Iier phone H.cci roC'ity alil rator r .�1s 
on the foll wing dt'sign fea tun' : 

(l) Tho tran. duc·cr us0d t o dC'termin. 
the ratio of . en itivi t ie i.� in 1h form 
of a pie zo le ·tri · ringt which mak<>s up 
th C'a ity wa,ll, thC'reb. eliminating 1bc 
n cd for ph_ iC "al l y  int rC'hanging thC' 
location of rnif'r phone during the 
cour. e of the mC'aSllrC'men t. ElPC'i rieal 
exei ta ti on of thC" ring pr d U('<' a uniform 
sound pre . ur throughou th<' � ,·i1y. 
Thi. fact, pln the ymmetry that rC"-

ult fr m the use of n. iran du ·er in the 
form of an r c mpa . ing c· l ind0r to
g th r v;ith a rcv01". ible tran duc·er iden
tical to th mi c>roph n I cinO' men.. urC'd 
makes th coupl r u able ov r a \Yid0 
frequ n y range. 

(2) A \ itch i used to c nn ct th 
eircuit for the rC"quired operatio n with
out th need f r phy iC 'al l . interehang

i ng th tran duecr . 
(confirmed on page 4) 

t A similar and indC'JJO•Hl<'nt de,·elopmcnt ha bc•cn 
r ·ently reported: see "P1·C's ure alibration of :\leas11ri11g 
::O.Iicropbone. by the Heciprocity :\lt-thod," 8ul'iet Phy.<i<·s 
Acou.·tic<<. 26, 2, 0 t.-Dec 1 6 ), p 246. P. ::O.T. :\forse, ribration and. '01rnd, Chaptr;>r 6, :\lcC:raw Hill (1036). 

©1963-GENERAL RADIO COMPANY, WEST CONCORD, MASS., u_s.A. 
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THEORY, OPERATION, AND READOUT 
EXCITING VOLTAGE 

Figure 2a. Conditions for Step 1 .  

STEP 1 - Both mi rophon ar excit d by th 
same sound pressure, P1. Th .ir open- ir uit 
voltages · R l'tnd V x ar proportionn.l to t.heir 
sen itivitics, NI Rand · tf x. Then 

ltI1l v R 

Jfx = Vx (1) 

STEP 2 - The reversihle microphone is dTiven 
by a current , IR, producing a v0Ju1ne velo ity 
of sound, U = I wl!I R, in the cavity, who e 
acou ti imp danc is Z A· This , in t urn , produces 
a sound pre sure, P2 = u�z;l at the unknown 
minophon , which g n ra a voltag V'x = 
P2lVlx. 

Then, 
V'x 

I RZ;i 

Combining (1) and (2), 

1 v v: 17' x 1\f2v: = - • _._ . __ -, ZA I /l IR 

(2) 

The impedance, ZA, is calculated, and all th 

. . 
d 

Vx 
f other quantities are measu1· . -V come rom 

R 

step 1; IR i m a ured in terms of the vol tag 
across a pol:vstyr n apacitor in the current 
path, IR = V,w • · V' x i m asured directly. 

where: 

ZA = 
-yPo 
wVc 

ratio of pe ific heat of air at 
constant ur to hat at con tant volume 

Pa = atmospheric pressure 

Ve = cavity volume 

The two w-tcrro ancel, and 

Mx= j Y,, _ lfx .V'x 
'\J-yP0 • Vn Vs 

/ ( 1) Vx V'x 
'\Jk Po · vR·T (3) 

(UNUSED) 

Figure 2 b .  Conditions for Step 2 .  

ThnJlixinlb= [ k I 0 log p 0 + log V x - log V n 

+log V'x - log J (4) 
Thi� computation i carried out on a simple 
analog computer con. is ing; of a fun ction switch 
and an attenuator that inclu le a logarithmic 
potentiom ter, .hown in Figure 3. Th firs 
term is taken are of by an ii.i ial et ing of the 
ai '\Yer dial in terms of barometric presRure. 
Vol age are measured by a . ·ubstitution meth
ocl, and voltage ratio ppear a difference. in 
the attenuator tings n c "' ary to produc a 
con tant detector reading. Th function �"-itch, 
in a dition to controlling generator, detector, 
and tran .. due r connection.· actuat . the brake 
to hold the an wer dial . tationary while th 
attenua 01· is ·et to corre. pond to the amplitud 
of the numerator voltage. in (3), then re-en
gage the dial for the. tting of th denominator 
voltage . Thu" attenuator etting differences 
in db ar tran"'f rred to the answer dial dw·ing 

teps in the omput tion. The final r sul , 1-• .  , 
the sensitivity of m.icrophone X, i read fr m 
the computer dial in db re lv/µbar. 

POTENTIOMETER 

Figure 3 .  Switching and computer mechanism 

in elementary form. 

3 
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(3) A tandard capac itor i used t o  
mea u re the dri ving curr nt of the re
·iproca l t ra n  due r.9 

( 4) The nece ary ealeula tion are 
p rform d by a imp] d i  1-t pe analog 
computer cou 1 d t th ,,·itch ( e 
Figure 3) . Th voltag tha r ult from 
1.h acou ti a l  tran f r ar dup licated 
with an de ·tri ·al n twork tha in l ud 
a logarithmi potentiom t r. Th angu
lar po ·ition of the pot nt iom t r haf 
are proportional t o  t he loga rithm of the 
volt agf' o b m urcd and these haft 
po it i n ar t ran fcrred to t he an wer 
dial in uch a way that th n ce ary 
multi pli  ati n an divi ion are a ·com
p l i h d in a mann r an l ogou to th 
u e of a lide rul . 

(5) The oupl r re ipro ity 
techni que normall vi ld the pre ure 
r sponse of a microphone but t h  Amer
i n tandard A ociation pe ·ifi ·ation 
for G neral Purpo e ound-Level �ieter 

1...J.-1961 r quire , mi rophon whi ·h 
ha a flat ra ndom-incid nc (diffu e
fi Id) r p n In t hi calibrat or, th 
deviati n of t h  oupl r fr m a impl 
acou ti a l  l m nt nith i ncrea. ing fr -
qu ney is empiri ·al l  mat h d t o  th 
correction betv.'een th random-inci
dc>nc·e rC' ponse and the pressur r pon 
'lb ('alibration i th n effectively in 
t rm. of a diffu - ound field which i 
the nYironment to which a ound-lev 1-
m t r micr phon i mo commonly 

xpo d. Figur ho-w the d gre to 

9.:\. K. :\'iel on, " 'i1nplified Technique for the Pr ure 
alibration of Conden er :\licrophonc•s by the R ciprocity 

J\Jethod," Armrntica, Yol 2 #':!., 112-11 (1 52). 

,,·hi h th ran om-in ·iden 
mat h h d viation of 
impeda nce '"'ith frequen y. 

Procedure 

corr tion 
t h  coupler 

To ·alibrat a mi rophone on in rt 
t h  mi r ph n into th cavi ·y lamp 
i t  i n  place, a nd conn ·t it to the in tru
m n . Th - n on t a ref r nc t o  t he 
barome tri pre ur and pro d to 
mak four dial etting . t h compl -
tion of he four h ting h random
incidence (diffu e-field) m:i roph n n-

it ivity in db r l v  /µbar i r ad dir ctl 
from a dia l on th in rumen panel o 
an a ura y wh i h ari from 0.2 d b at 
l ow frequ nci t o  0.7 db at 7 kc. 

The Calibration, Absolute and Traceable 

Th 1icrophone Re -
i pro ·ity alibr t r i a pri mary and 
accura calihra or of G neral Radio 
Company's PZT mi rophon b low 1 k · 

whil e , above l k (vvhere t h  dimen ion 
of h vity becom comparabl with 
th wa lengt h of the ound) it i dir · 

r ading in th random-incid n (cliff l 
fi ld) r p f the microphon .. Th 

al ibrc ti n of a TYPE 1 -60-P3 PZT 
ii -roph n by u f t hi instrumcn 

d p nd on the mea ur men t  f l Pngt h 
(vol um" of the vit ) and el ctrical 
impedance ( a pacitan G nd r i tanc ) , 
and is thus "tra abl e" to NBS alibra
tion of tho uni s. n ir d p nd n · 

Tos -che k i al po ib l y m-
parison ·with an B · calibrated 6-!0- \.. \.. 
mic rophone , as hmYn later. 

Figure 4. A verage deviation between cal i bration by the Type 1 559- A M i croph o n e  Reciprocity Cali brator and 
cal i bration al random incidence. 

+0.5 
(/) � o �� ��������__,..�,.--�������-:-��---,�-.... 
al 

� -0.5 
0 

-t.O 
F'REOUCNCY IN CYCL.ES PER SECONO 
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A Standard Source 

Th TYPE 15 9-A Mi rophone Rec
ipro ·ity alibrator can al o be u cd a 
a preci ion c: cou t ic ourc for t ing 

he reference lcv 1 of a ound mea ure
m n y ·tern. ·y hen the in trument i to 
be used as a p1· ci ion ource, th en
sitivity of a microphone mu t first be 
<let rmin d by the procedure out lined 
above. This sen ·itivity is u ed a a ref r
en e to se the driving curr nt for t h  
rever ible ran ducer . For a gi\ n input 
voltage a known sound-pr ure l v l 
will then be produc d in the cavity . A 

ound-mca uremen y tern onn ted 
to the output of t he microphone can then 
be et to indica t this knm- n l e  1. 

Comparison with Standard Microphone 

Thi technique for producing a kn wn 
sound level in t he cavity c n al b u 
to compare th n iti it f a 
Radio TYP · 1560-P3 PZT 1i rophone 
to that of a -�-lie t rn Elec ric 6-10-A 
Laboratory tandard Microphone or t o  
calibrate a ound-m a uring - m tha 
u e uch a mi rophon . fter the TYPE 
1559-A Mi ·rophon R- iproci ali
bra tor i to produce a knovvn ound 
fi Id a above , the TYPE 1560-P3 ZT 
l\Ii rophone is replaced by t he 6-10-
microphone with t h  adapt r 1 fur
ni h d with th alibrat r. The ound 
level in the cavity i t hen mea ured by 
th 6-10-AA microphone and its a o
ciat d mea urement y tem , and the 

y tern calibration can h t according 
to t he known level. Or, if the en itivit 
of the 640- A i known an d the le -
trical r pon f th a ·iated y tern 
i known , one can then compare the 
sound I v 1 mca urcd with the 6-10-A, 
and that produced in the cavity. Vh n 
thi i done, the primary ca1ibrai.ion of 
a TYP E  1560-P3 PZT '.Iicrophon made 
with a TYP · 1559- Ii rophon Re -
iprocity alibrator ha been ompared 
to th � ational Bureau of • tandard 

AP R I L - M AY, 1 9 6 3  

calibration of a 6-±0- microphon , 
and th agr cm nt i b ttcr than 0.2 db 
for fr qu n ic bclo\v 1 k 

Generator and Detector 

Applications 

d ar a g n ra-

Ana
who 

e of the TYPE 1 -59-A l\1icrophon 
R ipro i t  alibrat or eff tiv ly elim
inate instrument error from ound
level mea ur ment ; the ob erv-r can 
then one ntrat hi att ntion on the 
acou ti al factors, uch a environ men 
and microphone placem nt. Hith rt . 
one ou l d  readil y cal ibrat th l tri 1 
par of a ound-m a uring y tern, but 
the calibrati n of the microphon wa 
re trict d to a ch k on th microphone 

en iti ity a a ino-le frequency. corn
pl t a libration of he microphon ould 
b made only at a qualifi d lab ratory. 

Th ne d for pro-v c;l accura y includ
ing alibrati 11 f th mi rophone , in the 
field f ound-level mea ·urement , i 
illu trat d l y a noi e pcci fication u ·h 
a l\1IL-E-228-±2 (�. hip ) wbi 'h i refer-

11 ed to l\IIL- TD-740 ( hip ) . The 
latter pecifica ti n r quire t ha t .  the 
microphon u din the ound-mcasuring 

t m be calihrat.ed every i.x month . 
\Vi th hot h  the supplier and the pure a E'r 
performino- noi e m a urement a cord
ing to the pecificat i  n . a curacy of 

5 
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calibration will be an important fa tor 
in th rapid and ·onomical limination 
of any di repancie b tw en he r sp c
ti ve mea urernen t . 

Th manufactur and purchas of 
equipm nt to a particular noise specifi
cation i not re tricted to military appli
cations. Som xample ar : (1) Th air
moving indu try which ha pecification 
on the noi lev I that may b gen rated 
by fan , blower t . ; (2) ommuniti 
\vith ordinan ce restricting the maxi
mum noi lev 1 produc d by ru k and 
other v hi ·le ; and (3) airport that 
have limit on the noi e level produced 

by aircraft u ing h ir facili i . Indu -
trial hygienist requir proof of th ali
bration accuracy of heir ound-level 
mea uring equipm n t. In general, re
quirement for sound-m a uring quip
m nt ar b c ming mor- trino-ent be
cau e er demand orr lation of 
m a ur ment tak n a differ nt lo a
tions and consi t n y of mea urement 
taken at different times. 

impl to operate direct r ading, 
and ac urat , thi calibrator provid a 
reliable and con isten mean of and
ardizing ound measurements. 

-BA IL . BONK 

SPECIFICATIONS 

M IC R O P HONE C AL I B RATO R 

M ic r op h o nes: Thi in. trumcnt will calibrate 
the TYPE 1560-P3 and -P4 PZT Microphones, 
currently used on the TYPE 1551- ound-Level 
Meter and the TYPE 1558-A ctav -Band 
Noise Analyzer, re pecti v ly; al ·o he TYPE 
1560-Pl (Rochell , alt) Microphone, wed on 
th older TYPE 1551-B ound-Level Meter. 
R a n g e :  irect reading for mi rophone sensi ivi
tie be w en -55dband -65dbrelvolt/µ.bar. 
F r e qu e n c y  R a ng e: 20 to 0 cps. 
A c curac y :  ±0.2 db ± (0.1 dh X frequency in 
kc) up to 2.5 kc, ±0.7 db above 2.� kc to 7 kc, 
when reference is et to actual harometri 
pre ur . 

P RECI SIO N AC OUST I CAL S OU R C E  

F r e quency R a n g e: 20 t 000 c p  . 
Output : 92 db re 0.0002 µ.bar for excitation of 
-o volt,. 
A ccuracy: At 92 db, ±0.1 db + error in deter
mining microphone. en itivity. 

S OUN D-LEVEL CAL I B R ATO R 

F r e quency Ra n g e :  20 to 20 0 p . 
Output: 92 db re 0.0002 µbar for excitation of 
50 volts. 
A ccuracy: +0.7 db at standard atmo pheric 
pre sure . 

Type 

G EN E R A L  

M ax i mum Safe I nput Volta g e :  50 volts behind 
600 ohms. 

Accessories R e quired: Generator and d tector. 
nerator to upply 5 volt or more into a 

2000-pf load and 2.5 volt or more into a 
600-ohm 1 ad. Lower voltage an b u ed, with 
a re ul ant lowering of . ignal-to-ambient-noise 
rati . The TYPE 1304-B Beat-Frequency Audio 

0nerator, the YPE 1210-C nit R- 0 cil
la.tor, and the TYPE 1311-A Audio o. cmator 
ar reconunende i. The TYPE ·1551-B or -C 

und-L vel M r or the TYPE 155 - P Oc
tav -Band • Toi e nalyzer i recomn1 nded for 

he detector. 

Accessories Supp l i e d :  ables for connection to 
generator and detector; adaptor sleeve for 
640-AA micr phone. 

Ca b i net: Flip-Tilt; relay-rack model also is 
available. 

D i m ensio ns: Porta.bl model, 
width 10, height , depth 7:Y2 in h (255 by 
205 hy 190 mm), over-all; rack m cl l -1 an 1 
19 by 10,l.1 inches (4 5 by 270 m.m), depth 
behind panel 5 inche. (130 mm . 

N et W eig ht: Por able mod !, 13 pound (6 kg); 
rack model, 14 pounds (6.5 kg). 

S h i pp i n g  W e i g h t :  Portable m del, 22 pounds 
(10 kg); rack model, 2 pound (13.5 kg). 

Price 
1559-A M ic r op h o n e  Rec iproci9y C a l i brator, Portable Model 15-9-9701 

1 559-9 20 
$475.00 

475.00 1559-9820 M i c r op h o n e  R ec i p r o c i ty Cal i b rator, Rack Model . . .  

Patent Applied For. 
N ot e: The relay-rack m del of thi instrument 
make. u. e of an adap or pan I of he type de
,·cribed (for the TYPE 16.50-A Impedanae 

Bridge) on page 7 of the ovember 1962, is ue 
of the Experiment r. Thi method of rack 
mounting i u. ed f r all GR Flip-Til ca e . 
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TYPE 1120-AB FREQUENCY STANDARD 

Emerg n ·y power equipmen , which 

a ur ontinuity of ervic de pit in-

terrup ion of normal pow r I 
now in orporat d in a n  w a 

standard-fr qu n ·y quipment, 

TYPE 1 120-AB irequ n y tandard. 
Th indi idual standard-frequen y in-

trument , whi h ha e b n describ d 

previou ly 1 are: 
TYPE 1 1 13-A STANDARD-FREQ ENCY 

OscILL TOR 

T"YPE 1114-A FREQUE CY DIVIDER 

TYrE 1103-B SY CRONOMETER® 

TIME OMPARATOR 

The additional unit , whi h provid emer

genc power are : 

T"YPE 1116-B EMERGE CY POWER 

UPPLY 

TYPE 1268-A AUTOMATIC BATTERY 

CHARGER 

T -pE 1268-Pl BATTERY DRAWER 

T -p E 126 -9602 BATTERY 

The entire a embly i hou ed in a 

flo r-type cabinet rack, a shm n in 

Figure 1. 

Standard-Frequency Oscillator 

The performan e of the TYPE 11 13-A 
t ndard-Fr qu n ·y 0 cilla or ha am

ply ju tified the original e al uation 1 of 
it over-all tability. The one-year drift 

record of a typical unit i hown in 
Figure 2. Note that th drift rat at h 
end of a yea r  ha. dimini hed to le 

one par in 109 per month or be t r 
than 3 parts in 1011 per day. 

1R. \V. Frank, F. D. Lewi , and II. P. Rtratemeyer, 
"Th ::"!'·w CH. Frequency , tandard." General Radio Exp rimenter, 35, 4, April 1961. 

Figure 1. View of the Type 1120-AB Frequency 
Standard. 

Of particular inter ti h pe trum 

plot of Figur 3, whi h i1 di ·a a high 

degree of hort-term t bility, that i , 

7 
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F i gure 2. Typi c a l  l o n g-term fre q u e n c y  drift of Type 1 1 1 3-A Sta ndard-Frequency Oscillator. 

a ' ery l ow level of f m noi . � ote t hat 

thi pect rum i that of the osc i l lator 

frequency mul t ipl ied u p  to 23 900 I c ,  
a n d  o it i nc l ud s not o n l y  oscillator in-

tabilitie, ,  but a lso any noi e that migh t  

b cont ributed b y  t he multiplier 

Freq ue ncy Divi d e r  

The TYPE 1 1 1 4-A Frequency Divider1 

d i vides t he 5-megacy · le crystal fre

q uency to prod u e ine-\ a ve output 

frequencie at 1 J\1c 100 kc 1 0  kc 1 kc 

and 1 00 p , a wel l  a q uare wave at 

100 kc and 1 0 kc . The d ivider c irc uit 
a rc designed for low j itter (about 0.5 n ec 

over-a l l  from 5 'fc to 1 00 cp ) and a re 

al l  "fai l- afe . "  t hat i , th y have no out

put in the ab ence of an inpu igna l .  

Time Com p a r a to r  

The TYPE 1 103-B Syncronomete r® 

time c mparator1  provide a cal i bra t ion 

again t standard t ime by compari on 

,., ith radio t i me ignal uch compari

an b made to about 0. 1 milli-

1 Lor. n't. 

-•«> 
.. . .) 

-1zo -60 
\.. 

'• 
At IN CPS 

. .. 
.. 60 • IZO ''"" 

1 

on 

00 

025 

0 

f i g ure 3. Spectrum of the Type 1 1 1  3-A Standard
Frequency O s c i l lator as meas ured at 23,900 Mc by 

the Nati o n a l  Bureau of Sta nd ards. 

second . Radio propao-at ion t i me varies 
up to + 0 . 1  m i l l i  econd, making o ver-a l l  

a ura y f compari on approxima tely 
+ 0.2 mill i  econd. A frequency cal ibra-

ti n a cura of + 1 X 1 0-9 is po sible 
over a -hour i nterva l .  Thi uni pro

vide an addi ional fail- afe feature ince 

even mom ntary fai l u re of the driving 

frequency will t p he clock whi h 

wil l not re tart of it lf when the d ri ve 
reappear 

SPECIFICATI O N S  

O ut p u t  F re q u e n c i es :  5 Mc, 1 1\ 1  , 1 00 kc, 1 0  kc, 
1 kc,  1 00 p. ; add itional plug-in un it for the 

TYPE 1 1 1 4-A Frequen cy D ivider are available 
to prnduce outpu at 400 cp and 60 cp . 
P ow e r  R e q u i reme n t s :  1 05 to 1 25 (or 2 1 0  to  250) 

Type 

volts, 50 to 60 cp , 370 watt. . 
D i m en s i o ns :  Width 22, h ight 76 �, depth 1 )1 
inche (560 by 1 950 by 470 mm).  
Net Weig ht: 475 pounds (220 kg) .  
S h i p p i n g  W e i g h t :  4 5  poun d (300 kg) . 

Code 1wiber Prire 
1 1 20-A B F r e q u en c y  S t a n d a r d  . . . . . . . . . . . . . . . . . . . . . . . .  . 1 1 20-9430 $ 5 200.00 

Note: her frequency-. tandard combination. 
avai lah] i n clude the TYPE 1 1 20-A whi h has 
the . ame output frequen cies a. the -AB model, 
but wi thout emergency power equipment , and 
the TYPE 1 1 20-AH ,  which furnishes,  in addi t ion , 

frequencie of 10, 1 00, and 1 000 Mc (al o with
out em rgen cy power equ ipment) . A l l  com
ponent unit are available parately and pe
cial  as embl ies can be devi ed to meet individ
ual req ui rem en . 
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A P R I L · M A Y ,  1 9 6 3  

EMERGENCY POWER SU PPLY 

rrhe TYPE 1 1 1 6- Emcrgen y Pow r 

u pply i a combi nation i nver er n,nd 
'' it  hing de vie de igned for us wi h 

a 2 - o 32-vol torag batter . Up n 
fai l ure of t he pm:ve r l ine t he vibrator-

yp inv rter i automat ically connec cd 

to he battery upply the pm er-i nput 

t rminal of the fr q u nc tandard are 

tran ferred o he in-v rter outpu and 

a fr nt-pa nel lamp glows to indicate 
emergen y opera ion . Thi chang ov r 
o cur when the l in voH.ag fall be low 
1 5 (or 2 1 0) vol t  ; th r t u rn to l in 
operation take plac at a level  b tween 

10 and 1 1 3 (or 2 1 6  and 226) v l . 
Th wit hing i accompli hed so 

ra pidl t hat n in rruption occur i n  
t he op rat ion o f  t he frequency tanda rd .  
T h  t ran f r tak place i n  l e  than two 

ycle of the power-l in fr quency. 

n r umpt ion of h pO"wer-line serv
ice t he tandard i automa tical l  

wit ·h .cl ba ·k to t h  l in , and h in
Y rt r i di onnected from he battery. 

wit ching i a compl i  h cl by fa t 
act ing relay and o l id-.. tat e  diod 

Automa ti c  Battery Cha r g e r  

Th Tl:-PE 126 - A  u t omat i Batt r 
harger i de igned to ma intain at opt i

mum charge onditi n a 2-l-c 1 1  n ick 1 -
cadmium bat t e r  to pr Yide cmerg ncy 
power for th TYPE 1 1 1 6- Emerg n ·y  

Po wer Suppl y .  

A oon a l in vol t ag i re tored 
after power fail ur a on tant c urr n t  

charg o f  about -± ampcrP i applied t o  

Fi gure 4 .  View of the emergency power s u pply e q u i p· 
ment. F ro m  top, Type 1 1 1 6· 8  Emerge ncy Power 
S u pply, Type 1 268·A A utomatic Battery Charger, 

Type 1 268.·P 1 Battery Drawer. 

the battery . er 6 hour f t i charge 
a timer change t h  operating mod to 
con tan vol ag . This fioa voltag 
mainta i n  he ba tery a optimum 

harg r gardle of th trickle-charg 

curr n requir d .  Under h e ondi t ion 

th voltage a ro the ba tery is about 
3 -±  vol t . rvie r ar pr id d f r ba ery 

voltage and c u rren t . 

Batte ry Drawe r 

Thi uni 1 a relay-rack-moun d 
d rawer capable of hou ing h 24-c 1 1  
ba tery. Ba l l-bearing l ide and quick-

r 1 a fa ten r pr vicle a y ace 
for battery maintenance . Stainless st el 
i u cl for th ba t r holder to i n  ure 

h the a l ka l i n p  
l 
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G E N E R A l  R A D I O E X P E R I M E N T E R  

B a ttery 

Thi 24- 11 ni k 1- admium battery 

i h i p pC'd d i rect l y  from the man ufac-

urer p l a n t .  I t  pa it · i u ffi c i e n t  t 
op ra th freque ncy t n dard for a -
least 3 .72 hours. 

SPECI F I CAT I O N S  

T Y P E  1 1 1 6- B  E M E R G ENCY PO W E R  S U P P L Y  

I n pu t :  1 1 5/230 v, 50-60 cp fr m p \Yer l ine. 
28-32 v, 4.3-3.2 amp from battery (when 
o p  rating TYPE 1 1 20-A B I• requenc Standard ) .  
O ut p u t :  1 1 5 v ,  nomi nal, 60 cp. , ] 0 watt con
tinu u. max i m. um. ratin g. 
O perat i o n a l  R a n g e: Batter cu ,· i n  when line 
voltage falll: below 1 05 v nd ut out when 
restored l i ne voltag reache a th re. hold value 
bet,Neen 1 0  and 1 1 3 v .  
Accessori es S u p p l i e d :  TYPE CAP-22 Power ord 
(2) ; pare power l ine fu. e. (2) . 
Acc esso r i es R e q u i re d :  2 -, 30-, or 32-v hatter 
and cable . 
Accesso r i es Av a i l a b l e :  'I YPE 1 26 -A utoma i c  
B a  tery harger ; TYPE 1 26 - P l  Battery 

rnwer ; TYPE 1 26 -9602 Batt ry. 
Ca b i n et: Rel av-l'ack.  
D i m e n s i o n s :  1 9  by 1 1� in he"' (4 5 by 270 mm), 
d pth beh i nd panel 1 3  i n ch · (330 mm). 
Net W e i g ht:  5 � pound (26. kg) . 

T Y P E  1 26 8 -A A U TO MATIC BATTE RY C H A RG E R  

C o nstant-C u rrent C h a rg e :  6 h ur'  at 4 a n1 p  re , 
nom in al . 

T r i c k l e  C h a r g e :  33. volt ± 2 %  i maintain ed at 
the battery. 
P ow e r  R e q u i red : 1 05 to 1 30 (or 2 1 0  to 2 0) volt. , 
60 cps, 240 watts maxi m u m .  

Type 

Am b ie n t  Tem perat u re R a n g e :  0 to 50 
C a b i net: Rack-ben ·h .  
D i m e n s i o n s :  Bench model - width 1 9, height 
5 � ,  depth 1 1 %;  inche (4 5 by 1 35 by 300 mm. ) ,  
over-all ;  rack model - panel 1 9  by 5 � i nche 
(4 5 by 1 3 ,.. mm), depth beh i n d  panel 1 1  inche 
(2 0 m m ) .  
N et W e i g h t :  2 9 3/i  pound ( 1 3. 5  kg) . 
S h i p p i n g  W e i g ht: 50 pound (23 k ) .  

T Y P E  1 2 6 8 - P l  BAT T E RY D RA W E R 

C a b i n e t :  Relay-rack . 
D i m e n s i o n s :  Panel 1 9  b 1 2 � i nche, (4 .. . r;, b y  
3 1 4  m m) , d pth behi nd panel 1 9  in he:-; ( ± 5 
m m ) ; i nterior, battery com par m n t fio r 1 6  U 
by 1 4 %;  i n  he · (4 1 5  by 375 mm) he ight 1 0 %; 
i n  hes (275 m m ) . 
N e t  W e ig ht:  Le . .  battery, 25 pound ( 1 1 .  - kg) . 
S h i pp i ng W e i g ht: L . batt ry , 35 p und� ( 1 6  
kg). 

TY P E  1 26 8 -9 6 0 2  BATT E R Y  

Ty p e :  Nickel-cadmium . 
V o l t a g e :  2 volt. de, n o mi n a l .  
Am pere - H o u rs :  1 5  ampere-b ur . t .3  o 3 .2 
a mpere..; required by TYPE 1 1 1 6-B E 1nergen cy 
Power upp l batterie wil l  ·un a lea. t 
3 ;>-2 hour . 
Net W e i g h t :  90 pound (4 1 k g) appr ximately.  
Battery h i p ped dir t from uppl ier . 

ode Nuniber Price 
1 1 1 6 - B  
1 26 8 -AM 
126 8 -AR 
1 26 8 -P l 
1 26 8 -9602 

E m erg e n c y  P o w er S u p p l y  . . . . . . . . . . . . . . . . . . .  . 1 1 1 6 -9702 
1 2 6 8 -9 8 0 1  
1 2 6 8 -9 8 1 1 

1 2 6 8 -960 1 

1 2 6 8 -9 6 0 2  

$ 4 50.00 
450.00 
4 50.00 
1 95 . 00 
250.00 

Aut o m a t i c  B attery C harg er, Bench Model . . . . . . . .  . 

Auto m a t i c  B attery C harg er, Rack Model . . . . . . . . .  . 
Battery D r a w er, less battery . . . .  _ . . _ . . . . . . . . . . 
Battery . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . . . . 

COMI N G  EX H I B I TS 

;l enera l  Radi o  in · truments wi l l  be on d i  play at he e m t in0 and xhihit  
d u ri n g  th mon t h f ::.\ l ay . ur e ngineer. ·wil l  b hand t wel come yo i and to 
an ' er o u r  q uc. · t ions .  

Date 

lay 6- 1 0  

l\ Iay 6- 1 0  

l\ 1a 1 5- 1 

-;\ l ay 20-23 

Sponsor or Title 

Nation 1 I nd u  t rial Prod u c t i o n  
� h o w  of anada 

A meri can I nd u ri 1 Hygi n 
nference 

Acou t i ca l  ocicty of Am riea 

D ign Engin n n cr how 

Location 

Exhibi t i o n  ] =>ark , Tor n o 

� hera t on-G i b  o n  H otel in i n nati 

Hote l )\l"ew rork r, N w Y ork 

o l i  um � w Y ork 
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A P R I L - M A Y ,  1 9 6 3  

MOR E  WATTS PER DOLLA R  WITH 

TH E N EW W8 VARIAC A U TOTRANSFORM E R  

VA RIA (R) aut ot ran former , TYPE W8 
and W8L, offer increa ed rat ing and in
C'reascd volt-ampere per dollar,  y t 

·cupy t he ame panel ·pac a t he 
popnlar TYPJ"J \I\ .5 . They differ dimcn-
ional l y  from t he T Y P ID  W5 in  but one 

re. pcct , an incrca e in back-of-panel 
depth of onc-ha lf i n ch .  They embod a l l  
t he fea t u re common t o  t he :J"t:'l1 ra l 
Hadio " W "  l ine of VAH.IAC a u t otran -
form r and are cu 1-rcnt ly a va i lahle as 
ha ... i<· model only,  'vithout ca c . 

We feel t hat t he...,e h\-o ne\ lmit \Yi ll 
. crve a u 0£ ul purpo by mee t i n g  a 
d mancl for more power in a l imi t e d  
. paee.  Their in crea i n  vol t -a mpcr 
pC'r-dol lar i a b uil t -in bon u . 

SPECIF ICATIONS 
Type 

I n put Volts 

O ut p u t  Vo l t s  

L i ne Frequency 

R a t ed Am peres 

w s  
1 20 

0-1 20 
0-140 

50-60 cps 
8.5 

WSL* 
1 20 

0-1 20 
60 cp:-; 

1 0  

Type W8 W8L* 
M a x  Am peres 1 1  1 3  

Rated KVA 1 .32 1 .56 

Code N u m b er 3038-5 1 1 0 3058-5 1 1 0  
P ri ce $ 2 1 .00 $ 2 1 .00 

Vo l t -Am p e res/$ 62.9 74.3 

* K ot t hat the Typ W L cannot be or>erat d at l i1 1 c' frequencie low r than 60 cp , and that it ca n n ot be used 
o obtain overvoltage. 

AC TH EORY AN D TH E H UMAN CH EST 

'I h G I  TYPE 1 305- Low- Frequency 
0 · i l lator wa f atur d in  n unu ual 
demon t ra t i on la t Septeml er at the 
X XII I n ternat iona l ongre of Phys
i logical , cience · at LeidC'n . I n  t he x
hibi t , en t i tl d " I n t erpr tat ion of t h  
Re. piratory Pre lffe-Volum Li saj ou.  
Figure'. ' he o C ' i l lat r wa u ed t o  pro
d uC'e, on a dual-b am o ci l l  
Li. aj ou l oop annJ ogou to pre , ure
vol um and pre ·sur -volume flow in the 
human C'h t .  The in p u t, dat a  w re t a ken 

from act ua l experiment performc>d n 
a n i mal and h uman being , part of a 
long-t rm program condu ted by Dr . 

Wayland I!. . H u l l  a n d  � .  roft Long a 
Duk l ni  v r ity JU edical ent r .  

The elect rical analog of t h  h u man 
che t is an inter t i n g  example of t h  u 
of n a l ogou . tern t o  explain nat u ra l  
phenomena .  Th human h t and l un g  
are here Yi ual ized a s  a erie circui t ,  
con taining cn.pa<' i t ance ( ·omplian of 
l ung ti ue and rib age) , inductance 

1 1 
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3 0 
F i g ure 1 .  Press ure-vol u m e  
Lissaj o u s  p atterns at  fre- 20 

ON q u e ncies i nd icated. System :z: 
i s  asym metri cal at l ow e r  
fre q u e ncies a n d  res o n a nt,  1 0  ':!! 0 
i n  t h i s  parti c u lar case, at 
a bout 10 c ycles/sec a s  seen w

-

from verti cal  l o o p  i n d icat- 0:: 0 :::::> 
i ng 90 degrees of phase <J) 
sh ift. Data from a n esthe- <J) 

w 
t i  zed d ag .  0:: 

- I  0 a.. 

(by permi ·ion of the 
Journal of - 20 

A pplied Physiology) 
- 3 0  

.4 . 3 

( the ma i \  e or inerta n t  hara t r f the 
t i  i ) and r i t nc (opposit.i n to 
air flow) . The brea hi ng rate i fr  -
qu n y ,  the normal frequency b ing 
about 20 cyc le per rninut . By t he 
u e f an i ron-l ung-t rpe re pirator, 
breathing rate up to 20 cp a n  b pr -
d uced i n  ane t h  t izcd animal  . Thu. if  
pre ·ur i h l d  con t an t  a all  fr quen
cie::: , a frequ n cy-imp <lane r lation can 
b d term i ned .  1. irnilarly,  t h e  vol u m  of 
air  moYcd hy t h  y tern n b tudied 
a a fun t ion of frequ ncy . Th al ternat
i ng p r  sur uppl iC'd in th t c  · t i made 
t '- p pr x i mat a s · ne wave, o t h  t 
m uch of el men ary a t he ry an be 
appl i i n  t h .  biol ogical . y tern. 

The re ·onan t fr  quen . r f b t h  animal 
and human ·h . t i of t he ord r of 5 
cp , a nd ma ny animal  i n c l  1ding dog , 
pan t  at that fr quenc . To t he ph , iolo
gi t ,  t hi.  i mpl iC'. t hat th maximum air 
flow i a Yai labl  to cool the mouth, 
t ongue,  and air  pa ag for th nnn1-
mum exp nditure of nergy . 

S t a t i c  M id - P o s i t i o n  

V O LU M E , L. 

. 2  . I  0 . l  .2 .3 

Th ' re la t ion of vol u me and pr 
in onn ct ion wi h d i  nti  n of 
and hora i of e pecial inter 
phy i i n . evera l he t d i  ea e 

l ve chang 
tance or ' resi tan B y nd 

.4 

ure 
l ung 

to 

considera t ion of che t and l un g  re earch 
li h x · i t i ng po i bi li t ie of xpla ining 
o t he r  hiol ogi a ]  p h  n mena by cle -
t ri · 1 a na l oo-.  

Our thanks to Dr. E .  . Long a n d  
Dr.  W .  E .  H u l l  o f  D u k  for permi". ion t o  
pub l ish th i  brief a b  ract .  Tho e in ter
e t d in a m re complete di .  cu._. ion ar 
r ferred to A m  rican Journal of ppli d 
Physiology 1 6 :-139-±43 1 96 1 and 1 7  :6 
6 1 2  1 962 . 

Dr . I-lul l and Long have h en a iv l y  
i n tere t cd i n  t h  u o f  anal ogou" , ys
t e m  t o  ex plain biol ogical ph nom n a  
a nd hope t ha t  t hi a p p r  ach ma. t imu
lat e le  t rical ngi ne ring gr d u  t . 
recogni ze that biologica l i n o ffer 
th m t h  opp rt u n i t y  for work c t  a 
T 1 1  profe iona l leve l .  

G e n e r a l  R a d i o  C o m p a n y 
�ft\N T'£a 

IN 
tJ. s. """ 
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