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In the business of measurement, there are, broadly speaking, two kinds of 
odyances: those that eKlend the accuracy or measurement range beyond what 
was preYiously ovoiloble ond those that give new speed or convenience to 
existing meosurements, Both types are represented in th is iuue. The 1561 
sound·leyel meter (page 3) puts a new order of oC'CuroC( and precision into 
acoustical measurements, exceeding the requirements of all USA and inter­
na tional standords for both precision and general· purpose sound-Ieyel meters. 
Instruments to moke life in the lob eosier are a high-pass/low.pou tunab le 
filter (page 14) and a regulator thaI will conlrol on audio test signol to produce 
a constont sound or vibra tion level as frequency is swept. 

Two new items are directed to the ottention of aud iometer users: a GR 
eorphone coupler (poge 21) similar to the NBS type 9·A and on audiometer 
calibra tion set (page 20) that includes sound· level me Ier, calibrotor, ond ear­
phone coup ler, all in one tid y carrying cose. 

COVER_One of mony 1",1' ''''' pOllibi~' ielllliftg GR', new leYel revulolOr I.KOM IrOnl .op in ,eloy 
rode). Here .n. r.gulo ..... ;1 cOnIb,ned wllh rondOnl·noi ... g .... ro' .... ond ,ec: .... ding wove onalyze, 
'0 prod""e 0 narrow bond of c~'onl·Ie ... 1 while noi ... . 

Thl' G(lll'ffll N(ldio f.'fpl'ri'''''''/tr i mail~J t'Ilfh tlloulh withnut fhar~e 'I> I.'ngi_ 
n('('r"'I, ~,·iI.'nti~t~, tf'.-imifi"'"a. ~I'L1·Il"'r<. ami otl.eN inler.- led ill the il,.,;trume"t.~ ",,,d 
lefh""I',e~ or eTe..-lri('81 "-nd '·\f'dr .. "it"tl llIell.~'ll'\'ment~ . \ lld re><.~ all (lo rre--ponden('(' to 
l'AJilur, GrntrlJl Nadlo E.r]KnmrnUr, Geuf'rallt",diu C<l .• ,, ~~ C\llIl~lfd. :\l ftJS~. UIi~1. 
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A PRECISION 
SOUND-LEVEL 

METER 

Reoognir.ing that it is unrealistic to 
expect onc sound-level meter to be nil 
t hings to all people, we have for the 
past two years offered two models: I.he 
155J·C' and the compnct,less-cxpcnsh'c 
15651, both of which meet. the l 'SA 
standard (S IA-H)G l ) for general-pur­
pose Bound-Ic\'ci meters. T be variety 
of demands all these instruments and 
the trend lownrd more precise mea,sUfr­

ments in some research work suggested 
II. need for II. t hird member of the family , 
with even higher performance. Thus 
the new TYP E 1561 Precision Sound­
Level :\ Ieter joins General Radio's 
ncousticnllincup. 

T he Ilew sound-level meter meets the 
requirements of the standards for n 
precision sound-level mawr as adopted 
by the In ternational Electrolechnicnl 
Commission (l Ee Ji9, 1965) and as 
proposed, but not yet ndoptcd l by the 
United State8 of Americn Standards 
Institute (USASI). The instrument 
also satisfies the requirements of USASJ 
and IEC standards for general-purpose 
BOund-level meters, USAS I S I.4-196 1 
nnd IEC 123, 1961. 

The chief contributor to the new in­
strument's precision performance is a 
new piezoelectric ceramic microphone 
(TYPE 1560-P7), a descendant of the 
1560-P5,' which bcncfits from a series 
of design improvements and from im-

.",... proved manufacturing techniques and 
careful testing. Backing up the micro-

phone is an all-solid-stale instrument 
designed th roughout for precision work. 

DeKriptioo 

The circuit includes a high-gain 
transistor am plifier with ntlenuator, 
A-, B-, and C-weighting networks (plus 
flat response), an indicating meter, and 
nil electrical calibration system. A low­
noise field-cffect. transistor in the first 
amplifier stage pro ... ·idC8 high in put. 
impedance and low input.. noise. The 

-
, E. E. Oro.. "Tno: IMI-C Sound.IAc'·fl Met.,.," G,-..' 
f{4d", l.·",....'_lOkr. Au~l IQ06t. 
• w. R. Kunderl, ".\ CompoKl, 'EWI<Pf" ...... e Sou",",· 
1..., ... 1 :\'f~':' 0._", Rnd .. f.",....._~, o.l<Ib.r· 
No .. t ... bo:r 1000t . 
• 8. A. Honk. '·n. Ntw ~ ... I !\ad,o M,eropboae." 
Or.....,., Hnd .. Ez,..,.,_tItor, M.y....Juae '067. 

f1IU" 1. ' .. <I.lon •• ulld., ..... 1 m. ' .. , 
, .. to"" mod.l . 

3 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



4 

the [;jExpe rime nler 

-. -

I::n.in E. CTOP, Jr. 
joined Gent'ral Radio 
ill 1936, after receiving 
his USEE degree fronl 
Xortheastern [niverl'ily. 
All Ii development engi­
neer in GR'~ Audio 
Group, he lmll (h~FiKned 
many sound- and vibm­
lion-mell~lIring in8tru­
menti'. Ill' iR 11 Renior 
:\Iember of IELL lIud 
II member of the )0;1.11.11-

dard~ Committee of the 
I CEE GrOUI) un Alulio 
ami Electl"()lI.oolilltiC!l. 

Carlton A Woodward, 
II. development engineer 
in Glt'~ Audio (;I"('UI), 
rel'('h'ecl hiR H.Se. tlegre<' 
from Nonhealll1.'rll I"lli­
vel"!'ily in Hl35 and 
joined General ita,lil) the 
following year. lIi~ work 
inelud~ It Ilumher of 
instrUIllent t\evt'loll­
menUl, lit low &1,,1 high 
froquenciCl'. Ill' i, 11 

Senior Memix-r tlf I EEL 

meter circu.it uscs the rms response that 
is stnndnrd ill GR acoustic instruments. 
Pholle jllcks nil ow inscrtion of all 
externnl filter in pl3.ce of the stlludnrd 
weighting chamcteristics. The internal 
electrl('al cnlibration system allows the 
user to set the gain to match the 
sensitivity of the microphone and cable 
combination in usc. 

The \,161 comes in t.wo versions: 1l 

I)ortahle model (1561) in a General 
nadio Flip-Tilt case (Figure I ) and a 

( 

relay-rack model (1561 -R) . The ex­
pected applications of the two models 
lead to some differences in cODnections 
and accessories, as indicated below. 

Portable Model 

The I>ortabie model is equipped wit.h 
a 1560-P7 I>recision :\ Iicrophone and a 
100foot microphonc extension cahle. 
AU the connectors and aU controls ex­
cept, t.wo are on lite front. panei. A gain 
control and the c:J.librntcd microphone­
sensitivity reference are accessible 
through openings in the casc. Powcr 
is supplied either by st.andard dry cella 
or by rechargeable nickel-cadmium bat­
teries. The dry cells will power the 
instrumcnt for 8 to IG hours of con­
tinuous use or about t.wice as long at 
four hours per day. Thc nickel-cadmium 
batt.eries will yield 14 t.o 22 hours of 
operation bet.wCiln charges. 

When an instrument. is purchased 
with rechargeabl(' hat.Leries. a battery 
charger is also supplied. This charger 
will charge one set of bat.tcries, either 
ill the sound-level meter or in the 
charger, or it will charge two sets simul­
taneously. Charging time is 14 to 16 
hours. 

Relay-Rack Model 

The relay-rack instrument., Tn}; 
1561-R (Figure 2), is supplied without. 
a microphone or microphone extension 
cable; both arc, of course, a\'ailable 

f ll"' '' 2. Typ. 1561 _1t ("Iay_,a~k ", .. Io n) prtcilion 10llnol_I, ,, . 1 m, llf. 
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separately .. \,11 controls cxcept onc gnin 
adjustment are 011 the frOllt pancl. 
Input and output cOllucction~ Ill:ly he 
m:ldc nt the rear panel :u; \\-('[1 as at Ihe 
front. The jacks fo r the exLcrnnl filtcr 
are nt lhr re:n only. Coaxial Itttcn ualor 
controls :lrc dC:iigncd to pre\'cnt over­
land of lhe input umplifier l:; tuge umler 
all conditions. 

The relay-rack instrument is ac­
PaWNed, hUL rechargeable batlcries ('~U1 
be installed if desired. 

Uses 

The primary use for I he IH'('ci;;ion 
sound·lo\'(·1 meter is tho mC(ll!lII'ement 
of noise 
spccified 

to the degree of accuracy 
by precisiolHllC:lSUrcmcnt 

April. 1968 

stand:lrds. This ill~lrllment. i~ in fact. 
useful ill :Illy appliclltioll invoh-ing 
current. .\mcri(,:lll or imcrnalional 6tan · 
durds for soultd-le\'el meters. I II thi,; 
cOllnecLioli it is interesting to nolo 
that onc of the "gellcr:ll " slnndard s, 
l 'S,\ !=) 1 SI.I·l 00 I, actually has tighter 
o\'cr-all tolcmnec requircments for the 
C-weighting charactcristic:: below 1000 
li z thnn h:18 the preci .... ion-l>ound-Ie\·cl· 
meter standard. lEe 17\), 1%.3. 

The precision :-oound-IC\'cl mcLer i:l 
also useful as a low-noise. high-gnin 
umplificr. and thc relay-rack model is 
plirticularly i'luitnble for such use liS It 
system compOIll'llt. 

C. A. \v' OOOW.HIl> 

I~. K GROSS 

SPECIFICAT I ON S 
SOund.L ..... 1 Ron, . ( rmB, dB re 20 "X / m1 ); 

""rf,/unU;1I 
('lJaradtril/ir 

Flat 
C Weighting 
U "-dRhling 
A Wt'ighting 

I\"tlh Jfi6(J..f'l 
Jf1rfop/!onl' 

and J(J..fl m1Jlt 

:l5Ul l50dB 
:12 l(l 150 tlB 
:11 to 150 dll 
:11 to HiO dB 

1\ WI I fill().P7 
,lhCTOplw .. t 

aI\(IJfXJ(J·P~O 
I)r(flmpiifiu" 

:U tAl 1:10 dll 
27 to 1:\0 ,IB 
21; tt) 1:«1 dB 
27lt1 J:WdH 

""', .. obt.lnN "'Iio XlQ " ... ml' pu ...... " wi,h XI 

AllO\lall('(' i~ IIIlItie rur a pcak·tlJ-rm~ rltliu nf 
II liB. When A ~ine-wavt' ~iRnal i~ all])li{,<1 I" 
the 15(J()-1' 10, lhe r,lnge ('all 1)(' (''l:tt'lIllf'tI Il) 11\ 
till. Th{' ,ign:l.I.lo-noi~ ratio i~ Itl !t·!i..-l 5 lIB 
ror 11,(, 1,,\I'er vnlue.! gIven 1\00\'1'_ 

f •• "u.n~y Cho,ae ,. rli lin , A. n, and (' "eijl;liling 
in a('('(ordllll('(' \lith l1:::A :-:talldnrd :-:'1.1-1\14'11, 
I EC Publifatiol1 123, 1001 :Iud me Puhlication 
li9, 1!.I(;''' ror pr«ieion 101I11I1·lc\'("1 melt'MI. Also 
provitlt'd is /I. 1l1lt mll}(l1l1!C frHlll 20 li z tu 20 
kH z to permit mCflllllI'Cmcnt or H<'lIll(l.pr~urc 
I('vel. Jucks :ITC pro\'idl"tl rllr in8t"rtion Ilf nn 
cxternnl fih.4'r. 
Mlcraphon • ., Thc C II 1500·['7 I'rcto.it!ioll :\Iicro-­

I)iloill.' in supplied \I·ith l}(lrtahll' modele "ilh 11 
lO-rt "able tu p4'rmit IIl1crophollC til he 11)(":lt('{1 
8 ... 4)' from illllrumcllt and obaerv('r to minimize 
diffr!lo('tioll eff('('ta (1561 gllin illIl't. to ('(Iml)('l)­
IIIIW for eable IfeI ). 
Sound. l .v.1 Ind l.olion : Heading is Hum or metl'r 

~ and altenuator aetting. ,\leter calibl'lIt('{i - 11 to 
r +10 dUi I1ttenlllltor enlihrllted :W to 110 dB 

i.n 10..00 stepll. 

o,,'p .. , (full-scak- IIlctl.'r rending): 1.25 V behind 
5500 11: harmonic dilll.ortion < O.S,/-. 
Inp ... Imped .. n .. , > 100 \HI, 11(,I'08Il -10 pF in 
portshle mool'l, R("I'QIM ~I() pF ill rack model. 
M. ,." Ihna rctIl)()l18('; rlUll llnd slow meter 
gl~ in serordanN' wIth nixwc (J::i.\B1 nnd 
lEe standard!. 
Calib."tlon , ,\ Ueolutc "lIhbration of tlw l5lll ie 
IICt ncoustically fit 500 II~ nnd II. 1{'vel OJf 1 ] I dB 
re 20 I'X / rnz , ~licrolJhoue rctIllmlllC find M'lIsi­
livity nl'(' flH'W!urcd in Ii fn.oe fichl 20 Ih to 
15 kHz h) CO!1lI)lIfi80n "ith II WI:: jjlOAA 
Laboratory ~t.:Ultlnr( 1 microphone "ith c(l.li­
bmlinn trll('(':t.bl(' to til(' '\ntional Burellu of 
Standards. C(lIIIIlI('tt' electrical frequency­
I"Cllpon~ IlIC/UlIU'cm('nts Art' nll\tle (Ill each in-
IIlrument. Panel ntljlllltnll'nl Ilf,widcd for 
standArdizing ~nin "ith internal calibration 
rirellit, "hich hl\ll ndjUSllll("nt to permit c:\li­
"ralion in t<'rUiS of mi('rophone sclisili\'lty 
(control i~ intern;\1 (\110 ll('«'flllible lhroulth tllllll 
0' \)Qrtahlc ltLodds, un front. ]land of ml.'k 
nux cIs). Tht' Uili2 ~"und-I.e\'cl C:lIiOrulOr or 
1550 MierIJphunll Heci]lr()(·it~· Cnlibtator can 
he uscd for mukluK ]Il'riodi(' <)\1('1'-:.11 ncousti!: 
ehccks. 
h mp • • a lu •• a ,,,1 Hum ld Uy Elf .. l., The iustru­
ment " -ill upt'rate "ithin specification!!. for 
mewt illdicntlOlIl ahove 0 dB, uver ;1 r(!.IIKe uf 
10 to 50-(' nud 0 to 00' I: rdntive humiditr. 
"hen lItalldnl'dile(1 hy its intern:!.1 I.'lllibr:1tiOn 
circuit ur:111 (,'l:l.ernlll cnlibl1ltor. ~o dllmnKe ttl 
microphone from -:ID to +00°(, and 0 to 
100 .... ;- rebtivc hllmidit~,. 

Ma ll n . II~ . F I. ld Eff.~II' In n iiO-lh, ]-oerHtl-d 
(SO A/m) In:lgnClie field And "dcnted for max 
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the l;]Expe rimenter 

re:uling, tile rack m()(lei WI!! lIuhl'Rte RooUt 
42 d B, 111(' l)Orb.hle model abou t 5:i dB (C 
Yoeilo:htiug j. 
A« . .. o rl n S .. ppli. d: 1'.(rt:Lhle 111 0(11'19 include 
I'n'(·ilIiun \l icf"ph"ne Tf[M! 15(00- I' j, 10-ft 
rnil-roph,ml' ('!Ihll" nnd ei the r one lK't of dr.vo 
cell hllU(' rit'li " r two l!/.'tlI (,( rodmrgc:lble Imt­
l('rit'9 and IhtlNY Clmrl(('r TYIII' 1560-I'roO . 
H.1tk Illude! includl'S po"er cord IIml spaTe 
(u_. 
Au,no,i . o Avoilobl .. 1!l52 l 'niw'I"!ll,l l'iltN and 
151;0-1'10 Prt'ampJific r ( polln·r slIpp lil"<i by 
laliI ); 15GO-i'5 HI" Pi Pret"i~Lun ;\ iLero"horw; 
microphone ,·xt ... n~ion I·:lble~. 
Po ...... Req .. ired : T hl' r:'t'k·rn"un t 15(;I·H ron­
,",Iins ac , ..... " {'r 9UI)pl i{'S rllr UIK' rMin g th,' instru­
ment lind f" r rt~'har"in~ the h a Ul'Tll'll (nHt 
lIul'pl it"<i ) Ihut 1'1111 IX' lLS<.>(1 1<1 ,}OWl'r thl' ins tru­
I1Il'nt. T his mndell!I'('mtl'tl (rum 100 \.0 125 (lr 
200 to 250 V, 50 1<.liO Ih, 2.5 \\" Iml.:O:. 

The portable 15lil is 8uppli{'d "i th eillwr:-I 
Ilurgt'98 I.\"\x' i';\It, dtl-t~·tt l)lItlerLt"ll (ur equiv­
!llenl l, whkh give :,huut l5-h averajl:{' ojX'l"lI lion, 
or wilh 2 !It'l l! uf fl't'h(Lfl(l'able n il." kl'l-e:w mium 
batlt'TI{'S alld Ihe 15 iO-I'.iO HattNy Chargl'r. 
T his uuit will I!imult.:.u\l'ou!d.\< n.'I."lmr/(l' Iwo 
8C~ n( hatt('ril'!l (0111' stt in llll' 15til, IIIl' uthe r 
ill the charf,;er ) froUl a puwer line of 105 to 125 
or 210 to 250 \', 50 to jiO Hz, 5 W. 

T he nick('[-('adrniultl hfLtlt'riCII witt provide 
!11 K)ut ~'(j h uf operation tlnd recharge in about 
15 h; dr.\oeel1~ about 15 h. 
Mo .. n!!nll : The 151i1.1{ ill ill It rar k·moullt 

ellbinCl, til!' l}urttl.hlf' mood in II. Flip-T itt Cfilll'; 
the chnrgl'r in lUI aluminum callC. 
Dlm. noiono ("idth x heiJthl x depth ): Port.able, 
IO ~ ~ x tHi X 5' . Ln . (2i.i x 100 x 150 IIUll ); 

rack , I!) x 31~ x 15 in . ( \85 x 8!) x :~S5 mm ) ; 
lIatlcry C h urgcr , 114 x :i ' .. x 8 ill . (110 x ULi x 
205 mrn). 
Net Wel llh l : Potlahll', 5L~ Ih (2.5 kg); r:u::k, 15 
III (i .O k ~). 
Shlpplnll Weight ( rst ) ; l'urt.:. IIM, 20 Ib ( I.n kg ) ; 
rat"k , 2J llJ ( 10.5 kg;. 

Catalog 
XUlIIll("r 

I 'riu 
JJrl/Criptwn __ c-l--_i"--,, _,.,_·.1~ 

H61 P.edoion So .. nd. 
l .".1 Me' .... 

!'or.oble Mode " , inel 
p.,d olon mk.ophon, 
and 10 ·11 coble 

1561·9700 with dry·cell bOlleri,~ $675.00 

wi.h 2 ~"'~ ,echorge. 
obi. bOllede, arid 
recharger 

1561 .9701 for 11.5 vallo 775.00 
1.561 ·970 2 for n o volt. on •• q .... .!.... 
1.561.9703 1561 .l p"cioion 725.00 

So .. nd·L ..... t M et .. 
Rock Model (no ba l· 
,ery or mi c,ophonel 

1560.9605 1560. 1'5 Microphone 10.00 
1.560.9607 H 60· P7 " , ui,i on 145.00 

M icrophon • . S~ld 
only wilh 1.561·R 

\.560·9673 1560· 1'73 Ex •• n.ion 15.00 
Cobl ' [25 h I 

1.560·9977 1560·1'7 28 htenoion 29.00 
Coble UOO fr l 

841 0 ·3000 Reploce me nt D,y 1.20 
Ce lt , 3 .eq·d 

Ul 0·l0AO Rec ha'II , abl . 8al . n.oo 
le.y, 2 req 'd 

SOUND-LEVEL METERS, GENERAL-PURPOSE 
AND PRECISION 

T he two souHu-level-meter s t a nd a rds 

in g('neral usc in the l" nited SLates to­
day arc the US. l Slarllard S pecljica/iQll 
for Gellcral-P!trpuse SUUllfl /.ct,cl .\I rlers 
(LI:iAS I S I ...I IUI) I ) alld 11~!ematiQlla l 

Hleclrolechnical ('ollllllissiQl~ Puulimtio" 
I 7D, PrccisiOll Saumi [,evel .\1 rlers ( I EC 
J7U, lUG;}). H('('ently t here has been an 
increasing call by specificati on-writing 
and code-writing committees for mea­
suremen ts made wit h precision sound­
le\'el meters. F o r t hose acc ustomed to 
thinking in terms of a single s tanda rd. , 

this new em phnsis on preC!Slon meters 
may e:1USC some confusion. Whate\'er 
confusion thcre is is IIOL miti gated by 
the fad that t he general-purpose s t a n­

d ard is actually t ighter than the pre­
cisi on sta nd ard at frequencies below 
1000 Hz. l)erllaps we call cla rify the 
situation somewhat by compa ring t hc 
pcrtinCl lt ('haracteri stics and toleran ces 
allowed by the respccLi vc speci fi cat ion s. 

Both standards speci fy the same 
three weighting charactcrtistics: At il t 

ulld C. The I EC (Precision ) P ublica tion 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



AprH. 1968 

• 
• -
• 
, I I I ,.i/ 

./ 1 , 

.---: ~ --, 
//1 

-
~ • 

, 
. ( / / I " • ' f 

• • • 
I-• 

FI.y •• I . C.w.lgh'.d •• _ 
spon .. lol .... nc .... n ...... . d 
by lIen •• ol-pwp"'. ..nd 

V ...... <t .. ,. .. "..... ' _ ....... 0<0 • • ...-.. , •• ' • ,.. !· .. ·.~:.,~-I "'':':-~] 
_ .... oo.""n '" . .. o • • ", " ' I ~n~~ _ L - I ~ p'GeI,lon s' .. nd .. ,ds. 

~ ~" 

requires that. an illstrulllent. include at. 
lenst one of the three characteristics; 
the USASI (Gcneral·Purpo,;c) Stan­
dard requires all three. As a begilllliug 
let us compare the (,.weighting clmr:ll" 
teristies of the two stalldll.rds. 

Figure I shows the desigll·centel· ('­
weighted response, along with ihe toler­
ances nllowed by the I wo sou nd-Ievel­
meter standards. ~ote that between 
800 and 100 li z the tolerances :ue 
identical, helow 100 li z the general­
purpose specification has tighler tol· 
erances, and above 800 11 1. the pl'e<:ision 
Sl>ccification has tighter tolerances. 
!\" ote abo that the general-purpose 8PCC­

ificatioll cxtcilds only to 10 kHz \·s I:L) 
kHz for the precision specification. One 
further importnnt fact becomes e"ident 
as we study t he ClIr\'es !llld notcs of 
Figure I. The general-purpose toler· 
ances apply at. lilly attenuator setti ng, 
while the precisiou tolerances apply 
on ly at lhe referem'c setting of the 
attenuator or at a sou nd·pressure le\'cl 
of 80 dB. An addition:11 lolerance is 
l>Crmis. ... ihle at attenuator setti ngs other 
than 80 dB. 

In prattiec, it is the microphone 
characteristit that usually determines 

..,..,......whether a modern sound·level meter 
qualifies as a prccisioll metcr or a gen-

'00 '00 ~ IQO ,- - ---
erul·purpo:;c mcter. If the microphone 
respolI;:;e uses up most. of the tolerance 
tI "nibble in the gcneral·purpose speci· 
fication, t.he manufacturer mllsl then 
hold his tlttcnuutor t.olerances much 
tighter t hall those allowed C\'CIl by the 
precision ~peeifie:llioll. II the micro­
phone respOll toC docs not. use u p the 
available tolerances, then the mauu· 
f:lct.urcr can relax toleran ces on his 
attenuator (hut no Illore for the general· 
purpose lhan for the precision meter). 

The pr('cisiOIl.metcr specification re­
quires 1I1l1t the errOl' ill o\'er-all level 
introduced hy a {'hange in rang~ (i.e., 
by the atleuuator) b(' Ie.:;::; than 0.:) dB. 
The gcneml·JlllrJ:ose l>petificatioll re­
quires th:11 tIll' att(,IlUtllor toiemllt'e be 

no greater than ±o.:) dB between ad· 
jacellt stelh, nor gr('ater than ± 1.0 
d B betweell ally l\\ 0 aUrnllalor 8teps. 

As the sound le\'(~l diffrrs frOIll the 
reference levrl or the leveillt which the 
response is determined, the indi('ating 
meter also ('ontribulcs errors as its 
Iwinter moves 0\'('1" its operatillg range. 
Both sttilida rds p\:I('c tolerallce limits 
on the meter indietltioll. These limits 
arc s tated difTerently ill each sta ndnrd , 
hut the aclual allowable Nrorl) are much 
the S:lme over til{' mo.'it-uscd portions 
of the meler 1:iCale. I EC 179 (prccision) 
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allows ±O,2 dB for meter sC:llc graduA.­
tions and ±0.2 dB fo r meter :t,C':,le 
readability , fur a tolal of ±O. I dB . 
81.1 (genNell-purpose) ~t:lte~ that the 
indication !llilin be accurate to ±O.;) dB. 

Both ~tandard;j !'{'CJuire that thc air 
solutr a{'ou..:li('al calibration of I he in­
strumell ts be ±I.O dB at a gi\'(,11 fre­
quency and sound-prcssure I{'\'el. The 
pre('i~ion standard ( II~C 17!!) "ails for 
a freflllcncy hctwccn 200 li z and I()(X) 

li z (preferably 1000 li z) and a sound­
pressure level of SO dB. The p:(,Il('ml­
puq>os<' standard (SI.-I ) l'all:01 for cllli · 
brillion Ilt 100 Hz or Ilt som(' frrqurllry 
bct..w{'{'11 :~20 and ,;00 li z but docs not 
slX'cify the soulld·prc.."Sure Ic\·('1. 

Figure '2 !'hows the C-weighted de­
sign·celltcr curve for sound·I('\·c! met­
ers, along wilh the maximum devialiolls 
(ineluding :111 thc toleranccs dis('ussed) 
from thc desir{'(1 cun'C allowed by I he 
two sound-level-meter sl:lmlnrds. For 
frequencies below 1000 Ifz it. can be 
sccn that th{' gcneral.purposc stnndard 
require;; grellt('r on>r-all control of qlC 
sound·le\'el·meler performance than 
docs the I)rcci~ion sound·le\'cl meter. 

A~ and B-weightillg tol{'ranccs nre 
stated dilTerently for the two IYIX'S of 
meter. The precision-meter s tnndard 

'00 SOO ?OO , 000 ~ _ l'OOO ' C¥KJCI 2Q, 

relluires the same tolcr:1IH:{,s on all three 
weightin/,"S (A, n, and C). T hcse :Ire the 
tolerances shown in red on Figures I nne! 
2. The gClleriil-pllrpo~ 8tandard places 
a elose tolerance 011 the difference be­
tween the .\ or B weighting and the 
C·wcightcd r('''' I>Olh'e. At frequencies of 
800 lI z nlld higher, for example, the 
A and B network LOlCf:lnce with respect 
to the C weighting ill ± O .. j dB. The 
preci sion spe('ifkatiolls, while requiring 
closer tolerance to a d e:;ign center cun'C, 
would permit.. t he A- or B~weigh ted re­
SI>on sl'S to d iffer from t he C-weighlcd 
rc"POIlSC by as much tiiS 2 dB. Thc gCIl­

l'ral' l}urpo~ B-weighting tolerance re­
mnins at ±O .. } dB, with respect to the 
C-weighting curve, down to 100 li z 
and increases to ± 1 dB from 12') Hz 
down to 2,) li z. The gencr:ll,pllrposc 
A-weighting tolerances (with respect to 
t..he C rc.<.;ponse) increllsc 1,0 ± 1 dB nt 
0:30 Hz, ± \.,} dB at 2:"10 Hz, li nd to ±2 
dB from 80 Hz down to 2.j II z. 

General Ilndio has for many yenrs 
been manufacturing sound·lc\'el mcters 
to meet t he rC<luircmcnlil of the USA 
and intCrlltltionnl !'t:\ndards for gcncral­
pu rpose sou nd-Ie\'e! meters. Acousti­
cliHy these meters havc iil\\'llYS been 
weH within t he requirement.!:! of the 
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standards, and the electrical character­
istics hu,\"c even meL I he requiremellts 
of the precision-meter ,,;tnnda rd , I EC 
liH, 19(}.'). As microphone techn ology 
has improved. the o\·cr-Illl charaeteril'l­
tic:! of our meters ha ve comc closer llnd 
closer to meeting t he precision require­
ments. Careful control of our cemmic 
mitrophone response has made this nd­
\·ance possible. Figure 3 illustrates the 
improvemcnt that hns token place. The 
broken curvc show!! a typical C· 
weighted response of the precision 
sound-level-meter microphone to 
sounds of random incideote. T he area 
cross-hatched ill red shows the m!lIlU­
fu,cturing tolCf/lnces on microphone 
responsc. T he aren cross-hatc hed in 
black shows the additional tolerances 
o.l1owed in t he manufacture of micro­
phones for general-purpose SQund-le\·el 
meters. The solid red und bla.ck cun'es 
duplicate those in Figure 1 a nd show 
the response tolerances permitted by 
the pertinent stu ndards. I t can be 
readily seen that below 2 kll z both 
kinds of microphoncs ure held to thc 
8!lme cl ose tolcfllllces. Abovc 2 kHz 
much tighter control is maintained on 
the response of the precision micro­
phone than 011 th:H of t he general­
purpose mi cropholle. 

Whilc both standards require that 

'.' 
the inst ruments be set to indicate 
sound-pre ure le\·el corrcl"tly within 
± I dB tIt olle frequelll·y, all General 
Radio sou nd-Ie\·el mcters must indica te 
sound-pre:;..;urc· level correnly within 
± O .. ") dll !It ;jOO li z when compared 
with u Western Electric lype 610AA 
III bora tory standard microphone m:lin­
tuin('(1 in ('ulibration by rc(·i procity 
techniq ues li nd b)' comparisoll with 
ol her I)·IOAA mi crophones thnL hu\·e 
been calibrated Ilt. X US. 

One \·cry important fact must be 
remembcroo when one is considering 
whether to {· hoose n prceision sound­
le\·cl meter or a gcnernl-purpo5C unit: 
For a sOlilld-lc\"cl meter to meet the 
stringent high-frequcncy-response re­
quirement s of I EC Pu bliCllti on 179, 
1965, the Ill-lSOt"i:ltcd microphone must 
be remo\·oo from the instrument Hnd 
placed at t he end of a ea.ble so tha t the 
instrumCILL and operator do IlOt disturb 
the sound fie ld thuL the microphone is 
intended to rncnsure. T he e!Tects of 
the operator und of typical instruments 
on the reSj}OIH.e of the mi('rophonc ha ve 
been explored and reported by H. W. 
Young, "Can Accu rate ~leaSliremcnts 

be Made with Il Sound-Level ~ I eter 

Held in the lI and?" , Sound, Vol. I, 
~o. I, Jan uary-February 1962. 

- E. E . GllOSS 
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A VERSATILE LEVEL REGULATOR FOR SWEPT­
FREQUENCY SOUND AND VIBRATION TESTING 
Swept-frequency 80und and \·ibratioll 

tests can be made more quickly and 
simply if a cont rol device is used to 
kecp thc test signal Ilt a constant le\'el 
as frequency is varied. With the excep­
tions of somc rathcr cXj)Cnsive special­
purpose instruments, no such control 
unit has been commercially available, 
and many people have becn forccd to 
build their own, often with only limited 
success. 

The new Typ~; 1569 Automatic Lc\'cl 
Hcgulator is such a control unit, de­
signed for use ill sound or vibration test 
systems of the type shO\nl in Figure I. 
This setup includes an oscillator or a 
source of swept. band-limited noise, a 
powcr amplifier and transducer, and 
a control t ransducer. As thc oscillator 
is swept, variations in test-chamber 
sound pressure due to the nonunifor­
mity of the loudspeaker response arc 
sensed by the cont rol microphone and 
fed to the regulator. This control signal 
causes the regulator output level to 
change as nccessary to correct for thc 
loudspeaker variations and thus to 
maintain constant sound prcssure. 

FI' .... 1. It. Iy p' " '' , .. I "'''p ".1", ,ha 
ra va ' •• g,, 'a'a • . /It. mlcrapho"1 i" Ih l , .. I 
chomb .. . .. v .. a . a cantral tron.du . ... 
• • n.ln, .. ori otion. I .. so" .. d p . ... ".1 ,,"d 
' I nd ln, a c" .. tro l . 1, .. 01 ,,, th l .. ,ulatar, 
wh ic h adl"'" III au'pu' la .. ar la <orra cl 

'or la"dlpaa . .. vorlatlanl, 

Thc control transducer may be a 
microphone, hydrophone, or vibm.tion 
pick up. The combination of a high 
(2.5- ;:\1 n) input impedance at the reguh­
tor's control-signal inl)ut and all ad­
justable high-gain amplifier makes the 
1569 compatible with almost any trans­
ducer. In effect, the transducer pl'e­
amplifier is builL in, and control sign11ls 
anywhere in the range from j mV to 
4 V arc acceptable. Sensitivity can be 
cxtended to 500 pV with 1\11 inexpensive 
preamplifier (TY I'J; 15OO-P40) powered 
by the regulator. 

The 1569 operates at frcquencies 
from 2 Hz to 100 kHz, satisfying nearly 
all vibration a pplications, all airborne 
sound applications (including high­
freqllcncy modeling st.udies), and most 
undcrwater sound applications. T he 
test signal ca n be fl. sine wave, n band 
of random noise, or any signal having 
components ill the 2-Hz to loo-kH z 
frequcncy rnngc. 

A panol meter indicates the output­
signal voltage and the relative level in 
decibels to show the user where in its 
5O-dB control range the inst rumcnt is 

.... 
.u.o ..... 

Cl.Cc ...... " ... 
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operatil1g, A green bllnd 011 the meter 
indicates the operating range that gives 
greatest !;ignru-to-lloise ratio and least 
distortiol1, :'\Ieter calibratioll is uniform 
in decibels, 

The control rate (the rate at. wbich 
the regulator corrects errors in the 
control loop) is adjustable in 1-:3-10 
steps from 3 to 1000 d B/second. The 
rate is adjusted to suit the operating 
frequency range and lhe I1lngnitudc­
phnsc conditiolls in the control loop. 
The regulntor ('IUl he st:1hi lizC'd for 
time dr'lays as long as one !'('{"ond :1I1d 
trill tolerate n narrow filter or a :-::hnrp 
trnn8dul'cr resonallec in its loop, 

Bectlu5(' the l.')tiU will normaliy Iw 
used in a ti.Yslel11 with othN instru­
ment;:, input. and output C01ll1eciOrs art' 
on bOlh front. nnd reflr panel", The 600-
ohm output can be connected 10 :Iny 
load without afTecting the linear opera­
tion of the circuiL The output varies 
from 10 m V to 3 V in norm:ll ol>cration, 
It ra nge compatible with I1IOSt power 
nmplifiers, 

Application, 

In most frequency tests where the 
rutio of two quantities is to be meas­
ured :U1d plotted llUtomati("aliy. the 
1569 i~ 1I must. Controlling Olle !Signal 
and I11c:1!;uring the other gives t hc ratio 
directly, This approach is applicablc 
to te:;t:; on amplifiers, loudspeakers, 
microphones, and 01 her tr:li1sdu('ers as 
well aR to mechallic:d impedan('(' meas­
urements. 

, .. 
..,~ ... "" 
V' .... _ ••• ..,.n. 

,., 
.w .... ,,< 

c ..... , ...w .. · .. 

Warren It I\\ludert re­
("ei\'e<1 hi~ I1~EE Ilnd 
"~EE degrl'e~ frum 
Xnrlhca"tern I-njvt'rtlit" 
in I!J58 'III!! I~HJI, re~IM'(:­
lively. 11 (' Clune to Gen· 
ersl Ilatlio II~ II 

develul)llIl'nt (·[Igineer iu 
Hl,:,'I, Ilnr! he \\'a", "I)' 
l)uinle,1 \udiu Gmul' 
Leader {,Iuli{'f lhi~ \ ('liT. 

III' i~ Il m(·ml ... ·r "C Ihl' 

April 1968 

IEEE, A'·"U"lic"1l.1 :-:'>('icl\ I.e Ameri(",I, AII<lio 
Lngiu('('rinlt ;o;.>("il'l.\, lIn,1 I:ta KIllljNlo XII. 

A .. ide from simplifying mcasure­
ments. the I,:;l)!) :dlows tc:-::L.. to be 
made :It a t'OI1'-t:11It omput level 011 
de\'icc~ with limited dyn:1mi(' ranges, 
Fur example, the output of :l loud­
~ I)Caker or power amplilicr {"an be held 
('OI1~tant while til(' input \'oltage or 
power i,.. JIIea~lIr<'d. 

Tltr following pllragmphs dCSt'ribe 
:<ome te,..l ",y";j('ms typi(,lll of those that 
l'an he n",,o('mhled lIi,iug General Hadio 
instrument .. , 

Transmission-l ass Tests 

In trf1n .. mi""iOll-I~'i testing it is de­
,.irable to maintain f'onsoont sound 
prt'S!';ure on one side of :1 pnrlition ill 
ower to plot lran,;mi:;.:;ioll \'~ frequency 
diret·tl)', Wheu sudl te"ts :lrc made ill 
:lc('ordll1U'(' with .\ST,\J Designation 
E OO-GGT (/.a/Joro(ory .IlcaSliremel1t of 
.1irborllf Sound 'i'ran,'Imissioll l.os8 of 
HltlldillY PartitiorUf) . one-third-octa\'e 
bands of pink noiS(' nrc used as the lest 
,;ignn1. Figure:1 shows II system for per­
forming thi~ measurement. Thc signal 

Flllu, . 2. Block diag'am of a ,y" . m fa , p., ' a'mlng l' .. n< ml .. i .. n_I .... 'U'". 
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III thi!! !'letup is deri\"{~d from thc 
Tl"I'E 1:382 H:mdom-Xoi.'le Generator 
d ri ving the THE \''l64-A Sound and Vi­
bration .\Ilulyzcr. 

Hearing.Aid Testing 

A ;;cluJ) for amoma tically plottiug the 
fr('querwy respon.<:C of hf':lring aids is 
shown ill Figlll'e :3. TIll' 1('.';1. 8ignlll is 11 

sine wave from the TYPE 1301-B Beat­
Frequency .\udio Generator. Sound 
pres.'<ure is controlled in a suitable test 
chamber, and the output from the ea r­
phone is couplf'd to a sound-lel-ci meter 
I hrough 11 stand:ud coupler, The sound­
level meter drives a THt; \ .j21- B 
Graphic J.£\·e1 Hecorder. 

, .~ '"00 
••• ".c",. 

. ,... ..... 00"'" 

"" .......... 

Swept Random-Vibration Tests 

In the syste m of Figure I, a narrow 
consta nt. band of white noi.-;e from the 
T nt; InoO-A Wa vc Allillyzcr and TI'E,t; 
1:!82 Handom-;..roisc Generator is fed 
through the ICI·cl regulator and power 
amplifier to all c1eetrodynamic sh:lker. 
The control t ransducer is a T n ' t; I:,GO­
P.):) Vibration Pickup, whieh nhin tains 
consta nt accelcratiOIl 011 the table. 

Tracking-An aly ze r Sydem 

Xoisc a1l(1 distortion intl'OJu('ed III a. 
vibration test !<ctu l) can be eli minated 
from the control signal by means of a 
filter that "tracks" the lest sigllal. The 

figut. 5 . Blo ck d logrom Ihowlng u • • of th . GR 1900 W .. v . Anoly%. r 
01 ° tr o ckl ng fm . , to . lImlno' . na l ... nd d l1larlla" I" • vl b.olla" 

'.'1' utup. 

! 

-
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Figl,l, . 6. Ilo.k dlog,.m .f Ih. ol,llomoll. 1, ... , 1 "g"lolo • . 

en JQOO-. \ Wave .\nalyz('r,' u..;{'(\ in its 
tracking mod!', provide.; thc Il{'('{'~'i.:l ry 
~in('-w!1\"(' "ignal oll(!lr.ll·kiug filler. The 
setup is show II in Figure .j. 

HOW IT WORKS 

TIl(' l,jii~ .\ utomatie IA'\'('I Hf'gulator 
aCt'I'pb nn:1ll ~ign[ll applird to Its IlIU\'E 

terminals aile! chang('.-i I h(' level of thi:". 
!<ignal ill :l('('ordance with :l S('t'olld 
sigual applied to til(' ('O'TItOL ",IG"'L 

I NI' I"I' tNmillals. Th(' ndju"'led siglllli is 

then foo to Ill(' OL'TI'l'T tNmill:tis. ,\ 
small change in the level of the conlrol 

-

A " ,I . m corr.'po .. dl .. g 10 Iho l diog.o",,,, . d 
1 .. fig" •• .s, 

~igllal (':Hl,.;('S :l hlrge change in the 
output, :llId the r<'~lIlt i:- thaI a pot('n­
tial Ic\'('1 \'tlri.llion of, "ay, :.!:, dB ill :l 

system is cITe{·tln'\Y (·omprc",..cd to a 
\'ariution uf 1(''iS lh:ln I dB, 

Th(' hlo('k di:l~r;\1n, Figure 6, sho\\',.; 
U \'Ollagl"I'ontrollcJ at\('lluator :md an 
lImplifil'r ill the main :-ign~d path. The 
n 1 t{'nualor u-;e~ fi{'ld-('IT(,{,t tr:lll"i"tors 
:I.", ,'ari;lh\('·re .. i"t;\lwe clem('lIts. The 
soun'e·t:)·dr;lill l·('~i,.t ' lll(·{'.~ of th(' FJ.:T'g 
nrc COlllrolll'd hy the dl' \'olt Ige from 
tll(' d('t(' I'll)r and lo\\'-p3.. .. ,; filter. The 
filter. whu,.;(' I'UIOIT f 1'('; IlIell('y is ~Iel'ted 
hy lhe pauel It \n: {~ontrol, uetcrmincs 
the :;pcoo at whi('h the l,jti~ ca ll mtlke 
correl'lions tmd limits the lowcr operat­
iug frequent'}' and the amollnt of d elay 
or I>hase :-Ilift t hat call be int roduced in 
the control path. 

The \.j(j!) automates and sim pli fies 
many tc.~t,.; that h(\\,(' been tedious nnd 
time {'on~\llning. Itg great flexibility 
allows it. to be u..;{'d with a variety of 
signal sources aud {'ontrol transducers 
o\'cr a wide range of frequencies. 

- \\'. n. I\:Ul\OElll' 

- C, A. WOODW,\!W 

I, P .. "'....,n.·- N~ ... w.,- .. \ .... h-",. II .. 3 n .... l"-,,hl ... 
8O-<11i D)- .... In.e ru,,'cc," G.'>t.,J H...J .. j,'z~"_~'" 
Ap"IIIl6~. 

lUNGES 

SPECIFICATION S 
DR IVE (INPUT) 

f .......... y Ito .. g.: 2 Ih to 100 kllz, 

..,.,.....CO"lr.1 Ital'lg' : 50 dUo 

Vollog. R ... "I .. ~ ( fo r o"rmai operation): I V. 
I"'p ... o .... : 100 k!! . 
OUTPUT 

(:o",p.eur. .. Roll. : 25 (0.01 dB per dB), VeU"g" 3 \' 1I\(lX to 10 m\' min. 
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hnpedoll. e: 000 It Any load impt.'dance can be 
oonnceted I\-ithout nITecling linea r operation of 
output circuit. 

No ise: Typically bettt'f til :," 65 dB oclow 3 \ ­
in 100-ktIZband. 

Ho,monl. 0 1" 0, ,1011 ' <I~( lotnl for < I-V 
output level. 

AuiOmai r. "Shu' _Down": A lOA of drive (input) 
voltage from lIignal source caullCll the output 
voltage to drop to zero to protect equipment 
oonnf"Ctcd to output. 

CONTROL- SIGNAL rNPUT 

Vollol" 5 mV to l V required. 

Imp. donu, 25 :\Ifl. 

I'ow.r Requl, ed, 100 to 125 or 200 to 250 V 
(lIwil(:h l!elceted), 50 to \iO 111., 4 w. 
A ..... oti .. Suppl ied , Power cord, IIPIll"C rU9CII, 
bench- or rack-mount hardware. 
Acceno, l .. Avoiloble: (at. 1560-1'·10 Prenmpli­
fier (power for prenmplifier avnilnble at rea.r­
panel in]}ut conneewr); 1:10 1 Beat- Frequency 
AudioGenera.tor, 1521 Uraphie Level Ilcwrder ; 
microphones aud vibration pickups. 
Mounling : lu ck-Bench Cabinet. 
Olmenlionl (width x height x depth ): Belich 
model, 19 x :P-S x 13 in. ( 185 x !)!) x 330 mm); 
rack model, I!) x 3 1i x 10' i in. ( 185 x 81) 
x 2;5 mOl). 
Weigh, : XCI, 13 Ib (6 kg ); shipping, 30 Ib 
( 14 kg). 

Control Rol .. ond Co .... pondlllg Min Operating f " qUe lldu: 

1000 dB/al300 dB/l j lOO dB/llj 30 d B/l j 10 dB/ll j 3 dB /s 

000 H~ 200 H ~ 60 Ib 20 H ~ ij H~ 2 Hz 

Cara/Of! Price 
Number Deu:ripfwII l in USA 

1569 Aulomall. Le" el Relula'o, 
1569_9700 lench Mod er SU5.00 
1569_9701 Rock Model U5.00 

G 0 Q 

A UNIVERSAL FILTER FOR LOW-FREQUENCY WORK 

A tunable low-pass/ high-pass filter 
is a very handy device in :t variety of 
laboratory npplicutions. It CII Il , for 
example, be used to limi t. bandwidth in 
a measuring system in order to reduce 
noise or other interfering sigllllls, to 
rcmovc onc frequency component of n 
signal in order to measure another, to 
produce controlled blinds of noise, or to 
function as part of a spect rum analyzer. 

The T nE 1952 Universal I"iller, 
whose blls ic magnitude and phase 
eun'cs are shown in Figu re I, is a 
t.ullllble high-pass/ low-pass filter wit.h 
some \I!lusunl fentures. notably in­
cluding the ganged tuning of both fil ters 
to provide constant fractional band­
width, closely controlled and well de­
fined fi lte r charncteristics with excel­
len t magn itude response, de coupling, 

• 

• 

• 
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and the option of line or battery 
operation. 

THE FILTERS 

Each filter covers the frequency 
range from 4 li z to 60 kHz in fou r 
bunds. wit h 1\ cutolT-frcquency accuracy 
of 2% of dial indication. Thc dcsigns 
nre fourth-on:l('r Chcbyshcv approxima­
tions to ideal magnitudc response, with 
negligiblc (±O. I d B) pass-band ri pple. 
The Chebyshc\' design is generally 
considered to h:we :l magnitudc-vs­
frequency responsc superior to that of 

" 

Apr il 1968 

other designs for a gi\'en degree of filter 
com plexity. Though it is nn cmcien!. 
design, it has not herctofore been ap­
plied to instrulllents of this type, 
probably bee:l.use it is somcwhat more 
difficult to control, requi ring careful 
circuit dC!lign and thc usc of high­
quality eomponcnts. 

T he execllcnt filter characteristics of 
til(' 1952 allow narrow band-p:l.ss and 
band-rejcct ciw.raeteristics when thc 
filtcrs arc combincd. Figure 2 ~hows 
two buml-pas:; chnraetcri~tic!i , of one 
oct[l\'C and of 20% (approximately onc-

, 
• --- • -

• '. 
• 
• 
• 

!: . ';----'----, . 
i • 
I '. 

• 

• 
• ,. " ---

--

• • _. 

Fig u •• I . B."lc ... "gnitud. 
(I" p) "nd ph .... (b"",, ... ) 
cu," .. '"r Ih . 1952 Unl" .. _ 

. ,,1 Flit .... 
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the [;lEX pe ri menter 

FI,.". 2. I."d-, ... eI ••• _ 
.cI .. l. llu , ••• ".-.cl.v • 
• nd 26'J{, (the ml" lm llm ) 

..... dwldlhl . 

• 

• 
• 
r 
! • 
I 

• 

• 

• 

third Odzl\'(' ), the IIlllllmum band­
width. Figure a !ihows 11 family of 
oond-rej('{"t ('un'e~, including n nnrrow 
"lIull" rc~r)()UI>('. 

I t ill rllligillciling to l'ompnre the 
Cllrhy"h('\' f«,quem'Y rc~POIl!'(' of the 
J!.).,2 with the Butterworth rc,.,pon,.;C 
found in ~ome other de.~ign~ . The 
fourth-on:ll'r low-ripple ChcbYl$h<,\' de­
sign u~ ill the IU.;:,? il$ far !lupcrior to 
th('- fourth-order Butt('rworlh rcSpOllR<'. 
The normalized magnituei(,- eu r\'('11 for 
thc!<C two filters, together wilh the 
magnitude l'un'e for 1m (,ighth-ordcr 
Buttcrworth filter , a much more ('o!'ltly 
design f'('{luiring about twice 11." many 
cir('uit ('om l)Qn('llts, are ;;h()wn in Figure 
-I . III the pass band tit 0.8 timcs the 
cutoff frequcll{'Y, thc Buuerworth filler 
dcviiltes from the desired uniform fre­
qUl'llCY rt'~ponsc by 0.7 dB, while ihc 
errOr from thl' Chebyshe\' filter is only 
0.1 dB. In Ihe stop band nt, say, 1.2 
times the cutoff frequell t)', the Cheby­
she\' filter hIlS 10. :;-<18 zlttenllalion 
while the attelluation of t he Bulter­
worth filter is ollly 7.2 dB. 

L' himnte (or a.symptotic) attenuation 
rote is often quoted wheD stop-band 

" .... ..-.. _ ... • _ . 

nltelluntion rate is sl)('cifico. It should 
be noted th:1t this I':ltc is lhe maximum 
rntc for the But terwort h dC:'iign but the 
mi,~illlulII ratc for til(' ChebY>ihc\' de­
sign. Figure -I !'lhows that, at thc cutoff 
fre<lu(>n('y, the Chcby::-he\' filter hM 
an attenuation rute of 27 dB OC13\'e 
(it has already ex('eeded il5; nsymptotic 
r:ltC of 2-l dB ()('tll\'C) while the rate 
for the Butt{'rworl h filter is only about. 
12 d B octll\·c. In the regioZl ncarcutoff, 
where good performance is d ifficu lt to 
achieve, t he Chebyshe\' filter used in 
the THE 19'}2 b by far the better 
choice. E\'en the ('il(hth-order Bu tter­
worth fiiter, with its much greate r 
('i r('uil complexity, docs not. I>crform IlS 
w{'lInear cutoff as docs the fourth-oreier 
Chebyshev de:;igu, 

Ganging 

A plilley-n nd-clutc h arrangement 
operated by a front. panel control allows 
the low-p.'lbS :\IId high-pass sections to 
be ganged. Thil$ grea tly enhances the 
uscfulness of the filler for bnnd-pass and 
b:md-rcject applications. Operation is 
sim ple, The dials nre set. to indicate the 
desired upjX'r a nd lower cutoff fre-

4 
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qucncies, the gauglllg switc h iii set to 
o ..... XG~;D, and the iUslrulllcnt tUlles a:; 
:l con"t:lnl-fraclion;li·hllndwidlh band­
pass or bfllld-rcjN'L filte r. (pr('('i~c 

logarithmic dial I"ulibmlion pcrmill'j 
constant fradional b:Uldwidth LUlling.) 
When the dials are :,et to (·ritic;.ll 
frcqucllclc's (indinllNi by dots) and 
the gangiug clutch is engaged, the 
fiit('rs operate t(l pro\'idc a tUlIlIble 
notch. The narrow rc"'pon"c of the 
notch is l<hoWIi in Figllrr :t The 
frequellt'Y ranges ha\'e 1'1Iffieiclli OW'rlap 
to allow tuning through SU('l'('''~ln! 

ranges without rescuing of the dial:,. 

Input/Output Facility 

The input cir('uit includes ('oupling 
and lltlclluatioll controls ILo; w{'11 as a 
fixed pa.i\'c filte r to prc\'cnt. frcqll!~ l1-
des out side the norlllal operating 
runge of the inst rument. from over­
loading the active circuits, Thc instru­
mcnt. is normally direct.-coupled, but. 
a panel swit.ch provides nc coupling 
with :l. lower cutotT frequency, about 
0,7 H z, 

Output. imped ance is 600 ohm~, and 
the Out.PU L can be connected t.o any load 

A prll,1968 

f ig",,, 3, ". f"",lIy "f b"nd_ 
ul.d cu." • • fr"'" th . 1952 , 

impedanc'C' without aITI't,tillg lincar op­
eralioll of I hi' output ('In'uit. 

I nput ami out put C'OlIIICC tOrs arc pro­
\' ided 0.11 1 he' rcar palJf') ati wcll as on the 
from fur c'on\'tm1t'Il{"C in l'>ystcms instal­
latiOIl:<, 

So llery or Line Operation 

T hough the instrument is 1I0rm:llly 
o lX"nttcd from a 1\ ,>- or 2:10-\' lillC, it. 
('an he hattf'ry-opcralNl. Th is feature 
lIo.t. only 1)(,l"mils operation ",hcll line 
Po.wcr is ull:I\'ailable hut is also Il.'lr­
til·ular):.- u,..(>ful in applil":ltions rC'quil"ilig 
total i:<olaliOIl from the power line, 

Other Fea tures 

The lOll input INminal:; are lIormally 
COIJIICt'!t'{[ to Ih ... ehaR~ i,., hy meaTls of :l 
ground lillk. In J,;y:;lcllls installation, 

flgu •• 4 . 
4th_ "nd 

, , .. .. 
" It 

.. 
_<II . .......... • 

Fout1h_",d. r Ch. bysh." ""d 
IIh _ord . r lutt..-wo,th fII, • • 

"'''I"ilud. chal"cl •• bUn ",,,und cutoff , 
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the~Experimenter 

'''',30 
Figur. 50 . O u lllog , om I ho .... ;ng ' . Iulll of u l inll,h. 1951'0 r'~O"'r a I O_ kHI moduloll .. g lil"o l (upp. , 
.... o .... fo ' m) frOM 'h. oUlpu. of a ll 11 41 - ,6, F" q u , "<'1 M " .. olld Dh~. lm l ll"'o , (1 0 .... . ' " 0 <') . Th. 11!i1 ,,0 1 
f. d 'A Ihe IU1 111ciuded a 50-kH r. u"i e, Modulot , d a' 10 kHI with a d . vl o'io .. of 9 kHr. . f igu , . 5 b . 
O. d UOg.OM .ho .... i .. g . ffu l of flllt, H" u lI " ""PO II" . 10 " po , ole ' .... 0 . quo l_ompl itud . ' ; 1 1101. 01 I kHI 
""d 1.1 kHI . Upp •• I. oc . I ho .... 1 l _k HI IIgnol 01 1951 oulp ul ; 10 .... " . I. oc. t ho ..... Ih . IU m of Ih . 1 .... 0 . in • 

.... 0" . 1 0 1 oppli.d 10 Ihe fill ", o 

whNC t hc rhUk"i,; of 1 hc filtN j~ COIl­
llectro to tlJ{' ('haR"is of other ill sl ru­
melllo;;, it i" dekirahl(' t.o IItH'(' signa l 
('lITrellts folloll well (]"fillt't! pat h;:;. 
Hetnovai of the groli lid lillk cOII .wds 
a cinouit l'Ollsistilig of 10 ohms in 
parallel with I ~ F betw{'ell ihe low 
kignal path and the cha""i.~. T his im­
p<'<ia n c{' is low enough to pro\'id (' good 
eabult't l>hielding wil h little ehanv;l' in 
t he cITed" of illlerlltil st ray cflpacit.ltll"c 
but high ('Hough to p ren'llt !ow-fn,>­
qU('Il{'Y ground cur-rellts in til(' ('h:'s"j". 

Because IOIl'-p:l1-il' high-pll~ filters:lrt' 
often ul't'd to remon' hum aud noise 
from ;;igu:tl.s. they should not ('011 t "ibu ' e 
ally them:-elw'l;. Partieular :. tt('n llOIl 
haJ;! bl'('l1 gi\'(,11 to maiu taini ll g noise a t a 
minimum len:1 in thc tu:i:!, 

Applications 

T he mUlly a pplieal ions for th is \'cr­
satile filtN fall into Ilm .'C busi,· g roup:;: 
bandwidth lim iting ill u. JIlcllsllri ll g sys­
tCIll, the gcneration of con trolled hands 
of Iloil'('. and "1X'eirum arwly",is. 

T be filtl'r ('all be com bincd with 
thc TYPE 11 .J 2-A l:rcquellcy -' Ielet IUld 

D i";('ri lll iu:ttor, a pul,;e-count d i:;l.'rimi­
uator who.'it' out pu t is:l traiu of "equal 
a rea" pu lliP,,;. Figu re '-IU l'how:.; the OUL­
put from t he 11-1 2-. \ iu the 100\'l'r trace 
li nd t he output from Ihe filter ill the 
Uppl'r tr~H·e. The 1\):,2 filtc t' has bl.'ClI 
u:;ed ill it.~ 1011'-pas...; mode to r(,JIlove 1 he 
(·arrier-relat.ed frl'q uelwy f'OlllpO llcnts, 
!e:1,\'i ng t he mod ulati ng signal. Figu re..ib 
lihows the elT(,(· t of u .~i llg the "uull " 
!"('spOtHie of t he filtl'r to ,.;epa r:ltc two 
('q ua l a mpl il ude signals at. 1 k l i z ami 
1.2 k1l z. 

Cont rollcd ba nds of lIoi:;e at'c gen­
erated II"he ll t he fil tN is d ril'en by a 
l<.our('c of rand om noiS<'. 'I'l l(' lIell' Gn. 
'1'\ N; 1 ~8 1 a nd 1:$82 Ha nd om ?\oisc 
Genera t.or:; urc idca l for this purpose. 

In conjunct ion wit h a I'oltmcter or a 
sOlilld -lel'el ll1('ter or vibration lIleler, 
t h(' 1\J:,:! fun ('tiOIlS :I ... a spedru m 
:Ina lyz{'r. The bandwidt h is lielected 
wit h the frequency (,Oll t rol:; am! thc 
('ont rol... a rc ganged . Octal'e, hal f­
oct a ve, th i rd-()('t~l\"e und other b:lIId­
wid t hs u :;ed in s o u nd aml vibra tion 
wor k aI C read ily produ ('cd. 

- W. B . !\: U X DERT 
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SPECIFICAT I ON S 

FREQUENCY RANGE 

C ... . off F"quondn, Adjustablc", l iz to iiO klh 
in fuur runges. 

'ou .8olld lImi .. , 1 .. ",·.f"'<luenry rt'SpOIl!!4' l" de 
(1II1prn:.: 0 .; Ih ".Ih IU" input ('Olll'lillll: ) in 
LOW I'A~" !l.nd 1I .\~1> HKIECT m\lJl'I!. 
lIigh.fn.'<lu('n('~· rt'SIH!U1K' uniform ±O.2 dl\ 
1<. :iOO klh in IIHal I'A.";'~ :",d HA~J) 
HEJECT lIlodl'8. 

Con •• ol l: I ... llo( frf·f l\l\ ... lIr\· .... liill (',.lihr:ltion; M't·u· 
n.~y ±:!% of '·UH,IT fI"C(IUl"II(,Y (m a·d B 
JlulnUi). 

fiLTERS 

f iller Chorocle.I.,iu : Fillet\! 111"1' fourlh-order 
(fuur.pull') Chebyshev ll])prmdmll tions to idenl 
1I1a,:mLUdr t"l'81)\'llltl'. Thc nominal ')I ...... band 
riuple iii ±O.I till (±II.:! dB max ); nnmiuill 
IIlwnuulinn ut thl' (':llitJ rlll('(\ cUI,..()1T frefllll'nc.\· 
ilt a dH, initi:ailltt.(·lIlluli"n mit' is ;m { I\ l)(O r 
(1f'IIwl'. AIll'nll:tti"n :"It t,,·iN' r>r III une· lmlf t he 
aell'('l('(i frequency, all 1IJ1I)lir:lble, i9 lit. I(,:llt 
:lOdl1. 

T ..... I .. O M .. d • ., :O;wil.('h 11('1("('100. LOW P"\~". 
IIl(jll I'A .. ' ''. iH~1J 1'.\..'''. and IH~J) 
11I.;.JECT. 

Gon,od Tuning. Tht' (,,·n frt:'1,uell(,\' coutrola 1',111 
hl' WUIJ.;('(i in 1l.\~I) I'M,,; allJ IlAX]) HI';· 
JI~(w l' 111(>11('11 at) t hr ratiu vf uppef W lowl'r 
rlli.\l1T f!'efj1I(:~ncie>O remnin~ 1"III_hUH n!I ('(mImI" 
lire ndjuIIIl·d. nnn~'" uvrrla]) is IlUlfki{.'lIt to 
I)('rmil tlmill/l: throujI;h Bu('('t'Ui .. e !"ling!!!! \l ith· 
out the lI('('ti t.) l"('Ii!(,t fl"e(luenr\' ('flulruis if 
nt.\lO of IIPI)('f to 1"<ler l'UtUIT (J"Ptlllcnclt.'ll is 
1 .5Qfl~. 

Mlnl ... ... m Balldwldlh : :2 j('~ (allprox t occ... .. \·e) 
in 1j,\i\1) 1':\ &-'; nwtle. 

Null T ... nlllg , in Il\;\"]) HE.JJo;(..'1' mode, seltin!: 
thc frt'<IUCIU'Y ('<outwll fur a crilil'nl fJl\iu or 
upper In lower eutoJT frl'CllI'nr .. (indil'alro on 
(hals) JivCII a null ('hftrll('tcriilt ic (point of 
inhnile' 1I1\('nulition) Ihnt CIUI be LUned frum 
5 Ih t.o 50 kH~. 

Calolou 

IN~UT 

Guin: 0 or - 20 til l, a\\ iu·h !lC1(!(!ted. Accuf:I('\· I)r 
g:tin is ±I tlH. !If 20 .... 111 ultcnU:tlor is ±0.2 dUo 
Imp. do ... . , 100 kit 
Co ... pllll, : A(' (If dr .. 8\1itch 9d("('ted. I ..... wrr 
(·utnlT ff('(IUenr~ (;I dB ti()<ln) fur :II' "Iupling 
is 1It.,.)lltO.7 11&. 
Mo", Volto,.: :\111"1; ailll'-"tH'e input ia :\ \' rm!! 
(K-I \' pk·llk ) "r.1O \. rln9 with inl)ut 1I.1I(·lIlIu .... r 
at 20 d Uo ~ l lI.x ' ... ·uk inlmt. v"ltugl' fur de 
(,l>u])lill/l; is ± 1:2 \ . Fur uc c<Julllirrlo( m 'l1I: I)(':lk 
level of It(" l'"mll"u,;nt mu~t nut j'x<"l'l'd ± 1.2 
\' nnd de (·(HUpllncnt must not e~("('(.od 100 V. 
IUI)lIt ,'un t"lt-I'll .... I)('uk vuIIUIo(('S ur ± IOO V 
,,;lh'>l11 dnrn(lll.{·. An I.C hhl'r ut LIIIIII\ limi'" 
haltti"idth tu :WO k ill. thus n.>tlll('inl( dalll(l'r of 
(JIlI'r!ncwin!t u('tivc ei rrlUt.I :lot fn .... lllcueiCl 
obm'e lIomllll "IJOI'raling flmgc. 

GENERAL 
Outp"'" (;00·\1 iml)f'(lllnec. Anv lo:\d ('au he 
conn('('tN;t "ithout. alTN·ling lin{'ar "1)(,rIIlinu of 
,'Ulpllt dr(·uit. 'i'e.upemlure l'(ocifl(' icnt of 
outlJll1 ()fhet voll:lge iii between 0 Oltt! 

+1 zn \'rc. 
Nol •• , <100,." in an rlT~tive h:md<lidth of 
50 kHz. 
Dillorlloll : :\1tI .. hllrulnni(' disWrtion, "ith lin 
('(ltnIK>llcnta in th(' p:tM h:md, for II tincur load. 
i! it'llii than 0.2.'; ' (- fur "llCn ... dr('uit v,)lt:tgt1l II I) 
103 V lIm! fre<IU('nl'i('S up to 50 k l h. 
' ow • • R .qw l . o ~ , 100 to 12:; or 200 tn 250 \' 
(8" iuh 9l'1l,,·\(',\I, 51) 10 00 lh, 2.:; W . Or H.I.2 \'. 
Il"]lr<,~ 20 III \ fr"m ff'j·hl\r~llble niekel. 
(',I(\miulIl b:'ltll' n('O! ( nUL aup/llil'<ll. ahc1ltt 10·" 
(Ipemlion. CUIllIt'('tiur\ll f(1l" ex .... rnal imttcry. 
An ... ori •• S ... ppll.d , I>,,"·cr roni. II)an! fu.8!'S, 
I)('\\ch· or rurk·lI\cmnl Itar.\w:!.re, 
A« ..... rl • • AvoUolol" l1('(' hllrlo:('alll(' Imlteriea 
( t"(l n!fluin'(\) Ilnd 151O·I'JO Battery Chargcr. 
DI",. n.ionl (width x hdlo\ht. x drplh ); Belll'h, 
I!) x ;J7~ x 15 LII. (1M ... \)'J x :i8.'i mm); flick, 
I!} x 3 12 X Ill, in. ( 185 x 89 x :WO mill); 
chllfl,'{'f. II~ x:P, xSin.{llOx9.jx20SlIlm). 

Woighl' ~CI , 20 I l III (9.5 kg); ~hiJllling, 25 III 
(11.5 kg). 

Pria 
,,"umber f)e llITipiiOll in US. I 

1952 Uni". ,"ol Fill .. 
1952·9801 8 ... ,h Mod.' $950.00 
1952·9811 Ro,~ Mod.1 950.00 
UI O·'O~O R.cha'l. alol . lIotl" " 12 r.q·dl 12.00 

\560· 1'60 8 ... ".y Ch"r, er 
1560.9660 115 voltl 95.00 
1560.9661 230 vollS Oil '.qu .. ' 
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GENERAL RADIO C OMPANY 
WE S T CONCORD. MA SSACHUSETTS 01781 

SALES AND SERVICE 

~JI' hltp"'''' 

Albuquerque 505255·0611 
'Boston 617 646·0550 

' Chlcago 312992·0800 
Cleyeland 216886·0150 
Bndgeport 203377-0165 

' oallas 214 ME7·22JO 

Daylon 513434·6979 
Denyer 303 44 7·9225 
DelrOlt 313261·1750 
HOUSl on 713622·7007 

HunlsYllle 205883·2077 
Indianapolis 317636·3907 

' Los Angeles 213 469·6201 
Monireal 51 4 737·3673 
New Hayen 203377·0165 

"New York (NY) 212 964·2722 
(NJ) 201943·3140 

Orlando 305 425·4671 
Oltawa 613233·4237 
Philadelphia 215 646·8030 
San Diego 714232·2727 
San FranCISCO 4 15 948·8233 
Seallle 206 Gl4·7545 
Syracuse 315 4 54·9323 

' ToronlO 416247·2171 
"Washington/ Baltimore 301946-1600 

' Rep"" serv";e! are !Iv. liable at tt .. ,~e oll,,; el 

GENERAL. RADIO COMPANY (DVIi!RSI!AII) 
CH 8034 Zi.irlch 34. S ... IU.rlan<l 

GENERAL. RADIO GMBH 
0111 M UnCh.n 1110 • ..... . , G.rm.n~ 

GENERAL. RADIO CO .... PANY (U.K.) LIM ITED 
Bourn. li!n<l Buc"lnll"amehl r • • Enll l en<l 

RI!PRI!SENTATlves IN PRINC IPAL. 
OVERSEAS COUNTRIES 
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