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THE NEW 

GENERAL RADIO 

MICROPHONE 

= 
Figure 1. Ty, .. 1560. ' 5 (I,ft ) 

ond 1560.'6 Mlcropho" ... 

If you think thot piezoelectric microphones 
ore too temperature·sensitive for precision 
measurements, the following article hos (I 

few surprises for you. New lead Iirconole­
titanate ceramic microphones hove per­
formance characteristics formerly associated 
only with expensive condenser microphone s. 

In the continuing sea rch for improved 
accuracy in sou nd measurements much 
9ffOr t has gone into improving the char­
actcri"itics of microphones, been usc the 
microphone used is often regarded 118 

the limiting factor in the accuracy of 
the measurement. Because of the long 
a nd continued development effort a p­
plied to the condenser microphone, pur­
ticularly at the Bell Telephone Labora­
tories, I and the extensive work Oil its 
ra librntion in ma ny laboratories all o\'er 
the world, t he cOlldCIl&' r mif' rophone 
v{'ry ('a rly guinC'Ci wide a('('eptance as 
the best. microphone fo r nccurnt(' sound 

measurements, This acceptallce was 
ll("hieved in spi te of the inherent dis­
IldvtlDtn.ge8 of the condenser micro­
pholle IlS compared with the piezoelec· 
t ric microphone, which is also widely 
used for sound measurements, These 
disadvantages arc the need for a very 
high·input·im peduncc prea mplifie r su p· 
ply ing an accurately knowh, high de 
polarizing volt.'lge, sma ller dYllamic 
range, llnd grcnter scllsitivit.y to t he 
effects of humidity. T here are, however, 
sc\'cral reasons for t he wide acccptance 
of the ('ondenlSCr microphone, Those 
un its t llllt hu\'(' be!'!) carefully d('signed 
and bui lt, such as th(' Western Elec t ric 
6 10.\A Cond(,Il"Cr :". Iicrophone, ha\"e a 

, F. . C. W"'W. "" ('011 1~, ..... 1T .... ",ilt~ .. 0 l'lUl.,..rnl, 
s"n.II,V" In.tr""'~lIt 1(1' the 'b..,l"t" MMlu . ... nMt 01 
s.::.und In ' en."y:· I'h"rol H .. "".. \'0110. '.017, IIP:H1...a3. 
f; C. \\'Mte, ,. s<> ... ",,,,tyol .ho t:.J.ee' ..... tahcTr .... mitt". 
lOt Meu .. ""C 8",,,,,1 I"U,,.,I_. ··P.,.,col No" .. ", \-01 
III. 11I:!2. pp 47S-ml_ 
L. O. S,v,.n." Ab...,Lulft C.hbr.tion 01 C'ond"".~c M ••• o, 
ph"n~.:· /j.U SiI"'''' Toe,,", . .. 1 JD~''''''. \"01 10. No I, 

iins~r.~ll: ~~~~.Il'''''''' ' 1 ,~ropbOb ..... n'a>"" , 
toe St.o.nda.7. .. B.U IAboorol ..... H., •• d. "01 13. No I. 
J."u • • y 111M. pp I5~ HI. 

Thb ",o .. lh ', co .... - G R 1 • • 10 .... .., 011. 01 .11 ",Ic ro phone . I ... Iroq uo"c), 
,"pon,e, ,en.ili,,1Iy, copod lonco, d r .. ipo llo n fodO., lookoliO ... .. Ionee, ond 
lino".il, 10 I ~ d • . 
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smooth frequency response, and the 
temperature coefficient is sma ll . If they 
are carefully handled, their calibration 
is stable wi.th only moderate aging 
effects. Furthermore, condenser micro­
phones of this type can be calibrated by 
fundamental techniques in an acoustic 
cavity, and they have a high acoustic 
impedance. 

Recent de\'elopmcnts in piezoelectric 
microphones have demonstrated, bow· 
ever, that nil thesc desirable features 
can now be obl'lined by the proper de· 
sign of the piezoelectric microphone and 
at a lower o\'cr·all cost. Becausc of the 
additional inherent advantages of the 
piezoelectric microphone, we believe it 
will become the preferred microphone 
to usc for acoustic measurement". 

:\fost of the early piezoelectric micro­
phones for sound measurements used a 
Rochelle-salt crystal as the scnsitive 
element. Althougb stable and phy::;ically 
rugged, those microphones did not ha\'e 
a high acoustic impedance, and they 
could not be satisfactorily ca li brated 
in an acoustic cavity. They also had 
more serious faults, because Rochelle 
snit is easily damaged by exposure to 
only moderately high temperatures 
(56"C), and the microphone capacitance 

" " 
was highly depe ndellt 0 11 temperature. 

A great advance in piezoelectric 
microphones was made possible by tbe 
development of the lead zirconate· 
titanate! piezoelec tric cernmic clement. 
The use of this material elimina ted the 
disad,'antages of Rochelle salt, since 
this new material can be obtaincd with 
excellent stability to IOO"C, lind the 
capacitance of the cemmic element is 
relatively independent of temperature. 

The Typ}:s 156Q..P3 and 1560·P4 
l\licrophones,' supplied on our sound· 
measuring equipment until recently, use 
this material, and, as a result, they are r'" 
stable and rugged, and their character-
istics a re essentially independent of 
normal temperature va riations. They 
can also be calibrated by reciprocity 
techniques in a closed cou pler.· 

When thcse microphones became 
available, the most important rcasons 
for using the condenser microphone 
were eliminated , and the TYPE 156Q..P3 
:\ Iicrophone has been widely used fo r 
sound measurements. :\fany measure· 
ments, however, have been standard­
ized to use the condenser microphone, 
which had a. diameter of 0.936 inch 
in contrast with t.he 1 Ys inches of the 
TYP E 1560--P3. 

Therefore, the next step in the devel· 
opment of the piezoelectric measure­
ment microphone was the adoption of 
this standard diameter. At the sa me 
time it was found possible to obtain a"./' 
significant impro\'ement in the response 
characteristic. 
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- The result of this development is the 
new Tn.; I;)(i()..P,'} ~Iicropholle, shown 
in Figure I, mallufllcturt'd by the Gell· 
eral Haclio COm ptlny. and now uscd 011 
GR acoustical in~truments. It has the 
same diameter and essentially the same 
acomitic impedance as the condenser 
microphonc, so that it is suitable for 
Ilppiieutions where heretofore only con· 
denser microphone!! have been used. I ts 
frequency response is better than thnt 
of any pr('violl!<;ly ava ilable sensitive 
piezoelectric microphone and is similar 
to that of the WE G-1DAA Condenser 
Microphone up to 15 kHz. 

Details of Construction 

The microphone is enclosed in an 
outer brass shell with a brushed chro­
mium plating, which maintains the 
sa me high quality of finish afte r years of 

,-,usc. The aluminum diaphragm directly 
behind the protectivc front grid drives 
a cera mic' piez(){'\<.'HriC' elemellt, nnd the 
clcctric-al output appears at pin termi­
nals at thc ool'k of the cartridge. The 
air leak is ali;O fit the back. 

The tllrtridge is available, con nected 
directly to a 3-pin male audio conncc­
tor, as the TYI'~; I.)OO..P5 ;\licrophone 
or, when connected through a gooseneck 

M 8),-..Iun. 1967 

to such an audio connector, as the TYPE 

1560-P6 Microphone Assembly, also 
shown in Figure I. It is now also sup­
plied on the TYPES 1.")6.j-A and 1551-C 
Sound-Level Meters and as part of tbe 
Tn>E 15f-'()"P·IOK Preamplifier and I'\'Ii­
erophone Set.' 

Frequency Response 

The microphone is de~ignoo to hnve 
n lIearly Hut response to sounds of ran­
dom incidence. Figure 2 show~ a typica l 
response cun'e of the microphone for 
random, parallel, and perpendieular 
incidence. ;\Iost of these microphones 
fo llow the random- inc idence curve witb­
in ± 1 dB from 20 to 7000 Hz. 

Directi ... ily 

The new microphone, since it has the 
same sh~e as n type L laboratory 
standard microphone and is similar in 
cOllstruetion , maintains thc same good 
omnidirectional characteristics, Up to 
1000 Hz the variation in output with 
angle of sound inridencc is !>mn]!. Above 
1000 Hz dilTraction CAUijCS the micro­
phone to respond more to sounds ar­
riving normtll t-o the diaphragm (00 or 

'e. A. WooJ .... nI . "A N~w. Low_Sq P..,.'nl>~t.·· 
a,ow",' R,.,J •• "I~"_""" JUlie 11Hl~. 
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perpendicular incidence) than to sou nds 
from other direction!>.. Figure 3 shows 
the extent of the variation in sen!'.itivity 
as 1\ function of the dirrction of sound 
incidence. Figure 1 shows polar re· 
spouscs of the microphone at different 
frequencies. 

Acoustic Impedance and Use in Couplers 

The acoustic impedance presented 
by the microphone inn coupler is equi\'. 
alent. to that of an air volume of O.l.j 
em' when referred to the front edge of 
the protecting grid. Of this equiva lent 
volume, about 0.2 em) is due to the 
compliance of the diaphragm and the 
ceramic element. 

The mechanic:!.1 resonnnce of the din· 
phrngm and cernmic clement structure 

'SI.IO -I9M. USA Rt.,,,.,,, Mdb4 / .... I~. c,,/,'bno. 
t ..... ~/ "'kr<>~~. USA Sand.rd. I ... ti"'~. New 
y".k. N. Y. 
'Z24.e-l0.1I. A-na.II Sr..wf41 .'1,.."Vtcot ..... / .... 
~ .%"'''' ,.... ...... M~ •. Us. .. Sal'l. 
datd.lllItitutoo. N .... Y .... k. N. Y. 

is damped acoustically behind the dia· " 
phragm. This arrangement corrects one 
of the deficiencies of the earlier piezo­
electric microphones, since the damping 
element in the new microphone is pro· 
Leeted from dirt and mists, whereas, ill 
the earlier ones, the damping element 
beenme clogged after long exposure to 
oi l mists and the response of the micro· 
phone was affected. Furthermore, the 
response of the new microphone is not 
signific:!. lltly affected by the gas ill front 
of the diaphragm. It can, conseqllenlly. 
be used in coupler calibrations with 
gases other than air.' 

As n result of lhe use of lhe standard 
diameter and the elimination of any 
significant frequency-<letermining cle­
ment from in front. of the diaphragm, 
this new microphone can be used in 
standard reciprocit.y calibrntion eou· 
piers nnd earphone calibra tion eouplcrs r" 
designed for the type L laboratory 
standard microphone. I 

Although the microphone can with· 
stand sound·pressure le\'els of 160 dB 
re 20 p.K/m~ without damage, pressures 
much higher than this may ruin it. Such 
excessive pressures can occur if the 
microphone is inserted in a coupler 
without an adequate pressure relcase. 
This pressure relcnsc is usually n smnll· 
diameter hole in the coupler, which 
can be plugged after the microphone 
is insertcd. But somc devices have been 
built without this release, nnd tilCse 
should be modified before usc with any 
of these microphones. 

Electrical Impedonce-T emperoture ond 
Humidity Effects_Cables 

The nominal impedance of the Tn·t~ 
1560·P5~licrophonc corrcsponds to Ii /' 

capacitance of 380 pF, in contrtl..st to the 
50 to 70 pF that is charncteristic of COII-
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. denser microphones. Owing to the lower 
impedance of the new microphone, its 
output. voltage is less afTeded by the 
connection of a cable than is the eon­
denser type. The variation of cnpnci­
taJl('e with temperature is ",hown in 
Figure 5. \rith a 2.';-foot ('(tble, this 
variation produces a chnnge in actual 
signal voltage of only about 0.025 
dBrC. " 'ith a "cry long cnblc, the tem­
perature coefficient in('reascs to about 
O .O~ dB/oC. \rhen the mietophone is 
attached dircctly to the Tn'£ J;)GO-P·IO 
Preamplifie r, this effect is eliminated. 
The rema ining temperature eoeffieient 
is that of open-circuit output \'oltage, 
which is less than ±O.OI dBrC. 

The sensitivity of a condenser micro­
phone is directly proportional to the 
applied de polarizing potential, and 
the stabilit.r of the system can therefore 
be no better than that of the 1>oIarizing 
supply voltage. Accurate monitoring of 
this voltage is essential for assurance 
that the sensitivity of the microphone 
system docs not change. Such precau­
tions are not necess..'\ry with the piezo­
electric microphone, because no polar­
izing voltage is required. 

The high polarizing "oltage needed 
with the condenser microphone also 
makes it particularly sensiti ve to the 
effects of humidity. If moisture provides 
a conductive path for the polarizing 
voltage at the microphone, the resu lting 
leakage current introduces excessive 
noise into the signal path , and the 
system can casily become inoperative. 
Because of the heat produced by 
the vacuum-tube amplifiers commonly 
used, the humidity at the microphone 
terminals is kept below the ambient 
humid ity, and the abo\'c-mentioncd 
effects of humidity have not been us 
widely observed as tbey will be whcn 

""ay-.June 1967 

solid-state preamplifiers come into gen­
eral usc" 

Tbe effects of humidity on tbe piezo­
electric microphone nrc much less 
serious, because of the absence of a 
polarizing voltage and because its 
impedance is only about one-tentb that 
of a condenser microphone. I ts im­
pedance is still relatively high at low 
frequencies, however, and prolonged 
exposure to extremely high humidit.y 
should be avoided. If it is ex posed to 
100% humidity for a matter of hours, 
some loss in scnsiti,"ity below 100 Hz 
may occur, a nd so me increase in low­
frequency background noise will ac­
company this loss. 

When the piezodectri t, microphone is 
used at the end of a long cable with no 
preamplifier, the upper sound pressure 
at which it ("fill tx> UM'(I is not affected. 
The distortion i rom a condenser micro­
phone, howe\'cr, il'l affect('d by the 
impedance that t('rminat("s it. If a cnblc 
is cOll llccted ix't.ween the conden ser 
microphone and n high-impedance pre­
a mplifier, the di.stortiOIl is greater than 
when the condellf'Cr microphone works 

, 
, 
" +-.1 -+ . j 
' r----t '-. :/ -,-

/ , .I-
, .... 1 

/ , -
f--+- y l 

.. ~0 
L 'V' .. 

0 · •. 1- . .;-+-
" • • _ ° 0,010)0-0'0 ... 010100100 

.t .. ot:u,~ 'h 'c 

Fig ur . 5. Vorlo!!o" of <o p .. dlo" .. .... ilhl . mp. 'olu ... 
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l3asil A. Bonk received 
his BSEE and ;\lSEE 
degrees from ;\IIT in 
1!HlO, thell joined Gen­
ernl R!luio lill !\ deyelop-­
mcnt engineer ill the 
Audio Group. There he 
hl!.ll ~pedll.lized ill the 
development of micro-­
phone C8.lii>rolioll ~y!!­
tem~ Rnd in the design 
of measurement micro-­
phones. 

directly into the preamplifier. Because 
of this effect und the very serious loss 
in signal level that results when neon· 
denser microphone is used wi th u cuble, 
the microphone is almost always used 
directly on a preamplifier. The TrPE 
1560-1'5 -'licrophone, however, can be 
used over a wide range of sound-pres­
sure levels without n preampli fie r. 

Dynamic Range 

The lower limit at which sound­
pressure can be measured wit.h t his new 
microphone is set by the electronic sys­
tem used with it and the bandwidth of 
the measurement system. This lower 
limit, when the microphone is used with 
the 155 1-C Sound-Level -'Ieter or the 
1560-P40 Preamplifier, is about 20 dB 
(C-weighted). When very low sound­
pressure levels arc to be measured and 
it is advisable to position the observer 
fa r from the microphone, the TYPE 
1560-NO Preamplifier is available to 
be used at the microphone to provide 
tbe best possible conditions for low­
level measurements. 

The upper limit of linear operation of ,. .-.-. 
the microphone is set by distortion. The 
distortion in the electrical output is 
less than 1 % when the microphone is 
exposed to a sound-pressu re level of 
150 dB re 20 /.'N/ m:. The total dynamic 
range is then about 130 dB for C­
weighting, which is significantly larger 
than the dynamic range of condenser 
microphones. 

Conclusion 

The characteristics of this new micro­
phone are SO good that the limitations 
on the accuracy of a practica l sound 
measu rement will almost always come 
from factors other than the behavior 
of the microphone. Some of these other 
factors that. limit accuracy are the fol­
lowing: the effects of the room; of inter­
fcring objects, particularly the obsen·er j 
of stray pickup ; of ambient noise; of r"""" 
the placement and mounting of tbe 
noise source; of the microphone posi· 
tions used; and of the particu lar space 
and time :l\"craging techniques used. 

The TYN; l.j60-P.~ -'ficrophone Clln 
be used in a ll the wllyS that the highly 
respected condenser microphone has 
been used in the laboratory, and , in 
addition, it is well suited for use in 
portable field-t.ype sound-measuring 
systems. 

- B. A. BONK 

EdiTO," No" 

The desill;n of thi~ microphone was Slarted 
by U. H. Hauer !tnd A. L. Di;\lauill. of CBS 
Laboratories and was completed by t he author 
at the Geneml Radio Company. 

SPECIFICATIONS 

fr,,,,,, .. ,,y It .. po",,, Typical TClJponse is aho"·n 
in the nccomp:mying plot. Deviations of indi_ 
\·idu.1\ unite from the typicnl re!!Jlonse (Ire 
approlC imllo tdy ±0.3 dB from 20 IA) 1000 Hz 
and *1 dB up to about moo Hz. 

S,notll ... U." - 60 dB re 1 V / ... bll.r nominal. 
Temp" oT,," c o,ffler, .. T of h ll l l!l ... ity: ApprolCi- """"" 
mntely - 0.01 dBrC. 
1 .. " . .. .. 1 Impedo ne" Cnpacilive· T,·P£ l560-P5 
300 pl<' at 25°C, nominal ; TY~I: I56(}.P6, 425 
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pi" It 25 'C, nomiO!l.l. Temperature eoefficient 
of ea~itance: 2.2 pF -C over range of 0 to 
6O'C. 
("yl,.""" .. , .. , Ufou" \licropholll' i.e not. dam­
nged hy temperatures from - 40 to +6(YC and 
relative humidities or 0 to IOOf (. 
ft .... 'nal" ~IiCrOI)honCil fit 3-t.crminal micro­
phone caule connl'ctor. For hum reduction 
both microphone terminnl~ may he fl oated 
with ret'lJ)('{'t to ground. 
Co"tldg .. Olm •• "' .... " Oiamet.cr 0.9:«'; ± 0.002 
in (23.i mm), length IH in. (29 mm, 

'.,..,...--
•• t---------" ... c:-::_=-.:--::~ 
<ft-. -

' .. 
No' W" llht: T rrv- 151i().. 1'5, 2 01 (oo g); Tnt; 
1560-Pti, 8 OJ (0 .3 kg). 
Shlppl .. " Wol.kl , TfI'); 15(j(). 1'5, 1 Ib (0.5 kg); 
TYPE] 560-Pti, 3 lb. ( 1.1 kg). 

Xumbtr lAKr'ipilon c_+: Priu 
In USA 

156O.960S 1$60." Mlcroph'". $60.00 
15.00 1560.9606 1560." M lcropho ... Anom il ly 

One of our lighter+spirited publications 
suggests that, for CI day-ta-day check on 
sound·level·meter colibrotion, one moy 
hold the instrument ot orm's length ond 
say, in an even voice, "I feel rather foolish 
talking to a sound· level meter," repeating 
this announcement doily and noting any 
variotion in indica ted level. Those who 
prefer a more reliable and less attention· 
getting approach will be interested in GR's 
new Type lS62-A Sound-Level Calibrator, 
o smoll, transislarited ascillator-speaker-

r coupler unit designed for the colibra tion 
..... of most commonly used sound·measuring 

microphones ond systems. 

NEW 
FIVE-FREQUENCY 

SOUND-LEVEL 
CALIBRATOR 

FI,u.. 1. Typ. 1562_A 
So,,"d_L.v.t Cotlb.olo. In 
110.0,. ooso, wl!h Inop.ln 

odop!o.l . 

Much is to be gained from accurate 
calibration of ao acoustical measure­
ment system. The better the calibration 
accu racy, the closer one can approach 
allowed performance specifications, the 
more consistent his comparison mcas­
urements will be, and the more confi­
dence he can havc in his measurements. 

Acoustical measuring instruments 
can be calibrated in many ways. The 
simplest procedure is the amplifie r 
sclf-<:heck, provision for which is built 
into many General Radio sound-meas­
uring instruments. At the otber end of 
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the scale is the precise calibration, from 
20 to 8000 lIz, of a microphone or sys­
tem by means of the TYPE 1559-13 Re­
ciprocity Calibrator. I 

Probably the most commonly per­
formed ctl. libration hns been a simple 
over-all system check at a specified 
frequency. for which Gcnernliladio has 
listed the combination of T YPE 1552 
Sound-Level Calihrator and Tn'}; 1307 
Transistor Oscillator.2 This pair of 
instruments is now succeeded by the 
small cylinder shown in Figure I , the 
T yp~: 1562 Sound-Level Calibrator. The 
new calibrator offers, in addition to the 
obvious convenience of the new pack­
aging, specifications far superior to 
those of its predecessor. (For e:.:amp!c, 
the 1.;62 has five calibration frequencies 
vs the ~illglc freque ncy of the 1332.) 

The new sound· level cnlibrator con· 
tains a solid·state oscillator, an elcctra-. 
acoustic transducer, and an acoustic 
couple r, all enclosed in a cylindrical 
housing only 21{ inchcs in diumeter and 
5 in ches long. In normal operation, it. is 
placed over the microp hone of thc 
system to be calibrated, and thc fre· 
quency sclector swit ch is set to one or 
more of the five available test frequen· 

, .. A R~ill"",i\y Calibrtlion IQ' Ll,., WE~~O.\_\ and 
Otl"" ~"crollhon.,.." 0 ..... "'1 HtJ.di_ Ezp< .... w.ln. l)e.. 
""mb .. , 11ro4. 
I I':. E. GT'ON, ... ~n Imllro~ • .t Sound·Lo.,·.r C.librtlor." 
O.,...,.al HtJ.d,. EzPt ....... ~I ... Ju,," lIi:;~. 
'.\rnol>l P~"''''''n ... " .... n~li~ Tal'" R .... onl .. ' I", \eou ... 
I.o .. al. \',1>""'00. ""d 0,1", •. \"di.,...F ...... ,".My ~ I .... u"" 
...... to ... 0,,,. ,,,1 HtJ.do. Ez"".i .... nl.,. Octol,." 101>6. 

-UIoIOUI n Sf 

. .. lib . Dlo • . 

cics (125, 250, 500, 1000, a nd 2000 H z). 
T he cali brator is factory-adjusted to 
develop a sound~prcssu re level of 11·1 
dB re 20 IlX / m' (O.0002Ilba r). 

An imporl-lIlt addit iona l featu re is 
the availability, at a phone jack, of the 
electrical OlitpUt. from the oscillator. 
Thus, fo r exa mple, one can usc the 
clectrical output. to measure the re­
sponse of a systcm without its micro­
phone, then connect. the microphone 
and apply the calibrator's acoustic out­
put. to verify the mierophone response. 

Many typcs of sound-measuri ng sys­
tems can be checkcd by the new cali­
brator. With five test frequcncics nva:\­
able, Olle can chcck frcquency-selecti\'e 
instruments s llch as octavc·band ana­
lyzers. 

The calibrator is also a very useful 
accessory for the T n t; 1.125 Data Re­
cordcr.' ;\otonly can the IlcousLic out­
put he used for sYi<te m cnlibrntion, but 
the eleetricnl output ca n be used to 
adjust rccordN bias voltage and to pro­
duee electrica l test s ignals on tape. 

DEl AILED DESCRIPTION 

The principal clement .. of thc cal i­
brator are shown in Figure 2. The oscil· 
lator drives a loudspeaker, which gcn­
crates high-level acoustic signa ls ill a 
coupler that fits over the microphone to"... 
bc calibrated. T he electrical output or 
the oscillator is !lva ilable at a phonl' 
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jack on the side of the calibrator hous­
ing. This jack is bu ilt into fl tubular 
nut which seeures thc outer shell of , 
the instrument and which also keeps 
the calibrator from rolling ofT t"'lbles. 

At the top of the calibrator is a rota ry 
switch and dial combination with seven 
positions: the five operating frequencies, 
a battery·chcck position, and a power­
ofT position. 

The O scillator and Amp lifier 

The oscillator is a Wien-bridge cir­
cu it first dcS<' rihcd by Fu lks.4 The key 
to its stable opera tion is n thermistor 
in the negative feed back pILth , whic h 
automatically adjusts its resistance to 
the va lue needed to maintain oscilla­
tion. Its time constant is short enough 
to correct rapidly for amplitude va ria­
lions, yet long cnough to causc little 
distortion a t low f rcquencics. I t opcrntcs 
at a high temperature, in an evacuated 
bulb, to millimi:>.e the effects of ambient 
te mperatu re. 

The amplifie r uses four transistors 
in a single, direct-coupled feedback 
loop. Enough negative feedback is used 
to achieve a transfer characteristic that 
is substantially independent of tran­
sistor characteristics. 

TO U»OSI'hER£ 

..... Fill"'. 3 . c, . ... . . ctl .... d r.wl", 01 c .. nll<.I •• I .. 
.. r ...... .. l 'h .I .. ch.d i ..... . II. "' Ic ... ph .... . . 
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The Output System 

The loudspeaker is Ii controlled­
reluctance magnetic transducer with Ii 

very low temperature coefficien t and 
long-term stability proven by years 
of successful operation ill t he Typ" 
1552 Calibrntor. Simi larity with the 
older calibrator ends, howev('r, witb tbe 
output coupler, which is designed to ac­
commodate the l'i-inch-diameter pi­
ezoelectric ceramic mic rophone now iu 
use on thousands of sound-level meters. 
Two snap·ill adaptors are provided, 
one for the new IHa-incb-diameter 
sound-level· meter microphone (see page 
3, th is issue) and type L laboratory 
standard microphones such as the WE 
640AA, and the other for the %-inch 
microphone used with the TYPE 1551-PI 
Condenser i\ licrophone System. Figure 
3 is a cross-section drawing of the 
coupler in place on a II ii-inch micro· 
phone, and Figure <4 shows the coupler 
pl us snap-in adaptor in place 011 a 
1% a-inch microphone. 

PRINCIPLES O F CALlBR.A,.TtON 

The 15G2 Calibrator devclops a con­
stant sound-pressure level of 114 dB 
• ~'uLb R G .. Nonl .·.,...ba-ek Looo St&bili_ Audi .. 
o.dllato .. .. , Hi«l""~" \ '0136 N .. &. f"eb. Ifl63. AniLeb!. 
r ...... ee ... raI Rad ..... Repria\ A·I07 

CONl/IOLLEO L[AII 
'm Al_EIIE 

~.IOtOAM£l[JI . --

~'''' 

.,,"""'­
UflDVI Tm 

Fill ... . ~ . C ..... - I . dl .... d . .. ...... 11 .. f ~ .. I;b . .. I .. . 
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re 20 p'S./ ml al each of fi\·e frequencies 
(123, 2;)(), 500,1000, and 2000 Hz) when 
its acoustic Cf'upler is placed over a 
h igh-acoustic-impedance sou nd-measur­
ing microphone. This level is estab­
lished nt General Radio in terms of a 
carefully mailltninoo laboratory stand­
ard microphonc (WE 6-40.\1\ ) with a 
pressure calibration determined by 
reciprocity and traceablc to the Xa­
tional Bureau of Standards. 

The calibrator's constant output 
V8 frequency is in contrast with the 
characteristic of a sound-level meter, 
wh ieh is designed with weighted fre­
quency reliponse in accordance with 
international standards. Furthermore, 
the microphones used on most sound­
level meters are adj usted for a flat 
response to sounds of random illcidence 

f l,v •• 6. Typl •• 1 vo.l_ 
.11." I" .vtpvt .... 
• llllvel. ..,," .Imo._ 

ph .. l. "' ... v ••• 

, 

i 

Flavrl .5. Typlul o"eI I p •• ifi.,, ' 
...... Iollo n I" o vtp u t vi ..... bi. ,,1 

lI ... p .... lv ••• 

in a free field . Therefore, to determine 
cxactly what a sound-level meter should 
indicate when the calibrator is coupled 
to its microphone, one must correct for 
t he random-incidence charactcristic of 
the microphone nnd for the weighted 
response of thc sound-level-meter am­
plificr. Thcse corrections are small for 
the new 1 ~16-inch microphones, but 
they should be taken into account 
where extreme accuracy is needed. 
Detailed correetion tnhles are included 
in the instruction mallual for the cali­
brator. 

ENVIRONMENTAL EF FECTS 

The calibrator output level is estab­
lished at a tcmpcr£l.tlIre of 23D C and an 
atmospheric pre:!Sure of i60 mm of 
mercury. As long as the battery voltage 
is at least 6 volts (a 9-\' battery i.s used), 
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normal variations in tempera ture and 
barometric prcssure will have negligiblc 
effect 0 11 the sound-pressure level devcl­
oped , Figure 5 shows the varia tion in 
output that may be expected as the 
ambient tempera ture departs from 
23"C. 

Large changes in barometric pressure 
due to altitude changes as one moves 
about the country do prod uce appre­
ciable variations in output, but even 

May-Jun e 1967 

these Ilre genera lly sma ller than the 
changes thnt occur in a closed coupler 
with high-acoust ic-impedan ce tralls­
ducers. For exampic, the sound-pressure 
reduction ill a closed cou pler at 1 5 ,~ 
feet alt itude is abou t 6 d B. The corrc- ' 
sponding loss fo r thc 1562 is only about 
3 d B (Figure 6). 

- E. E. GROSS 

A bri .. r biorrnphy o{ :\I r. Gross flPJ>l'arro in 
t he October 1 ~G6 E,(pf'rim~'llfr. 

SPEC I FICA TI ON S 
ACOVSTIC OUTPUT 
Fre q"e ncl .. , 125, 250, 500, 1000, Slid 2000 
H ~, ±3f';. 
So"nd_Pre nur , l evel , I I I d B rc 20 1';"; Iml • 

Auu.ocy (01 23-C and 160 mm HI)' 

WE GIOAA 
or equivalent 

Othcr 
microphonetl 

at 500 /I z ather Jreqlu!nn"~ 

± 0.3 dB ± O.5 dB 

±O.5 dB ± 0.7 d ll 

Tempe.alur, C".fljd. n! , At 125, 250, 500, and 
1000 li z: -0.01 to -0.025 dl1r C from 2:~ C 
to 50°C, 0 to - 0.01 dUr C from 0 to 2:\ C. 
At 2000 H ~: - om to - O.QlS dUr C from 
2'J Q C to 50°C, 0 tv - 0.01 dBr C from 0 to 
23°C. 

P .. nu .. Con. cllon , Chsrt !upplicd. 
ELECTRICAL OUTPUT 
Volloll " 1.0 V ± 20C( behind r.ooo o. 
Freque ncy Cho."ct .. ;.t;" , Output. ie IIlI t ±2';~. 
Olilo,l;on , <0.5r:;. . 
Co n n .. tor: J ack to IIc~pt swndnrd phone plug. 
GENERAL 
Op. ,orlnll En .. ; ronme n! : a to SOcc, a to 100':(, 
reis til'e humidity. 
Ac u norle. Suppli,d , Ca rrying ('ase, adnptoT!! 
{or u~_in._ llnd ~ s-in.-dinmeter microphones 
(fit@ l}i-in. micrOI)hunetl " ithout nd:tp tor ). 
Bat tery mduded. 
80" .. y : One 9-\' Hurge5IJ P:\1Ij or C<lu;vtllent. 
120 haul'll usc. 
Dlmenlion" l.ength 5 ill. ( 130 mm ); dinmeter 
2~ ;n. (55 mill ). 
w eillh! , ;";et, I Ib (0 .5 kg); @hipping .j IIJ( I.9 kg ). 

Pri(#!. Calalag 
Xumber Dtlltriptioll j7l..,US.1 

1562. 970 1 U62·A Sound.l .... 1 Ca tl b,alo, $195.00 

A DIAL DRIVE FOR STEPPED OR SWEPT ANALYSIS 

Those who must $pecify acceptab le noise 
levels a nd those who must follow such 
specificotiOfls are understandably ha ppiest 
when dealing with discrete values at 
discrete frequencies. At the some time, o f 
course, enough information mU$t be included 
for the noise to be meaningfully described. 
Many pea ple think that the best approach 
is 0 stepped third·octave analysis, whic.h 
pre sents a significant amount of information 
in on easily interpreted form. GR's new 
dial drive automates the procedure a nd 
alw permits no·hands analysis b y the 
traditional swept technique. 

l'.l odcrn test codes fo r noise fre­
quently in voh'e a measurement of the 
noise spectrum, either continuous or 
at spec ified frequencies, which ca n be 
cOIl\'eniently mnde with the Cit 156-1-A 
Sound and Vibration Ana lyzer.' Dc­
signed specifically fo r this typc of 
measurement, the ana lyzer has a wide 
frequency ra ngc (2.5 Hz to 25 kHz), 
can be operated cithe r manua lly or 
automatically, and has both one-tenth-

, W. R. Kundert. ,. Ne .. Perform."",!. New Con,·en;"n.,. 
W;, h .he Nil'" Sound end Vill .. , ;on .... nal)·", c:· a ..... "'1 
/Wd,a Br""_"',,, Mp,.-o..~ 1963. 
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F'III"'. 1. T.,p. 15M·PI D ••• Driv •••• "" .. 4 ." ISM_A S ... .,d • .,d 
Vlbo-.... " A".'., .... .,d ,.,.,ch •• .,II" .. lth 1521 _1 Or.ph" L.ve' 

•• e •• I1 .... 

octavc and one-third-octave bands. For 
automatic opcration, it is used with the 
TYPE 1521-B Graphic Level Rccorder, 
and tbe combination of analyzer and 
recorder is available, completely assem­
bled, as the TYPE 1911-A Recording 
Sound and Vibration Analyzcr. 

Hccently a growing interest in 
stepped I~-octave analysis has placed 
new demands on many acoustical 
laboratories. To adapt the 1564 for 
automatic stepped as well as continuous 
analysis, we now otter the TYPE 1564-P I 
Dial Drive. 

The dial drive i.s essentially a device 
for automatically moving the frequency 
dial of tbe TYI'E 1564 Sound and Vibra-

tion Analyzer from one third-octave 
center frequency to the next, with 
adjustable dwell time at each step. 
As a matter of convenience, the dial 
drive also provides for continuous rota­
tion of the analyzer frequency control. 
Thus the combination of 1564-A Ana­
lyzer and I 564-P l Dial Drive presents 
three possibilities: stepped ~~-octave, 
continuous 1.-3-octave, alld continuous 
M o-octave analysis. The complete anal­
ysis setup will often also include a G R 
1521 -B Graphic Level Recorder, and 
here the dial drive also contributes to 
convenience by replacing the usual 
chain linkage between recorder and 
analyzer with electrical synchroniza­
tiOll. 

• 

• 

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



• 

• 

CONTINUOUS VS STEPPED ANAL VSIS 

A contin uous plot of the spectrum 
is very helpful in the evaluation of tl 

noise if the noise limits are specifioo 
as continuous functions of frequency, 
which can be entered on the spec trum 
chart to check compl iance. Some tl'st 
codes (e.g., ). III.-STI) 740 and ASII­
HA E 3GA-(3) have tricd to simplify the 
analysis procedure by specifying accept­
ance levels in discrete third-octa\"c 
bands. The selected center ffC<IUCncies 
of these bands nre those of the pre­
ferred frequency series (S UH 000, 
American Standard Preferred FI"C(IUCn­
cies for Acoustical )' Ieasuremcnts. and 
I ·O-ItZG6-19(2). These frequencies in-

, f .,u •• 2 . A I'.pp.d Yj ·.do .. . DIIDI .,lIs D' 
.. lbrDIIDII D' d"tdl ... mDID • • Dw . 1I 11m. 
WD I .. I Dl l0 " cD .. d., fulI . .. ol. 1 . .. . 1 woo 
• 0 d8, o .. d ... o.de. w.11I1I1I .pu d woo , 
111-/'. Chorl pop .. I. Gil 1$21 -9"~, .pe· 
cloll ., d u igned 10. Ilepp, d Yj.odo .. , 

I .~ . 
." ! 

01101.,01 • • 

............ ,-

If • 
I I 
b ....... ,.;J 

I:=-

M ay...June1967 

elude 1000 Hz and the frequen cies 
spaced abovc and below 1000 liT. in 
third-octa ve steps. 

With stepped analysis. the presenta­
tion for each third octave is n single 
reading that can be quickly compared 
with the requirements of a code or with 
a similar reading taken at another time. 
This simplification is achieved at the 
expense of somr information ; where one 
is not bound by specification he can 
choose either the single-valued ap­
proach of stepped analysis or the detail 
that oilly tl continuous analysis can 
provide. 

Figurcs 2, ~, nnd 4 describe. bettcr 
than can words, the differencc bcLwcen 

-,-". . ... ,., , .... -

.1. . . 
-:"::~-;';:':";''' ... -'-- ' -

II ., , 
-:-il 

'I 
' I t. 
]i 

. 
- .~-

FIIIU •• 3 . C. "II"uo .. , YJ. odo ... on .. I."I , 01 Ih. , .. m ... 110.011 .. 11 ollol ., ~ . d III f lIlU" 2 • 
Ottoll II g .... II., bUI !h.oct ..... 1 .... 11 0 .. ho t d •• l o .. od • 

FIIIU" 4 . Co"I1 ....... . ){r. oct .... . .... 01 ., . .. of 'h. s om ... 110 ... 110" o" .. I., u d In Fl ...... 
2 o"d , . N Oli pr. ""<. 0' compo", "" no' .. ll ibl . 0 11 bro .. d ... b .. nd 0" .. 1, . ... 
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stepped and continuous analysis. These 
nre chart recordings of the vibration of 
/l. motor with a damaged sleeve beuring. 
F igure 2 shows a stepped li'-octave 
analysis; Figurc.'13 and ..\ are continuous 
~- and Ho-octave analyses, respec­
tively. All were made with th(' combina­
tion of 1fi6·J Sound and \-ibralioll 
Analyzer, l ,j6-l-PI Dial Drive, Imel 
1521-6 Graphic Level Recorder. JI1 
all cases, the retord er was set for a 
writing speed of 3 inches per second and 
was equipped with a n SO-dB poten­
tiometer. 

It is immed ia tely apparent that the 
stepped-al):1iysis record ing (Figure 2) 
is the en~ic~t to intcrpret, that the 
continuous recordings give fnr hetter 
resolution of peaks, and that the }Jo­
oct.ave nn::llysis reveals many com· 
ponents not visibl(' in the 13'-odnve 
chart. ;\'ot(' the exi~tcnce of the t ran­
sients Oil the stepped-analysis record­
ing. These trnnsicnu;, clluscd by range 
swit ching of tll(' analyzer, can serve as 
useful frequency mnrkers, because the 
L.:i-octJwe s\\-itching frequencies ure 
Ilccurately known. 

DETAILED DESCRIPTION OF THE 
DIAL DRIVE 

The dial drive consists of a stepper 
motor, whirh mounts on ltnd drives 
the unalyzeri n contactor, which mounts 
0 11 and proddes synl'ilron izution with 
tht· recorder; and thl:' C'lectronic ('ontrol 
unit. 

The stepper motor is drivcn by pulses 
from a ring-of.four counting decade in 
th(' cont rol unit. Four Pllises appl ird 
in the proper sec'juel1('e to thc four drive 
coils of the motor advance the motor 

7).02 degrees per pulsc. The IO-to- I gea r 
ralio between motor and ano.iyz('r fre­
quency control divides these steps into 
3 I-degree increments. 

The ring-of-four counting decade 
provides lhe necessa ry logic to sequence 
pulses fo r either forwa rd or reverse 
operat ion and also to ensure that the 
motor ne\'(' r stops with onc of its coils 
energized. The rate lit which the motor, 
a nd thus the a nalyzer frequency dial, 
rotates is a fUllct ion of the pulse train 
that is nppliC'd to the' ring-of-four 
counting dccade. For stePl>ed opera­
t ion, these pulses come from a free­
running multi \' ihrntor, at n rate that 
mo\'('s the analyzer dial 30 degrees, 
or from one I ~-ol'tn\'e-hand center to 
the next, in about 0.3:j second. For 
continuous operntion, they a rc derived 
from the power-line {r<'qtwncy through 
di vide rs. (Since the I.j21-B Hecorder is 
driven by a sYllchronous mot.or, the 
a nalyzc-r is nulomn titally sy nt hronized 
with the recorder ill ('onti nuous opera­
tion.) Two speeds arc available in the 
continuous mode: 6 or 20 seconds pC'r 
l$-octa ve ba nd. 

The control ~lIlit includes start and 
stop buttons, forward and reverse 
switches, a continllous-!l.utomutic se­
lector switch, a nd 11 dwell-time rontrol. 
A connertor nt the reM of the unit 
pC'rmits remote co ntrol of the ste pper 
motor by elcct ric:d signal. This pro­
vision allows, for instam:e, the auto­
matic analysis of a tape 1001>, with a 
piece of rcflccti\'e mat(' rial 011 the tape 
and a photoelectric- pickoff! producing 
the signals toaclvance thcstepper motor. 

Synchronization between the ana­
IY7.er a nd the reco rder chart paper is 
accomplisbed by means or 11 cOlltnctor 
assembly . which mounts OD the re­
eordN. This is a cam-actuated switch, 
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- which causes the dial drive to move the 
analyzer to the next ~~-octavc band at 
each J4-inch travel of the chart paper. 
Chart puper 1521·9-160 is specia lly 
calibrated for this application. 

SUMMARY 
The 'fVI'" 15M-PI Dial Drive greatly 

simplifies stepped l i'-octave analysis 

"".y ..... un. "967 

and permits changeover to continuous 
1,S'- or YJ o-octave continuous analysis 
at the lurn of Ii switch. Those who I1tC 

called UIKm to make such anulyses 
should find appreciable savings in 
time and cODvenience through the usc 
of this acccssory. 

- B. A. BOllo'K 

SPECIFICATIONS 

STEI'I'INO CHARACTERIst iCS 

Stoppl". Mollo .. : O,iS"/BleP; 10 IItepil (30°) per 
U OCLlive; oontrolled 1.0 Btep in Bequeoce of I pul __ 3°, 

Sftpph'l 11 ... " In atellped mode, approx 
O.3511tJOQ

; in conlinUQU! mode tlII/30' o r 
20./30-, both l!ynchroni~ed to oo.hl I;ne. 
D"".U n ••• (YJ.octo v ••• "dl, Dwell time + 
lteppinp: time is I 3, 10, or 30 I, when oon­
trolled by 1621-8 Graphic Level Hewrder .,;th 
6O-rpm motor. Thetle times can be incre88ed 
2 X Of " X "'itll cam adjustment. I)"-ell lime 
can 11110 be act by f.ont.-p/UlcJ control from 
approx 1 to 00 I, 
GENER AL 

.... p .... ,U •• Rang. , Operating, 0 to 5O"C; 
ltomge, - 10 to + iO'C, 
H" ... ,d lly R""II" 0 to 95% RII. 
Sy" d .. o"holl,," , To 1521 Grnphie Level He­
corder in both IWI)ped and oontinUOIIi modes. 

"co.dl"'l1 Sytl . ... , OutilUL fr01ll 15(;,1 analyzer 
can be oonneeled to IIny ~rder lIith in,)ut 
im,JoedIUI«' of 10 kn or murt' alld "",u!itivity 
of It le8lt 10 mV (11J21-1l Iteeordt'f f'CC()m­
mended). 
I'o w .. R'<I"""" 100 to 125 or 200 to 250 V, 
(j() I-h. 
",u ...... I .. Suppll ... : Adapto.-<.'nhle /le.'t('mllly, 
IlO\H't cord, l'llZlre ftll'l'~, end frllme ael (llCllch 
model) or Tl\Ck-tJupport ICI (rlI('k model). 
A~(O .. o.l .. Avolloble: Chart paper for 1521 
Reeorden: 1521-U1(iO for Ilte~IIJoed analysis, 
1621-9469 for eontinuoua anul.I'IIIII. 

0"" .... 10"' (w X h X dl: Hela~·-nl.cl: section, 
10 X 3 1i X 121; in. (-185 X 8!) X 320 mm); 
.tepper motor, I'~ (dia) X 5t' in. ( 110 X 135 
mm); contaetor lI_mbly, :1 X ~ ~ X 2J.i in. 
(77 X 105 X 5-1 mill). 
Wlleh" Nl'~ 16 1, III (i.5 kg); shillping, 36 Ib 
(16.5 kill), 

c .. """ Number De«riplitm 
Pn'u 

in USA 

1 JU.9nl 
15U.9172 
1521_"60 
1521·9.69 

1564_ 1'1 Di,,1 Drlv. , loncll Mod.1 
U 6 •• '1 0101 D.lv., Rock Mod.1 
Cho. tl'op .. (~"'I'.d ... od.) 
Cho. ' I'"p" (~.nll"u .. ,,' ..... d. ) 

$710.00 
710.00 

2.75 
2.75 

OSCIlLATOR FOR AUDIOMETER CALI BRATIO N 

With the introduction of a stu ndaro 
earpbone coupler ', General Rad io great.-­
ly simplified the usc of its sound-level 
meters and analyzers in the ca libration 
of audiometric equipment. To round 
out the calibration system, we a re now 
offering a low-distortion audio oscillator 
with switch selection of 12 frequencies 
commonly used ill audiometry, Among 

these frequcllc ies is thc octavo series 
based on 125 li z, which is incorporated 
in specifications of the USA St.'lIldaros 
Institute.' 
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the[;lExperimenter 

The 1311·AU is aD all.solid-state ..... """ 
\Vien-bridge oscillator. which uses ex­
tensive negative feed back to attain 
very low distortion (typically under 
0.1%) and high degrees of a mplitude 
and frequency stabili ty . Except for its 
output frequencies. it is identicnl to 
the TYPE 1311-A Audio Oscillat.or, 
described in the August-Septem bcr 1!)62 
i8S8ue of the Experimwter. 

SPECIFIC A TI ONS 

fREQUENCY 

...... , 12 fh:ed freqll~n('it'8, 125, 260, tOO, 500, 
750, 1000, 2000, 3000, tOOO, liOOO, lind 8000 
Ih. ~}o. cOlllrtllllrovidt'l * 2('( II.dju~tl1lenl. 
Acc .. ,.<y , * 1 f ( ,,·ben d fo' control is at.lero. 
........ "<y 5,.lomty , 0.11 c typiea.l, l(lng-term, 
after warmup. 
5y .. <h, ... lu,I ... , Telcllbone jack provided for 
exlA!rnaJ synchron i ~ i ng RigOR!. Locking range 
II about *:1' r fo r I-V rna reference lill;lIl1.l. 
6~' control can be u!oOO for phase ad jullmenl . 
OUTPUT 
Po ..... , 1 W into mat.ched load (tape provide at 
ICIllt. 0_5 \\ inw any reeillive load betl'cen SO 
mil Rnd 8 kUj. -
V.II.II.' Continuou!ly adjuslAble from 0 to I, 
3, 10, :W, or 100 V, open ('ireuit. 
c ....... " ConlinuOUlly adjl1!table from 0 to 40, 
I~W, 100, 1:\00, 1000 rnA, ahort circuit (ap­
,)roximatel.,· l. 
Imp.d ... u , Hetwl"l!n one Imd two timea mnlehed 
load, del)('ndin/l: on ('I)nl rnl tlClling. Output 
circuit is ia"lat.eJ from ~roulld. 
Ampll, .. d. S'"bllity , lloetler than 1('( long term, 
0.01 rio ahort IA!rm, typirsl afle r warmup. 

• • 
• 

~-1--
0 

" r-- , wan ~o h 
a.o& OJ ().2 0. ~ I "l , 

" flWX.VlCY -~11l 

5y ... h,."rl.II." , Iligh_imIJedance, OOlalant­
amplitude, I. \' rm. output for lise ",ilh 011-
cillo.cope, counter, or other oeciUator. 
01.,,,,11 ... , 1..eM t!tnn 0.5' r under nn.v linenr 
load condition. Typically It'MI than 0.1 r( over 
milch of range. Qllcilla l()r ",ill drive. ahort. 
ci~u it. .. -ithout wavefonn clipping. 
A< Hum , T ypically lees lhlln 0.003:( of output 
voltnge. 
GENERAL 

T" ml ... I .. T rl'l': 9.18 Binding 1~0I!1lI. Separlll.e 
ground terminal holda short ing link, .. hich 
can be uaed to ground adjacent Hl'T(,l'T binding 
IJOel. 
",,,""It Reqloll,.d, 105 to 125 or 2 10 to 250 V, 
50 to 400 111. 22 W. 
Au"."" • • S .. ppll.d, T rPt: C A P-22 Power Cord, 
spare fmlee. 
Au . ... , I •• Av.ll.bll , l1.ack-mounting 8Ct (panel 
til. ID. higb ). 
M •• h" .. I. ,,1 0.,. , Converlib1e-ben~h eabinct . 
01 ....... 1 .... ( I'id th X beijtbt X depth): 8 X 6 
X 71• in. (205 X 155 X 200 rum). 
W.lllh' , :-oet, 6 Ib (2.8 kg); shipping, 9 Ib 

(4. 1 kg) . 

o • 
, ! 

'~\ 
fUl.L OtIlI'\JT-NO~(),I.n ~ 

,~"'"""-~, a"~ r •• 
~- - r 

0 , 
" 

NtHlI~r Col""'t DtKriplion 
PriC4 

in USA 

1311-\1703 
1311-\l70A 
0" 80.\1638 

.-,-...,.,.,---
1311·AU Audlom."I. Oulll.,." 11$ YOIIo 
131 1_AU A .. dlom."I. Oulll"I"" 230 yol .. 
4I0_P301 ReI"y. R • • 1t Ad"pl., 5" 

$230.00 
230.00 

'.00 
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e •••••• 
DECADE RESISTORS t:J ':':.= -,;; :~-;. ::"."':; := ~"":. 

Two six-dial decade resistors hn vo 
been added to the '434 series. The 
1434-B (Catalog Xo. 1434-9702) hM 
a total resistance of 1,111,110 ohms 
and a minimum per-step resistance of 

SOUND-VIBRATION 

A lOO-foot extension cable (1560-
P72B) is now available for usc between 

STROBOSCOPES 

The inexpensive l;j39-A Stroboslave, 
when coupled with the 1531-1'2 Flash 
Delay Ilnd the 1536-A Photoelectric 
Pickoff, is enough stroboscope (or most 
people who want only to look at or to 
pbotograph objects moving at high 

COAXIAL 

Erratum 

In Figure 3, page 9, of the April 
Expcrimt!1JJ.er, the ca8e of lhe 1493 

1.0 ohm. The 1434-X (Catalog No. 
143-1-972-1) has a tolal resistanc(' of 
111 ,1 11 ohms, a minimum per-step 
resistance of 0.1 ohm. Prices in SA 
are $135 and S116, respectively. 

the 1560-P-lO Preamplifier and a micro­
phone or analyzer. Catalog No. is 
1560-9977. Price in USA, $29.00. 

speed snd who do noL have to measure 
speed. For easy ordering, we now ofTer 
the combina.tion of nil three items as 
the 1530-Z ;\[otion Annlysis nnd 
Photography Set. Cal.'l log :\0. is 1530-
9900 ror II5-V systems, 1539-9001 for 
230 V. Price in USA is 54.35.00. 

An adaptor is now available between 
our two coax ial connector series, CH.900 
and CR874. The 874-Q!)()()I.I Adaptor 
contains a 900-AB connector and a 
locking GHSN. VSWH. is typically 
under 1.01 to 9 CIllo. Catalog Xumbcr 
is 08i.J-9709. Price in L'SA is SIS. 

decade transformer should not have 
been shown connected to the -0. 1 lup. 
In this setup the -0. 1 tap is not used. 
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til e . Exp e l' illl e nte r 

GENERAL RADIO COMPAN Y 

00 WE HAVE YOUR CORRECT NAME AND ADDRESS_nome, compony 
or org onizotion, deportment, street o r P.O. bO:K, city, slole, ond zip codd 
If not, please dip the oddren lo bel on this issue and return it 10 us with 

corrections, or if you prefer, write us; 0 postcard will do. 

--

General Radio's fleet of traveling 
exhibits has a new flagship, a spacious, 
air-conditioned Cortez outfitted with 
operating displays of G R instrumcnts. 
The new van will roam the western and 
southwestern regions of the U.S. 

Other G R "road shows" travel by 
specially equipped station wagons and 

WHEELS OF PROGRESS ' 

are set up on invitation in or ncar 
industrial plants and la boratories. 

Our line of acoustical instruments has 
its OWll veh icle, called GRA I L (Gcneral 
Radio Acoustical Instrumcnt Labora­
tory). Tn Europe, two :\ Iercedcs vans 
cruise the autobahns for Gellcml Radio 
(Overseas). 

GE NERAL RADIO COMPANY 
WEST CONCO RD . MA SS A C H USETTS 01781 

"':''' . ... 
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