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HE NEW 

GENERAL RADIO 

MICROPHONE 

figure 1 .  Types 1 560 - P S  (left) 
and 1 5,60-P6 M i c r o phon es. 

If you think that piezoelectric mi,crophones 
are too tempera ure-sensitive for precision 
measurements, the following article has a 
few surprises for you. New lead zirconate­
titanote ceramic microphones hove per­
formance characteristics formerly associated 
only with expensive condenser microphones. 

In th ontinuing ar ·h for impro �e 

and contin 

orie 1 n iv 

alibration in many la bora 
th \vorl th c nd n' r 

very c. rly gain d ·wi a c p 
the t micr ph n for ace ir 

mu h 
h r­

au th 

d a 

mea tr m n 

acbiev d in 

dvan a s f 
ph n compar 
tri microphon which i 

d for oun m ur m n 

wa 
r n di -

r m1 ro-

are th n for a rv 

hio-h-inpu -imp clan preamplifi up-

plying an aceura t ly known high d 

polarizing vol .age mall r rnam1c 

ran and gr ater n �iti · y to h 
ff of humi ity. Th r· ar 

ev ral r a on for h 
of he eond n 

unit. that hav 

and built, u h a th 
Q_ A Con u 

nc 

hav a 

1 E. C. W 11te. "A Con n mi t :r a11 a niformly 
nsitive In trument f r he Ab olut !ea urcm nt of 

ound Int naity," Physicol Re1xi�"'· ol 10, l 17, pp 39 :.3. 
E. C. Went . " nsi ivity of th Blcctr atic Transmit er 
f r i\.1 uring ounci Intensiti , "Phuirical R;wi.eu', Vol 
19, Hl22, 1->P �7 -i;Q3. 
L. 0. iviu.n. "Absolut alibra.tion of ondenser l\ficro­
phon ," Beil ystem Technical Jor�nial. Yol 1 , No l, 
Ja.oua.-y 1931, pp 115. 
"I. . Haw l ey. "The on ens er l\!icronhone a11 an .\ co 18-
tic an r ," Bell f,,aborafori s Record, ol 33, N 1, 
J nua.ry 1955, pp 6-10. 

This month's cover - GR test.s every one of its microphones for frequency 
response, sensitivity, capacitance, dissipation factor, leakage resistance, and 
<linearity to 150 dB. 
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Figure 2. Typical response 
'cur·ves for random, paral e1, 
and perpeodicular incidence. 

- i o2�0-- --------,�oo-------- --------1�kHz-------------------,-, o':---"7'20 
FREOUE CY 

smooth frequency re ponse, an th 
temperature c fficien i sm 1 1. If he 
are caref Uy handl d their calibration 
i table wi h only modera a 1n 
effects. Furth rmore cond n r micro-

hon of hi t rpe can alibra ed by 
fundamental techniques in an a tic 
cavit and th y have a hi h acous ic 

imp danc . 

Recen developm nt in piezoel c ri 
micr phon have d mo tra d, how­
ever h t all the e d ilrabl feature 
can now be obtaine by he prop r 
sign of the piezo 1 ctric microphon and 
at a lower over-all o t. B au e of he 

addi ional inh rent advantage f he 
piezo 1 ctric microphone w b li ,-e it 

wil become the pref rr d rnicrophon 
, o u e for acou mea urem nt . 

� Io t of he early piezo I c ric micr -
phones f r ound m a uremen s u e 
Rochelle- alt cry al a th 
element. lthough a 1 n phy icall r 

rugg d tho microphone did no have 
a high acousti impedan , n hey 
could not b a i fac orily calibra ed 
1n an acoustic ca vi y. The - al o had 
mor eriou fa It b au o belle 

alt i ca ily damaged b r exposur t 
onl r moderately high temper turc 

(56° ) , and th microphone capaci .ance 

2 B. J&ffe, R. . Roth, and . :\laryallo, "Prop rtie11 of 
Piezoelectric Ceramics in the Solid-Solution Series Lead 
Titanate-Lead Zirconate-Lead Oxide: Tin Oxide an L 
Titan.at -Lead Hafna e," Jo rnal of Re earch of the 
Nati.ortal Bureau of Standard•. Vol 55, 1 o 5, �ov mber 
195.5, pp 239-254. • 

1 E. E. Gro.1111, "TY�E 1551-C Sound-Level Ieter," Gen­
eral Radio E:rperi?nenler. Au st 1961. 
• B. A. Book, "Ab olute alibration or PZT Iicro­
phone ,"General Ra.di.o Ezperim�nter, April- lay 1963. 

• 

wa high] depend n t on t mpera ture. 
A grea a ance m piezo I c r · c 

mi r phone wa ma po i 1 by the 
d velopm n of h lea zircona 
titana 2 piez lect:ric ceramic elem nt. 

he u e f hi ma erial elimina t d he 
di of Rochelle alt, since 

rial can b ob ained "vith 
ex cell n a ili y o 100° and the 

apa i an e of th cerami 1 ment is 
relative!.,. in pend nt of temper ur . 

The TYPE 1560-P and 1 -60-P ' 
1i rophone 3 pplie on ur ound .. 

measurin quipment un il r cen ly, u e 
hi ma rial and a re ult, the are 
tab e an ed their character-

IS ic r e independen of 
normal emp ra u Yaria ion . 'I h 

an al o b calibr e _ b reciprocity 
t chni u lo d coupler.4 

" hen microphone e am 
available the mo importan :r ason 
for mg he ond n er microphone 
were elimina and the TYPE 1560-P3 
_ Iicrophone ha b n wid ly used for 

ound -mea ur m n t . l\Iany mea ure­
m nt ho-.; -ever, have een andard­
ized o use h cond s r mi rophone, 
which ha a diameter of . 3 inch 
in on ra ·wi h the lYs inche of the 
TYPE 156 -P3. 

th n x step in he devel­
opm n e piezoelectr· c mea ure-
ment microphone wa h op i n f 

his andard iam t r. the ame 
im wa found po ible to obtain a 

impr v m n, in 1 h r pon 

www.americanradiohistory.com

www.americanradiohistory.com


The re ul of hi d el pm n i the 

new TYPE 1 - , ', -P,5 � Ii r phon , h wn 
in ·� igure 1 manufo.ctnr d b he n­
eral Radio om pan r, and n w u d on 

GR ac ti ·al in trumen . It ha the 
sam diam t r and · ntiaI1y the am. 
acou. ti mpe an the ondcn r 
microphone,, I uitable for 
applic._ ion where her r only con-

d n •r micropho h be nu d. Its 
frequen y r ponse i b tter ban ha 
of any pr viou ]y availabl 
piez elC'e ri m' r phone and I 

o that of he \\,.. -1-0 A on en er 

l\1icroph n up to 15 k Iz. 

Detai ls  of Construction 

The m i cr phone i s  d in an 
ou er bras hell wi h a ru hed hro­

mium pla ing, whirh maintain th 

m high qu lily of fini h af r y ar of 
u . Th aluminum diaphragm dir tl , 

behin th protec i fr nt grid lri ves 
a ceramic> p1 z 1 rt.ri 1 m n , and the 
el lric·al ou put a p ar. at pin t rmi­

n l� a the n.C'k of th ar r"dg . 'Ihe 
air 1 ak i al o at the back. 

The ·artridge i� a" ailable nn ted 

directly to a 3-pin male audio conn 

tor, a th TY J;; L- 0-P- l\Iicrophone 

or, when conn ted thro gh a goo ne k 

0 
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t u h an audi c nn or a he TYPE 

1560-P 1Wic rophone A embly, also 

hown in Figure 1. It i now al sup­

pli on the TYPE 1 -5--A and 1551-C 
ound-Level J\Teters an art of the 

TYPE 1560-P40I\: Pr amplifier and 1-
cr phone e .5 

Frequency Response 

Th micr phon is de ign to h ve 

a nearly flat pon o sounds of ·an­

dom incid nee. Figur .2 ·h w a t pical 
re ponse curve of the mi rophone for 
random par .U 1, an p rp ndicular 

in idenc . l\I of he e mi ·rophone 

follow the random-inciden curve with­

in ± 1 dB from 20 to 7000 Hz. 

Directivi ty 

Th n w microphon ince i has the 

same size a a type L labora ry 
tandard microphone and is imilar in 
·ons ruction main :: in h m good 

omnidirec ional characteri ti . Up to 

1 Hz the variation in u put wi h 
angl of ound in C' id nc i . mall. bove 
10 0 Hz diff ac ion ·au e th micro­

phone to r spond more t ound ar­
riving normal to the diaphragm (0° or 

•· C .  A .  Woodward. " A  !ew, L w- oise Pr amplifier," 
General Radio E:rperim nter, June J 065. 

I I I 
- * PERPENDICULAR -- INCIDENCE 

I I 

I 
P RPE CULAR (�� i � ....... 

_J NCID NCE -� ........ -...... RANDOM 
- 2 

figure 3. Sensitiv'ty variation 
with freqU'ency for random, 
'>arallel, and perpen·dicul·a.r in-

cidence. 
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Figure 4. Polar responses at va l o u s  frequ e ncies. 

perpendi ular in id nee) han t 
from oth r direc i n . Fi r 3 

he xt n of h variation in 
as a function of th dire tion f 

4 how. polar r -
microphon differ nt 

Acoustic Impedance and Use in Couplers 

he acous · c impedance pr en d 
by the microphon in tt coup! r is quiv­
alent t tha f an ir volum of 0. 5 
cm3 when referred to the front dg of 

the protec ing grid. f h. quivalent 
volume, about 0.2 cm3 i due to he 

compliance of the di phragm and he 
ceramic lement. 

The mechani 1 r onance of th dia­

phragm nd ceramic elemcn true. ure 

1 Sl.10- 1966, USA Standard 1\Iethod for the Calibra­
tion of l1ficropho?UJa, U A tan ards Institute, N w 
York, N. Y. 
r Z24.8 - 194 , American tandard , pccification for 
Laboratory tandard Prenure �liicrophone , USA St.an­
dard.s !�ti ute, New York, . Y. 

is damped ac u ically b hind the dia­
phragm. ' hi arrangemen orrect one 

of the defi.ciencie f · h arli r piezo-

le ric microphon ince he damping 

e emen in he new micr hon I pro­
tec e fr m ir n mi wh r a in 

th carli r on s the damping element 
beca m clogged after long expo ur to 
oil mi t an he r pon of h mi ro­
phon wa aff cted. Fur hermore, he 
r pon of the new microphone i no 

·gnificantl r affected b th in front 

f he iaphr gm. t can con equen ly, 
ed in coupler ali rati n with 

gase th r t  an air. 
As r ul of the of he standa d 

h limination of ny 

sio-nifican frequency-determjning ele­
m n from in fron of th diaphra m, 
this ne " micro hon an b u ed in 

tandar r cip o i y alibration cou­
pler and earpho e ali ration oupl r 

igne for t e type laboratory 

standard micro hone. 7 
Al hough he mi rophon an vi th­

and ound-pre sure 1 v 1 of 1 6  d 

re 20 µ �/m2 withou damage, pres urcs 
much higher than hi may ruin it. uch 

exces 1 e pre ure an occur if the 
microphone i in erted in a coupl r 

withou an ade uat pr ure release. 
Thi pr ur r lea e i u ually a mall­

diamcter hole in he o l r, which 
can be plugge f r he microphone 

I m er d. Bu some device hav e n 

buil 'vithou thi relea e, and these 
hould e modified befor u e with any 

of the e microphones. 

Electrical Impedance-Temperature and 

Humidity Effects-Cables 

The n min l impedance of he TYPE 
15 O-P5 :;\.fi rophone corr pond to a. 
capacitance f. , in ontra t o the 

-o p h i characteristic of con-
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den er microphon Thring to he lower 
imp d n of th new mi roph ne, i 
ou pu olta e i le a1Iecte b h 
conn c tion of a cable t han i h on­
den er type. The Y ria .ion of capaci-

ance with t mp ra ure i ho ·n in 
Fi ur 5. \Yith a �· -f c bl thi 
variation produc a ban 

ignal ' Itaa f onl r a 

d /0 • \Yi h a ver long cabl 
perature co ffi i n t incr a 
0.04 dB/0 . "'h the microphone i 
a h d dir ctly to the :PE 15 O-P-10 
Pr amplifier hi i eliminat 
The remaining mp ra ur co ffici n 
is hat f o en- ircui ou put Yoltage 

w ich is le than ± .0 1 d /0 . 
The n · tid of a cond n er micro­

ph ne i dir c t proportional to he 
ap li d d polarizing pol ntial, and 

he tabili y of h rn can th r f re 
be no b l er than hat of he polarizin 

uppl Yol ura e m nitoring of 
thi volta re i e ential for a ur nee 
that the . en iti\•1 y f th mi r h ne 
sy tern doe no hang . � uc pr au-

ion are no nece sary wi h h e  piezo-
elec ric microphone be au n lar-

121ng oltage i requir d. 
The hi h pol rizing ol a[J'e needed 

with the ond n r m i  r phone al o 
mak it parti ularl r he 
eff t of humidi y. If moi ur pro' i e 

a conductive p h for the polarizing 
v ltage a he microphone, h r ul i 
leakage urren 
noi e into 

ome m 
heat pro 

a uum- ube amplifi r ommonly 
u ed, he humidi a h microph ne 
terminals is kep b low the ambi n 
h umidi y and th a bo 

ffects of humidi y hav n n a 
widely b rv d a th y "vill be wh n 

May-vune 1967 

solid-state preampli£er c m m o en­
eral use. 

The eff t of humidi yon he piezo-
ele tri microphone are much 1 

riou , b cau e f h ab cnce of a 
polarizing 1 a and becau e it 

impedan i onl ·ab u ne-t n h that 

of a conden er mi rophone. I im­
pedance i ill relati,·ely hi h a low 

fre n c1e , howev r, and prolonged 
expo ure to ex r mely high humi i y 

hould be a.void d. If i i xpo d to 
100% humidi y for a ma t r of hours, 

ome lo in en i ivity below 1 Hz 

may o ccur, and ome increa in low­
fr quency background noi will ac­
company hi lo . 

'Yh n the piez I c ric microphon i 
u d a h e  encl of a long ·able wi h n 
pre mplifi r, the up1 r oun pr ure 
a t  which i an be u. d i not aff c d. 
Th Ji tor ion from a cond n r micro­
phon , how ,. r i aiTe d t he 
imp da c tha termina t i . If a ca bl 

i connec ed bet \ ·  en th conden r 
micr phone and a high-impedan · pr -
amplifier t h  di· rtion i gr a r than 
when the cond n er microphon works 

�4801--�-..---�.---------.-
<l �4600--�-+-����---��* ... 0 � 4 401--....--+---+--t---+ _ __,_-+-_--1,__+--1 
;z - 4201--..._-+---'-�f---l--+--F-4�+--r--!---t---I .... u � 400 
0 : 380!--�--t-�����-+�-t---r--t-�--1 <[ u 360��-+--_,,,.���+----,.----,.�-,---,----r--; 

320 
oo---�------������� -20 -tO 0 10 2 0  30 40 50 60 TO 80 90 100 

TE"' PERATURE I °C 

figure 5. Vari·ati·on of cape1dtance with temperature. 
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dir ctly into the preamplifier. Becau e 
of thi effec nd the ver r eriou lo 
in ignal le\ el tha r �ul s when a con­
den er mi rophonc i cd wi h a cable. 

h mi ophone is almost alway u 

directly on a pr am hfier . The T ·pE 
15 0- 5 Ii rophone. how y r an be 
u ed over a Y\: ·de range of ound-pr �-

ure level \Vith u 11 pr ampli fier. 

Dynamic Range 

Th low r limit a which ound­

pressur ca b m ured "'\Vi h h · ne\ 

micr phone is se by h electronic y -

t m u ed ·i h it and bandwidth of 

the measurement y em. This lower 

limit, when the rnicrophon i u ed with 

the 1 �51-C ound-Level '.leter r the 

1560-P4 Preamplifier i a out 20 d 

(C-\ '"eigh ed). \Vhen very low ound­

pressure level r to be mea ured and 
it i advisab e to po ition th b erver 
far from the microphone, the YPE 

560- 4 Pr amplifier · available to 

be used at the microphone provide 
he best po sible condition for low­

Ievel mea urement . 

The upper limi of linear opera ion of 

the microphone i t by di or ·on. The 
di tor ion in h lee rical outpu is 
le s than 1 % when the microphone is 
exposed to a ound-pressure level of 

150 dB r 20 µ_ /m2• The· ota1 dynamic 
range is hen abou 130 dB for C­
weighting , which is ignificantly larger 
than the dynamic range of on enser 
microphone 

Conclusion 
The haracteri .ic of hi new micro­

phone are o good tha th limi a ions 
on the accur c of a practical ound 
m a r m n wiH alrno t al ay ome 
from fac tors other than h ha vio:r 
of the mi r phon om of the e other 
fa tor tha imi accurac are h fol­
lowing: he eff c of th room; of inter­
ferin obj ct par icularly the obser er; 
of tra pickup; of am ient n ise; of 
the placement and mounting of be 
noise our f the mi rophon po i­

tio u ed · and of h par · cular space 

and time averaging technique used. 
Th TYPE l 5 - .� _ Ii rophon can 

u d in all th way ha h hi hly 
r spec ed conden er micr phone ha 
b en u in th labora or and in ' 

addition, it i well uited for use in 
por a bl fi 1 -t rp ound-mea uring 

y t m .  

Editor's Note 

Th de�i�n 
by B. B. B u r n 
La r ri and wa mple 
a the eneral R dio omp ny. 

SPECIFICATIONS 

Fnque_ cy Response: Typical response is hown 
in he ac ompanving plot. Devi tions of indi­
vidua unit from the typi al re pon are 
approximately ±0.3 d from 20 100 Hz 
and ±1 dB up to about 7000 Hz. 

Sensitivity: - 60 dB re 1 V / µ ar nominal. 
Temperalul'e Coefficient, of SensUlvity: pproxi­
matel · -0. l d /°C. 
lntemql lmp·edance: Capacitive· TYPE 1560-PS 
3 0 pF at 25° , nominal; TYPE 15 O-P6, 42S 
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pF at 25° nominal. Temper ture c fficient 
of capacitanc : .2 p /" over ran e of 0 to 
50"C. 
Enviro n m e nt a l  Eff e c t $ :  �!icrophone i no dam­
aged hy temper tur from - 0 to +60° and 
relativ humiditi f o 100�(. 
Term in a ls :  1\Iicr pho e fi :5-termin::il micro-
pbon or. For hum r duclion 
both mi rophon rminaJs mn:v b floated 
with re p c to gr un<l. 

Car t r i dg e  D im e ns i o ns :  Diameter 0.002 
in. (23.7 mm), 1 n th 1� in. (2. 

May-.June 1967 

00 

Net Weight: T -pE 15) -P5 2 oz ( 0 g); TYPt: 
15 0-Po, oz (0.3 kg). 

S h i pping We ight: TYPE lo ' -P5, 1 Jb (0.5 kg); 
TYPE 15 0-P�, 3 lb. (1.-! kg). 

Catalog 
1 rumber Description 

Price 
in U 

1560-9605 
1560-9606 

1 560- PS Mic r o pho n e  $60.00 
85.00 1 560- P 6  Micro p h o n e  Assem b l y  

One of our lighter-spirited publications 
suggests that, for a day-to-day check on 
sound-level-meter calibre ion, one moy 
hold the instrument at arm's length and 
say, in an even voice, "I. feel rather foolish 
talking to a sound-level meter," repeating 
this announcement daily and noting any 
variation in indicated level. Those who 
prefer a more reliable and less attention­
getting approach will be interested in GR's 
new Type 1 562-A Sound-Level Calibrator, 
a small, transistorized oscillator-speaker­
coupler unit designed for the calibration 
of most commonly used sound-measuring 
microphones and systems. 

EW 

FIVE-FREQUE CY 

SOUND-LEV.EL 

CALIBRATOR 

Figure 1 .  T y p e  1 562- A 
S o u n d - Level C a l' b r a t o r  in 
store1ge c a5e,. with s n a p - i n  

a d a ptors. 

l\I uch i o be gained from accurate 
cali ration of an acou tical mea ure­
ment y em. Th tt r h li r tion 

accura y the loser one can approach 
allowed performanc p cification , the 
more on i nt hi compari on meas­
ur ment will be, and th mo confi­
dence h can have in h · mea ur men ts. 

coustical mea urin instruments 
can be calibra d in many \\ ay . The 
simpl t procedur th amplifier 
elf-check provi ion for which i built 

into many eneral Radio ound-meas­
urin instrument . he other end of 
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�-VOLT 
BATT£ RV 

I 

tern 

BATTERY 

Cl(ING 
CIRCUIT �-

CHECK 
BATTERY 

I

START 

= 

th preci e calibra ion from 
TI z of a mi ro hon r ' -

an of th TYPE 1 - - -B Re­
ali hr tor.1 

the mo ·t ommonly p r-

ACOUSTIC COUPLER 

LOUDSPEAKER 
IMJ-'1> 

ie 
h 

Figu re 2. Dia­
gram showing 
principal ele­
m en ls of the 

calibrator. 

a n d  2 Ilz). 
d 10 

f orme calibra i n ha b en a im 1 h 
o r- ll .... y t m h ck at a pe ·ifi d 
fr quency, for whi h n ral adio h 
H ted h c mbinati n o TYPE 1.5.-2 

oun ,_L vel aJibrator nd TYPE 1307 
Tr n i, tor illa or. 2 Thi pair of 

one can 
re­

m wi hou i mi ro­
he microph n 

in d e an U ti OU -

r pon e. 
urmg 

m 

v 

ain a olid-sta 
acou,· .ic tran �cI ucer an 
coupl r all e n  1 cl in a 
hou ing onl • 21-i in h in iam 

or. The 

n-

5 in e ng. In n rmal opC'rati n it i 
placed ov r he micr ph ne f h 

y em calibra � nd th fre-
qu n y 
more of th 

tor '\\�it h i"' . to one r 
fiv availahl t ::--t fr u n-

1 •· R ciproci y Calibra ion for th \'£1· �OA and 
0th r llcrophon s," G tLeral Hadio E.cpernnenter. D -
c mh r 1 (j.1, 
t 1' •. E. Gro .. , "\n Improver! o ml-Lev l alibralor." 
General Radio Erp rm 11t r, .l une 1. .)5. 
1 Arnold P' rson, •• :\In11:nf>tic pe RecorciC'r for \C'ou. 

icnl, Vihr tion, nd 0 her .\11rlio-Freq11ency :\Ira ur -
rn nL ," """"ral R,.,,ho E.rp rim• ••t r, tu r 19t1G. 

r . 
The cali ra. r 

acce orv for he 
cord r.3 �o on] r 
pu be u d for y · 

a JU 
due 

w cali­
avail-

I c iv 

and to pro­
n tap 

D ETAI LED DESCRIPTION 

"h principa] l m n f h ali-
bra or are b wn in Fi ur ,.,,,,_ il-

ia tor drh- loud p ak r whi h n-
rat high- 1 el ac u �u ignal. in a 
·oupl r tha fit oi;· r h mi r ph n 

l cali ra d. ,he 1 c ri ·al ou pu 
h ·illator · l a a phon • 
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jack on the side of t 1e ca "brator hous­

ing. Thi j k i uil in tu ular 
nut which secur s the oute · hell of , 
the in rumen and whi h al o k1 p 
the calibra or from rolling off t ble . 

A he op of he calibrator i a r tarv 
wi ch an dial m ina. i n w · h sev n 

po i i ns: the fiv op ra ing frequencie , 

a batt ry- h ck po ition, and a PO' r­
ff po ition. 

Th,e Oscilla tor and Amp lifier 

0 

lD 

7i n-brid 
F lk .. 4 Th 

i tanc to 

ma1 ta.in illa-

i n. I ts time con an i hort no ugh 

o corr ct rapidl r for arnpJi ude varia-
tion , t Ion n ugh ausc li I 
di to ·tion low fr qu n i t op rat 
at a high temp r tur , in an e a ua d 
bul , to minimiz he eff e t of ambi t 
t mp r ur . 

The amplifi r u fo r 
in a single, dire upl d feedba .k 
loop . Enou h n ative f edback is u -

to hi ve a tr an f r chant ri ti that 
i ubstantially ind p nd n of tran­
sistor charact ri ti 

CO TROLLED LEAK 

TO ATMOSPHERE 

TYPE 15G2 

LOUDSPEAKER 

MICROPHO E 

U DER TEST 

Figure 3. Cross-section dr1awing of calibrator in 
pl<.,i::e 011 1%-inch-diameler microphone. 

M ay-..June i967 

The Output System 

Th loud peaker i a on rolled­
reluc ance magn ti ran u r with a 

ery low temp r ture coefficien and 
long-t rm ability prov n y y ars 
of uc es f ul op ra ion in the TYPE 

1 - 2 alibra or. imilarity '\'. i h th 

old r caHbra or end h wev r wi h the 
ou put coupl r, whi h i de igned to c-

ommodate he 1;/g-in h-diameter pi­

ezo lectric c rami mi roph ne n w in 
u e n thou ' nd of ound-1 v 1 m ter . 
Tw nap-in adaptor are provid d, 

n for h n w 7f 6-in h-diame er 
und-le 1- m t r microphon ee p ge 

3, thi i ue) and p L la 
s andard microphon u h as 

40 A, and the other for th %-in h 
microphone u ed "ri h h TYPE 15.51-Pl 

nden er :;.\1f icrophon tern. Figure 
3 i a ro - tion drawing of the 

oupl r in pl on a lYs-in h m i  ro-
ph n , an Figur h \V the coupler 
plu snap-in adapt r i n  place on a 
1 Yi 6-inch microphon . 

PRINCIPLES OF CALIBR TION 

Th l 56 .... Calibrator d v lop a on-
ound-pr l v 1 of 114 dB 

-F-· u-1-k,.-.-R�. . "Novt>I Fe dba.ck Loop tabiliz s �udio O ciUaror " Elecfronica, ol 36 o. , F b. 196�. A e.lla.ble 
from Gen�ral Ra.dio as Reprint -107 

CONTROLLED LEAK 

TO ATMOSPHERE 

� - INCH-DIAMETER 
IG 

ADAPTOR 

TYPE 15G2 

�OSPEAKER 

MICROPHONE 

U DER TEST 

flg1,1re <i. Cros$-Section drawing of ca11ibrator 
and adapto,r in place on 17i6-inch-diameler 

microphone. 

1 1 
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12 

the E pe · e ter 

+20 +30 
TEMPERATURE N °C 

re 20 µ�/m2 at each of fi ·e freque c·es 

(125 2.-0 500 1 0 an 2 Hz) wh n 

its acou tic c0up1er i plac d ov r a 

high-acou tic-imp da ound-m a ur­

ing mi r ph n . his 1 vel i e tab­

li h t n ral Ra io in t rm of a 

ca fully ma:ntained laboratory tand­
ard micr h n ( � -! _ _  \.) wi h a 

r r calibration d min d by 

recipro ity and tra a 1 to b 

ional Bureau of tandard 

The alibrator on tan ou pu 

v fr quency i in contr wi h the 

charac r ic of a sound-level m ter 

\.vhi h i de ign '·i h weighted fre-

quency r pon e n ··with 
in rnational tandard . Furthermore, 

the mi r phon u ed on m oun -
1 1 meter are adj u ted for a fiat 

r pon e to ound of r n.rlorn incid nee 

Figure 6. Typica l  vari­
a ti o n  I n  output vs 
altitude a nd a tmos-

pheric pressure. 

760 

114 

110 

I09 
0 

700 . 

-..........;: ,.... 

I 

' ' 

2000 4000 

60 
r,��z-,-J 

Fig u re 5. Typical and specified 
var;gfio n  i n  output vs ambie n t  

tempeirature. 

in a free field. 
e ac ly' hat n -1 v mete 
in icate wh n he calibrator i coupl d 

mi r phon , on mu t correct for 
he ran om-incidence haract ri 1 of 

the microphon and for th "r ight d 
re pon e of th ound-level-met r am-
plifi r. Th tio are mall f r 

l 

h bu 
into accoun 

n ded. 
corr are included 

m true i n man al for the cali-
bra or. 

l 

I 

ENVIRONMENT AL EFFECTS 

Th calibra 

I I 
+-+-

l 

e ta.b­
and an 

mm f 
ry v ltage 

a t ry 1 u ed), 

400 I -. 

z;H;°� 

- I �. 
- -

- I -

....... .... 
-
- ....... _ 

. 
' I . . 

T . . • - I 
c;ooo aooo io.ooo 

AL TITUOE N FEET 

� 
-

-

,1 250�"':: 
- ' 

� I 
...... 

-
I - I '- ..._ZOOOHi 

........ ....... -..... "1'... - 500111'. "" - 1 ..... ""-I ' . ....... I . IOOOHz� 
IZ,000 1'1,000 16,000 18,000 2.0,000 

IWJ.•,a 
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normal vana 10n in mp ra ure and 
barom ri pr ur will ha, e negligible 

ffec on th ound-pr level d v l-
oped. 1' :igure 5 ho\Y h i n I 
ou put ha, b the 
am i nt mp fr m 
23°' . 

arge chang 
due to a l  it 

a out h 

m ar m nc pre ure 
ha g a on move 

ry do pr u e appre-
1n o pu , bu even 

he e are g n r 11 
chang ha 

wi h 
duce 
red uctio in a 
fe l i ude 

anding 1 
3 dB (Figur 

. 
he 

M a y-.J une 1967 

maller ban he 
upler 
l'a n -

ure 

-E. R 

- appearC'd rn 

S PECIF CA 10 s 
ACOUSTIC OUTPUT 
Frequencies: 12-, 5 , 500, 1000, and � 0 
Hz,±' �-
Sound-Pr,essure Level: 11-l d r 20 µ� � /mZ. 
Accuracy {at 23°C and 760 mm Hg}: 

at.-; 0 Hz 

±0.3 B 

± . 5 dB 

other fr quencie 

±Cl.5 dB 

± .7 dB 

m 
to 

Pressure Correction: hart uppli d. 
ELECTRICAL OUTPUT 
Voltage: 1.0 y· ±20 � b 
Frequency Characteristic: ±2�. 
Distortion: <0. -c C· 
Connector: Ja k to a p tnndard phon plug. 
GENERAL 
Operating Envi onment: 0 o 50° , 0 t 100<;0 
rela i · humidi y . 
. Accessories Supplied: arrying ca , 
for 1�1 -in.- an 5A:-1n.-diame er mi r phon 
(fi 178-in. micr 1phun" withou n.d3.ptor ). 
Batt ry in lude . 
Battery� n c -\' urge P�f · t qui val n' . 
12 h ur u . 
Dimensions: L ngth - in. (1:3 mm); diam ter 
21 in. (5�mm). 
weigh : X t, 1 lb (0.5 kg); hip pin -l lb ( 1. 9 kg). 

Catalog 
- r1unber D scriplion 

Price 
in �1 

1562-9701 1562-A Sound-Level Calibrator $195.00 

A DIAL 1DRIYE FOR STEPPED OR SWEPT ANALYSIS 

Those who must specify acceptable noise 
levels and those who must follow such 
specifications ore understandably happiest 
when dealing with discrete values at 
discrete frequencies. At the some time, of 
course, enough information must be included 
for the noise to be meoningfolly described. 
Many people think thot the best approach 
is a stepped third-octave ana1lysis, which 
presents a significant amoun of information 
in an easily interpreted form. GR's new 
dial drive automo es the procedure and 
also permits no-hands analysis by the 
tradi.tional swept technique. 

l\Iod rn t 
quently inv lv a 
noi e pectrum 
at pecified freq u 
convenientl · mad 

1 
ma r m  nt 
frequ n 

an e 
au oma 

d for n i fre-
rem nt of th 

of 

z 
r manually or 
bo hon - t  n h-

l W. R. Kundert, "New Performance, <''-- onveni nee 
\; 'ith th ew oun and ibnnion Ana.I ·zer," General 
Radio E:i;perimenler, p ct 1 3. 
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1 4  

the[;JE)xperimenter 

F i g u re 1 .  Type 1 56 4 - P l  Dial Drive mo u n t e d  on 1 5 64 - A  S o u n d  a n d  
Vi brati o n  A n aly zer a n d  s y n c h ro n i zed w i t h  1 52 1 - B  Gra p h i c  L evel 

Rec o r d er .  

octave and one-third-octave band . ' or 

automatic op ration, i is u ed with the 

TTFE 1 - ..... 1-B Graph" c veL R rder, 

and the combina ion of analyzer and 

e ord r i available comp le cly a em­

b ed, as he YPE 1 9 1 1 -A Recordin 

ound and Vibration n lyzer. 

Recently a growing intere t 1 n  

tepped l"S-octave analysi ha pla ed 

new demand n many acoustical 

laboru ories. To adapt the i - 54 for 

automati pp d a w 11 a c ntinuou 

analysis, we now offer the TYPE 1 56 ' - 1 
Dial ive . 

The dial drive is es entially a device 

for automaticall moving h frequenc 

dial of the TYPE 1564 ound and Vibra-

tion Analyzer from one third-octave 

center frequency to the next, wi h 

adj u table dwell time at each tep. 
s a mat r of con enience, e dial  

drive also provides for con inuou rota­
tion of he analyzer frequency control . 
Th h om ina ion of 1 - 5  - Ana­
lyzer and 56 -P l ial riv pr en s 
three pos ibili ie : tepped %-octave, 
con inuou }3-octav , an on inuous 

71 o-octa ve analysis. The comp lete anal­
y is etup will of en also include a G R  
152 1 -B raphic Level Rec order, and 
here the dial drive also contributes to 
convenience by replacing the usual 
chain linkage between recorder an d 
analyzer with elec , rical yncbroniza­
tion. 
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CONTI N U O U S  VS STE P P E D  ANALYSIS 
on muou plot of the pe trum 

1 r h lpful in the eve luation of a 
nm e if the noi limit ifi 

a continu u fun n y, 
vhich can b p c trum 
chart o ch om t t 

od ( . g . ,  n d  A H-
R � :J • - :3 ) have t ried to implify h 

analysi proc dur b p cif ing ac pt-
nc I v 1 � in di · r  t· t hi rd-oc ave 

bands. 1 h elected 
of h band ar 
fer red 

1 

F i g u re 2 .  A step p e d  Y3 -od a1ve a n alys i•s of 
vibr at i o n  of d e f e ctive m otol'. D we l l time 
w a s  set al 1 0  w e con d s ,  full-s c a l e  l e vel w a s  
8 0  d B, a n d  recorder writin g s p eed w a1s 3 
i n ./ s .  C h art p aper is G R  1 5 2 1 -9460, s pe ­
ci' ally desi gned for stepp ed Y3 •oct a v e  

a n a l y s i s .  

m-

elud e 1 000 Hz 
p ced a bove and 

t hird-o ave t p . 

M a y -J u n e  1 967 

he fr quenci s 
low 1 000 z in 

\ ith tep p  a naly th p re e n t a-
ion for e c h  thir  o a ve i · a ingle 

r a.ding ha ui k ly c mpar 
wi h the r q ui r  m n of a code o r  with 

i m ilar r adin ak n a noth r im . 

Thi impl" fi a ion i achieved a t  h 
expen f m i f rma ion ; ' h re n e  

i s  not bo und by sp ifi atio , h n 

hoo ith r th ingle- alued ap-

p roa h of pp d a naly i r th de ail  

that o nly a con tinuou analy can 

p rovide . 
igure 2 3 ,  and 4 d i b b t r 

ha n can '\'Ord , th diIIerence b tw n 

Figure 3 .  C o n ti n u o u s  !f3 -octa ve a n ·a l y si s  o f  t h e  s a me vibr ati o n  a1 n a l y :z:.ed ' n  fi gure 2. 
Det a i l  is, greate.-, but !/3 - o cta ve l e v e l s  are h a .-der to rea d .  

Fi g ure 4 .  Con,ti n uous }(o- o c t a v·e a n a l y s i s  o f  t he s a me vibrali o n  a n a l y :r:ed I n  Fi g ures 
2 a n d  3 .  !N ote pres nc;e ,of •Compone n t s  no,t v i :5 i b le on broader- ba n d a n a lyses ., 

1 5  
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1 6 

t h  :;JE P ri m n r 

7 ,7-2  egr 
rati 

pr Vl 
p ul.e for 

tion f 
\ nal 

p ra ti n and al� 

15 .... 1 -
a l  

n 

f r a 

r e ond n d  

-d B p o  n -

n t  t h  h e  i n ,  

(Figur - )  ru n ning 

tha h m v · 

u 
1 3- c a • 

c u r  t ly -

he 3-1 o -

D ETAILED D ESCR I PTION OF TH E 

DIAL DRIVE 

The d ial ri,�c con. i 
m ' ·h i  ·h 

h 

U D l  . 
Th 

fr 

th c n r l unit.  

i n  t h  pr per q u 1 c 
oil of h m or adv o r 

J G . P r ridg , " A . impl \Ya�· to 'ynr.hron i z  l\l i;ro lie Tap \Yith it lo'!Cop Trace, "  Gt!neral Radio E.cp ri­
mente r, ctob r H l6G. 

r 

I a 

h -1 g ar 

z r fr  -

i nto 
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which causes he dial drive o m ov the 
analyzer o the ne }-3- band at 
ea h �-inch rav 1 of th r paper . 

hart paper 1 5.,,. l - p iall 
calibra e for th · a pli 

SUMMARY 

he YPE I 64-P l Di 1 rive rea ly 
simpli.f.ie steppe 73'-octave analy i 

M ay-J u ne 1967 

and p rmi v r to con inu u s  
73'- or 0-

he turn of a 
c 11 up n to mak 

hould n a ppr 
t ime and onven1ence 
of hi acce ory . 

u h  

- B . 

an ly i 
who re 
n ly e 

S P EC I F I CA T I O  s 
SlEP PI G CH A R A CTE R IST ICS 

S tep.p i n g  M o t i o n :  0 . 75° / p ·  10 
� oc av ; c ntr lied to tep in 
pulses = 3°. 

Temperat u ·re R an•9e : 
storag , - ·W 

iHum ldlty R a nge : 

t-0 5 °C ; 

from 1 5  14 n.nalyz r 
un ' r c r r \vith i r;put 

und �en.·itivit 
r rccorn-

P o w e r  Req u i red : 1 0  to 1 2. or 20 
li 'Z .  

Accesso rles Supplied : 
pow r r . par fu. 

odel ) or rack- up 

A ccess o r ies A v a i l ab le : 
order : 

1 52 l -9lf9 f r 

S y .n c h ro n i z a l i o• n : 

cor er in o h 
rap hi Weig ht : h iJ  ping, 36 lb 

Catalog 
Number 

11 564 - 9'77 1 
1 564-9772 
1 52 11 -9460 
1 52 11 -9469 

c n inu (1 . - k ) . 

D scription 
1 5 6 4 - :P l  D i a l  Dri v ·e, Bench Model 
1 56 4 - P l  D i a l  Dri ve, R a e  Model 
Cha rt Paper (stepped mode) 
C or1 P a p e r  ( c o nti n u o· u s  mode) 

Pric 
in U A 

$ 7 2 0 . 00 

7 2 0 . 00 

2 . 7 5  

2 . 7 5  

OSCI LLATO R  FOR AU D I OMETER CAL I B RATI O N:  

ly 
m 
of 

" ith h 

omm nly u 

rd 

Il I 
monrr 

the freq uen i 
ba ed on 1 2 -
1n pecifi a 
In i ute . 2  

th o tav 
d 

1 E. E. Gro . " A  St n rd a.rphon Coup! r for Fi Id 
Libration of . udiometer , " G neral Radio .z:peri-

1'1U'nt .. r, 0 tob r l 66.  
� meric ti tandard p ci/ication for' Gen.t'ral Dia(Jnowtic 
Purpo. s, Z£ .6 - J 95 1 ,  ta.odards l o  ti tu , 70 E.  

5th t . ,  • ' e \  ork , . Y. 
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1 8  

t per · m n t  r 

The 1 3 1  - is an all-solid-s ate, 
illator, which us x-

ten ive f ed back o a t in 
v ry low d '  r ion ( ypi ally under 
0 . 1 %) and h i  h degre f ampli ude 
and frequen y tabili y. 1 xcept for i s 
outpu fr q is iden i al o 
the YPE c illa tor, 
d ri d in · r l  2 
i ue of the 

S P E CI F ICA I 0 N S  
F R E Q U E N CY 

A c c u racy : ± 1 
Frequency Sta b i l i ty : 

fteT w rm up . 
S y n c h ro n b :a t lo n :  'I l ph ne ja k 
e. ternal ·n ·hr n i z i n  ignul . 
is abou ±:{ 0 for 1 -V rm r 
A ntr I " n be u <l for pha 
O U TPUT 

P o w e r : 1 "\V int  
least o.; \\r in 
m H  a nd kn).  

mat h d lo 
a n y  r ·istiv 

I m p e d a nc e : 11. w n 
lm d ,  d p nding on � nt ol 
c i rcuit is i ola d from groun . 
A m p l it u d e  Sta b i l ity : Be t r han c.· long ter 
0.0 1 , � l r rm, ypi · 1 af r warmup. 

O utput c h a r a c t e r i sti c s .  

I-::> a.. � -l f--�-+-��+-��-+��-1-
0 

0.05 0.1 0.2 0. 5 I 2 
FREQUENCY - Hz 

5 1 0  

S y n c h ro n i z a t io n :  
mphtude, 1-
i l l  cop , c o u n  

ping. 

constant­
v·i  h o -

l in  ar 
ov r 
h o  rt 

.003 -/ of u tput 

T rm i n a l s : ara 
ro nd t 

can b m 
p t .  
P o w er R eq u i red : 1 05 to 12;' r 2 0 2 V, 

40 Hz. 22 \Y. 
A cces s o ries S u pp l ie d : TYPE -22 P wer ord, 
par fu 

A c c es s o r i e$ A va i l a b le : Rack-rnoun in 
5 v i n .  hig ) .  

t (p n 1 

M ec h a n lca l D a t a : nv rti l -b n h abin 
D i m e n s l o • u  ( wid h X h i h X depth ) :  X 
X 7 :11 i n .  (2 5 X 1 5- X 2 0 m m ) .  
W i g h t : _ � t ,  lb (2.  kg ) ;  hipping, lb 
( -1- . 1  kg). 

0.4 

� 
z 0.3 
Q 
I-0:: g o.2 
U> 
0 
� Ir 0. 1  
� 
:::> 0 0 

0.05 0.1 0.2 0.5 I 
FREQUENCY- H z  

2. 5 1 0  

Catalog 
J nmh r De. cription 

Price 
in U A 

1 3 1 1 - 970 3 
1 3 1 1 - 9704 
0480-9638 

1 3 1 1 - A U  A u d i o m etr i c  0 '5 c i l l at o r ,  1 1 5 volts 

1 3 1 1 - A U  A u d i o m et r i c  O s c i l l a t o r, 2 30 vo l t s  

480 - P 3 0 8  R e l a y- R a c k  A d a p t o r  S e t  

$ 2 3 0 . 00 
2 3 0 .00 

7 . 00 
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f!J!M 0 

v: 
• 

· ·- -DECADE RESISTO RS 
Two six-dial deca r have 

been add d to the 1 434 erie . The 
1 434-B ( atal g To. 1 434-970..,) ha 
a to al re i t nee of l, 1 1 1  , 1 1  hms 

and a minimum p r- ep resi ancc of 

SOUND -VI B RA TtON 
A 00-f o xten ion cable ( 1 560-

P72B) is now availa le for u e between 

STRO BOSCO PES 
The inexpen iv 1 53 

when coupled w] h h 
elay and b e  1 :-3 -

Pickoff, is e n ouo-h ro p for mo t 
p ople who "Tant onl to look a or to 
photograph obj ect mo ing t high 

COAXIAL 

Erratu m 
1 igure 3 ,  page 9 ,  of he A p ril 

Expcrim nter, th ca e of the 1 93 

M ay-J u n e  1 967 

0 • • 0 0 I 
-------o-:� ' iW 

• • • • • 

- - · - -'- ., _ _  
- - .... 

·-- --- --- ---

1 .0 ohm. The 1 434- r (Catalog To. 
1 43 -97 24 )  ha a total 1·e i tan of 
1 1 1  1 1  ohm , a mini m um per- tep 
re istance of . l  oh m .  P rices in 
are 1 5 and . 1 1 6,. r pectiv ly . 

the 1 560-P40 Preamplifier and a micro-
phone or analyzer. atalog o .  i 
1 56 - 7 7 .  Price in .. , ..... 9 .  

spe d and who d o  not have to measure 
peed . or ea y or ring we nov,• off e 

the ombina ion of all hree it m as 
he 1 53 -Z :\Io i n Analysis and 

Photography et. a alog o. is 1 539-
9 00 for 1 1 5-V tem , 1 - 39-990 1 for 
230 . Price in \. is 35.00. 

An adaptor is now available b t een 
ur two oaxial conne tor crie R9 0 

and R 7 · .  The 7 -Q OO L dap r 

contain a - B connect r and a · 

locking R 7 4.  V \.Y R is typi ally 
under 1 .04 to 9 IIz .  a alog u mber 
is 0 74-9709 . Price in A i 5 .  

d cade transformer hould n o  h ave 
bee hown c nnected t th - 0. l tap .  
I n  thi ctup the - 0 . l  tap · not u d .  
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2 0  

E p r i m n t  r 

G E N E R A L  R A D I O  C O M  A N Y  
W E ST CON CO R D , M P. S S A C H U S E T T S O l  7 8 i  

DO WE HAVE YOUR CORRECT NAM E  ANID ADDRES S - n a m e ,  com p a n y  

or o rg a n i z a tion, d e p o rtm ent, street o r  P.O. box, city, state, a n d  z i p  cod e ?  

If not, p l ease c l i p  the a d d ress l a b e l  on thi s issue a n d  return i t  to u s  with 

corrections, or if you p refer, write us; a postca rd wi l l  do. 

General Radio s :flee f traveling 
exhibit ha a n w flagship a pacio u , 

air- ndi ioned ortez ou fi ted with 
operating disp]ay of GR in 
Th new an will  roam th 

southwe tern regions of h 

Other G R  " road how " trave l  y 
pecially equipped station wagons and 

WH EELS OF PROGRESS 

are et up on invi tation in or n ar 
indu trial plan and lab r t rie . 

ur line f acoustical in trum n has 
RA I L  (G n ral 

I rum n Labora-

tory) . I E u r  pe , \VO J\Ier, ede van 
rui the au obahn for n ra] Radio 

(0 e seas) . 

G E R A L R A  0 1 0  C O M  P A  v 
W E S T  C O N C O R D , M A S S A C H U S E T T S  0 1 7 8 1  
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