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THE 
-SOME 

NEW WAVE 
OF ITS 

ANALYZER 
FEATURES 

• SIN C E its announcement fi \'c years 
ago· , t he TY-.'~; 636·A Wave Ana lyzer has 
been applied to II wide varic ty or uses. 
Whi le the majority of these lu:tcrodrne-
type analyzers arc llsed in the e lectrical 

oommunication field , industry in general hag (ound them useful in ana­
lyzing noise aud olher mechanical vibrations. Specific uses range from 
the study of brain wales 1.0 the analysis of airplane vibrations. The ex ­
perience of nearly fi ve hundred users wit h lhe older model, pillS consider_ 
able research work on 
circuits and circuit ele­
ments, has made it 
possible to design a new 
instrument, wh ich not 
onl), makes the meas· 
uremen ts thaI t he ol(ler 
modelmude, but makes 
them 80 much more 
si mpl y and smoothly 
tha t its performance is 
qualitatively entirely 
different. 

The principle of the 
heterod ) ne allalyzer is 
well k.J,0\\ 1l . As with the 
comm on superhe tero. 
dyne type or radio reo 
ceiver, tuning is accom· 
plished by mea ns of a 

-1.. 11. ,.1., ... ;",1 ..... ~W.v~An.11· 

.it, •• £..(H'I_. Ju ..... J"I,. 1933. 

Fll':uRt: 1. I~and view or til'!: TVI'I! 736·A Wave Ana. 
Iper. The "one! is nandard 19·il>clo n:lay.rack wid lb. 
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GENERAl RADIO 2 

fixed·frct jlH'lwr fillf"f and a (rcquclIC) 
(,hanger. as jnJicatCl1 ill Figure 2. 
Si n('e this principle of opera tion is lIs.cd 
in both ,uorlels. it is neN!~arr 10 con· 
!<ider rome o f the CS5(' nl iul detai ls of the 
design in order to appreciate the (ICb"TCf> 
o f improvemen t ohlu inctl in lire new 
instrument. 

Perhaps the most important change 
is that malic in the crystal filterill g s)s, 
lem. At the l illle the firs t lIualrzer WIIS 
designed . lillie informatiC)n was 8\' 011 · 
able 0 11 quartz cr)stal filters. It ,,"'us 
kno\\11 that cf}'stals hSll s8tisCactof) 
frequency and tlumpin g c!ulractcristtcs, 
Iml whether serious chan ges in these 
charac teristics wou lll occur I, jth dlung. 
iog exlcrlllII cond itions. such as humid· 
ity ami age, was 1101 cerlain. 

When on ly a si ngle cr)stal is used, 
!light changes in t he chararteris lirs are 
of lillie cOlIscquence. but \\ ith t wo (· rys· 
tals (which were necessary in the \\I)\'C 
a na l)Zer). any drift in fre(I Uency of Olle 
unit ",ith respect to the other would be 
quite serious. 

III order to avoid the effects o f agi ng, 
the ('f)SI,U\S were :"'Tolillil 10 hal'e t he 
same frcqucfl(·Y. bUI ooe of the cr)i! la lilo 
\.a8 made 10 hUl'1! a t:nnsidcraIJI~ higher 
(lumpi ng Ihan till' o ll1l'r. Thei r I"om· 
lJination r(,6ultc(1 ill 1111 o,cr·a ll charac · 
terist ic .... h ich .\ould he li tt le cha llged if 
the cr)s t lll~ shifted h) a fraction of a 
r~de ill fl'("qucnc~ or if the (lam ping 
cha nged. 1\lIholi gh this arrlmgcment .... us 
adequa t(, 10 i'lirninal e the cffc('u of 
aging, il n'~u lted in a resl)Onse cun 1.\ 

\\ hi('\1 .. 1t!1 IlII ne~·I·l',.ar il~ :o.harp 111111 

wh ich made tuning 'cry critical; slight 
cha nges in frC(luenCr "ere !'uffieif'nl 10 
cause dctu ning. 

Experience hilS s.ho,,·n tha t humidity 
is lJy far the m OBt im portant fll e tor 
affecting cr}s.tal sIIlLilit)'. r ibralion 
tes ts ha\-!! ShOllll the mou lltings to he 
less erili"111 th:lIl hat'l previousl y bel'l! 
be lievcd . Conseque.n tly, tile cryst als, 
when herme tica ll y sea led in their mount · 
ings. ca n be regarded as fi"e(1 elcllll'illl!. 

With these results as a starti ng l)Oint , 
three (' rp;tals were combinc,1 in a fl at­
top filt er . As a preliminary step, 1111 ex· 
haus t ive series of measuremellt s was 
made of cr) 81al transmission and hand 
\l idth 88 functions of tl'rminai illlllCtl. 
lUlce·. From the resulls, the schematic 
cireuil Liinb'TIllII o f Figure 3 was det t'r. 
miner\. Accurate knol.ledge of theS(' 
equivalent circu its led to a prnclil'ul 
filt.er (](,'"s ign in .... ·hieh the damping 
fllclors and frequencies of the "r),stIl18 
eould he imli l' iduull y adjusted by trim­
mers a lill ('ombined in H .... a) "hich 
gi"es the fl a t -top cUrl'e of .Figurc I. 

For the lI~r. this CUrie is of pract ical 
importlllll 'c in sc l eral WI\)S. Tn the first 
place, it is unnecessar) LO lune III I.' 

O5Cl1101 0r fM an e:l.acl maximulIl . The 
rt.'!! I}Ollsc is fl ut ol'er a band of ahout 
four e} "lell, so t hat "hen the dial is 
adjusted for a n a ppro:l.i ma te maximulII , 
the ll l' fl ec tion is ver} dose 10 Ihat cor· 
responding 10 t l ... true l)Cuk. When 
this has been done, the (' ir('u it relllains 
in tunc 80 thaL the e ffeet o f variou>l cir­
cu it ,>ha nges 111)011 harmonic ampiitudt'S 
l'an he II tml icJ wi ll10lll con tinuous all. 

0,",- D .... "'~''''''''. ""eo'e ,1 .... ,,11 .. ,' in ,1 .. ,.;II""r_ ,I .. 
J""". 1938. C;o."'en ',,", " I II .. ' ".,,,,,,~ " r n.d ... I-;~. .. ...-.. 

FIt:LK~~. F"" ... i.-.nal ... ·Iornln li(' ,lingrllnl ehm.·ins: .10(: I'rineil'l<:$ of vl>erali.)t1 of lilt' 
"HV", D"III)'7.er. 
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3 EXPERIMENTER 

FIGUHK 3 (bduwj. Siml,fillet! equi valent 
circuit of the three_elcetrod e 'Iuurlz crys. 
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FIGUHK 5 (aboL'f? rig/II ). Il Ci1ponse C""' C8 of the old anti new anlllyzcl"$ for fre<l'letH:ics oU lside 
the normal pal!!! Land. The discrimination to ""wllnled fr<:'l'wm;ics is greatly irnr.ron-d. A I 60 cycles 

ofT n:&om",ce Ihe re;;IKmM! i8 0.06 % Oil the new unit, O.2 <;{, on t.e old. 
FIGURE 4 (below). nCS!)()n~ curVe! nCar rCilQllance for the old and new .. ave ana l )zcr~. The 

"flat-lol" band of 3 or 4 cycles makes Illning; ",ncb leOl8 crilkal. 

• , • 2 0 2 4 , • 
~ ___ r-__ -t ___ + ___ C_'t'C_'-;;'>S_O_'7iIc-R_ES_O~U 

g ---,-~ -t------+-f-h \ ,)\-\,-".,1---+----+--I 

o_ ~ -+ 

J / :/ 
~ --+: l/I 
~-'-~ I 

\ \ 

---
FIGURE 6 (bel",,·) . Thl"()(:·cleclrotie quar lz crystal fdler cielll('''18. These q"arlz bllrs lire plate,l 
with OOPI>er and gold to provide cit'Ctrooeil, and arc mounted by fell iu II ellSI aluminum frll"'e 
which servetl liS a suppor t and al&O pro,' ides acouatie bame~ al the end~ to prevent damping. 
Tbe aluminum eutings are mounted in sponge rubber within a sealed eaal-aluminum bousing_ 
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GENERAl RADIO 4 

jus llllenl of the tuning controls. lu the 
measurement of dis turbances which are 
not of 00ll1p1e te ly cons tant pitell, this 
feature is particularly important. 

Que example is tbe analysis of the 
sound or vibra tion coming from ro tal­
iug machinery, gasoline engines. e tc. An 
airplane engi ne in fli ght is like ly to vary 
by about ±O.5% in speed . T his meaDS 
tha t a frequency of 100 cycles will oo,-cr 
a baud 1 cycle wide and 80 can be meas· 
Iltcd with perfect stability by the 
analyzer. A component having a fre­
quency of 400 cycles will cover a band 
4 cycles wide. Ilnd th is ca n be observed 
""jth an accuracy of about 10% . Higher 
frequencies CRn be recognized, bUl their 
measurement ill uot accurate . With the 
older type of analyzer, frequencies Il il 

low as 70 crelcs would give Bn unstable 
defl ect ion under the lIame conditions. 

In addition to the improvement in 
t be crystal filt er, tbe instrument bas 
been made a-c operated. Tb.is \\ B.S by no 
meanll a routine problem, since tbe de­
tector tubell ill t he analyzer are peeul. 

• 

i . 
i 

., 

• 

l ....... """ ... , ... 
FICUHR 6. Hdlulu of nleUUre ltlellU .. "uJe 
",;th t he TYI'K 736_A WII" e t\n ll lytcr Oil II 
phonograph record of a ifll tll ue lI()i~ (oollr tdly 

Douglall .t\ircraft CoIl1IIIWY). 

iarly susceptible to hum. After lIluch 
experimentation it was found necessary 
to supply the heate rs of several of t he 
tubes froUl rectifi ed dc to a \'oid this dif­
ficul ty. Similarly, the de tectors follo \\ ed 
by a high-ga in ampl ifier and voltmcter 
tube madc careful voltagc regula tiou 
necessary to provide s tability pud to 
avoid power supply oscilla tions. 

Oue inuovatiou is the input circuit, 
whieb contaius a degenera ti ve: ly a r­
rauged phase-un'crter tube to lIuppl)' 
the balanced voltage needed (or tbe de­
tectors, This eliminates the tranS£ormer 
"hieh in the older d -e opera ted analyzer 
was likely to introduce much more hum 
than is found in the present a-c unit, 

F leURE 7. Lllerua l " icw o f allll lpcr showing 
Ihe mecbauical coustruction. Tbc amplifier 
(~ho ... n 111110 li t tbc righl ) i. of lo .... imlletIIl IlCC 
aperiodic design: the older Iype induct i,'c 
coupl ing lind IrillLlllcH src uotaLly abkl1 l. 
T he pllrl.8 a re rCM ..Ji ly MccC88iLlc. The OIICillator 
i8 of much more rugged dellign. which ruini . 
ru ize!! {retIUCIiCY ..JriJI.8 IlrC"ioualy t rouLtCllOmc. 
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AnOlht:r impro\'ement which will be 
appreciated by users of the older instru · 
ment is Ihe virtual elimination of any 
nccessity for accurate balancing of the 
detector ci rcuits. 

The General nadio calibration labora. 
tory puiS all lIew instruments through 
exnggerateJ ly severe tests in order to 
check their reliability undcr service con· 
ditiOns. III line with this policy, one of 
lhe new 8nal)zers was packed in its ship. 
pillg case and dri\ ell aroulld for 6C\cral 
days ",ith particularly rough handling in 

5 EXPERIMENTER 

a delivery truck. Upon its return to the 
laboratory it was unpacked and kept in 
a humidity chamber at 90° F. aud 100% 
hwuidity for about eight hours. The in. 
strument was thell tested before it had 
a chance to dry out, aL\d it was found 
that after II 10% readjustment of the 
gain control (,\bieh is a oormal pro· 
cedure in using tbe instrument) lhe op· 
eratioll was normal, and the crysta l fil. 
ter was not affected. 

- L. B. AKGUBfBAU 

SPECifiCATIONS 
Fn.ulnc, Ran.e : 20lu 16.000 eyciell. 
Sel.ctl.,ly: Approximately 4 eyelet " nal 
top" baud width. The reeponee ie down 15 dLo 
at 5 cycl~ 30 dll al 10 eyclC.II, 60 db at 30 cyelee 
(rom the peak. The a.electivity is 00116111111 over 
the frequcncy nnge. 
V 0 It II' Ran •• : 300 miCl'Ovoltl til 300 VOltA 
f,,11 &calc. The lowClit divir.ion on tLoe meIer cor· 
re8I'Ond.llIO 10 "v. The over·all rallge i. divided 
into rllur major ranges: 3OO"v- 300 mv. 3 mv-
3 v, 30 rn,.....30 v, .3 v-300 v. Each of tilOlie 
raUl"" i. divided into seven ecale raujI;CII; for 
eumple, the.3 ... -300 v range hu the (ollowing 
full.-ale range.: 0.3 v, 1 v, 3 v, 10 v, 30 Y, 

100 v. 300 v. 
Direct.readil,", decibellCalet are alto provided. 

VolIl., ,lccurlC, : Within ±S% on all 
rangce. SI'UriOlU vohag611 (rolll higher order 
OIodullltiolll'rodliclI introouced hy the dete<:L(.r 
lire "uppree&ed by at lean 70 dlJ. Hum i.ll 8Up. 
prdeed by III leut 75 dLo. 

Input IlIIp,d' lc,: On" met;oLoOI when u.oo 
(OIl direct ,'oltage meuurement.ll. When u.lled 
willi the inpuL potentiometer it is a,'prolCi. 
matdy 100.000 obm.\!. 

,lcurlcy of Fr.quency Cillbratlon: ± 2 0/.,. 

VICUUIII Tub" Required : 
3-'I'yl'" 6C6 1- '1'11'" 6CS 
Z-'I'ype 6K6G L- 'I'YI'" 6XSG 
3-Tnw: 617 1- 1'YI'" 6FSG 
I- Type 688 3-Type T4}Al lle<ln laOiII. 
ThHe arc Jlupplied with the ;1l8lrumenl. 
Pow. r Sup ply: J IS·voh, 40. 10 6O-cycle. 
vacuum-tul.le voltage regulator included. A 
cbaolSe in the JIOwer tnlO~ r()<'m,.r oooocetiou 
perllut.!I tbe use ur 230 voha. 40· U) 6O-cyvlCl!. 
MOil 11 t I a I : Shielded oak caLoinel. 
Olmenliou : (Width) 19,!-i:.r (height) 2S~ 
s (deptb ) 10~ inchCII, over·.U. 
Ntl Wtilhl :8S l'uullds. 

" w 
Cotklr'ord Prioo 

736-A 5640.00 
Thl. ,a .. ",_.;' .... .....,. ...... -.I..,.d -.I ... 0.10. r"l1"""", lI .. h ... s... ... I' .......... ~ 1;""- "'1""_ ..... , 
I. I' ....... or 0.10. A_,luo T.lopt..- .... T"'.,I" C_P'.1. 001.11 r"" "tiliN ..... 100 '_1'<10. i"~'l.il>_. _"'_'. 

_;:-~.I::N:'t'sU":'.:; ..... r--< ....... 1 ........... "tl..ol ......... '-hod"" lood ........ l aood -.1 ...... ,., 1.10. 

J. r •• _ ..... t •• l.llS. 

FIClJMK 9. TLoe iuput 'Yitem hu ~n de,.igl.ed 10 !Irovide a "ilie ,·ohage rllnse. Full-.IICalCl 
raoge.llre (rom 300 IIlic.ro,·olu to 300 vollJl. The ,n".IICllt mClcr dh' iNon l"()rrciljH)u!h to 10 micro· 
volta. The over'lI lI u.n~" ill t.!ivided into lO)Ur parL.ll, .llClecLed by meau.ll o( the , witch .hown at lhe 
Icft . EacLo uf th CllO major range& i~ divided inLo 1Ie,'en lleil le rangeA by mellll. nf tLoe ""i tch at the 
right. For cnml'le. the 0.3 v - 300 v tllng" haa Lhc follo,,"iuS (ull·Ie.I" ranSes: 0.3 v, lv, 3 v , 
10 v. 30 v, 100 v, 300 v. 

The newly developed W~tOrt TYl'1I 801 r-telcr ..... ilh iliuminUlet.! kilic iA lllied. Tbe .nain 8CIIICII 
arc linear, but a direct.rcading decibel &CII I" i. alII() provided. Au ahern.te iuput circuit colllli~ting 

o( • 100,000 0 potentiometer i. provided lor direct.reading I'Cl'1:eotage meuuremelllJl. 
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GENERAL RADIO 6 

HIGHER MODULATION LEVELS FOR THE TYPE 
605 · 8 STANDARD· SIGNAL GENERATOR 

• MOO U LA T ION lip to 80% is pos­
sible II ilh the lates t '1'\ I'e 605-B Slant!· 
ard_Signal Gencralors.. Current models 
are eq uipped for intcrnalruooulalioll at 
400 cycles or for eX-lerna I OlotiuillliolJ be· 
tween 30 a lld 15,000 cycles, up to 80%. 

When the 400-cyd c internal OlIci liator 
is used, lhe total eu\'clope dis tortiol) is 
less thun 3% lip to 50% modu lation, 
amI bCl\'t:CD 5% ami 10% III 80% mod· 
ulation. 

Pro, i,. ion is also made for obtaining 
IllOtlulation IlCn::cntages of 90% and 
100% . a lthough, at these higher levels, 
tliSLortion may be serious. 

The internal iUII>ctia nce at the ex­
terna l modulation terminals is 4000 

ohms. J\ pproxilllu lcI)' ,~ vol ts nrc re ­
(Iuired for 30% modulation aut! 12 
... olts for 80% . 

Older '!" 'PE 605·A or TnE 605· (j 
S lanc1:lrd_Signa l Generators Cll n 1,e COli ­

\'crled for these highur moouial ionle \<e ls 
at a charge of S 10. This includes the nee· 
cssary changes in the audio oscill ator, 
the externul modilialion filt er, aod 
the audio.fre(llIc ncy vacuum-tubc \olt· 
lIl{'ter, us nell as the insta llation of a 
!lew sell Ie 011 Ihe percent age modulation 
!IIcter. 

W'ltell ollly exlcrllIll mor/II/mioll is to 
be Il sL't1 (1/ len..-Is UOOl'C 50%. it is possible 
ror Ihc uSC'r 10 ins tall II IIcn scalI! 0 11 the 
l.lCrccnl.age 1II()(lul a tiOll ruetcr 1111(1 re­
calibra ll! tim auditl. frcllucncy vllcuum-
1lI1)C "olt meter. follon iug din.'ct ions 
giH~n in the ins lruction manual. IHter 
this is dOllc. cxtl!rmd moJuhltion ca n 
be used over thl! iill lll l! rangc liS in the 
ne w instrulllents. 'I'll(' internal 100· 
cycle oscillalor, ho\; cver. \; ill not !'> lIppl) 
8uflieicn t l)Ower for modulation :lIJO\'c 
50% wi thuut thc ex tclisive IIlOflifica liOIl 
specified a bo\'e. T he !len me ter scale 
ca n he supplied for 65 ccn ts. No change is 
necessary in the me ter mo\ement itself. 

Listed below arc all the chan ges 
\; h ieh ea n he made 0 11 older mooels of 
Tn'~: 605-A or TH'E 605-11 Standard· 
Signal Generators. 

(;11(1,,/1(' Price 

6OS.A 
6OS. A 
6OS·A 

Of 6OS·8 

---:--:-( I) Atldi tioll of 1'\01, 001 1"11 jad. . . 
(2 ) r\e" m.lI. beari llS: coIIJc,,;oer ulld gCllr .tlri, e dial 
(3) 80(,(, ) 1 .... 1,,110 1;0" . . ......... . ..... ~ ..... . 

$10.00 
60.00 
40.00 

'M hell cllIll1l;e.l (2) an,l (3) arc mad!'. a l Ihe 6ame lime. Ihe l, ri(.'C iij $90.00 for the oombinwlion. 

BeJor,· re lumin:; in. lru menl ~ rur mOOificalion. wri le to 110 .. Service UCI.artmcnt ror Shil'l,ing 
;nelructiu lle. 
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1 EXPERIMENTER 

VISUAL· TYPE FREQUENCY MONITORS 
MODERNIZATION OF BATTERY MODELS 

eEFFECTIVE December 15, the 
price for cOIl\'crling hUll cry -operatcrl 
hroadcast freque ncy Illonitors (Tn'Es 
575·'0 and S81.A) for {I-C operation will 
he 52 10. This increase in price is hasell 
on aclual cosls of modernizing these in­
struments during the past two yea rs. 
The increased age of the monitors neces­
si tates more millor repairs and replace. 
ment of small part s than were contcm· 
pllllcd ..... hen the former price· WIlS se t. 
III addition, extensive changes lIlade ill 
the instruments hy operating personnel 
have made complete flisassc mbl y II 

nCCCSSllry part of the recond itionin g op­
era t ion, 8 S have the heavy deposit s of 
dust resulting from lack of prOflCT main· 
tenance. 

The reLuilt instrumen ts wi ll carry the 
sa me guarantee as lIew equipment. The 
quoted price will include minor repairs 
not. strictly a part o f t he reconditioning 

operation, lHlt necessary major repairs 
wi ll be subject to add itional charge lit a 
fair rIlt e. T he ti lllC required to do the 
work "il l Iw bel ween l en days and 11"0 

weeks. 
When. in additioll to this work, a 

new T\'PB 376-L. low-tem pera ture-co­
efficient. qUIII· tz plate is installed , the 
lotal price is 5270. 

T he Federal COlll lllun icatiolls Com­
m ission wi ll granl. 11 permil to operal.e 
a brondl"lIst ing station for a period of 
30 days "ithotl'l II visulIl monitor, pro­
I·idcd it is staLed ,hat the frequeucy 
monitoring equipment is hei llg returned 
10 the manufacturer for modification 
and ca li hrat ion. It is, therefore, essen­
tia l that the permi t be gnlllted before 
the equipment is returned tn us. 

Before return ing ins truments for this 
modifieatioo. write to the Service De­
partment for shipping instructions. 

- 11. H. DAWES 

MI SCElLANY 
• W HEN meleors sudden ly leave II ig­
gly tra ils on the photographic reoord of 
t he ir course. Ihat's headline news t,o the 
astronomical "orld. But Dr. Fredcrick 
Whipple of the Il ana rli Ohs.'!rl'ator). 
who not iced Ihe phenomenol! ill II series 
of new photographs he hlill laken. hel,1 
lip the s tartlin g an ilouncement whi le he 
dleckcrl his e3 J1Wra "i lll a General Hall io 
St robOlae. 1 f t he mot ion rel'ortlell on the 
film "ere real, the meteors 100 miles 
away were sidesteppin g llbn,,1 fifl('t!1l 
feet. But meteors ha\e all,'up; gOllc 
ahout t heir business in a more orrlcrl) 
" ·a),. Dr. Whipple suspected his ell"ip­
ITwnt. By plac ing a white dot on the 

ca mera bo,- alld fla shing it wi lh the 
Sirobo lac. he diSCOI'cred Ihul the ca m­
era, nol the IIICleor. lIltS osei lhning at a 
rate of sixteen times II. sceoilli. The dif-
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GENERAL RADIO 8 

ficulty was traced to the motor in the 
camera set-up. Again the Strohotac to 
the rescue of science. 

T hat's not the end of the story, for 
Dr. Whi pple realized that the distance 
between the wiggles was all accurate 
meteor speedometer. The speed with 
which meteors arri ve gives the onl y pre­
cise measure of upper air resistance and 
may be used to trace meteoric paths 
back to interstellar space. The astron­
omers used their misfortune 10 double 
the number of timed meteor trails pre­
viously known in all the observatories 
of the world . And that is beatlline news. 

• R E C E N T visitors to the Gen. 
eral R adio plant include: Dr. Giacomo 

Segre. Chief Engineer of the General 
Electric Company of ~'liJan ; Major E. 
H. Armstrong of Columbia Universil}' ; 
and M r. Barry Sadenwater of R C.A. 
:Manufacturing Company. 

• A N a VEL USE of tbe General 
Radio TYPE 759-A Sound-Level M eter 
bas been in judgiug the noise produced 
by the varions fraternity floats in the 
annual Noise Parade durin g the Home­
comin g Celebration a t Oregon State 
College. This year the first three entries 
produced levels of BO. 106, and ]03 
decibels, respecti vely. These intensities 
were taken 40 feet from the source. 
Pneumatic hammers poundin g on large 
circular saws woo fi rst prize. The meter 
was a lso used to judge the applause at 
the Midnight Matinee. 

THE Gen eral Radio EXPERIMENTER is mailed without charge each 
n1ont.h to engineers, scientists, tec/tnicians, and others interes ted in 

cO'lltnullic(lt.ion-Jref/ue'lcy measure,netlt and control problem s. Jr11len 
sendiug rC(lues '.s J or subscrip tions find mldress-c1If1t1 ge notices, plea se 
supply I.ll e joiu)!fJ itlg illJor m ation: name, company name, cotllpany ad­
dress, ty pe oj business COOl/ }Qny is engaged in , and title or position. oj 
individual. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MAS SACHU SETTS 
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90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARO STREET, LOS ANGELES, CALIFORNIA 
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