
The G�N�RAL RADIO 
EXPERIMENTER 

VOL. VII. No. 4 SEPTEMBER, 1932 

E:LE:CTRICAL COMMUNICATIONS TECl-INIQUE 
AND ITS APP LICATIONS IN ALLIE:D FIELDS 

INEXPENSIVE NOISE-MEASURING EQUIPMENT 

\V'.�:::::���=7/;-0RE and m r indu try 

M 
I realizing the fatiguing 
eff ts upon human being 
of the variou noi o 

� hich they are ubj L d, an with th 
r a lization ome the nd a or L r -
due , o far a pra Lical, all unnec -

ar und . n N w Y rk ity for 

xampl , a n i ommis ion ha b n 
in.aking an hau Li urv f the 

ources of city noi e a d mean of its 
pre ntion. The n10 t di turbing noi e 
a1· fr qu ntl · tho e generated by 

ommon pi e of bani al equip-
m nt during h normal opera·ti n. 
Man machin u 'h a ntilator 

i;;imple a embl :f r noi m a ur m nt on i ting ntire of standard in trum nl 
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� 
� 

FREQUENCY 
VARIABLE GAIN POWER LEV EL 

WEIGHTING 

TRANSFORMER 
AMPLIFIER INDICATOR 

MICROPHONE 
TYPE 34.'!;·SN TYPE !114 -AM TYPE !i86·CM 

Toi i pi ·k l up in th microphone, weighted, and arnplifi d. Tbe pow L. 
J iodi at 1" gi e th result i n deci.bel , referred "to th ba kgr und n 

1 el, or any le I ho en as referen c 

r frig ra ting ys t ms, pump , fan , et . , 
cause a on tant hirring, h i s · g, or 
hum ing ound w hi h gra d uall y 
works on the nervou y tem, au ing 
mental fatigue. 

Manufa turers of mechani al quip­
ment a re beginning to recognize th 
im ortan of q i tne i n  their pr d­
ucts. 

An intelligen t a ppr a h t Lh pr L-
1 lTI f n i limination requires a 
1nean of quantitativ no1 m a ur -
in n t. Li t ning t ar of our of 
no uh tantial alu in this " rk. 

· · 1·dini:)Y, variou orm of n 
in a uring le i ha been de elo p d 
in rd r to pro ide quanti ati e com­
pari on [ diff r nt ou nd . n e te11-
1v H ion f the problem i n  olved 

in noiae 1nea ur m nt ill be found i 
r c nt i ftheJournal iftheAcou·-
tical 

Th 

a 

L form of noi e-mea ur-
01 f a mi r phone, 

r, and a uitabl indi al r 
a uum.-tub llm r r 

an o. · d -r ti fi r n1 Ler. und picked 
up b the 1nicrophon ar am plifi d 
and indi ·at d on th in L r, gi ng a 
definite in th d of m1 ari n. Th 
n t r hould pr ferabl. b ·al ibrate<l 

in d ibel , whi h ar th unit g n r­
aJly u d to e pr ratio of s und 
inten i tie . her w1 range f 

olu1n are to Le m a ur d, th an1p1i­
fi r gain ho J b adju tab) t a oid 
o rloading on I ud i i 

In order o pr nt a tru pi ture of 
the e-ffe t of the noi e on th huma 
nervou y tem, the mea uring y tern 
mu t ha e a frequen y cbara teri ti� 

imilar ·o that of the :normal auditory 
y t m., i.e., th lo and high fr qu n­

m.u t b di rim.inated again s t . 

uch I i  rim.ination i una oid-
abl and amplifi r 

f high and 
a ·entuat d. 
ha ·a t ri ti 

nsive microphone 
n d unle ry low 

noi Jev ls are to he en ount red. 
The microphone hould, how er, how 
n gligibJ ariati n ·th u e and ag 
and h uld ha a re idual noi e le l 
substantiall below the Io, e t noi lo 
b 1uea ur d. Th in ut tran former or 
fr quen -weighting n twork hould be 

de igned that it charact ri ti 
added to tha of th microphone 1· -

ult in a close ap proximation to the 
al ar hara t r' t" . 
n i e-m. a uring et of thi t pc 

n1ay be compo ed of e eral tandard 
G n ral Radi unit . he illu tra tion 

a Lem u ppli d to a larg 
inanufa tur r of re frige ·ating machin-

e . f a en ral Radi 
TYPE 514-AM .rnplifier, a pe ial 
T P 345- I n put Tran form r, a 
TYP 586- M P er- e 1 Indi at r, 
and a mi rophon The input tran -

former ma h s th mi rophon impe-
lan to th amplifi · and al a lju t 
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the over-all frequen re pon to 
approximate that of th human ear. 

thi parti u1ar sy t m, the input 
tran former is mount in -i.be amplifier 
cabinet, and th mi rophon re i 
it u1-ren-t fr m h ampli.fi r filament 
batter . 

The microphone 1 an in n. 1v 
arb n pe, in th noi at 

wh· h it i to be u ed ar comparatively 
high. Th a ompanying ur e . how 
the over-all frequency respon e of the 
noi e-m a uring te with and with-

u t th mi rophon . It will be noted 
that the over-all re pon e of h com­
pl te sy tern, in lucling microph one, 
re re ent a very clo e appro imation 
to the r pon e of th normal human 

ar. 
Al hough equip ent of thi rt is 

g n rall u ed t.o d t rmin e  the d c·­
bel difference b tw n n rma l noi e 
J l and no· with some 1na hine 
op rating, the quipment an., of 
cour be calibrated aga · an 
arb"trar tandard de ir d. The thre h-

ld of h earing at 1 0  0 l s 
average p r on i fr quentl a a 

reference level. 
on en.ient man.n r 

the noise-measuring t 

a :1000- ·on a b 

I alibraLing 
1 a follows: 
btained from 

l+-
The frequency charac1. risLi of Lh system is 
made to approximate that of normal h ari.ng 

a uitabl o illator in IlJUil tion 
i th a l ud- peak er. he ob rver 

hould e o pla ed that h i appr xi­
mat ly the am di tan e from the 
1 ud- p a the mi r hon and 
rea nabl th mi r phone 
that it may be a um.ed that he und 
inten ity r aching th o er r i pra -
tically th am a that r a bing he 
rnicr phone. If the olum f ound 
from the 1 ud- pea e· i th n 1· du d 
until the thre hold of hearing i rea h d, 
the reading of th noi - m a uring et 
at ·that point ma taken a th r f r-

n e level. 
ith som t p s f mi rophon s 

the re idual noi e may be noug to 
ause an appreciable rror in r ading 

of th t at the thr hold of audibilit . 
Where v ry weak sounds ar to b 
mea ured it 1 re ommended ·hat a 
mi ropho f the n enser or m 
ing ii t p be employed, b t · loud 
noise are to be measure , th following 
method of alibration will b found 
qui e ati fa ·tor . 

Tb o illator u ed f r b-taining th 
test tone should ha e a reasonably 
large power out u t  and hould h 
equipp d with a carbrat d olum 
control. If hi i ot t.he ca e, a suita­

ble amplifier and attenuator ma be 
u ed in conjun tion with the o cillat r. 
The l ud- peak r hould he rea onabl 

linear in so far a power ut ut i o -

c rn d, tha · , d ubling th p wer 

inpff to th s eaker hould d uble th 

ower output. Thi f our m an 

that th loud-sp aker mu t not be 

o erloaded. Pia i g th ob r · and 

microphone a mentioned b fore th 

thre hold of hearing hould b ob-tained 

in the a e anner and h ading f 

the calibrated attenuator or volume 

control on the o i.llat r or a so ia d 
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amplifi r noted. Th output of the 
loud- peaker hould th n be incr a ed 
by adju ting the alibrated attenuator 
until a r a nably loud sound in ten it 
i obtained. n in r a e of th ord r 
of 40 or 50 db i s  generall uffi ient. 
[t i n t important that th int n i t  
be incr a ed b an e, act amount but 
only -that th amount of incr a e be 
known. _ h reading of th noi e­
mea uring s t at that point. referr d Lo 
the thr hold of h aring, will equal the 
am unt. by whi h th utput of the 
loud-speaker wa in r a d. 

For be t result , the alibration 
hould be perform d in an acou ti all 

d ad ro m or in -th op n air a me 
place where a b  olute quietn ma b 
obtain d. It i al o ad i able t p r­
form th alibration ith e eral indi­
vidual and u th a erage a a final 

alue. - H. F I. COTT 

}:;'or th n ni nc of tho e de iring 
to con tru t n i -m a unng t rm1-

lar to the on de crib d abo th 

follo ing table gi d1e li t of G n ral 
Radio equipm nt whi h 1nay b u d, 
and th pri 

TYP• 
tub 

51 - Amplift r 
and ha tterie ) 

TYP 586- M Po er-L 

( ithout 
$76.00 

1 Indi ato · 

75. 0 

TYPE 345- Tran former (for u 

in onjun t.ion with ingle-buuon 
carbon mi r phone t obtain ap­
pro imaL chara ri ti of human 

ar) . 15.00 

J f 1 t i de ir d o 1 ave the pe ·ial 
input tran former mounted' i thin th 
amplifier unit and th amplifi r i1 put 

ir  uit arranged so that mi roph ne 
urrent i obtained fro1n th amplifi r 

��A halt r , an add:itional harg f 
$15.00 ' ill b made. Th ·omplete 
noi e-m a uring et a des rib din th 
f regoing arti I including mi ro-
ph on , m i  r ph n a uitahl 

hielded abl onnector , and all tu b 
and batt ri ill o t 230.00. 

A BOOSTER AMPLll=IER l=OR 500-0�M LINES 

I 
T modern mmunica-Lion y terns, 
line and quipm nt having im e-

dan of 00 60 ohm are g n rall 

wid ly u d. The high-quality t1·an -

mi i n lin a ·iated with radio 

broadca tin g  and ound pi Lur quip-

111 nt gen ralJy ha e haracteri tic 

impedan e within thi range, and 

accordingly, a large p rcentage of 

fader , m· r , and p ch-input ampli­

fier ha e input and ut.put imp dan e 

of a ppro iJ.Tia t 1 50 ohm . compa t lin amplill r 
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Tran mi ion ]ine shoul , f our e, 
be op rat d at a olum e  l l uffi­
ci nt1y high to minimiz th effe t of 
noi an cro talk whi h ma be 
pi k d up from n arhy el tri al quip-
111 nt or Lh r tran mi ion Jine . A 
lev l of +2 db is g nerall re m­

in rea · n v ]um l v l al o 
to r due no"se " hi h ma be 

en unter d in fading and m ing 
equipm nt. 

Two of he Gen ral Radio C om-

pan tran form r T PE 541-G 

and 5 1-P, are finding wide-
pr ad favor among ngine r f r u 

in conne tion witl 500-ohm quip­
rnent. TYPE 541-G I a Jine-to-grid 
tr an form r <l ign f r per a tion 
into eith r a ingl uh or a balan d 
(pu h pull) tag . T PE 4 -P i a 
plat -t -Jin output tran £ rm r for 
01 rati n from a ingle amplifier tub 
or a alanc d tag int a 500-ohm 

lin . U ing the two tran f ·m r a 
lin -boo t r amplifi r may b on-

2.5 

20 .... _. "' m U IS 541-G 

tru ted whi h will pro ide high in er­
tion gain with an e.. ll t fr qu n 

hara teri i . 
The a ompan ing d"agram how 

the ircuit and frequ n re p n of a 
balan ed amplifier u ing two of the 
new 56-·type tube . Th over-all ampli­
fi atio i appro imat ly 2 db. 227-

type, 230-t pe, r 237-t pe tube may 
al o be u ed, if d it-ed, · h a Jight 
de rea e (appr imatel · 1.5 db) in 
gam. If a Jarger am un f output 
pow r 1 d sired 21 -t pe tub 
b u d. -H. OTT 

Pri e on equipment u d in the 
booster d crib d ab are a follo 

TYPE 54 - Lin -to- rid Tran -
former $12.00 

TYPE 5 1-P Plate-to-Line Tran -
former $12.00 

2 T PE 438 5-Prong o k t .70 

56 

pe ial Ba ickel-plat d Bra 
with Binding P 3.00 

541-P UI 0 
� 10 
z 
< 

G, � P,I 
§ F 6 V. 135\l 

3 ° .. -.. - i�IE ,00 !! C.11� iii •6 _,OOA � s 

0 

20 100 

c, • 
- • • • 

P. I 
56 

I 

FREQUENCY IN CYCLES 

1000 

An e c ll nt fr qu n y hara t ri ti 

11000 

ohtained 
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AMATEUR CRYSTAL l-IOLD�R 

Th Th er Lal i held un r light pr ure 
Lal i- of . ur not in luded ju Lh pri of Lhe hold 1· 

Lal hold r for 
I 

general, quartz- r 
amateur a p rimental-tran -

mis ion u e ar n tructed ' ith n o 
major con iderations in vi w - fr -
quency stabjlit and ma imum. power 
output. In a at ur operation it i 
generall ad i abl to acrifice som 
frequency tability to gain 'n pow r. 

The two typ of holder ommonly 
in u e ar the air-gap and pres ure­
plate t yp s. The f rmer ar used in 

ir uit in which fr quency tability 
of th highest order i es ential, and 
the latter wh r tabilit may be ub­
ordinated to power o tput.. 

he decrea ed air gap b ween the 
t. p plate and the ry tal in a pre ur -
type holder redu e the erie capaci­
tance in the rystal ir uit, affording 
material in rea e in output. 

In th re ure-type h Ider an 
considerable am unt of lateral motion 
of the er stal will a se ariation in 
frequency and utput. This � liding ' 
tenden y of th er tal, when operated 
in a power ir ui t, hould b r tr· ted 
by means of m form of retenti n 
de ice whi h hould limi t:he motion 
of the cry tal without definite! pre-

enting its na ural c'llation. 
The pre ure requirem nt of the top 

plate vary ith different cry tals and 

with fr quen In ome ase th 
weight f the top electrod alone is uf­
fi ient, hile in others, pre ure, up­
plied by a pring, i requir d. 

The onta t urface of both holder 
electrode mu t be mooth and a flat 
a pos ible to insure uniform peration 

f the holder ith different er stal . 
n en ed a i de irabl to pro-

Le t th ·y tal from du t or oth r 
foreign matt r. 

en ral Radio ha d ign d a holder 
to fi 1 the above r quirement . The 
holder will ac ommodate rystal up to 
1 Ys inche in diameter, and f thi k­
ne s to 4 mi limeter . Three blank 
retention plate of fabricat d bakelit 
sheeting are pr ided o that the u er 
ma readily ut out t he blank to ac-
omm date cry tal f ari u hape . 

Pres ure on the top plate i pro id d 
b a flat spring, the ten ion of which i 
adjustable. Both ele trodes are chro­
mium plated. The case of t e holder i of 
moulded bakelite, du t proof, and ea il 
opened. tandard General Radio spa -
ing of� inch is u ed between the plug 
terminal . Thi is known as "the TYPE 
560- ry tal older. The price i 

2.25, including three fabri ated bake­
li te retention blank . 
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STANDARD-RELAY RACKS 

T
EL PHO E pra tice or a long time 
ha b en to mount equipi:nent 

on ra k of tandard imen ion . 
Rae and pan I dimen ion ha e b en 
worked out o hat provi ion is made 
for instrument requ1r1ng an u 
am unt of pan 1 pace. 

The tan.dar rela ra k Lakes a 
panel idth f 9 in h . The maxi­
mum allowable width of apparatu 
behin the panel is 177-2 in. he . 

drilling arrangement f r th up­
righ t of the ra k has been worked out 
whi h permit th mounting of any 
ize pan I in an po hion on -the rack 

provided ertain tandard panel id th 
and lotting arrang ment a1· u d .  

Th ha i unit of panel wi Ith i % 
in he . n allowance f ?32 in h i 
made bet en panel f, r fi tting that 
Lhe tandard panel siz ar n(l%)-J12 
wher n i an integer. 

The drilling and slot ting arra.nge­
ment:s for the panel ar illu trated in 

t he figure. Hol ar tap for 10/32 
rew . 
Panel lots hould b laid u L on the 

a ·um ption that Lhe Lop of the pan 1 
come beLwe n Lwo holes placed at Y2 
in h inte1· als. 

It i of cour not neces ar to I t 
the panel for ea h hol in -ihe ra k up-
1·ight. The hole ar a u h int r als 
Lb.a L a ymrn trical arrang me t of 

lot ·an he mad in pra ticaJJ all 
·a e . The figure illu rate th lo a­

tion of lots in three t pi a l  a s how­

ing in h a line the po iti n. actually 
lotted. eneral practi e i t u e two 
Jot for panel up to and in luding 

fi e ra ·k unit (8 2�) "' ide, three lot 
or the ix-unit width, and four lot 

for an 1 1z up to el en unit . 

T PE ·80 R Lay Ra ·ks: 'I'YPE 48 -B (left), 
TYPE 0- (ri[!,ht) 

Th e number would h m difi d for 
unu ually light or un.u ually h av 1n.­
stallation . 

The General Radio ompany i Ii t­
ing two L ype f rela rac . One of 
these i a full size andard rack d -

signed for mounting ]arge a mbli 

of lab orator equipm n . It contain 
mounting pace for th equ1 alent f 
thirty- ix pane] uni s. 

smaller unit i pro i ed for b n h 
m unting . Thi i ideal for in Lalla-tion 

f lab rat ry a embli con isting of 
several portion u h a o cillators and 
their rectifi r . This pe of rack lend 

i tself to mounti g at the back of labo­
ratory tables to hold p rman ntly in.-

tall d equipment thus fre ing the 
table urfa e for other apparatus. Th 
ra k is al o · d al f r a mbling of 
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I I I I 
Allow �� d..t "tap d..nd bottom of po.ners fot' cle.dr"d.nce� 

TOP BARI I I I I I -----
:::: 

10-32 t¢..ppoed nole.s 

Note: Cleo..-6.nce betweel'7 verric"'-1 
support� on .-4ck 17! �c�e& 

tandar dirnen ion for panel ulling and d1-illing. Pan 1 unit ar 
in multiple of l %:' inch s high b 19 in he wide. Ma ·imum width 

of apparatus behind Lhe panel 17 Y2 inches 

ama t ur-radi tr an rnitter . Thi ra k 
will mount twent -fi panel unit . 

B th ra k ar of t el fram and can 
be bolted to the floor r table, although 
thi u ually not n es ary. Both 
ra drill d a hown in the illu -
Lration abo e. l l ole ar tapped for 
10/32 panel ·mountings rews. Mount­
ing crew , wa her , and rid.le ring 
for abled wiring are upplied. 

The larg ra k tand 63 inches from 
the floor and has a panel mounting 

pace of 43� in h by 19 in hes. Th 
p ri e of the Jarg rack (TYPE 480- ) 
1 40.00; t ha t f the mall r (T P • 

480-B) i $15.00. 
Panel for mounting appara Lu on 

these racks should be of 7.;£ or Ys-inch 
aluminum d pending upon the w ight 
of the apparatu ·to be upported. 
Panel can be obtain d cut to ize with 
:fini hed edge from the Aluminu1n 
Compau of Am rica or it lo al 
jobber. 

T
HE GENERAL RADIO COMPANY mails the Experimenter, without charge, 

each Jn.onlh lo engineers, scientists, and others interested in coJn.Jn.un­

ication-frequency measureJn.ent and control problems. Please send requests 

for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 

30 State Street Cambridge A, MassachuseHs 
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