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STANDARD TESTS OF BROADCAST RADIO RECEIVERS

A. General

Tlre purpose of the standard tests l tere proposet l  is to provide b1'
genernl  agreerrrcnt a basis upon rvhich t l ie corrrple ' te t iortr i&l  l terfor-
t r )ance of  an1'br 'oadeast  rar l io  rcceivc l  t t rav bc r t ,asonabl ] '  1>redicted.  I t
is belicvcd that no sirrrple "figure <-rf nrerit" catr 1;ropellv be clcrived
that  rv i i l  b f  i tse l f  g ive an inc lex of  c t i t t rp letc  pc, r for t r ranct ' .  ' fh is  fo l lows
frorn the var f  ing u 'c ights that  nra l '  be appr l iec l  a t  d i f ferent  t i rnes and
in d i f ferent  scrv ices,  to  the funclarr renta l  propurt i t 's  of  Sensi t iv i ty ,
Sclcct iv i t l ' ,  ant l  l ' i t le l i t - r ' .  ( lonsequent l f  i t  is  bc l i t ' r 'cd to be essent ia l  to
tlcfinc rncl to prcivirle for the separate luersrlrcrrrcnt of each of these
fundarrrent i i l  proper t ics.  Such inforr r rat i r in  is  of  u sonterv l ta t  too h ighl l '
technical  nt ture to appeal  d i r t :c t l - i ' to  t l re  everage user  of  broadcast
radir-, rer:eivels, but is thouglrt to be uscful to radio tl istribr.rtors and
dealcrs in  guid ing thei r  se lcct ion of  appl ratus for  speci f ic  serv ice con-
c l i t i t rns,  r rnt l  to  cngi t te t ' rs  rnr l  I r tanufactu lers in  t i r l ing t l rc  cor t rpat ison
and irriprovelrrent r-rf their prr-rducts.

I t  is  recognized that  the tcsts c lo r tot  ccrutp l 'ehetrc l  t l r t 'cnt i re range
of  serv ice condi t ions that  Inal 'be nret  in  pract ice,  rnc l  that  pecul i -

ar i t ies of  design not  ref lected in  the test  c lata t r r tv  in  specia l  cases af fect
t ,he deduct ions proper ly  to bc ruade f roru the tcst  resul ts .  I t  is  a lso
recognizcd t l ia t  the three basic  propert ics of  Sensi t iv i t l ' ,  Sc lcct iv i ty ,
and Fidelit,-v arc in sottre radio receivers cicpcnrlcnt ttytott tdjr.rstnrents
that  rv i l l  c l rnnge the re iat ive prot r r in t l rc t '  o f  t 'ac i r ,  ant l  consequent ly
t l r t , thrcc factors shoul t l  be invar i lb ly  t r r r , i tsuret l  a t  t l r t 's r r t r tc ,qct t ings
of  the radio re,ceiver  ac l just l r r tn ts .  Ncvel t l rc l t 'ss,  i t  is  thotrght  that
r r reeptance of  t l re  proceclure out l incd,  togt ' t l r r^r  u- i t l r  1 ; r t ,pcr  in t t r l l re ta-
t ion ant l  corre lat ion of  t l ie  resul ts  obt t r i r rcd l - r1 ' thc tests,  rv i l l  s( ' rve t0
perrn i t  a  ,s tanr lard corr rpar ison of  norr r ra l  rar l io  r t ,cre iv t , r  pet ' for r t tance.

B. Definit ion of Terms

I. Sensitivity. 
' f l ie 

degree to u'hich a nirl io I 'eceit 'et rtsponds to
s ignals t i f  t l re  f rer lue 'uc1 ' t ,o  ivh i r rh i t  is  tuned.  I t  is  r r reasulet l  quant i '
ta t ive l l 'b1-  t l re  rec ip local  of  t l re  Norrr r r r l  Rat i io  I " ic ld  Intensi t l ' (def in i -
t ion,  page 107).

2. Selectivity. ' f ire degree to wlrich a radio rcceiver is capable of
d i f fererr t ia t i t ig  betu 'cen s ignt ls  of  d i f ferent  carr ic t '  f reqt tencies.  This
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characteristic is not expressible by a single numerical value, but re-quires one or. 'rorc graphs for its ;_rp;;.;ro".

3. Fidelity. The degree.to which a system, or a portion of a system,accuratell '  reproduces at its out,put it e signar whict i. 
- i irpr"r.ua

tupon it. As applied to a raclio ,u..iru., nctetity i. 
"r;;;.; by theaccuracY of reprocluction at thc output ternrinals of the modulation of[ ] re ro, 'p ;1 'n4 r* ' . r - , , .

4' Normal Test output. As applied to the t,esting of a broadcastradi. r 'cceivcr' this tnrni represen,.'"n audio-frequency power of 0.05rvatt in a nrn-intructive resistor ur.urg*i to. caly arternating cgrrentonll '  nnd connectetl a.cross the outpuii".,,r;nut. of the radiJ receiver(usuall l '  the loud speaker terminarsj, tt,"lu.i.tunce of the resistor hav-ing becn adjusteci ro give .r,u"i,r.,oru ;;;", output per volt input forth. t] 'pe of l 'acuum t,be intencr.a ti m usccl in tle radio ."""ir"",rvitrr rrorrrrar ad.justments of this 'acuum tube. If the radio receiverr's not rrranged to firter out crirect current fronr it. ot tful-"ircuit,then an cxternal f i l ter systeni shall be ernployed, of sueh character asto intrrt lrrce negligi 're resi-stance to oi.".t current, to have negrigibreloss, ancl to iia'e negligible ,t unt uarrriirr"""'"",1r'"-:il:..ffJimpetlancc ..iuii.,," io the output resistor. 
ltance and negligible series

5. Normal Radio Field Intensity. As applied to the testing of abroadcast raclio recei'er, this t"r- ,opr"*nts the raclio fielJ i.ri"r,.ityof a receivecl signal rnod.ulated ao p'". 
"""t-at 

400 cycles per sec.,qtich results in Nornal Test O"tp"t'(Aunni,io., 4, page I0Z) atresonance' If t 'e radio receiv"r doe. not incrucre a serf_containedantenna, then the .,,*,"i1 
.i: to be impressecl on a realor artificialStandard Antenna* (def ini f ion O, p"*", ibSr.

For data on 'ario-us nrethocr,s of n-reasuring the percentage modu-lation, the reader is refcrred to .ut""un." ir?r1l;, Or*" 137. The methoddescribed in this art icre ha. , 'u. ' - io.u.-o-.""a i t  f rom the point ofview of sinrplicirl., and wirh proper .;;;;;; _"rhod is sufficien'y ac_curate and reriabre for generar use. The method involves carculation ofthe percentage'rodulation from r,""*;;;';;rues of the peak vortage onthe, radio-frequency osc.illator 
"rtor;-under niodurated and un-modulated conditions. The voltage'-uu*o"-unts are made with a* Experience has indicated,th.at w_ith some racljg.receivers, an artificial:*?ix1fl.*rJ:erv affecrs the stabiiiiv. 

'f''.,i""r'"rr.*8 
rt rB necess&rv to emprov
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vacuum-tube peak vol i tneter .  The author  s tates that  th is  nrethocl  is

cripable of giving an accur&c)' of onlv lbout { per cent. For use in

cal ibrat ing the percentagc nrodulat ion of  a rac l io- f rer l t t t 'nc1 'osc i l la tor

f or radio receiver nleasuren)ent work, Irol 't 'r 'er, t i i is accuracf is

generally sufficient.

6. Standard Antenna (Real or Artificial). As applied to the

test ing of  a broadca-st  rac l io  receiver  not  having a sc l f -conta ined an-

tenna,  th is  term represent-s an ar t i f ic ia l  antenna l lav ing in  ser ies a

capaci ty  of  200 nr icronr icrofarads,  a sel f - in t lucta l tce of  20 rn icrohenr ics,

and a res is tance of  25 ohrr is .  In  t 'o ln l lu t ing thc radio f ie ld in tensi t l ' '  o f

&n impressed s ignal ,  the ef fect ive hc ig l r t  is  to  bc taken as '1 t t te ters-

that is, the radio fielcl intensity ( ' in rnicrovolts l ler Irretcr) is equal to

the impressed radio-frecluenc\- r 'oltagc (in tnicrovolts) divided by 4.

7. Standard Test Frequencies. In the ttrsting of a broadcast radio

receiver ,  the f ive standarc l  carr ier  f lec lucncies l rc  600,  E00,  1000,  1200

and 1400 kilocl 'cles per sec. \\-hcn tcsts lrc rt:t lrt i letl at onll ' thrce car-

rier frequencies, the \ralues 600, 1000, ancl 1{00 kiloc1'cles pcr sec. are

recomnrended.

C. Test Outlines

t. Sensitivity. l 'his is rleternrineci br- irrrprcssing a radio-freqttcncl'

vo l tage in ser ies rv i th  the sel f -conta inct l  ln tet rna,  or  br- i r r rpressing a

known radio f iek l  in tensi t l -on t i re  sel f -conta inct l  lDtenna,  i f  the radio

r€ceiver is so providecl, or othe5vi-"e in scrics n'it lr a Sttnclarci Antenna

(c lef in i t ion 6,  page l0E),  and nrcast t r ing t ) re \orr r ra l  I ia t l io  F ie ld In-

tensi ty ,  under the condi t ions stated in  def in i t ions -1 and 5,  pagc 107'

for earrier freqttencies frorn 550 to 1500 kilocl 'clcs per sec. A graph is

plotted with carrier frequencl' as abscissa and Nornrai Radio Field

Intensitl 'as orclinate. A trnifornr scalc sliould l le trsed for the abscissas,

and e i ther  a uni forrn or  logar i t l rnr ic  scale (or  a uni forrD scale wi th

t ransmi,qs ion uni ts)  may'be usecl  for  t l re  orc l inate-* ,  depending on the

range of raclio field intcnsities n'hiclr t lrc graph is required to cover'

2. Selectivity. This is deterrnined b1' tuning tlre rrdio rccei' i 'er to

each Standard Test Freqttency (clefinit ion 7, page l0S), in succcssion,

wi th the receiver  in  the -qanre condi t ion as in  t l re  Scnsi t i l i t l 'Tcst ,  and

neasuring the radio fielcl intensitl '  necessarl ' to give Norrnal Test

Output at a series of carrier frequencies in steps not greater than 10

kilocycles per sec. at least up to 100 kilocl 'cles per sec. on each side of

resou&nce or unti l the radio field intensity has increased to at least 100
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times its 'arue at resonance. The conditions of modulation of the radio_frequency oscillator are to be the same as given under the definitionfor Normal Radio Fielcl Intensit-", G.i"ition 5, page 107). For eachstandard rest Freq^rref cy, a graph is prottecl with carrier frequency asabscissa and radio neta inien.iit ,r 

"iitrrte. The scale for ordinatesshould be logarithnric anci trt" -o.i*Jgot" representation is securedby pl ot ti n g rn 
" u.r,l,,: 

-t". 
S"f .. tiriqy-Jih ."pu.ut" enlarged f requencyscales, wlr ich sLould be uniforrr ,  and al ike.

3' Fidelity' This is determined by tuning the radio receiver toeaeh Standard Tesr Frequency (;;;;;"" T, .fage 108) ;; ,i,-.""..ioo,wiih the receir-er in 're sanre ;;Jt,l*";. in tlie sensitivity and s6rec_tivity tests, adjusting the inipresse;;; field intensity to the NormalRadio Fietcl Inrensitl,{ctefinition ;, ;;;" r07) and then varying themodulation frequency frorri 40 torti,6do"cJrcles per sec. at B0 per centmoduration and constant rarrio 6ercl intensit_r, throughout, taking read_ings of relative output voltage ut .oou"o;.nt nrodulation frequencies.For each standarcl 
fest 

Freuie".t, 
" *l"otr is plottecl with modulationfrequencl' as abscissa ancr us o.ai'utJii '" ratio of the output vortage

;:,TJ J:rlllll:""",,r..0,enc1. or ;l;;;;;",""r to rhe "ur;;; vortage
shourdb.;;];;;;"JH::;H:-"'"T;.ff ,:if il;,1,i".-l;i*",::f

D. Requirements and Characteristics of Testing Apparafus
The apparatus e,rplo3.,ed in testing radio receivers should be assimple as is consistent with u.u.*i.'ourformance or-,r*"1"1".."r"functions' As far as possible, th" .u."'upparatus should be usecl inthe different tests' ihe varues ;ffi; ui..t.i.ol quantities and thecalibrations should 

"lr 
.h1"*".11,i, ,i"r",", if sorne change is unavoid_abie, rneans for checking should n" p..rria"a.

The required aDnaratus, for Te.sts of Sensitivity, Selectivity, andFidelity, is inclicatei ,.t,.u,ut*ti" ;" rL. 7. Both frequency *u..".should be catibratecl so that separate ;*,,;il:'"it"^T:::"-::not needet l .  j -he req .t h e ror I o w i n g 0,." *. ; iii.'] 
n " " t " oi li' ;;ff iJ"'?:T':: *:Hil. i t';

.",-t_ 
Ou9to-Frequency Source. For Sensitivity and Selecti,,,thls may be a mechanical oscillato, oin*"J frequency /,,sec.); but a vacuunr_tube oscillator hr"i;;" frequ"
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froni 40 to 10,000 c1'cies per sec. is preferred and for the Fidelit l-
' l 'e'st, is necessar.\ ' . The total harmonic content in the output of this
osci l la tor  s l roul r l  not  erceecl  5 per  cent .  The nudio- f re( luen( t ] '  osc i l la tor
i - *  ar langer l  to  r r roduht t  t l ic  rac l io- f rcqucnc] '  osc i l la tor  bv a knog'n
arr rount  l rn t l  prefera l r l r -  s l rould furn ish the sarne c legrec of  nrodulnt ion
rv i t l rorr t  r r , lc l just r r re,nt  at  a l l  cnrr ier  f requencie.s and a l l  r r rodLr lat ion
frequencics.  , \ lcans shoulr l  be provi r ler l  for  adju.* t ing t l rc  degrce of
r r ror l t r la l ion fo l  a t  leasl  t l rc  nor t r ra l  va lue of  i iO ner  ccnt .

2.  Radio-Frequency Source.  ' l 'h is  
consists  of  a vacuunr- t r rbe

ost , i l la tor  suppl iec l  prefe labl l '  f roru bat ter ies,  e i ther  fu l l l '  sh ie ldcd in
i tse l f  or  so s l i ic l t lod f ront  t l re  rac l io  reeeiver  under test  t l ra t  t t rere is  no

I r iS .7  Sche rna t i r .  \ r r angen ren t  o f  AJ rpa ra t r r s  [ ' se< [  i n ' f es r s  o f  l i . ad i o  Rece i ve rs .

r l i rect  nrc l i r t ion to tho rcceiver .  I f  thc pou-c l  supply ' i : -  cxternal  to  the
sl r ie lc l ing svstcrr r  r r - i r i< .h cncloses the osci l la tor ,  a l l  ungrounded leads
to thc osci l la tor  shoukl  pass through shie ldecl  lon ' -pass f i l ters.  The f re-
quen( j ] 'shoul< l  l rc  a<l justable b1-an external  c 'ontro l  to  an1'desi red valuo
betrvcr .n 500 ant l  1500 k i loc l 'c lcs per  sec. ,  and t l ie  f requencv shoulc l
not  ) i t ' r t f f t 'c t t ' r l  l r . r 'c l r : rngr .s  in  orr tprr t  pr)wrr .  \ [eans s] roulc l  be provided
for  var . r ' ing t l r r .  f rcc luenr ' . r ' in  sr r ra l l  s teps i r r r r r rec l ia tc l ; 'on each s ide of
an1'speci f ic t l  f requenel ' .  A second cxternal  contro l  shoulc l  be provided
for  var f  ing the r r rodrr la tet l  rac l io  f requencl '  output  suppl iec l  to  the
transfcr  c i lcu i t ,  ancl  an inst rutnent  should be providcd rvhich indicate-q
the ef f r 'e t ivc value of  t l r is  output .  The osci l la tor  in  conjunct ion rv i th
the t ransfcr  svstenr  use( l  (see par t  i l  be lorv)  should be capable of  sup-
plv ing in  ser i t 's  s ' i th  the receiv ing antenna s] 's tenr  at  least  200,000
nl icrovol ts  at  a l l  carr icr  f reouenci t 's .

3. Transfer Circuit. 
' l 'hc 

radio receiver under test is provided
wi th a local  antenna c i rcu i t  consis t ing of  e i ther  a loop antenna (which
nray be sel f -conta inedl  or  an ar t i f ic ia l  antcnna.  In determin ing the s ig-
n i f icant  character is t ics,  as out l ined in the preceding sect ions,  modu-
lated radio-frequencl' voltages of knon'n value are impressed in the

a@rF
FA€qIF

sofcE
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local antenna circuit through the transfer circuit which shouid assume
one of two forms as follows:

. - 
(a) A c.upling coil fed frorn the radio source and nrounted ininductive relation with the loop antenna or with the 20-microhenry

inductance coil of the artif iciar uot"onu. In the latter case, the coupling
c.oil is used as t 'e primary of a caribrated mutual inductor, the secon-
dary of which is the 2O-microhenry coil.

(b) A calibrated attenuator of the resistance type terminating in
a low inrpedance of kn.wq varue (usualy a r.esistance of about one
ohm) rvhich nray be insertecr in series with ihe artif iciar or loop antenna.
This attenuator should be so constructed that alr attenuation ratios
are.substantially independent of frequency within the broadcast band.
It is preferably made variable in steps *itn uaaitional provision for
continuous variation between the steps. As an alternative to con-
tinuous variation within the attenuation network, provision rnay be
nade for continuously varying the nreasured current or voltage sup-
plied from the source to the attenuator over a sufficient range tJ cover
all values of receiver input vortage which lie between the Jeps of the
8'ttenuator. Design details of attenuators furfi l l ing these requirements
are available in the literature. The combined range of ratios on the
attenuator and variable currents from the .our"" sriourd be sucli
as to allow a, range of vortage &cross the terrniual unit which feeds the
receiving set of 1 microvolt to 200,000 microvolts.

4. Output Measuring Circuit. The components of the output
rrreasuring circuit should be as follows:

A non-inductive load resistor adjustable by calibrated taps and
covering & range of I to 10,000 ohrns and capable of dissipating 0.1
watt at any setting.

. An output f i l ter to be used with radio receivers normally having
d'c' in their outputs. This fi l ter shourd furfi i l  the requirementsgiven
under definit ion 4, and a recomniendec-l forrn consists of an inductance
of not less than 100 henries (with l0 mill iamperes d.c. in the winding)
and a capacitance of not less than g .ricrofarads arranged as shown
in  F ig .  i l .

A vacuurn-tube voltmeter or an
curately me&sure the r.m.s. values

equivalent device which wil l ac-
of output voltage. At Normal
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Test  Output  t l re  vol t r rge is  of  t l ic  onl t ' r  o f  f rorr r  i0  to 20 vol ts  for  or-
d inary output  vacul l r r r  tubes.  I ror  th t :  Sensi t iv i t l '  ancl  Select iv i ty ' fests
the output  t r ie ter  neecl  be crr l ibratcr i  onl l 'a t  thesc values.  l ior  the
Fidelity Test continuous calibration is rcquirecl, and for Overlold
Level  Test  eal ibrat ion for  I r r t tc l t  ] r iqher  values is  needecl .

E.  Test  Procedures

l .  Pre l iminary.  
' I 'he present  d l . r ' r ld io recr ivcrs vurv sogrcat l l -

in  thei r  manner of  oJ lerat ion t l ra t  i t  is  t l i f l icu l t  to  set  dorvn a s ingle test
procedure for  cach f t tndarncnte l  c l r l r ructcr is t ic  ant l  l rar-c  the proccdure

inc lude a l l  thc a l lowances t l ra t  should be t t r lc le  for  t l ie  pccul iar i t ies

of  d i f ferent  sets.  I t  is  s i r r rpk ' r  to  c lescr ibe in  gt ' t ic t 'a l  t l r l  t t ' ,s t  s t ' tups and

adjustrnents of  input  ancl  or t tp t t t ;  t l re  opt ' rat ing conr l i t ior rs ;  ancl  the
radio receiver  ac l just rnent , "  as appl ied to &n) '  type of  rccc iver ,  and then
standard procedurcs for  t t ter rs t t r ing Sensi t iv i t l - ,  Sc l t 'c1 iv i t1 ' ,  and Fi -
del i ty ,  car i  be out l ined.

A R T F I C I A L  A N T E N N A
t'-- 33oL,tlF"t**'t'
R - 25 OHMS

I ' i g .  5 -S tanc la rd  I npL r t  ( - ' i r cu i t - l  I  u t u t l  I  r r d  uc t i  ve  L ' ou1 ; l i  r r g .

2. Input Measurements.

(r) l l . lrrro Ilr,:t ' t.:r r-rrr \\ ' t 'rrrot-'r '  .r St:t,r '-( 'o,\T.{I\LI) Ax'rt-rx..t

Standrrr r l  input  c i rcu i ts  ar t :  sho* ' I r  in  l ' ' igs.  E ant l  9 .  I ' l i thcr  c i rcu i t
r r rav be uscr l  t lept ' r r t l ing on * ' l rc ther  an i rupct lance c l t ' r ' icc  or  r i  I t ru tual
in t luctancc (see sect ion D,  pagc t01))  is  uscd to &t t t 'n t l t to  and int roduce
t l rc  r r ic l io- f r r ' ( luencv vol tngc in  thc ar t i f ic ia l  antcnna c i rcu i t .

' l 'he r r r r r tual  inr lL tc tor  is  usccl  as s l ro l r 'n  in  l r ig .  E.  ' fhe input  to  the
r ' , :c t : iv ing set  is  contro l lec l  b1-  ac l justnrent  of  e i ther  thc coupl ing be-
t ruecn coi ls  11 ancl  l :  or  thc currer t t  t l r lougl t  21.  T l re assutnecl  va lue
of  r tc l io  f ic ld  in tensi t - r ' inr l r lcs,*et l  un t l re  mcl io  lcceiver  is  c leterr r t inecl
f rorr r  thc forrnul l .

, = f l t l
^  - " J " ^

microvolts per meter whcrc,
where,
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/ is the carrier frequency, in kilocycles per sec.,
-11 is the mutual inductance between trr and Z2 in mill ihenries;
1 is the current through .L1 in microarnperes;
lr is the anteDna height in meters (4 rrieters for the standard an_

tenna).
The circuit for use rvith an impedance coupling device is shown in

Ii* 
n rhe voltage inipressed in series witri the artif icial antenna is

brought to the desired- value by selecting the proper degree of at_
tenuation and accurately adjusting either the current o, r." vortage

G

I/OOU-ATED

:6OLLA''O R
r

I
ei t""*"'--RADIO

RECEfuER

O G N D .

ARTIFICIAL ANTENNA
L : 20 MICROHENRTES
c  =  2 0 0  ! ! f

"* (o'3:"1i5=??33il'J'
2 T  CAJPLING IMPEDANCE

Fig. 9-Standard Input Circuit_Impedance Coupling.

input to the attenuator. If the attenuator is calibrated in terms of
current, the radio field intensity impressed in the artif icial antenna
ma1' be expressed as,

e :+microvolts per merer ;n

wliere,

K is the attenuation factor;
Z is the impeclance of the coupliug del,ice;
1 is the 'reasured value of current fed to the attenuator in micro-

arnperes;  and
h is the assu'red anterrna height in nieters (4 rrreters for the

standard anfenna).
If the attenuator is caiibrated in ternrs of voltage and includes the

impedance Z tl'ten,

- K V
e:- microvolts per nteter:
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K is  the at ternuat ion factor ;

I" is the ttteasurecl vrl lttrge input in ttt icrovrllts;

h is  the assul t te t l  antenr ia l re ight  in  t r te tcrs '  ( I i t lur  ruete l 's  for  the

standartl &ntt 'nna. )

(b) l l- loro Rlr'utr-ntr 1\'IrII '{ '  Loot' Axrr:xx'r '

An arrangentent rlf apparatus as shorvn in Fig 10 is recotutnended'

A knorvn radio f iek l  iDterr , . i t ] '  is  i r t ipressed otr  the loop antenna by

adjust ing t l ie  d is tanct ,  .Y i r r r t i  t l re  curr t l r r t  t l l rc lug}r  t } re coi l  t r '  The

c o i l a n d l o o p a n t e n t } a ( . ( , n t e r s a r ' t , k e p t ( , } l I a U L ) l l I l I I o n e l . i s , a n d t h e
distance x kept  large,as corr tpar t , t l  lv i t l i  the t l i l t tension-q of  the ioop

antenna.

I- - - - -  x  -  - - l

#

lilllliilF"5-
u!]l]li

.-x___

l ' ig .  10-I tadio Receiver u ' i th Loop ^\utenna

The radio f ie l t l  in tcnsi t f  is ,

. .  l E , S c U - \ " t : 1  , ,  - . : ^ - . . .cosR ul icrovol ts  Per  meter
i  l . i - - l -  \ - : ) x  :

where,

N is  the nut t tb t ' r  o f  turns in  the coupl ing coi l  'L ;

,4  is  the rac l ius < l f  t l re  cotrp l ing coi l ,  in  ce l r t in leters;

/  is  t l re  a l r r l l le tL ' r  reat l ing in  t r r icr t - rat r tperes;

X is  the d is t lnct l  i r t  cet r t i t r ret t ' rs  betrveet t  the center  of

coi l  ancl  t l r t '  c t ' t r ter  of  the loop antct r t te :  and

B is  t i re  engle,  i f  a t i r ' ,  betrveen the ax i -*  of  the loop

ihe l ine betrveen coi l  ccnt t : rs '

the coupliug

antenna a,nd

The radio-frequcnc]' r 'oltage tl la)' be introduced in the loop an-

tenna b1. inserting tl,e ter,rrinal irupeclance of & resistance type at-
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tenuator in series with the loop at a point of ground potential in a
m&nner similar to that shown for an artif icial -rt"rrrru in Fig. g. In
this case, the equivalent racrio fieid intensity is given bv the 

"ri.usriorr,
e:+, in microvolts per meter,a

where .B: the voltage across Z in microvoits, and

Q: reception factor in meters of the loop antenna employed.

- 
The factor Q nray be calculated approximately for a rectangular

loop fron'r the relation,

Q : Z.\'t1sin 
rls 

r whcrp
300 ,000

.V:  the number of  turns;

h: the height  of  the loop in merers;
s: the length of  the loop in meters;  and

/:the frequency in kilocycles.

It is not appropliate to specify a standarcl loop reception factor
because the loop antenna is frequently a characteristic element of
the radio receiver under rest.

Fig. 1l-Radio Receiver with Direct Current in Its Output.

The method first describeri adapts itself best to the testing of loop
receivers because it iea'es the loop circuit in its normal form-. tf the
second method is applied to the testing of a loop radio receiver, the
output terminal unit of the attenuator should be of row impedance
and have a resistance which is row compared with that of the loop.

3. Output Measurements.

(a) Raolo Rrcnrvnn wrru D. C. rw rrs Ourpur

If the radio receiver is not equipped to'frrter direct current from its
output, the circuit which shourd be used in making output measure-
ments is  as shown in F is .  l l .
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The speci f icst ions for  the conlponents of  t l ie  above c i rcu i t  are

given in Sect ion D,  Pnge 101) '

The velue for  1 l  is  ck 'penclcnt  on the opt l r l r t ing condi t ions of  thc

output  tube r rsed in t l re .u. l i . . , , . . . i . ,er  ancl  is  arb i t rar i l l ' t lken as the

piu i "  r . . i . tuncc ' t 'a l r te  g ivcn b1 ' thc tube tnanr ' t fact t t rer  for  thal  tubc

ir"i.. *t. givcn conditions' tt '  t l tt case of a radio re cciver having an

c l t t t p t t t t r a n s f o r t r t c t . , R i s t a k e n i r s t h e r e f ] c c t c c l r ' a l t t c o f t l r c t t t b c r . e s i s -
t&nce,  or  L,

L l  I, )  - -
"  

- -  , .

where,

C: the t ransfor tner  rat io  of  pr i rnar l '  to  sccondlr r l '  t t t rns;  lnr l

Bn: the value of  tube p iate res is tance'

1 'he vol tage across R for  Norrnal  Test  Outpt t t  ts '

l '^: \,re15x R .

(b)  R-Loro RncntvBn n ' t ru No D'  C'  i r  L) t ' r r t ' r

I f t h e r a d i o r e c e i v e r h a s a d e v i c e e l i n r i n a t i n g c i i r e c t c u r r e n t f r o r r r
its output, (referring io tft" circuit of Fig' 11) Z and C are rert 'roved

and the points o and b conncctec l  c i i rect l l ' to  the output  terrn inals  of  the

receiver.

(c)  R' roro Rpcr tvnn wrr t t  Exrn- \ \Eol 's  Yol r ' rcEs IN r l lE Or-rp l r

The vol tage-q due to a-c hum, tube noises '  c tc ' '  that  rnay ex is t  across

the output of sorne l.uiio ,... i lrcrs must be considered where the output

voltage to be nieasured is small '  For example' if these voltages are

comparable n.ith the No.nrul rcst output voltage, let the vortage

; ; t ; . .  the res is tor  R for  Nornia l  Test  Output  be '

I
I
*

l
$
l l i

I l , :JTV + Y;, where

y'r is the r.nl.s. voltage due to extraneous effects' and

Vz is the value for Normal Test' Output \roltage which gives 0'05

watt Power in B'

TESTS OF RADIO RECEIVERS LI7

In any case, if the extraneous voitage is appreciable, the measured
voltage &cross E (see Fig. 11) should be considered as the vector sum
of the extraneous voltage and that due to the desired signal.

4. Operating Conditions.

(a) B.rrrpnv-Oi,pnerpo R,c.oro Rpcprvons

The "A" and t 'B" battery voltages supplied to the radio receiver
should be held constant at the values specified for the receiver. If a
battery cabie is not furnished with the receiver, the leads to thdbat-
teries should be as short as nossible. The batteries used should be in
good condi t ion.

(b) Socxor Pov-pnro etlp El,pcrnrc Repro Rpcprvpns

The a-c or d-c voltage input to the radio receiver should be held
constant at the value specified for the set or at 115 volts. If the receiver
is provided with adjustnients for reducing hum or ripple in the output,
such adjustnients should be made.

(c)  TueBs

The tubes used should have characteristics which represent the
arithmetical mean value as regards filament emission, plate current,
plate resistance, amplification factor, and rnutual conductance for
that type of tube.

5. Radio Receiver Adjustnents.

(a) Gnxnner,

The Test Frequency adjustment is normally obtained by adjusting
all the external tuning and volume controls, with which a radio re-
ceiver is equipped, unti l maximunr response is had at its output for a
given signal impressed on its input.

(b) RncrNnRArrvE Renro Rncprvrns

All tests should be made for each of the following conditions:

(1) \Yith the radio receiver adjusted as in part (a) without causing
oscillation at radio or audio frequencies to occur within the receiver.
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(2)  \ \ ' i th  the receiver  adjusted n-s in  par t  (a)  rv i th  the r r r in inrurn
of  regenerat ion that  can be obta inecl  b1 'adjustnrent  of  the external
eontrols onll ' .

(c)  Sr- ln t l rzno I l . ln lo I luc 's tvnns

I f  a  radio receiver  is  prov idcd r r ' i th  cxternal  s tabi l izat ion contro ls
t ,hat  are to bo usr : t l  in  t l ro  norr r ra l  operat ion of  the rccei lor ,  i1  shot t ld

be tested as a regenerat ive '  receiver .  No other  I t re, rd i f ica l i r tns of  t l r t :
gene ra l  in-st ruct ions of  par t  (a)  arc nccessi l l 'J '  f r r r  the test ing o i  s ta l r i l izcd
radio receivers.

( r l )  S r r r : n - I I  r . ' t  t : non t  r t ;  l i . r t r t o  I l t : r ' t ; t v t . t t s

I f  a  srrpcr-ht ' teror lvne radio rcceiver  ] ras I  scpar l r tc  contro l  o I  i ts
osc i l l a to r  f r equenc l ' ,  a l l  r cs t s  shou ld  be ' r t r l i c l c ' * - i t h  t l r e  osc i l l a to r

adjusted to the i r igher  f requencl '  above the .^ ignal ,  unloss thc in-
st ruct ions accornpanving thc rect ' iver  speci f l '  o thcr  condi t i t tns for  op-

erat ion.  Sclect iv i t l '  tests shoulc l  inc l r rc lc  t l te  response at  t l rc  lor l -er

f requencl ' .  In  r r rak ing sel t 'c t iv i t l -  tests the radio- f r r '11r t t 'ne.r '  osc i l la tor

should be ntovet l  over  t rv ice the in terr r rec l ia te f rer l t tcncr ' .  I f  th is  fa l ls

outs ide t l re  b loat lcast  bancl  i t  s l iou l r i  not  l r t '  ignored.  (  ) t l re l rv ise,  tests

are to be in  aceordance * ' i th  par t  (a) .

6. Sensitivity and Tuning Range Tests.

( -s , )  S n. rsrr r \ - r r r - ' l l rsr

l 'he radio- f rcquencl '  sot r rcc rv i th  400-c1 'c le,  i lO pt ' r  ccnt  t t roc l -

ru lat ion is  ar i justed to a g iven' l 'est  I " reqt tcnc\ ' ,  t l re  t 'eceiver

tuned  to  t he  s igna l  anc l  t he  i npu t  rac l i o  f i e l d  i n t cn . s i t l ' ad jus ted
unt,i l  Norrrral Test Output is had. 'fhe value of radio fielt l intcnsity

i s  no ted  an r l  t he  sa lne  p rocoss  i s  repea le r I  a t  t hc  r c l r r a i n ing ' [ ' es t
Frequencies.  A graph is  p lot ted wi th Nornra l  Radio Fie lc l  In tensi t l 'as

ord inate and carr ier  f requencl 'as abscissa.  A l incar  ord inate scale is

ord inar i l l '  used,  a l t l iough in compar ing receiv ing sets of  n ' ic lc l l '  d i f fcr -

ent  sensi t iv i t ies i t  is  sonret in ies advantageous to t lse a logar i thnl ic

ord inate scale.  The abscissa scale used should be l inear .

(n)  Tuxrxc l l rsc l  
' fnsr

In conjunct ion wi th the sensi t iv i t ] ' test  i t  is  conr-enient  to  make a

test  of  the tuning range of  the radio receiver .  [ Is ing the sanle test

condi t ions as for  the sensi t iv i ty  te-" t ,  the radio receiver  l ln ipo od-
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justrnent should be set for the lowest carrier frequency it is capable
of receiving under normal operation. The radio-frequlncy oscilator
is then adjusted in frequency unti l i t is at that frequency which gives
tiaxinrurn output in the output meter. The output signar used shourd
be approximately Normal output, to avoid ioaccu.a.les due to over-
Ioading. The radio-frequency setting of the oscil lator is then recorded
as the lower frequency i imit of the tuning range. If the radio-frequerrcy
oscil lator is incapable of reaching the low limit frequency of itr" ,u-
ceiver, the oscil lator should be set at its minimurn ti=quency and the
receiver tuned to it. ] 'he dial scale reading of the radio receiver is
then recorded for that frequency. The process is then repeated at the
high-frequency l inrit of the range. The maxirnurn and nrinimum fre-
quency settings of the tuning control wil l generally correspond to the
trraxirrru.r and mininiu.i dial scare 'rarkings. rf they do not, the diar
settings eorresponding to the l imit frequency settings shourd be
recorded.

If a calibration of clial setting versus carrier frequency is desired,
it can ber obtained b1' adding to trre l iniit varues a set or readings of
the dial settings for each of the standard Test Frequencies used in the
sensitivity test. The dial caribration is plotted in the forr. of a graph
with carrier frequency as abscissa and dial setting as ordinate, both to
a l inear scale.

7' selectivity Test. The radio-frequency source with 400-cycre,
30 per cent nrodulation is adjusted to a given Test Frequency, the
radio receiver tuned to the signar and the input radio field intlnsity
adjusted unti l Norrrial rest output is had. The value of radio field
intensity is noted and the radio-frequency oscil lator is adjusted in
steps of at most 10 kilocycles on either side of the Test Frequency
and at each setting of the radio-frequency oscilato. the radit nerd
intensity necessary to give Normal iest output is determined and
recorded. The readings are taken unti l the radio_frequency input is
at least 100 tirnes its varue at resonance or unfi l u .urrg" oi tod uto-
cycles either side of the Test Frequency setting has been covered. The
same procedure is repeated at the renraining Test Frequencies. A graph
is plotted for each Test Frequency using the radio_frlquency input as
ordinate to a logarithrrric scale antr carrier frequency as al.ci..a o.,
alinearscaie' The scales used foreach grapli for a given radio receiver
should be uniform and alike.

8. Fidelity Test. The radio_frequency source with 400_cycle, 30
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per  cent  r i lodulat ion is  adjusted to a g iveu fest  l rec l t rencr- ,  t l te  re-

ceiv ing set  tuned to the -s ignal ,  and the input  |adio f ic ld  in tensiL l '

ad justec l  unt i l  Norrnal  Tcst  Output  is  had.  fhen the r r rodulabion

frer luency ' is  var ie<l  f rorr r  -10 to 10,000 c1 'c ics t :ont in t tgusl l 'c . r t ' in  s tep-s,

the r t roc lu lat ion percentagc being tnainta inct l  const : r I I t  a t  30 pcr  cent

ancl the outputs recorc'lc'r l for each rrrodulution frccluencl-. 1' lr is pro-

cetlure is rcpeateil for eaclr 
' I 'est l irequetlct', antl t lrctl cut'r 'es are plotted

rv i th  the per  cent  of  the vol tagc output  ot  {00 c1 'c les as or t l inate to a

l i lear  scalc  anr l  uroc iu lut ion f rec lucncJ '  { IS a l tsc, issa nn a logal i t i l r r r ic

scale.

F. Additional Tests

The tests out l inct l  in  th is  sect ion are to L ic  regarded as tentat iYer

only. Tliey are incluclerl for tLe put'pos€r of b|ingirig bcfore the industrl '

the need for  tests of  cer ta in othcr  factors of  l lc r forn laDcc,  in  addi t icrn

to t l ie  rnajor  radio receivct '  t t 's ts  which i ra l 'c  becn out l incd in  the

preceding sect i0ns.

rn sorne of  the fo l lon ' ing tcsts,  l i rn i ts  have becn set  i11 3 5611)srv l r l l i

arbitrary l))anner for the purpose of provicling a basis for exllcri lrtenta-

t ion ancl  fur ther  c ler-e loplnent .  Af  ter  sot l re gcncra l  exptr t ' i t 'ncc l ras been

had iu nrak ing t ,hese acld i t ional  tcsts ,  i t  is  in tendct l  t l i&t  def in i te

standards for  procedure in  invest igat ing thcse factot ' ' t  q f  rat l io  rcet : i t ' t r

perforntance shall be clra$'n up. 
'I 'hc cottrrrrittee rvil l  be g|cet11'

assistetl to this encl if thoso iaboratories fincling a tlsc for suclr tt 'sts

wil l try out the trretl iocls outl inecl, and send in thcir coull l lel lts ! 'nd

r:rit icisms.

The tests rvhic l t  have appeared necessDr ' ) ' thus f r r r  under th is  ] rcad-

ing inc lude:

1. 
'[ 'ests for overloading of raclio rccoivers'*

2. Ti'sts for volurtle controls of rrrdio I 'eceivcl's'

3 .  Tests for  i ru ln produced in radio rccc i t ' t rs '

r  In the opin ion of  the commit tee over load tests sre considered worthy of

u  p l u . "  u . onS  i t  e  p .ece , l l n t r  s t anda rd  t es l s ,  l r r t t ,  i t  i s  f e l t  t ha t  t he re  I r as  no t  been

err f l ic ient  e\Delence 
"  

t t  t r  i i i .  t " r r  by var ious Iaborator ies to u arrant  the set t ing

, i  J"""a; f i " i t "  
" tun. i r . , i  

t " . t  for  ih is character is t ic  of  radio receivers.  Tbe

i i r# i i *  p"r"g i -pr" ' r "^ ; t l t .a""a i .g 
" t  

I tadio I leceivers"  are therefore placed

in the sectron on 'Acr i j t ion" i  G.t t l '  pending the col lect ion of  fur ther dets '

ii ii, .;..p!ii"Jti"t t-6" .*i..iat iltl 6e ievised-in frrrther editione of this report'
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l' overloading of Radio Receivers. It is conceded that the erfect
of distortion on the 'uman ear is highly variabre, and depend""t:"0";
r.any conditions whicir cannot be specified in any -uo.r", which shail
be standard practice for an1, rength of t ime. There is a basis on which
overloading can be defined from the technical viewpoint, howerrer, that
'ray be used for the,pu.pose of cornparing radio receivers with respect
to this factor of performance. A radio receiver can be saicr to be over-
loarled wiren distortion is nianifested in the output, i.e., when theelectrical output differs in wave fo', from the electrical input by aspecified ar'ount. The output of the radio receiver shourd Le heted
for the introcluctio. of spurious frequencies, that is, those not present
in the input .

Recause of the fact that an a'iplif ier rnay, and usually does, o'er-
load at one or'rore frequencies rnore readily than at othJrs, tt 

" 
or"r-

load test should be conducted eitrier at all frequencies over trre audio
r&nge' or at those particular ones wliere overroading occurs with ]east
input' Deterrninatio-n of this point, or points, is therefore the firststep in the test. To do this, it is reconinienaed ihat the outpui ue ex_amined with a cathode ral' oscilrograph by a method such as that de_scribed in "Notes on the Testing of ,4.uiio-trrequency Ar'plif ier5.,,*
The.two 'oitages appried to the deflection prates of t ie or.i l logrupl,
would be the a-f voltage usecr to niodulate the r-f o.cittator, aoa tneradio receiver output voltage, respectively.

\tr 'hen the crit ical o'e.roading frequencies have been found theyare to be used to measure the overloadle'er of the receiver,u, iotto*r,

The test apparatus wil l be that used for the ,.Fidelity, 
test, except

that a harnronic r'easuring instrument is to be connected across the
stanclard output road, and this instrument so chosen as to constants,
that it exerts negrigibre effect on the road circuit. For this purfo." tt 

"instrurrent dcscribed in "The Alternating current e"iag"' i."u Hu._
monic Anal1r.5s1'!t*{< is recontprended.

. 
The radio-frequencf input (with the moduration adjusted to thecrit ical o'erload frequency and 30 per cent rnodulation) is to be in-creased in steps unt'a value is reached, which causes the output vot-tage to contain 10 per cent of total harmonics.

-a See reference R3{2.2 (b) ,  paee tBg.** See reference (R800) is7.f("j, iide ru2.
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When th is  input  va luc has been reachecl ,  the output  vo l tage is  to

be ureasurer l  (as in  F ic le l i t l ' test )  ant l  the porvcr  in  t l ic  output  c i r r :u i t

ca lculatec l .  
' l ' i re  over loacl  level  of  t l rc  rac l io  reeciver  shal l  t l ren bt r

eonsic lered to bc that  va lue of  po\ \ - t ' t '  o i t tp t t t .

2. Volume Control Tests.

Br ief l1 ' ,  thc nrost  inrpor tant  of  thesc arc:

(a ) ' l ' es t s  o f  t l i e  e f f ec t  o f  t hc  vo lu rno  con t t ' o l  on  t he  sens i t i v i t J ' ,

se leet iv i t l ' ,  and f id t ' l i t1 '  o f  the radio rcceive r .

( b ) ' l ' es t s  o f  t hc  e f f ec t  o f  t l r e  ra r l i o - f r eq r tenc ) ' f i c l d  t o  r vh i ch  t he

ra<l io  rc 'cr - ' i t 'er  is  t ,x l to .ser l  ( input  s ignal  not  s t rb ject  to  thc volu lne cont t 'o ]

in  sonte rar l io  receivers) .

(a)  1.  l ; l rnrcr  or  \ -oLr ' ] rD C'o\TRol  or  Sr :xs l t i l - ITv

The radio f ie ld in tensi t l '  requi red to produce Nornra l  Test  Output

shoulc l  be nteasured at  var ious volune eontro l  set t ings.  These can be

plot tec l  in  the form of  a graph using percentage of  nrax i tnunt  set t ing of

volume contro l  as abscissa,  and Norrr ta l  Radio l - ic ld  Intensi t f  in

rn icrovol ts  per  t t rc ter  as ord inate.  This graph can be p lot ted on the

sanre type of  paper u-qecl  for  se lect iv i t l 'grapl is  wi th the logar i thnl ic

ax is  as orc l inato.  The gr .aph shoulc l  be takcn a l l  the $ 'av to the nr in i -

nrutn end of  the. i 'o lunre contro l  uniess i r t rpossib le rv i th  the avai lable

equipn)r 'n t .  In  thc la t ter  case the graph should be taken at  least  to  a

radio f ie ld in tensi ty  of  50,000 nr icrovol ts  per  Ineter .  This  graph can be

taken  a t  anv  one  o r  I l r o re  o f  t he  S tanda rd ' l ' es t  F requene l ' se t t i ngs

cles i red,  ancl  enot tg l i  po ints should be taken to show the graptr  s l iape

accuratell ' .

(a)  2.  F l r recr  oF VoLL'NIE ( 'oNTRoL oN SrILE[r r Iv t rY

In addi t ion to the usual  inverse resonance graphs '  a select iv i ty

graph should be taken n'ith a radio field intensity at resonance of 1000

rnicrovol ts  per  nteter . .  T i r is  s ignal  i -s  to  be reduced bt '  means of  the

volurr re contro l  pnt i l  i t  g ivos Nognal  Test  Output  at  the receiyer  out-

put .  One or  l l lore such select iv i ty  graphs should be taken at  reduced

volu lpe contro l  as requi red in  the opin ign of  t l ie  test  engineer,  ancl  in

cases of  apparent  errat ic  behavior  of  the volurne contro l ,  graphs may

be taken at higher valtles of radio field intensity.
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(a) 3. Errncr on Vor,uME CoNrRoL oN FrDELrry
In addition to the ,.sual f idelity graphs, one should be taken with aradio field intensity of 10,000 ,r-, l. iorrolt, per nreter, with the radiorecei'er output reduced by'ieans of the volum" .ootrrr to g;,r;No.rrrutTest output at 400 cycles. such curves shoulcr be taken at 600 and1400 kilocl 'cles, and at other standard test carrier frequencies ifthought desirable.

(b) Errrcr oF rHE Rloro_FnnguENcy Frnr,o ro WHrca run Reoro
RocrrvnR Is  Expclspl

It was intended that this test should evaluate the pickup by theradio .c'ceil 'er circuit, of radio-frequun.y fierds througr, urr.rri"ra"a o"poorly shielded coils or wires, withi. the radio rec"ir. ' ,e., and throughthe porver l ine i '  the case oi radio receivers deriving part or all oftheir po*'er suppiy frorn that source, under conclit ions where ther'olunre control was set at nrinimunr. Such a test appears ae.i.abte,but the conrmittee knows of no satisfactory way of nraking such a testquantitatively at the present t ime, and recomnrends that the variousIaboratories keep in mind the need for such a test. If a rnethod is laterdeveloped which permits results of a usefur quantitative nature to beobtained, it is requested that this be brought to the attention of theSubcornrnittee on Radio Receivers.

3. Tests for Hum.

Radio receivers of the t1,pe which derive their power from an a_csuqglr generally produce in the output circuit a certain amount ofaudio-frequency voltage, cornposed of a combination of various har-
I: it:: 

of 
,tfe 13.supply frequency, and occasionally conraining thelundamental' This vortage_ is coni'ronly called the a-c rr,rrr., .,roltugu,

and this section is intended to outrine Jertain tests for evaruating it.

A measure of the.r.m.s. hum voltage across tl ie output terminalsof the radio receiver is not an indicatiJn of it. quurrtitative effect onthe ear, since t 'e audio response characteristics of u-t u*piinur. 
"rroloud speakers, and of the human 

"ur, 
*uru the higher harmonics ofthe a-c power l ine to resurt in more sound response from the roudspeaker than do the lower harmonics or the fundar'entar. Thereforeii is desirable to evaluate the various har'ronic corrponents of the humvoltage in order to obtain a useful conception of the a"s*" 

"i 
,r-
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pleasantness n 'h ich t l i t  hurr r  f rorr r  a par t icu ler .  I 'ad io recei r -er  n. i l l
create. A sirrrple \1'a.\ 'of cloing thi"^ *'oultl bc to c<.rnstruct a fi i ter net-
rvork l rav ing an at t t .nurr t ion character is t ie  n- l i ich rvoulc l  t lke account
of the clropping off in loud .rpeeker rcsporis(, rrnrl errr r.csponst' belon'
1500 c1 'c le-s.  ( I t  is  fc l t  th l t  f lcc l r rcnci rs  a l ;ovc i500 r ,1- t ' l t ,s  can bc 'd is-
regardecl  in  t l ie  l rurr r  r r rc l lsut 'er r re 'nt . )  ' l ' l r is  nr '1  nork s l iou l r l  be con-
nccte i l  betn 'een t l rc  rar l io  l ' t 'c ' r ' ivcr  oulJ)ut ,  unt l  t l ic  out l )ut  vo l t r t rc ter .
I f  t l r e ' r ' o l t r r ) e t c r  i s  ca l i bmtc r l  i n  r . n r . s .  r ' o l t s  i t  n ' i l 1  t l r cn  r r r r ' r su re  t he
sql lare root  of  t l tc  s t t t t t  o f  t l r t -  s( luaI 'es of  t l rc  var ious l rurr t  haurrc,n ic
vol tage-s,  eacrh l ranrronic being at tcnuat t ' t l  to  c  l )crcrr l t r rgc c, f  i t ,s  actual
value,  corresponcl ing to i ts  i r r rpor tanc:e f lor r r  t l rc  l to i r r t  o f  v icrv of  t l re
Ioud speakcr  and c l l  respor lsc charactcr is t ic-s .  T l rus,  r r  s inglc  vol tage
n)oasurcnlent  is  nrac lc  to g ivc r t  r r rcr rsure of  the drgree of  unplc i rs&nln( 'ss

I , ' ig .  12-Possi l r le .A. t tcrr t rat ion Character is t ic  of  - \ r l r i t r r l , r l -  \et i i  ork
f o r  { - se  i n  } I um  \ l eesu re t r : en t .

rv l r ich thc hur t r  f lor r r  & p lut icu la l  radio t ' ( ,c i , ivr ' r  \ \ -oulc l  c l t ' r r t t ' rv i t l r  an
averagc loucl  speaker.  I i roru th is  vol t tgc l l reAsl l re l r rcnt ,  uur l  the value
of  the rac l io  leceiver  output  res is tancc,  ther  l rurn po\vcf  s l iou l , i  be
calculatr<1.

\Vhi le  thc ear  character is t ic  is  f l i r ly '  rve l l -kno\ \ 'n ,  thc pr t 'parat ion
of  a netrvork rvhich $ 'oul ( l  inc lude thc rcs l ronse charectcr is t ic  of  an
average loucl  speaker rvor . r lc l ,  o f  course,  ncccssi tate t l ic  r r rcasurcrnent  of
a l l  the loud sperkers upon the ruurkct  at  t l ic  p l 'cscnt  t i r r rc ,  and for
solue t i l l le  past .  I t  n 'oulc l  a lso requi rc  t l re  use of  sount l  r ) lc : : l .su l ' iDg
equiprncnt ,  and urcasurer) rent  condi t ions n ' I ro-se absolutc accuracv l tas
been proven.  Thesc requi rernents are i r ) )possib le of  cornplete rcal iza-
tiou at the present t inre, but it is felt that some valuable expel' ience

9

t

-
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in tl ie f ield of huni neasurernent can be obtained by the adoption ofan arbitrary netrvork, having characteristics which appear, in l ight ofpresent knorvledge, to be of the general order of ,,-,ugoit,rJ". 
"i 

i^rr" ,r"-quency attenuation factors invorved, and to approxirnate an averagelorrd speaker characteristic. a po..i i t" att"rruutioo characteristic forsucli a netrvork is show.n in Fig. 12, anrl a network having approxi_mately this characteristic is shown in Fig. 13.

.It 
'shourtr be er'phasizecl that the graph of Fig. 12 is not intendedt' include an accurate reprcsentatio.r or uo aver.age loud speaker fre_quency response characteristic. The network cllracteriri i . i . o*iytentative, and has beln.gre-n-ared as a guide for tho." ausirioftJmakeinvestigations in the nela oi hurr, ,n"u.i rurnuor.
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b"r*:#i,:t:te An Average Loud

other conditions rvhich must be considered in connection with then)easurentent of hum froni a radio receiver &re:

, 
(t) use of an a-c powe' supply having knorvn and ,efinitery l iuritedharmonic character is t ics.

(2) Adjustr'ent of.any devices providerl o' the receiver for humregulation, such as fira.rent r. icr-tap potentior'eters, for minirnumhunr.

In connection rvith co,ndition (1) above, it is suggested that use betnade of the differentiar distortion ia.to, . i..urt, which has been usedin the past i ' the eiectrical art in e'aluating the harrnonic content ofa-c porver l ines. The circuit is shown in Fig. 14. TIie constants of i lrecircuit a,r'e govcrned by the relation:

R :  
I

2rfC
where / is t 'e fundamentar frequency of the a-c l ine. The value of / i

\^cLTM€TER
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REFERENCES RELATING TO THE MEASUREMENT OF TI{E
CI{ARACTERTSTICS OF RADIO RECEIVERS AND

ASSOCIATED APPARATUS

These references are crassified according to the extension of the
Dewey Decimal classification to radio subjects contained in circurar
138 of the u. s. Bureau of standards.* An outrine of this classification
was published in the Pnocppnr*cs of the Institute of Radio Engineem,
16, 1423 ; October, 1928.
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