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Testing and Adjusting Speaker Tnstallzltions with the Sound-Survey Meter- 

Snund-lrvtal mrn<urrhrnrnts in room< sontaininc .cpr:ikcr w\Lerns providr intcreqtinp ;tnd iml~dr- 
t all t d.i(:b not  t ~ l ~ t : ~ i n : ~ l ~ l v  from r.lt.ct rEt R I  mr:rsurmmn 1% or lisleninr: tc.;tf alnntr. This paprr tli-cus~ec 
trrtinirlur.: of uljt:tininc rcl;~liva-ly sn~orltli nnrl rinprotlucihfe Irequrnrv-response c u ~ v e s  untlrar typicar 
hump rtrunl ct~nrlil.ons, ucinq a ncrr ullra-n1ini:lturc sounrl-lrvcl melei-. Curvrs thu.: i:ikrn wiH 
hr. prt.~rntr.d ior :In :tdiu.t.~lrlr h ~ c s  rcArlu unit n.ill1 : jn(l M ithout dl)snrt)r~rt 1n:lteri:il. 

Ell' OHSECT of this palwr is to ( I P S C T I ~ P  1~cEiniq11es nf T ~ i ~ a k i n c  :tcouutic f t - p r ~ ~ e ~ i ~ j ~ - r ~ r ~ p r ) ? i . ~ e  i ~ i e ~ s ~ ~ r e ~ i ~ e n  ts nn 
speaker systems in the rooms where they arc tn h e  used. 
Thrse techniques are ilfustraterl Ijy results of nleasirrsn~ents 
on sever;11 typical speakers, anrl the effrcts of cerlain vari- 
ahles are demonstratetl. 

Frerluency response is, 0 5  cnurqc, cmly one nf srvcral 
factfirs important tn  ~ o o d  sounrl reproduction. Nevertheless. 
there i s  no substitute for eonil freqliency response, ant1 i t  is 
iniportant in rvaluating a reprotluctinn system to h a w  
ncctirate frequency-responsr data. Listening t~:ts by trained 
listeners can I)e very l1sef111 in eval~iating the overall quayit!: 
of ii s p ~ a k e r  system and can to a small extent evnltlate inrli- 

I vidual factors, including frequency response, but listening 
tests ~ i v e  very rough data only, and results arc subject tu 
differences of opinion, often strong. \\'holly electrical mc:ls- 

- urernents, usin=, the speaker voice-coil voltage tieveloped 
l ~ y  a constant current a5 a nleas~lrc of inlpedancr rnagniturle: 
are sometimes helpful, h t ~ t  they are dificul t for most p r o p l ~  
to interpret and only give part of the desired in[osmation. 
l'or csample, the characteristics of the typical listening rooin 
have no aplwecial~le effect on voice-coil i n~p~dance ,  yet they 
tfu have an iinportant influ~nce on rrsponse. The  only way 
to obtain accurate quantitative data an overall acoustic frr- 
qurncy response is t n  measure sound-pressure levrl dil.rctly 
lgb means nf a sound-level meter or its ~quivalcnt.  

4 Factor5 afiecting ov~ral l  response arc act~ustic pnwes nut- 
put, total mnm In-qses (absorption and transmission to out- 
s i c ] ~ ) ,  s p e a k ~ ~  System rrirectirity, and roo~n rrflections pro- 
ducing standin?-wave patterns. The average sound-intensity 
level En the roum is primarily determiner1 hy the first tmn 
Faclors, and the sot~tid distriblltioli, 01. t h ~  manner in which 
sound-pressure Iplrel varies fram pnint to point within thr 

mom, is primarily deterniinec! by t h ~  scconrl two fzctnrs. To 
illurtrate the iorecoing statements, the listening room can 
hp thn~lfiht of as k i n g  a reservnir lor acoustic enerqy. This 
resrrvnir is I~einc supplird with acoustic energy by the 
speaker,. a n t 1  the rate of  supply is, of course, equal to the 
arolislic power o u t p u t  of the speaker. If the room wallc, 
floor, and ce i l i~~g $id not allow any e n q y  to ~ S P  transnlitted 
thrnuyh them to thc outside and il they were, in additinn, 

Tor;slrss and [lid lint absorb any nf the ncoustic enerRy by 
crrnvertinq it  to hext tElmugli friclion. !hen the reservoir 
u-naltl have nn Ieal;agp, ond the rnrrgy level would huilrl u p  
withutit any limit. Such a lossle$s room is, of course, im- 
~~nssible la  :~chievr and is nlso ~~ndcsirable. A11 rooms allow 
snmr cJ~grrc of  ~ransrnis4on to t h p  outside and some degree 
nf absorption. The total rate of energy 105s through trans- 
mission a n d  ahsorption is. ptoportionnl to the pnergy letlel 
w ~ i t h i n  the mom, to the total area of the room surfaces, and 
tn the t r:t nsrnission a n d  absorption coefficients, respectively, 
of  these surfaces. I t  cair be seen that with a ~ i v e n  speaker 
powrr output the acoustic-energy level in the room builds up 
until thr rntc of ener-q loss equals the rate nl Pncrgy supply, 
at  wl~ich paint t h r  enerzy level is stabilized. IfTith illis 
picture in mind i t  is cnsy lu see why a piven amount of 

qmakrr power will product a Iiigher sounrl level in a "live" 
rnum (low losses) than in a " d ~ n t l "  room (high losses). 
.4lsn. since total losses for a given type of wall material go 
t ~ p  as total surface area increases, it i s  clcar why a given 
amount of speaker power will set up a higher wund level in n 
small room than in a l a r ~ e  room of the same type. 

To continue t h ~  rpser~oir analopy, fhp directivity char- 
ncteristics o[ thr ~ p p ~ k p r  determine the rnannrr ill which thr 
"sErenm" of acoustic energy enters the rpwi-~oir~ anrl stand- 
ing-wave ~ialtcrns are S P ~  tip by n~rrltiple wall reilrctions 
n f  this e n q y  slream, which is s pulsatinq ~trearn. 

The above dc~criptinn is clearly greatly simplifi~d. Pos- 
sihle interaclti~le effects. stlch as the influ~ncr of the stancline- 
wave paltern on the :~coustic impedance presented t ~ y  !he 
rmnl to the . ~ e a l i e r  and the consequrni effect on acous!ic 
ptnver 011 tplit, are orni ttrd. Rowevrr, the simplified p i c t u r ~  
i.; IlelpCul in explaitling nbserv~d efirc~s dtirinji measurrments. 

Fur e~nlnple,  the f;tarldin~-wavr pattern is a rapidly vasy- 
in:: rulictinn oC Crecllipncy, and i f  sr>uad-pressure lcvrl iq 

measurrcl at a fixer1 pnint in the roo111 as Frequ~ncy i:: 
c h n n q ~ t l .  it is well known that the responw curve so obtained 
~vill be ver). irregular, even in regions of frequency where 
the systrm re.cpnnsp is supposed to he Rat. The irregulari- 
tit=? are su l a r ~ ~  th:it ZIley olten c{~ml-rletely obqcure siqnifi- 
cant characteristics nl the system respnnse curiTe, such as a 
"notch" ~ , r n d u c ~ d  by a n  improperly adju.~ked crnscover nPt- 

%- 

Thi\ plrtJr ivns nri:.inallv presrntcrl : ~ t  thr Aurlit) F i r  i11 Sclr  \'ark Clt!., Ociolrrr ! * I - ; I .  195:. and i i  rrpl.interl irrrm t h ~  J:>urnnl ol t he  ?u~l io  
I<nrinrcri~lg Snri r tx .  \ 'o lun~c 1. l u m h r r  1 .  J:lnrr~ry, I [ ! F ;  Thr stmlrnts :ire cr~p\rirhtr.li h? tlir .lutliu Eny jn~er inc  Sr,cict\ 
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work. .4Ztrr es I )e r ienc in~  this tyiw of rcql~lt,  :In rulwri- -- --+-- 

, , C 
r n ~ 1 1 i ~ r  i~ apt  to lnrlk for 1)erinic~i(~n to L I T  a np:lrl)!' aurchoic 
chamber, thus ~Tfeci ively elinlinatinrr stantlit~z rvavr.;. Ilut h r  
will find t hu t  this approach ha. it5 rliKlc111tirs 7'hr riircts n i  .E 

qpenker rlir~ctivilq. t)rcnn~c i n i p n r t n ~ ~ ~ .  lrlr one  r.;:lrnl~lr. A . i / 
rp.;lwnnqc curtvr tnl;cn 1r~il11 t h ~  snunrl-levrl tnctpr n t  :I fixrd 
 miti tit Fn nti nncchoic rl13rnlwr will zenerally aho\v larqc 
i r r ~ ~ u l n r i t i e s .  p: l r t ic~~lnrly a t  hi$ fl-cqurnci~.q. that arp ~ I I I P  
tn cornt)in:~tions n i  i t~-phase ant1 nut-ni-phacr wnv?? frnlrr 
~ l i f f r ren t  par tc  of tlir qpeal.;rr sswrnl~l:., nn which mechanical 
c txt~rl i~~,o wave.; can eyiqt. I n  thc rase of a 11;1si rel'lrs 
spcnk~r. wares froin I hr  pw-1 npcninq can cancel waver; i m m  
t h ~  qwaker  open in^ ; ~ t  1011- irpquencies, Thcse i r r r y ~ l a r i -  
tic%, which sho\v 1111 in an :+11t~chr3ic cF~al~~J>er ,  C P I )  nnt ha\-r 
the <;?me .Gcnificanc~ in a nnrnial listeninq roonl \ v i ~ h  re- 
ilccdinc rvnlls, hec;u! i~ iliultil~le rcfrctintls Froin thr wnlls 
hrlp crcntly in distrihutirlr: llie =nzintl cneruy a11{1 th\15 !jar- 
tinlly ctrii11lrns:ltc iclr dir~clivit!* rffecta,' Tlicrr iorr ,  in  
nrtler to nhtnin a r r p r r s ~ n l n t i ~ ~ e  ~.rsclll for an  n~,t=r;~ll rrsponqt- 
me:~.sur~ment in ;In :tnechoic uhambrr. it i s  ncct.qs;try trr 
avcrajie orit thew rlirectivity effectc 11y niaking rnrasurcments 
a t  a number nf point.i, e~~ui r l i~ t r ln t .  but at different 3nqleq 
from the ~pcal,er, and to awrsrrr the rp ru l t~ ,  Tf  the .xpe:il;cr 
fn he measurer! i s  11i t h ~  corner-horn type, in which the walls 
nf the 1i';t~nir.q rnnm provicl~ the linal par t  nT the hum. 
thrre  i q  the ~,mhlern n i  simulating rnorn conditions propcrly 
in the anechoic. c h n m h ~ r  I ' r ~ a ~ r n a h l y  thi.; can Ilr done 11y 
errctinc flv11 t ~ r i ~ l J i  ; l r l ( I  the foor nf hard, ret l~ct inn inateri;~l 
in nne  cnrner of t h ~  c h a n ~ l ~ e r ,  brrt it can he %pen t h a l  having 
an ancrhoic charnl,er avail:iI,l~ tloeq not n r r ~ s s a r i l y  qimpliiy 
thc menst l r~menl  prtlhlcm. If anything,  i t  is an invitation 
t c ~  q ~ r n r l  3 101 more t i m ~  preparing Fnr and nixkinq mpasurc- 
i l l r n t ~ ,  althnuch c ~ r t a i n l > ,  n m r p  iniorniatinn can he c~btainrtl 
in t h ~  long run. 

I T h e  exart rlurnl)e~ n i  pc~iilr.: and their exact I[)r;lli<~n 
arc nrrf ill a11 criticzl, n n u n ~ h r r  ~ j f  point.< I ~ e l ~ v r ~ i i  i i \ . r l  nnrl 
Lrr~ I>rinr: wtiqfnctnry. T l ~ c  Inrccr ~iurnhpr will zivr ~ m r -  
1~11at ilnnnt her T P ~ > O I I < I ~  cui-vrq :in(l h ~ t  t ~r ~ - r ~ > r r ) r l ~ ~ ~ .  ihili! 
of  ( l i ~ t : ~ .  Ti1 :11l the i ~ r l l n \ v i ~ i ~  n1casrtrri11t~nl~ ten ~loint G we1 
1 1 ~ 3 .  qirrr~ :I .;ninll , ~ r l d i n ~  ~z~nchit i r  1va5 :~\+;tilnhlr. :rnrl 11 
njTrrace cnulrl IIP ol,t:~incd I)?- n i o ~ i n r  lllr rlerin~al pnint l l r -  

thr. trd.;~l. .4nntllcr siinlllr n ~ r t  Rnrl of n v ~ ~ r a ~ i n ~  i f ,  ,:I!.. li\,r 
point; n7rrP 11.;r~r1 wrttllrl Ilr tn plo1 lllr t l ~ t ; ~ l c  on o i ~ c  -calr  
and thrn t o  I.i1~:1 thc rwul t inr :  curve with :I scalp r~lntorl to 
thc f~rqt 13y n fnrlnr nf .5. ( ' I I Y V ~ S  t:~l:pn 11y thF.4 m'll~orl ;trr3 

i:lirly ifi~crltll a n d  :1EC rr(3ro([ucihlra t o  ir hiyhly ~ : ~ i i i f : ~ c i o t ~ ~ .  
,\ltno.;f r;urpri<i~?e rlcyrer. 

Kct urniny: nur at trntion to respnnse measurement.; matle \IE,\SCTRIN(; BQLUP\iRNT 
in nurmnl rooms. :inrl with r e f r r ~ n c r  to the irreqularities 

'Thr itlctr11111rnt ~rstbrl to mlc;lstlr(3 .c~~urnrl Ir\,t>l; in t hr  rnp;~q- c n u s ~ r l  1)y t h ~  shiftilly nf stantlinq-wave patterns and <PP:IICC~ 
ur~rnpntq rpllnrtrtl Ilelo\r i.; c ; I ~ ~ F ( !  :I ~ o r r r r / l - c r r r ~ ~ r ~  r ~ r r ~ t r . r ,  rlirecli\~it!-, il ic  r Ie~i lahle  In rlinlinntr thew irr~nularitie:: 
~ I ( ~ c ; ~ L I ~  if:: smnll (ize ( 1 ) ' '  k .Z] < "  2 .,") :rnrl licht n.r,Crrl~t Trnm the mrawremrnt .  Thti.: rlne can ol~txin result< in the 
( I y .  1))) a r p  11:tri i r11hr1~-  ~ w l i - o ~ ~ i c  711 ~ ~ ~ ~ ( l - ~ ~ t r i ~ ~ y  ~ v n r l : , ~  iomm nf a r d a t  ivpfy '171nntl1 C I I ~ V P  tha t  r ~ p r e s e n t s  correctly 

Firrz~rc t sho~rs  thr  i ~ ~ ~ t r ~ ~ ~ n c ~ n  t I 1 ~ 1 d  a <  i t  t ~ o ~ i l ( l  he h r l ~ l  the avPrazP snund level as a function of frctlurnry anrl that 
iri ; j ~ t l ~ i ~ l  1 1 ~ ~ .  with l l ~ r  th~rn11 in  po~it i rm tn : ~ r l j t t ~ t  t l ~ r  illnctrate5 the comhincd ~fiect.: of spcskrr acoustic powrr 
"Irvrl" i~tteiit~ntwr \o ( ( I  c>l)t:ii~l  TI on-;ci~lr mclrr  r ~ : ~ r l i n c  0litj21~t ; ~ n d  t r r t ; ~ l  room In.;w. Such a reqult represrnts thy 
f u r  tllr so~r l~ t l  IjeEnq nlrnwrcrl. The rr.trlinr4 nrr  in drcil,rl< perForniancc of the q p ~ i ~ l i e r  system nntl room as n w,hnlc 
rrfvrred rn 0.0002 ,,hnr. the -t;lntlnrtl rricrencc Ir\-el fnr Tt hi15 l w n  louncl that t l ~ r  e f i r ~ t s  I ~ I  5t;lllrlinq ZWVPS 
~ o ~ ~ i i i l - l e v ~ l  171Pte1'3. ' 1 ' 1 ~  ot11y of h ~ r  calm! rul. I>II I I I ~  11dt si(le. qpraker rlircctivity in nnrrlinl mnm: can largely ht elirninatrrl 

irr)m rr<pnnse curve:: i f  a t  e x h  frequency sound-level rr;irl- t~lru.; the int~tzi ' t i rnt  on :tnrl 11if. c r l e c t ~  i hr Ireq~lrncy rhar-  
;~ctcristic ~ i c s i r ~ ( I ,  i11lr4 l w r t n i t ~  I ~ I P  ctlllclitiol~ n l  tltr ~rl;ate incs are taken :it w v ~ r a l  llnints tliq(ributed within the ronllr 

, and ~ ~ I : I I I ~ P I ~ !  ljd t tt=rie:: f 1 )  he rhrcJ~r11 IIJ, ~ i i ~ : l i ~ s  11j t h~ pnnrl ant1 the fivera!y OF t h r s ~  i-p;jrlin:s is zlcrt fnr plnttillr: tIlc 
meler.  Thc t l l i ~ 1 . 0 1 ~ ~ 1 ( > 1 1 ~  i': ~ ~ l l ~ h - l l l o ~ l l t ~ ( ~  ill file h!?l0ll ~ i d e  

FI. I;. Ilopkins and S. R. Sfr?lit.r, :I Propoirrt l.ourlnr~<-1:fficirncy r ~ i  t h ~  c a v  : ~ t  thr llpprr Ecfl cornrr o f  ~ h r  p h r r l o ~ r n l ~ h .  Thc 
I<:~tinc inr I.nrulil>c.nkeri nn l l  l l x e  I ).rtrrmin;~tinn u i  Sy.itt.m I'onrr - - - 
l < i ~ ~ ~ ~ u i r ~ ~ m v n t ~  I , ~ I ? I : ~ I J ~ O ~ I ~ + ~  J ' J I I ~ ,  f 1 1 , c f .  Rtrdio I < ~ t c r , ~ . ,  .3h, , < I  .?- :.:: :\r!~ol(I l ' ~ * t i ~ + o l ~ .  TIIP Soi11>(1-5,,1rtt~y 31rtt-1,. {;~rrrrir!  Rm! i r~  E.j-pct+- 
t IO. \S> .  I ! I P I I / ( T .  KXj ' l *  1 iT < .-\pril. lrj:? I .  
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in thc S e w  Jersey FFIFILITI~S  at ]past. i s  fairly Iii~li, nmitir: to 
frequent airplw~es. powcr l;~~vnrno~vers, and d.elivery trucks : 
and there i s  a limit tc~ how loud the test tnnrs can IIC matlc 
mithnu t nut=rln:~din:: the spcakcr a t  lo\ir Frequencies aml. 
incidrnt;illy. without antioying one's neirhhors. I t  was Tor 
these reasons that the nicast~remrnts of Fig. 5 were made 
with f le sound-survey meter an undesirably c lo~e  to the 
spealcer, and these reasnns arc fell to bc a major and itn- 
pr~rtant rlisarlvantafe of ou tdonr measurements. Also, there 
is no easy way to ~nakc  outdoor measurements on a corncr- 
horn t y p ~  of speal:er. 

The measurements rcportctl in this pi~per were 01 npces- 
5ity made on ~pcakers that were available nn loan to thp  
author. The large bass reflev spcalter cabinet already men- 
tic~~ipd had ;In adjustable partition brtwecn the main volumc 
and the port wdumc, as shown in Fig. 6. The "throat" 
oprning hctween the tuTo V O I U ~ C S  col~ld IIC adjustetl by 
renloving the back of  the cabinet and looseninr: the thrre 
win:: nuts that held the sliding part of the partition in place. 
The interior of thc cabinet was lined with about an indl  
of absorbing material. The speaker was a General Electric 

1201 F). ;I l 2-in. .spc;ikcr with ;t r c s ~ ~ i i ~ t i l  Irrrl~tcncy of ahnut 
70 r:ycles. 

>To51 of the curves to Ile ~ l r e~en icd  wcrc takcn in ihr 
:ittthor's l ivi~x-mom, tlic tiaturc of ~ ~ , h i c h  is shown Iry Pig. 7. 
:In ;iiler;tgP ;trnrn~nt uf fitrrliture, drilperiec, ant1 rugs wrrr: 
present, anrl thp spenkprs wrre locatetf iis shown. Three 
~vintEo~~,s are inclicnterl, and a few te5ts wcrc made with 
t hrsp fi14st U ~ P I I ,  t h ~ n  shut: but no si~nificant diffetencr was 
found. At each f ret~uency solrn(1-level readings were taken 
a t  the ten locations indicatctl 1)y the crosses. 

The solid rpsponse curve of Fi:. 8 was clhtained hy lhc 
;ti-eraging ~ i ~ e t h o d  for the bass reflex spealccr with the thrna t 
r~peninji set arbitrarily a t  4 in. Each pr~int of this curve is 
thc s i rn~ lc  :tvcragc of ten rcnclings t a k ~ n  arountl t hc roorzi, 
rtnrl these puints 11ave been joined by straight Tines. Relow 
400 cycles thc points arc \?pry clnsrly spacrd so that n a  
3irnificant features hatre been .skipped, hut the s[vacinq is 
greater a l ~ o v ~  400 cycles, a11d irregularities havr undoubtedly 
been missed. The primary interest i n  these measurements. . 
however, was at lower frequencies. N\l'ote that this curve iL 

is relatively smooth comparetl to the curve previously shown'- 
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fnr inclnnr respnnse with the 3ound-survry meter a t  a fisetl 
locntirln. I t  is evident that this procedure is effective in 
obtaining the average level in the room a t  each frequency 
i n  .q,ite of the presencc sf standing wavcs. The resu l t  is only 
what unc would espect, of course; but it is alwavs reassuring 
to ~ c c  an expected resuit confirmed hy experiment. As previ- 
ot~s ly  rxplainetl. this average curve is determined primarily 
by 3pcaker acoustic power output and total room-fosc char- 
actcristics as functicms of frequency. The  variot~s peaks 
and valleys that  arc greater than 1 or 2 db indicate char- 

FROHT VIEW SIDE VIEW 

F IXED 
PARTITION 

TOTAL VOLUME = e 5  CUBIC FEET 
ADJUSTIBLE -4 
OPENlNG 

F'IG. 4 ' .  T . : ~ r p  I P . I S >  ~ 1 1 ~ ~  ~aI~ilk(>t.  

acteristjcs either of the . ~ p ~ a k e r  or nf the room. I)ecau.~c 
rcprod~cihi l i ty  n l  data is t h a t  good. as is d~nronstratet l  hcloa'. 

Sewral curves, to be shown below, were taken with thr 
throat of the la1 ~c b;~ss rellex cabinet set a t  different opcnings 
ranging from 1 to h in. I t  was intentled thus to detrrminc 
esperimentalJy the optim~zm xrtting airing the bmt I f  rr- 
sports?. A1w. ane curve mas taken with the entire partition 
rcrnov~d. including thr f tved part ;IS ~ P I I  as Ihr sliding pnrt. 
S i ~ ~ c e  i t  is difficult to compare two curves of this type unless 

they are plottetl toyether, thc solid curve of Pig. 8, with a 
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frequrncics. mraure~t i rn ts  wprtr f n k ~ n  only u p  to 400 cycles. 
,, Tn all these curves the rcFerence condition (throat olx=nin: 

-.' sct a t  4 in.) is repreqenterf hy the snlid curve. 

Fi~i~i-p 9 was taken with the piit t i t inn crrmpletrly rrnio~etl. 
Othpt than the t~il ley h r t m ~ r n  R5 ant! 160 cycles refrrrrd to 
prcviuusly,, thc major dirferenc~q hrtwren this conditiori and 
the reference condition are that the r~ferenct  is less smooth 
below 70 cycles and is aho~rt 5 db hisher. T ~ P  itnprdance 
curve. by contrast. . F ~ D W S  a rlrastic diffcrrnce. I t  appears 
difficult. i f  a t  all possible. to predict response characteri5lics 
from impeciance-macnit~~de curves alonc. Tn this case, with 
a majar peak a t  SO cycles instead of i O  cyclrs, thc response 
below SO cyrlcs was pourer. The rliffrrulty of interprrtine 
irnperfance-magni tude curves if that the acoustic power out- 
131" tor a piveil vofce-coil vol tam depends not only on impcd- 
ancu magniturlc hut also on the resistance (real !>art of im- 
pcdance) and on the efficiency 0 5  conversion iron1 rlectric 
to aco~rstic cncrgy. A]! thrse quantities vary nith frequency. 
I2ilrtherrnore, the resistance ancl efhcienc!~ are hnth difficult. 
i f  nnt irnliractical, to mrasure without mix-e diversifird 
rquipment. 

Proceedinf t ~ n v a  rtl ~nialles throat ap~eninqs, ure next cow 
sitler a 6-in. operliny, with the results shewn in Fig. 10. The 
only. deviation fro111 the reference curve i s  slicht and occurs 
h~trvecn 60 and 70 cycIes. The two citrves fnllow each 
other very clos~ly  otherwise. 

. Results for a throat trpenin~ O F  3 ill. are sf~own in Fig. 11.  
Senrly every delail of one curve call 11c seen in the other. 

F i ~ u r r  1 2 ct)rrespnnrls tn a thmat opening of 2 in.  The 
curves s r r  still ~re;ltly idcnlical. The impctfance curve w a ~  
nat takrn 3jecau.e o i  a n  nversi~Iit, I ~ u l  it rrot~ld not be ex- 
pected lo S ~ I O M ,  nny n~nrkcd r l i f f e m ~ c ~  Iron1 the referellc~ 
shown. 

I:i~urv 13 was 1~1:cln k i th  :I 1-in, thru;ll oprn in~ .  The 
2.urt-e~ arr  a ~ ; l i r ~  v ~ r y  crlosr, rscept h r  the r.sc above 300 
cycl~s .  The peak in the imp~clance curve a: 45 cyclrs is 
i n  this case rlrhnitely lower 1h:ul the r ~ f c r e n c ~ ,  \\?hereas it 
is prr~prrssivcly higher for Inrrer ~hrna t  openinzs. 

F i ~ u r e  14 is a coinparisnn he tween thc inrlor lr response 
curve nblained with the souncl-sttrveq- ineter it1 a fixed loca- 
tion atirl the reference curvr. The averaac nf the rapid 
~ar ia t inn5 appears to follow the refrrrnce Fairly rvcll. escept 
hl- thy  rvcinnq a n ~ u n d  30 cycler; and 230 cycles. One r n i ~ h t  
I V P I I  ;{st; w11y i t  i <  nrcpFsary tn Fn to the trouhlc of averaginq 
with respect to  position i l l  tlie rntrnl a t  each frrq~rcncy i f  
irnc can :rut Ihc v3111c result hy avern~ing with respect to frc- 
quency at ;I > i n ~ l c  po~ilioll in t h~ mnm. Thr answer is, in 
tlic fir.qt plat-c, th;~r  the variations nrr .;o last aurl large a t  
n s indr  poii-11 that it r~cordes i s  nercled to do a reasonable 
jnh, and, in the ecourl place, that important characteristics 
( ~ i e z t ~  mr  valley^ ) o f  the speaker or room ~vould he indis- 

-- tinguishahlr frnnl the peakc and mlleys caused hy standing 

Ivnves. ' .21~11, the va riatinns due to stanrli~tg waves are so 
large tliat it Is difficult to draw a yofrrl a v r r q c  curve. 

Picure 1 5 compare< the outdoor response curve oht ainctl 
with the sound-survey meter in a fisrd location, very closr 
to the speaker. and thp reference curve. The tliffcrmce~ can 
1)e tiscrihed to room absorption characteristics ant1 dirrctivity 
and prosin~ity effects. The cle-empha5is of the p ~ a k  nrnr 30 
cycles has hrrn mpntioned previousl!f. 

Tn summary of thy mcrlsurrments on tllc large has? rellex 
qwal;er. it is apparent that the speaker a~lrl cahinct are 
not matchrc7. hecauw the adjustment prnviderl had nn sip 
nfficant effect on rrsponw. Howevpr. the cl~rves do indicate 
thr small rffects that can he nhtainetl with this com!,ina~ion 
a n d  help tn s h ( ~ w  thc. vrr; sat i~factnry rrprorlucibility rlh- 

tainahlr in acuust ic measurements by t hr  avrraging ~ncthorl 
described. 

ME:\SUREIIENTS ON A S3lztl,LISR I1ASS I<EPI,ES 
ChRJNRT 

As m~ntionctl before, the object of makinr: incnqllremci~ts 
nn an adjustable bass r~t lev  cahincl in the first place was ro 
show that the sound-survey meter coulrl br used to rletermine 
thr optimum adjustrncnt, avoiilinp either a ton-mpiil cutoff 
nr a n  r s c ~ s ~ i \ + e l y  high peak at low tscq~~rncies. We hnvc 
w n ,  instead, that  thc adjt~stment had nn effrct ant1 have 
concluderl from this that the 1 2-in. q~e:~l:cr used is not suitril 
to the cabil l~t ,  the latter k i n e  ton larye (8.5 It:'). There- 
fnrr, ;I smaller hass rcfles cabinet ( 5 . 8  -rt.') WAS oljtain~rf 
with the idra that it might Iwtter match the characteristics 
of thc available s p r ~ k f r .  ?'his cabinet also hat1 a ~l id ing 
partitinn, 11y rncans of which thc thrnnt openine could lw 
varied. The results of mraqurements madr with the throat 
fully npw ant1 also Fully clo~rrl are shown i n  Fig. I h .  The 
trr.o curves are ~ r a c t  Icallv icl~nlical, except fnr a c o u ~ l e  of 
points rrrll bc.low cutoff. Oncr arain it appears that spraker 
anti cahinet arp not matchrtl, althouch thc cnbinet is causing 
a peak a t  TO cycles ancl a dip a t  90 cycle,:. Thesc fmlures 
tlu not appear in thc response of the larjic hass reflex cabinet 
usinq the same q-waltet-. The cahinet Iias also shified the 
main resonant prak of the itrlperlance curvc from 70 cycles 
(in thr large cal~inet) to 80. cycles. 

Bass rrflcr cal~inets  are freq~~entlv described as being 
ruitnblc For -'any speaker up tn 1 2  in." or "any speaker up to 
1 5  in." Thr Forcpoing results inrlicxte that such st;dternent 
:ire oprn to questinn. )lost 11;fss reflex cabinets arc not 
r ~ a d i l y  a~Iju.~tahlc. yet the measureinruts on twn t h a t  arc 
:r(ljustnhlr. trsitl!: :i very cnmmnn 12-in. spmkcr, show that 
rrrrli the :ulju5tni~nt prnvirletl cnnnnt make the ca l~ in r t  mnlch 
the speaker, h ])ass retles systrm i n r o l ~ e s  thc rclatinnshil:, 
u i  srvcr;rl resonances with respect to e;~ch trther. and it is 
difhciilt to u~~tlerstand how "any speaker'' u1-r to a certain 
sp~cificrl  qize can IJI= expected to match a given cahinrt, ad- 
justal-rle or  not. The  Irass reflpr principle hnc been shown 
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by others to be capable of estraortlinary prriormance when 
carefully and properly desi:nerl, but  experience in this work 
ha? ~ i n r ~  qh0u.n that the characteristics of speak~rs 11set1 in 
~ c h  systems are very critical and that "any speaker" ab- 
tnincd from "any manufacturer" out of "any production 
run" cannot be expected to give propcr results automatically 
withotit individual testing. 

MBASURF?XIENTS ON h SIMPI,E, CLOSED CABINET 

I:ig~~rc 17  is a slcrtch of a h-ft:' cabinct. A IZOlTl 
cpeakel. was uscd here also, but not the same one tha t  was 
user1 i n  the bass reflrx cabinets. Some dislike the bass reflex 
speaker ca l~ inc t  on the grounds that i t  is a resonant device 
ant1 therefure may have poor transient respnnse, although 
it  is probable that much of the blame heaped on the bas.< 
reflex principle is dire to listencr experience with cabinets 
and speakers that are not suited for each other. One alterna- 
tive is the large horn type, hut a simpler type is a closed 
110s fined with absorbing material to damp interior rcson- 
nnces. Figure B8 shows the difference in response of the 
cabinet of Fig. 17 with and without the absorbing material. 
Thr  material greatly broadens and reduce? the resonant 

TOTAL VOLUME 2 6 CUBIC FEET 
FIG. I;. Siniplr, rlosed vnhinet.  

peak of the irnpedancc curve, elin~inates thc liltIe impedance 
peal; at 230 cycles. ant1 lowers the response hg about  4 dS 
bettvcen 65 ancl 1 SO cyc1e.s. hut otherwise has w r y  little 
effect. The hf portion of the curve is IPS? reqular than in 

' 

b 

thc case of the bass reflex cabinet, but more points were 
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taken lor the closerl cabinet. ant! it iq quitc pncsihle that higher than the F~~nd:~ni~cntsl. which ~voulrl cxplain thc Iiiyli 
more points t a h n  lor the bass reflcs cabintt ~vnulrl s1inw rrpatlinc at .iD cycl~s .  T h p  arrrpempnt n therwiw inrlicntrs - 
cimilar irregularities. Except for thc portinns nt the crlrves that the Crerprrncy response nf the picl;~~p iq f la t  11p tn a t  

tlirfrrin: I~ccauqc n t  thc nhqor l~in~ rnaterinl, thr arreenrerlt lraqt .? IK. 
is ~ ~ c ~ l l e n t .  

The third curve i l lu~tmtes the characteristic ohtfiinerl in 
:I different room, one with very little ft~rnihinoq. no draperiri 
nr rue. anrl all cloors and ~vinrlows clo5crl. .I Iarqc variation 
of rtlonl rharnct~ri<tic wi th  r r ~ p ~ c t  to i r ~ q u ~ n c y  is evitlent. 
Tn this estre~ne case. in which room ;tbaorptinn is very loz~. it 
iq c o n c ~ i v a l ~ l ~  that the tlriving-point iinl~rtlarlce nf t hp  rnonl. 
:is seen I)!. flw qpenkcr, could vary nppr~ciahly 1vit11 fie- 
rlucncy nq the stancling-wave pattern chnngctl. This rficct 
~nicht I l ~ l j l  20 ~ ~ p l n i n  thr lnrrr rariatinnq n-nbrrl. 

As n matfrr  of in tcr r~t .  rnrrlqurmwnt~ wcrc marlr nrr fl ip 

rsdin-1,lnyer con<ole ("family ratlio") in the :mthr,r'< living- 
ronm. I'hc spcaker is an 8-in. type, ni~rl Ihe  cabinel iq nprn 
;lt t he  rear ancl hottom. The player uw.; a Cenrral Rlrctrir 
~ h ~ a r i a h l e - r ~ l u c t n ~ i ~ e "  pickup and a home-built prea~nplifier 
;inti rqualixin: nrtwnrl;. Ifeac~rrrnlrnts wrrc mail? with 
R cnn.<tant vnl fn~e applied to the pr~anipl i f i~r  input tprminalq 
in placr nb t h r  ~,ickl~l,. Fielire 19 shotr7.i the results. I t  i s  

clear why record scratch has never l m n  nl:j~ctinnablc nn 
this 13lay~r. The  rise bclnn 300 cycles is caused by the 
t.qtmlizinq net%vorl; 2nd is intrnrlprl to ccrml>cnqnle fnr the 
rrcorilinc characteristic oi  rrcords. 

T h e  clip at 9Cl cyclrs uva5 checked I)!' repenting points at 
90. 100, 1.10: ant1 200 cycles with three ~vinrlolw opcn, but 
the rrsirlts rluplicntcd thc  orirrinal readin~s  very closely 
intIrrrl. t h ~ i  p r n v i ~ ~ g  that the dip i . ~  n speaker-and-cabinct 
characteristic. 

Since it was easy tc~ do, an arlrlitional chcck was then 
marle usin: n cnnstant-tnnc Frcquenc!. test record, prcvi- 
orilily calil~rnterl independenlly, with the recl~lts shown by 
the csossei. .lg;~emenl is excrllrnr, except fot tht. 50-cycle 
point. At 50 c!'cles. hr,w~i,er, the toll? so~indetl very rough. 
ant1 a check with the sn~~nr l  ;~n;~lyzrr  showed  harmonic^ nlz~ch 

LIE \SK IREXIRNTS O N  1,ARGE CORNER-HORN 

SPEAKER SYSTEM 

Rr.;pot~<c mrn<i~rem~nf  c on this y s t r m  shtlrrerl up two 
facts that hnrl been suspected lg- the otvner n? a result nf 
nlany hmli-5 of  If.ctenin:. Firit.  tlic cfficicncy nf the I f  horn 
w n i  a l ~ n ~ ~ t  5 rll~ e r r a t ~ r  than that of the h i  s p e ~ t k ~ r ,  with tllr 
I I ~ ) \ * ~ ~ L I . :  rp;nlt tha t  thpre wnq a "qtep" tlnrvn~wrtl in the 
responw curve at ~ I I P  rrnssover frcqucncy. Seconrl, the 
rrn<sorrr netwnrl: uvaq ton high in Frrqz~rnry. ant! the output 
irnin thc I f  horn starter1 tn drop l~crnre the  cro9:oj7er point. 
r ~ ~ u l t i n q  in n (lip in thc rcqpnnsc c11rvc j u ~ t  hclnw the c r o w  
over frequr'ircy. Roth of ~ I I P ~  rleferts, their nature and 
ninmitutlc prcci~ely rlrf~ncd I,!+ thc . ;ouni l -wrt .~y meter, can 
Ije corsrct~tl. T ~ P  curve itself is n o t  qhnnril. 1,prnusc thr 
tlata wcrr anavnilahlr. 

Thr nirt hnrl of n i c a ~ u r i n ~  ncn~~sf ic rrqpnnsv 11ii11g t h ~  
n\rcrrlgc of several sountl-levp! rr:~rlinc.s lnatle at dirferent 
points within n mnm ha<  I~rcrr fnund tn yivr qntfsfactorily 
<mnot 11 and highly reprad ucil)le respon5e curres. The  sotin(l- - 
surrey metes i s  useful for makin.: the?? rcqponsc rneawi-r- 
mcnts. R:~sq reflex sy.-tern< can !IP a~ l lus t~ r l  for hest n\,ernll 
results, anrl t h ~  q ~ ~ i t ~ b i l i t y  of a particular speaker for uqe in 3 

particular cabinet can be r l~ terni in~d.  TIIP npti~nzinl amount 
of absorb in^ material rcrluirerl, within the speaker housinq, 
ran he dtirrmined. Deiects in rrmm aborption chnmctrr- 
iqtics cirri be (Iet~cterl nnrJ thc cffccts of correctivr mcnsurcs 
cherkerl. Other use.< include settiug cnrrrct rcTati~r levels 
in 111ultiple-spealcer syqtrmq. inclu(linq stereophonic systt.ms 
nntl thr checkfnc: n f  croisorer net~vc~rkq: detrrmination nf 
spcalccr pl:lcement for hest cover;rcr, and setting the initial 
reference l ~ r c l  in ?<terns 11~in.c 9 L C I I I P - C O ~ I ~ ~ P ~ S ~ ~ C ~ ~  t~olllrnr 
control. 
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