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OJ3JECT OF T..:..51' 

(~) ~ Je'!ific~~lon~ for -ns~ru.~cnts , 17---12 d~~ctl 
: l.iecc:'10cr 1~;:} . 

2 . The object of this test i:, :.o ascertain the ~aitc.b~l.:ty of 
decibel n eters, iieston :.iodcl J Ol, of tr_.ree different. speed;:;, for use with 
different t.ypes of Navy r~d: o c~~~?ment ~s volume indicLtors. 

f..f>S?R.4C? O? '?EST 

J . The follo,ving tez ts ,1ere :cad·e: (n) deteraim::.tion of dwnpln6 
f~ctor , respo~siveness and period; (bj deter~ination of the me.xi=u.~ c..~d 
11in~nuo deflection of tbe po~~te~, in terms of decibel~ , for square topped 
telegraphically keyed signal~, at vu-ious speeds withln the r--c:11ge of normal 
hE..nd keying, and high speed trnnsnission. 



( u j Th" ~t.o, u :: . ~•:p•. ...e1< al n · be!" 109891Z. des: ·m ted ~; 
"bl,_;l. :-:pc.;d", ~:- ~0•1~ S!"<Jd the. ,.o,t ~ it&i::J.~ fo!· c;euer::.:..l ··:.e in ~fo.w~l 
re;e:v .. ~ · e,,u.:r: c:1t ·nrJ ~ :1 _::.-icr to any 0ut.p•1t :'...·:wcl indi,,..,.t,,,r ._.,hich hes 
heen tested by thts Ll.bordtory . 

(b) 'i"ae action of the hiih ~peed ~ete!" , scri&l n~~c~; 1J98~12 , 
.L::: st:ch thr_t if the ll::i t of needle cwing is r ecd for k ey i n6 s peeds up to 
1 2 . 5 ,,ord:, per minute , it \Yill indlcr..te ,,ithin • 5 dec.ibel of the v&lue thut 
would obt&in for a continuou:; i..;n.keyed signal; Uld for keying speeds [!Cove 
this it is ::tore nearly accurt.te r.hen read under the sE.ll.e conditions than 
any of the other instrunents tested. 

(c) The general purpose ~eter, serial number 1089006, gives e 
scriouc ovcrswlng of about L decibels f o~ keying frequencies less tha~ 2.3 
cycleG (about 6 vt0rdc per ninute) r...nd e.t 5 cycles {12 . 5 words per ::1im:tc) l t 
will recd cbout 4 dcclbels low. J,s keyed speeds below 12 ~ords per cL11ute 
are depe.11ded upon for direction finder beerings, this instruc:cnt with its 
low dc.nping and bad ovcrswing ,;ill be ".7holly nnsulted for this type of work. 

(d) The :::10'.'i speed meter, seri&l nll!:iber 1083296, is cltogether too 
slow for code or dir ection finder work requiring &bout 2 seconds of applled 
volt.ace to reach a true reading G.!ld for all keyed speeds above 5 words per 
ninute wlll read about 4 decibels below the closed key indlcation. 

(e) The sensitlvity of cll of the instrunents reported upon herei~ 
ls based upon a center ecale zero decibel calibrction for u 6 nilliwatt level. 
This generully accepted high level as used for telephone and lfilld line 
trv.nsmission is considered to be too high for phone reception of telegrcphi­
~::..117 keyed rcdlo slgnals es the e~ergy of the l~tter is generally concentrated 
~t c:.. fevor&ble pitch for r.:n.xinu::i e~r respon~c whlle in the case of the former 
it ls dlstrlbuted throughout the sovnd spectrun1. 

RECOL:~EUDAT.iOliS 

~tis reco~monded : 

(aj That the so-called "high speed 11 type of r.::etcrs ::s rcpreEcnted by 
the Sc.l'.'.lple r:1cter be~ini; serial nu11ber 1098912 be considered ns decidedly 
prefert.ble for ::;ervlce w:e to any others tected end reported upon here:_:, or 
kno·1m to the Laboratory. 

(b) That consideration be given to a chanee in meter cclibraUon so 
th~. : it ;-:ill be based upon a 600 instead of a 500 oh:n line. 

(c) That consideratlon be given to~ more sensitive i~etru~en: or to 
the '.!Se of a tran::::former with the t;t:.bject meters, :::o thb.-1: the co.librutio!l 
:-;i[.:,· be bE:.eed upon c. zero level of 60 in::;tead of 6000 rdcrowf,ttc . Such t- zero 
level 'llould enco11ru6e operation of receiver~ at c. r.ore efficient lavel und 
provide Ct scDle thut would &l7mys be "+" thus eli;1im; tlnr, the confusion &nd 
errorb thLt :.:lght rcault in reporting c:igr1.,.l s trenc;th::: ,.-,ith "+" and "-" 
rs,:.dings on the ::;cw.c. 

-h.-
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Th .. t ti1€ o .1~.:t:v ... ·:1rtru.':!ent: ~ rcco::i. e-1dcd u.•1<:cr (c) 
ci:\rC!! pu!~t:r:ttl~.!'"' .:o .. ! lJt ... r~t-io:1 ror dirc~tl.~!": flnde~ equ.:..!)a":!!!1.t. 

(cJ 11wt. the <!ir.1~ of such 
v1:. ~,It the rcco .... r:iendr. !".lon c;i van In 
"0" level .:.~ 20 uec.:.bcls belo. 6 

.. ctcrs r :- ~..;,~· 
(cj above , be 
i1 l.:.t,.::: t:- . 

be c~libr~~ed .:.n nccor1ur cc 
, .. i-ke<l Lo inti i c:...te t.hc 
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I.. Tle :--ubjcct L'l::t:-u e!1:f £re rcrt.:.f.:.cr t::pc ·.rolt, e .. e ... ~ , "'ojcJ 

3 1, r.:.~1 ih.n:.bc"~ llJ.,S')l:. ~~c 1089005, tinuf· f!turcG by tr.c .. c~ ton 
El1..c~ri..v1 l'"'"ru r,-,+- Co ... ), ... ~• 0 11 · ·•11•,,..·- ,. J ':-'\..c rc•le· ·•re ~- 1 irr• ·cc "' ( ..,_ ., V"" ,_,_J. ..1. ! • lt. _ • ' .I.I \,,I....._ J'., J U • • • l.lJ; • 1 ._ <. • ...... W' "- t 

L ·:r -11 r.o ~6 dc , .:.bel::: , ':"l.i•h ~ ::cro level of 6 . .:.11.::m ... :t~ at r.o:::i oh. f , 

or 1.73 volt: . 'foe ,c:c?.·~ l.re fl :r:h -:ow1t.in.; .in, 1•}·cll'"tJ ..::u . c , [':.1.:..1 r 
.:.n · r,pc_:- . c: :o ttc :-t~~J...-..! 1-1/: •1 de-::.:.~cl . etc!·. 

'., . The du .. p.:.n0 fc.c to;- v,~::; deter.Jincu by repe[. tad oLserv,. :.ionz., when 
cpply.inc; voltt..6e :;u.fl'lcier.t to produce .-o.:::c.nt.i..r-y .full scwc dcfle~ t ion, .:.ntl 
rccord.:.:1,: . c.,.·.:. .. t: :-.O.""':t.. 1t::.r; tleflcctlon t:..'1.cl s:.el!~:f tleflectio~ ~fte:- the 
pointer h.:..d ~o::.c to rest . 

6 . Tne re::;ponsivm1C;jS wus datei-w3..ned by o:.pplying voltuJe eclficient 
t:J pro•11..ce 1io::ientar-,1 .full :::c:::.le c3.eflcctlon and noting the time requi red for 
the pointer to come to re::- t . :;:n the case of the slow speed ::eter, c. stop 
,·mt.ch r1:::..s used and repcuted observc.tions nc..de . In the cuE:e of the lil[;h 
speed i,etcr, the t.:.:i:e -;-;&3 dcterr..:ned fro::1 the frequency of a.ri l:.udio oncill~tor, 
the ol.!tput of which uas synchronized ,;ith the period of -c.he r~eter under t e::t. 
tiynchronize.tion ·;,as deter.nined by notlng the hlghest frequency i..:.t which a max­
hum defl ection could be obtai~cd. 

7. Deterninatior. of the e1c.xlmtl!ll and oinL:m:. def::ectior c f tl.t p{.l~r.tc.r 
t t vLrloi..:s speeds of xeying w::..:::; hcco1:ipli f.hed in the following ~armer: The 
output of an audio oscillc.tor ::;hunted with a 500 OM lo£d w1::s keyed by a 
Creed relcy, the meter under te2t being pluced ~cross the 500 o~ r e~istor 
t,.nd i...he o::tput volt~ge belng regtlc.tcd to give c. deflection to zero level on 
the r...cter ,11th the key clo~ed. The relo.y vu: .. s opcreted ·,7ith c. second &uuio 
c::: c.:.lh. to.t· , the ou tp1.. t of v,b~ch \"i!..S coupled to a one s ta.gc experi.!:€:n td 
w1plificr wl th gr:..d bias regttlution to give one in.pulse in the pl;, te circuit 
for eecb cycle. The prin&ry of the relay ;w.s ln ser.:ee. i'!l th the plnte 
ci::-':!u.:.t of the amplifier tube. Evening up of the lcr:gth of dotf; ;\.ith the 
~p:..~o~ ,:c.e c..cco!rtpllehed b-.f placing an ohmmeter &cross the ::iov.:r.c: :..r::. o: t::e 
rel.;:;, end first the forwc..rd cont'"'ct, the:1 the beck cont<!ct, i:.nd r ebi.;lrting 
the bif~s of the cnpl ificr tube until equal cleflectionz were ottttL"led. This 
&<lj~zt..:cn: ~~s ~a<lc for every change of frequency . 

8 . The tno au<lio o.;cill a tors used were General Hadlo type 5135, 
scrl&l nu:1bcr8 JJ .. and 80, end the relc.y, Creed ,nd Co:. p£:ny, Ltd . se:::::·..i.c:l nu, ::icr 
~051. 

9. ':"ne ell: ta rt-coruccl u-e gi Ve!'! in ?t.ble::: 1 Einc.t 2 Wld Pl Ci. tes l to 3 
lnclu:::i ve . 

10. Tl.~ fre-:;:...cn~:.r r.~c•~~~cy ~s t,L~L ob:.uinc.tlc -.~.:. th Gcnerc.l Pc.,• ~e, t.:•pe 
~lJF c.udio o:-cllhto~~ ·,;hich tJrc e.djusted with rcfer(;ncc to self co:'ltLined 
rc~df, CLJ ,.h..,n :::o tdj1.1sted C.!'C considered to be ·,,ithin 2~. 
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11. '.i.1 c ac~t.r · of Ll,e tle~iuel re<--dini;r, t.t zer-o le·,el c:.:rc conaidercd 
to 1:-e ~..:.. tl-; · n t.hc ::: · ·.llo • •1~c ti · •, '· 'l ,..J_~ .1.· •• • .,.,,,:')~e 1 1'"'0" con H r o)·' Je ..._ .&.1. .._ ~ .4,... 0 - ~ 4• _._, LJU(. J c,.,_\.,_..t- J \.A ,.. _ ., 4 ._,._ 

re:!: . .:.ficr l..c • .instru:::ents. The accuracy of the dec~i.>el r~~ding::. llclo.-1 .:ero 
level, ';';Lor, l:eyinc: r.t v~.:.o.•:.. :;r,ccdl' , ls l .. r;;ely depcr.de:1t ~f".l U:c ••r .:.ntc •. r· ''{' 
of the 2c:ru::rc charL'!ts:-·. t.> o r e11mlity of cl in.t.;..o .. of ilic dots ~,nd :-pt.ces, 
n..."ld the ,1,;;th od used t,o obtLin th::..: .::.dj,·::-t..:ent , t.ht.t of e~uallzing the 
resistance between the cent~:?:" Lrr1 of the relay, E..nd the front t•nd bnck 
cont~cts, ic ecti~cted to glve CJl ~~cu~ucy r.ithin 10~. 

RDULTS OF TliliT~ 

12. TI1e dnnping factor, responsiveness and period of subject □eters 
:'.:odel 301, ~cr.:.hl nu:.1bcrc 1098912, 1089006 und 1083296 , are shown in Tt.blc 1, 
being expressed in terus ac defined ln ref. (c). The r.iwci.Jr.un c.->1.d n:lnimu11 
deflection of the pointer, in terns of decibels , for square topped tele­
crn.phic.:-lly keyed sig:nul.,, c..t vo.riou;:; speeds, is shown in Tc..ble 2, for 
subject meters. 

13. Similar data are also given .for the meter previously tested and 
reported on in ref. (b) , ~odel J0l, cer:aJ. nunber 1083296, for co~paretive 
purposes. 

1/.. The dat& ccnte.lned in Table 2 is also shown graphically on 
Plo.tes 1 to 3 inclusive. 

15. Keying speeds a:re shoi'/11 in cycles per second, the accepted ratio 
of words per minute to cycles per second being 2. 5 to 1. Due to the hieh 
degree of responsiveness of subject meter 1098912, and the f&ct thnt it 
approached critictl coopi ng, zero level i s nei::rly ree.ched for ee.ch dot when 
Y-eyine t.t 5 cyclec per se~ond or 12.5 words per minute, end the polnte~ does 
not level off to a steady deflection until 35 cyclec per second ic reE.chcd. 
There i s an ovcrswlne of 2 . 5 ,mgulr:r dcc;recs, but this s..i:iall amount of 
underda':lping doe~ not nppe~r objectionable, End tendc to inprove the 
responsiveness. 

16. Subject oeter, 1C89006, shows~ much lesser degree of 
responsiveness ~nd a very soal l danping factor, the pointer ha·-rinG an ovcr­
Gwing of 38 angular degrees , with six distinct oscillations before co~ing 
to r est. ~\'hen keying at 5 cycle~ per second, the pointer covers a range 
from -3 to -8 decibels end levels off to a steadv deflect~on l ,t .23 cy'..!lcs 
per second. imen keyine c-..t slov/speeds and with.dots, dashes, end spc.ces of 
1..:11equal d!.!re.tlon , deflections of the pointer are so v.:.riable and err atic that 
no es time: tc ce.n be r:mde of the true output level. 

17 . 1 t will be noted thu t the meter used for cor.ipur iron hus sr.1aller 
ranges of deflection &t 5 cycles per second e.nd th~t the pointer level s off 
to a steady deflection r .. t correspondingly lower speeds, the Hodel J0l 1;.eter, 
ser i tl r.u:.1ber 1083296 he.vlng a rc.nge of from -4. 7'3 to -5. :i decibel:::, leveling 
of f at 1/. cy,~les per second. 

CO.-ICLC!:JIOH:: 

18 . The subject r.1eter, serif;} number 1098912, desit:n1!ted as "high 
speed", :3 considered the most suitable for generu. tse ir. Nuvel receiving 

-1-



e~i;.:p, r:t, ~n .. I r · v ' ·1.: Oltp 
t 12 r :.cd b: 1-- • c 1 , ,r ..._ J . 
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19 . Y:. cc+-:.0:1 of the hiGh :peed 1cr.cr is r --h t!1 ·~ if t..'hc 1i it 
of needle ::-wir.[ .:~ rei d for kcy:rc :-peed:- ~p to l:' . 5 , or<l :'".l.,. in1 

L. •, i ' 
~.:11 ·1.tlic:rte .lU1in . 5 cl~~ircl of the vt.lu:; tht..t ,·,ould obtt:.:.n for c. 
con~in:.:.ous unkcycd s..:..gncl ; u:1d for J...s:,ir.e r-peccls u'tove thir. it i~ rorc 
nefrly c c.c.urate when rend tmder the sc ... -,c conditions the.II r.ny of ti.c o:.hcr 
j n~ trunH.:n t.- !:.c: t.,c;c.l . 

::?O . Tho c;cnerd pi;rpo:c r-ctc!" , ~e!"lc.l m:r.1b~r 1089COf., ~1,,-es c. 
:.:cY<o iz o·;cr:-\,lnf of dxn:t !, decibels for key int: frec:uenc i e ::: le~s thnn 2 . J 
cycle"' (c.bout 6 ~1ordc ror =.inutc) .. nd c.t 5 cycles (1;::. 5 ·,,orcls rer :::inutc.) 
it will rctd ae:,:,•.:t 4 decibel::: low. As keyed speeds belo , 12 norc.is per 
. lni t.c ·t:.rc Ut.:!pencecl upon for t,lrcction fir.der bet..!' .'..r.G::;, this in:: trn."lcnt 
wi tL .:. t~ lO"i d~::ip:.r:g c.nc c,,d o·:ar:.\;i:~e wlll be wtoll:,.· u."lsui tea for t.li i~ 
type Of \'/Or}' . 

:: . Tue :-lo,; speetl i".et~r, scr::.r l nt.Dber 108 3296, 1 s al ogcthcr too 
rlo.v for cooc or C::.irection finder v:ork requir · ng cbout 2 seeon 1.l of c.ppl i cd 
vol t....gc to rec.ch c. true rot.ding End for i .11 keyed speeds above 5 viordr per 
r.:im:.t.c ii.ill recd obovt 4 decibels bclor. tr.e closed key ir.diec.tlon . 

?... . 'i'hc sensl t.i vi ty of .:.11 of the i.Gstrumentr ror.>01·ted upon h;:.r,Jin 
i~ c~;ed upon~ center ~cule zero decibel cclibrution for~ 6 ,jilll~utt 
level. This generi::J.ly cccepted high level as used for telephone and lind 
llne trans~isslon iR consicered to be too high for phone reception o! 
telc6rE.phlci::J.ly keyed rr.dio r icnC.:..r cs the enerc.Y of the latter is ger.e:=-tily 
coni::cn tr..:.tcd at a. favornble pl tch for maximum et..r responGe while in the cr,se 
oft~, fo~er it is distr~b~ted througho~t the sound spertri.z... 



,... 
'l'/,ELE l 

k'eter ~nines 'i'L~{! , rec. Pc.:-.!.od ~'~dJ .. lt"l Rcspo?lSi VC- Lu:p.:r.g 
iio . pcr. ccc . one ~winr: L" Deflection ness 'r, ctor ...ec. -

1098912 8 0.125 0 .25 100° 7.81 ,40 

1089006 J . 205 0 . 312 0 . (,24 100° 1.63 . 266 

1083296 . 835 1.2 2 . L. 100° 0.833 179 
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:.:m:.:...""1...-: ar.d rr.lr11.r1uri1 deflection of !'ointcr &t vr•r.:o,·r 1-:e:,:rig 

r!)Cedr, in cccibclc. 

i·ctcr i·Of:el 301 
__ --!,!.lio:::.:. J 09691 . ..:::2'----

~peed ~·:'" :.:in 
c;·c/~cc _ _pcflcction DcflectioD, 

5 
10 
15 
;o 
25 
30 
3::; 
1.0 
L5 
50 
55 
co 
t5 
70 
75 
80 
85 
90 
9" 

100 
105 
110 
115 
120 

-0 ." -10 
-3.r -8.5 
-/... 2 -C.5 
- . • 75 _r, 7 c. 

-5 -5 . 5 
-s.:::r -:.5 
-5 . 25 * 
-5 .1 
-5 . l 
-5.l 
-5 . l 
-5. 3 
-5 .1 
-5 -3 
-5.2 
- 5.2 

-5 -2 
-5 . 3 
-5 .6 
-5 . 5 
- 5-5 
- 5. 5 
-5-5 

* ~light occlllctlonG. 

,I 

:~ct ... r i.:o •cl "Cl · ·ct ':' L:odel '301 
___ i10 . l06i006 ilo . 1023296 __ 

1.:~ ~:.:.n c.x :;in 
Deflect.ion ~1;.flccti on Def .... ec:i9r: Dc:"loc.,;2!.t 

-3.0 
-~.o 
-5.25 
_:- . 2 
-5 . :Z 
_i:; _ 3 
-5.1 
- 5. 2 

-5 .J 
-5.2 
-5-3 
-5-3 
-5 -5 
-5 . 2 
-5.2 
-5-3 
-5-4 
-5.5 
-5 -5 
- 5-5 
-5 -5 
-5 -5 
-5. 5 

-S.O 
- 6.0 
-5 . 75 
-5.3 

* 

- 5. :j 
- 'i . 2 
_r .1 
- 5. ] 
-5. l 
_r .1 

- 5.1 
_r . l 
-5 . ] 
-5 . l 
-5.1 
_ r .1 
-5 . l 
-5-L.. 
_:;. 3 
-5.6 
_i::.6 
-r;. 7 
_i:_g 

5.9 
-6.0 
- 6.0 
-6.1 
-6 .1 

-5 
* 








