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A NEW CONVERTER FOR FREQUENCY 

MEASUREMENTS TO 500 Me 
'1'114< illlt'c,dllc·tiwr of 0111' 10-\1c 

PI/lIlllc',', the Tn'E 11:10 .. ,\ ])i~it:d Tillie 
ilwl Fn'qtlt:'II!'." .\II-IN,I ha:-; I"lilllula ll'd 
n'lltu'~l~ Ihul \\'(' pnll.llI'·(· 11 j'llIllpalliou 

ilblfllllU:tlt 1<1 ('x1(-tld II\(' fn'qu('lIc'.\'­
rlll'!\.~II!·r·IIII·1l1 rail).!;\'. :-\';\'1-/,:\1 Sill -II ill­
:-1!"IIIIU'Ut,.. uln':llk ,'xi:<!. j,lIt In' f('1t 
lllal lIe (-IJIlld j'olllrilmlr' :-ij.,(uific,:tlll 
ilill'l'tl\ '(,IIU'lll ~ ill ~(·II .~i' i \-iIY . . "l'I,-c-' i vi t,\' , 
:11111 (':l'-.f' (If II~I·. Fi).!;IIJ'P I .-;I1,)w .... 11\1' 
n'>,ult-; of ollr (-ITrw!,.:, Ilir· T YPE 11:1:1-.\ 
Fn'(IUIliWY ('IIIII'NII·r. 

Th" ('IIUI'j'I'lI'!" Iwlc'l'od.\'l\('!; :111 1111-

klllJII"1I il1PHI fn'qlll'tW,\' 1)('\\\'('( '11 10 aud 

.,00 ,II- :I~aill:-l a 10-.\11' IUliltipl,· of 1I 
"'1:lIItbrd fn'qlU'llI'Y. dNi\'c·d fl'oUi IlL{' 
:).\ I <' 1 itlH'·I,:I~' ",..I·i II:\I,)!' of 1111' "(lUIlI PI', 
ami :l1Iplil''' Ill(' h',~~-lhall·I()..\I<· dirT!'r­
('111'(' fn'qu('w',\' 1(1 I h,' 1·/lUIlt('I' . Th,' 
j tI~1 I'UII 1"1 II ('atl al,.., I alii plif,v 1I'I'al.; :-<iJ!;H:d" 
I u'l II ('('II lOt') k,' alld ]I) \ I" 1 0 opl'!~lll' 111(' 
('(lllt\t('I'. 

(}IH'ralioli of ,11(' <'IIII\'Nll'!' i" .~jlll pl(' 
aud ~l!~liJ!;blf(ww:lrd, T h(, III 'lNOd~'II(, 

n ,f"Jl'll!'j ' frpl[H!'II!'Y 10 III' :uld"d 1(1 1111' 
('0\11111'1' t'I'lldill~ i,.. illdi":I1(,d di1'l'('(ly hy 
larg" ill·lilt!' IIlllll1'l':d,~, TIle' r:lIIg,' nf 

'll, II , F,..~,, ~, 11,1'. '1<'\10.", " \ t'n"I"''''' ) (',"",\0', 
II ill, .. 'I',nor." HI"I Wi'h U"ilt _In 11<,li " .,Ii l ~," (;''''',' / 
IIn"i~ I: ~I'" i .... ~I .. ·, :1:" : •.. 11", 1'0<11. 

oulput :llllplilml(' :le("'plahl!' f')I' 1111' 
('Ollnl('!' j" d('ariy iudirfl(('d 011 Ih(' palll,1 
mC'I('I', 1\l1d Utijll>:'IIl1('ltt (I) Ihi~ len" i" 
mude hy IW Ou lput f'ont1'01. .\n ilipul 
~'",~ilil'ily ('oll!I'ol is :ll.~o ])l'Ovidcd. 

.\1II01lg till' uniqu(' fl'a1Ut'{'.'i of till' 
in,..II'lInwtll IIrf' IIi(' U,o;(' of lil1(':1I' miwI',;: 
:l IUIl('d :lIllplitiN, whirl! ('1111 1)(· u-<rd or' 
1I0t. ;1" Ilf'f'd('d; "i~ Il:lI lights 10 illlli(':lII' 
pmp,'1' "()IlII'llI,-;{'l1iug"'; and:o 110\'(') dial 
I'(':ldnu\ 10 J'{'(ilu'f' rl'l.dillj!; 1'1'1'01'''', 

Principles of Operation 
Fil!;tLl'l,2 i" all (In'l'-lIlllJlo('k diaj.!:rnm. 

F'II' inpul fl'l''1u(,II{'if'''' :lhO\'(' 200 _\ 11' :1 
dUlIl-('OIl\','r",iOIl "y",h'm i:; \I.~l'd; ,.it!l,(k 
("/11In't'"i<m i" u<.('d 1)('10"- 200 \k_ luJ)ul 
"iguul" aI'" filA plI,.:-'(·d thl'flugh :HI al· 
1{'lma\or' (('ot!11'OIierl hy II\(' "'E;\'1<lTI\Tl'," 
"I)ntrol ) :ll1d lhl'll\l~h :l lOO-\!i,·\\idc' 
hUlld-p:I ... ,. fi!tl'r ,.:('h'I'H'd hy till' hilt!· 
drt,d"'I'(,fpl'('1 1('('-FHE(j n:;\,('y (-Onll'lIl. 

IIIJltll,~iy/wl" iwl()/I' ?OO .Ilr :U'" l'OllH,d 
111 til(' 2ud ll1ix('r, ('i(I1I'1' lIil'l'('11\' !II' 

Ihrough Ih(' 11111('<1 :llllpli(jj'I', III lh(: 2nd 
Illi:\f'l", tIl(' il1plII "igllul i" JlI'1('l'odYlIl'd 
agaill:-.l 11](' t(']I.""'l'l'f(']'(,III'I' fl'('qu(,I1(',\ ' 
(from \0 10 100 .\1/' df'IX'1Il1illJ,!; (til til(' 
"('Ilill~ of Ill(' ~-Il(,;Qr";\'cY (·Olll!'o1. .. J. :llld 
Ihl' iwal.fl'rqUf'IH:y Olllpul uf Ill(' mix(']' 
j" pa.'i."C'rllo 11\1' yidl'o 1I1llplifil'l' wlwl'(' il 
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11.1,201)",< 

• • --.~ 
\0,0( IIANI> !I." zoo Ole 

Fill"" 2, 0". ",,11 bl".k dl"II,,,m, A ,i ngle < "n~e'll .. n . y • •• m h " .ed bel .. w 200 M<, 0 d .... ble 
< .. n .... ,sllln .y • •• m I t .. ", 200 . .. 500 Me, 

is nmplifi('d, llU'iN('U, Hlld llpplil'll II, t hi' 
Qutp!!!. 'I'll{' Ot'Tr"'" ('Olilrol l'lll'ir" til(' 
gnin of thl' I'idf>f) nmplifi('l' to :<f'1 t lw 
Outplll le\'l'1. 

IlIpIll Joii(l'I(II,~ UUOI'(' 200 .11 C 11 1"(' Iwl Nil' 
dyn('(i ngain ... t thl' hllUdr('{I"-r('ft' I'('lIt(' 
fINI"PIiCY (200, 3DO nr 100 .\\(' ) in lile 
1st mixN, The' 0- hI 100-.\[(' heal-fn'· 
qU(,IIC), Ollt]lllt of thl' 1,.:1 rnix('f j,.: filt('l"Ni 
,lIld then pl"Ol'e,.:S<'d ('x:l('l1.I' likf' tlU ill])llt 
signal bd"l\" 200 ,\1(', If t II(' ,~i gn:d tlP­
plied 10 til(' 211d mix('r i:< 11('10\1' 10 '\i,' 
(iIiIHI! fn'qlICllcil':< of 0- 10, 200 2\0, 
:100- 310. 100-4 10 .\ Ie). illf' 2nd mi.'\f'1" i,. 
{'nn"('I'll'U il'\ 0 HII ltlllpli/i('I', alit! (II{' g:\i II 
(,f tllf' I'iu('() nm lllifiN i,.: ill('/"l':I:-<'U. I II 
slie h ('!lX'.'" t h(' IlIlI('d 11 III P I ifit'l" i,.: 110 I l1.'('d 
(:.im·(, it doc."n't upl'ra\l' 1){'lo\\' 10 .\ \d. 

lineor Mildng 

,\ mixer {'iroui! u:;u:dl.v 0pt\]'al(':; with 
tll"O ;<il.!;lla[": applit'd. fI l"f'f('!'('II('P (10('0 1-
o:<C'illnt01') signal :Iud all input signal. 
'I'll(' amplitude of till' hcat-frl'qll('tI(',I' 
output depeud!$ mon' 011 fhe :tlHplilm[{' 
of til(' 10w('I"-[('I,('1 "ign;)1 t h111l f'lI that "f 
the high0r-I{'v01 .~i~II:)1. If lIlt' l"f'i'('I"l·tI('(· 
l'ignnl 1m." til(' higher flmplilUUl'. thf' 
6r('lIit \\"ill functioll :1,,:1 lillNl1" mixer for 
Ihe iuput "igHal. Tho.t i,.:. thl' 1IlllplilUdr' 
of thl' heat-fI"I'Cju(,lIcy q(ltpul will Ill' 
propor'limll1l tn Ihl' ampli1\ld(' of th/, 
input ;:ignnl, nnd, in partit'ubl", tIl(' ,.:i!.!:­
Hal·t frll oi ."'f' I'll t io of t Ill' ill put :<i~lIa I will 
1)(' pl't\'«'rv('d in lit(' output. If till' illPlit 
:<i ~lIal hfl ~ thC' highl'l' nmplillld('. how­
("'r]', till' l'in:uit lI"ill Imt operate' a;;; 11 
liuC'nt mix('f for lh~\I !<i ~mt1 , 'I'll(' ;:.igllnl-

11l-1I1Ii.~t' !"a lii' or litl' l'cf('f(,II('(' will 1)(, 
PI'(':-t~!'\·{'d. hIli IIIf' :<igll1l l-I Q-Iloi:«· rali,) 
(If til(' illpul sigu:d lI"ill bf' dt'gr:lded, 

III a Iw tel"odYlll' fl"eqllrnr',Y (;011\'('1'1('1' 
('itiwl" mixillg method eun be 1Ii'Cf1. ~e\' ­
t'ntl ('xi,.1 ill);: convl'rl c-r" 118(' the nOlllillPtl r 
IIl1'l hod. ~in('l' thi~ f'fli<f'S great ly thl' 1"('­
qll il"(,IHCllls OIl t hc pIII'it." or "('I('1\lIlillf':O;::;" 
of the het('l"odync-rf'fNellt'p. frel[lIclley 
.~ igll.fllf'. for S ll('ct '~sftll ItWfI:<uretllell!:-:. 
thl' ]·dol"l'. th(' input Sign:ll must he rcln­
Iil-I'I,I' ('Il'all ; a lld , con!<Cfl u('tltly, Ih(' 
nl('H"Ul't'JlH'rli of low-Ie \'ci "igH:!I)! in !11f' 
p!,(,~IHX' of noise Illily he imp();:t:::ihlt·, 

Ri ll('(' \I'e feci that till' Imrd,' n of :<ign:ll 
purity ::;hould be 011 lit (' mt'.fIsurillg ill­
:::/nlll]f'n i !"alil('l' i11:l1l on the unknown 
,.:igll1ll, (·Ieal,. high-level refel'cllc(' ;; igJuII::: 
Ilud litl('ur mixillg :u,(' uf\C{1 t 111'oughoul 
thc TYI ' ~; 1133-:\ Frpquell cy C,lIIl·C'I'trr . 
. \ ':: 1I I'esult, the in,.:II'UmCIl\ Clln he used 
uudcr all UIHI>:itlalk wide \':1l'i('I;,>, of 
JIlNI:;lu'cmen! condit·ion;<. 

Tuned Amplifier 

To im'fCtl!'(' the &:n~ltl\' ltl of I IU' 
iw.;fl'ull1('ll! :I ud to l'('duc(' f\l;'lhel' 1111' 
l,tTt'et." of 110i,o(' ami e.,>;lraU(·Oll": .~iglllll:o;:, 
a 11I1lf'd amplifier \'an lx' ",wi tched iliin 
tltt' Ilwllsuring sy,.:I(·m. With inpII! frl'­
(tlll'llcie," f!"Om 10 10 500 ~I {', tli(' 
amplifier ('OVI'I'i) th{' fllng(' from 10 to 
200 '\Ie. Thl' amplifi/'r i:< op('ratl'd hr 
1110 conlrol::; (!'1{'l' Figlll"l' 3). Thl' TU:»""I:»""(, 

{'olltrol "witches lhe lImp!ifif'r ( I ) out 
of the " .... ll/('m ( \\'l OE 1M:»""! )) 10 f' illlplify 
op('l"al ion \I'hen !l1l'rI,.:uring pur('. high­
kwl ;:.igun l:::. nr (2) ililo IllI' ::;y:-:I('01 
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Flgu.0 3, Tuning 
control., $Ignol 
IIgh" Ind lcolo 
prop ... 0Hlnll, 

(~\HII(lW U,UOO) to enubl" ml':l~url'Il1('llI 
uf lIui,~y, 11)\1'-1('\'('[ "ignal1<, It 1I1,..() 
~ll'('I' nlll' of till' I l'(lil~ 1I(,('eJ'."UI"V II) 
f'O\'l'r thl' 20-to- I luniu!! rlinge .• 'I'Il1' 
1'1' ,.: ('Olltl'l)[ fldju:"til th,' tUllilig (':lpM'J­
Illr of the ILllllllifil'I', 'I'll(' p'l.~ili(l1 l ~ (If \11t' 
'ITX ISO 1'01111'01 1'00'l'f'SpnlLtlilLl; It I I lw 
Jiff('r'('111 IltlLplifif'r IlmillA: t'lIil", al~' 
iudi('al('{1 b~' light1<, With Ill(' TI'X ISt: 

t'oltlml ilt 111(' wm.: IIAXII PO"ilioll, Iht' 
1111)f; In'l> illdit'ulor light will glow, 
\\'ilh Ih(' 'r l 'X1X(l t'OlIlrol ill 1111" X,IIIIIOI\ 
II \ 'II 1)C ~itinll, nlll' Illdi"al,)r 'IJ~ht wil[ 
glo\\', ~h()ldug thl' po"iliotl to whit-h tht' 
1'(lIIt rol "hould [)(' ""'1, Thl' iudit'alnr 
light" Ilrl' t'onll'olll'(i hy Iht, f;('lIing" of 
tht, FltEt,ln;xl'Y Nmlml:-:. For ('x:l1i1pir" 
wil II til(' .'1tEQ" .:S('\' t'lIl1l"ol!o; :'('1 h,3:30 
~ I (', tht' M'I'Vltd X .. lflltOIl' II.\XI) ilillinll l )r 
light I\"ill gloll', :-:howing Ilml til(' 20- to 
IO-~t" ntllgl' of lit(' tUlll'd :llllplifkr 

1<hould h,' 11:'('(1. For N'rillin po.~i liom" (If 
Ill\' .'lu:Qn:",l'Y {"Qllirol.., (00, 200, :lOU, 
100) Ihr II lin: li.I~1) indif'alor lighl will 
r<'tlI:liu 011 "h{'11 thl' Tl'NI"'t: ,'oulrol i:-: 
n\OI"('l:1. iutiil'ating Ibnl Ill{' lilllro ampli. 
fiN 1'11111101 hr u~1. For th('''(' po,.,iliflll", 
:\" 1l\('l1lioll{'d ahow'. lilt' !!:till of till" 
oUlput lUllplifil'r is ineJ'r:t,"!'d ,,0 tha I 11f) 

10"" ill Sf'n!<ilil' i\l· or'c'UI'~, 
l it :uldition \'0 iIH'rl':t !<iltg till' ~,It!<i· 

lil'il" fir til(' iu",II'Ull1l',tf b('(':\\l~' of i\.~ 
~aill: I ll{' hUlrd amplifiN al,~o prm·id, '" 
~1('('li\'it~, 10 b'll:lrd again!<1 tloi:<f' :llId 
I'XI r:o]('o1l." " igll:ll!< II'hi"h mar f'xi:-I 
lI'il hill Ih(' ± lO-'lc' {'olll'('r"iolt baml. 
Figul'r I .'lho\\'1< :l lypil'al plot of til(' 
hlmdwidl h w"rsu!< frt'qu(,IL{'y of, hl' IlIn('(1 
nmplilirr. 

Thr 8('lI"itiyitr figun.'" Ii:-:I('d in thr 
ill"! rUIlI(' nt .'lIX"('ifil':li ionf< an' brolld , 1111· 
iurlu"il'l' lip:lIrl'~, Fi~lt1T' ,,} "hoII'" I' plnl 

OECEMllR , 19 62 

of the ""II,itil' it.\' 1'('1"'11" frl'<llI{'ttf'Y of:l 
iypieal in"trUIl)f'ut for bOlh wm.: IlA",n 
lWei S,IIlIIOI\ II",,, oJ)enlliOl'. Thi" plCII 
11'1'1' tilkl'lI for :t ht'lIt-frt'qul"wy output 
)f 10. 1 :\ 11',11"111"'1' lilt' ."<,,,,,,itil·it\, of till' 
l'<SO('i!lt('d ('Ollttll'J' i:-: 1)001'1''''1. T I;{,l'efol'(" 
th(' plnl i", Inht'I.'d "\lc)I');;I-caf;(' ,~rtl~i ­
lidl,I'," Fill' opl,t'!ltioll at OUlput hral 
f rt'quclwil'-. 10111']· t h:1I1 10,1 '\1', t ill' 
:«'t1:-:il iyily i ,~ "i~ltilil'luJlly betteI', 

ReodO\lI 

Fib'll)'{' t; :-:h(lW~ a I'!01'('-Up of thr 11('11 
tyIX' of dial rf':ldollt 1I!"o(.'(1 011 Ill(' rOil· 
I"I'rl('l'. Thr 1" IHlou! Ui<l'~ tr:\II~p:lr('1I1 
pla"l i(' di:ll" wit II 1'II:1I1\('t('l''' :- ilk-:<tl'{"I'n!'d 
011 Ih(' t'f'lIl' , A while :Ul':1 flll tht pl)lIel 
\.Iehilld Ill\' dial" dTl'Clinly "illumi· 
naIr:''' tilt' dl':-:il'f,d I'hilt'al'!t:I'f:., and a 
IIllif(u'm ill-lill(' ill(li(':l1inll i:-: PI,{,Sf'llll'lL· 
'J"Jw I'('adntll h:l,~ 111'0 main ad\,illltllgrs: 

1) Thl' d(>!-il'I,,1 Jufot'nmlion UIIlIL)," 

'TI,j" ..... '~M" ",~tl"'" ..... ,1t,,,,....1 lM"". t ",,~ .1f'I!>' 
Or ....... 1 " . 01 .... ~n!l1 ...... t I\.rTPtI II, "" .......... 01 i·, 
~"' ... n" ) I",oua ", ....... I"" .... '\'<I in ... ·'N.t ....... ""'n."'p"' .... 

" -" " INPUT fREQuENCY I N "C 
'00 

f lg u .. 4, T" no d "ompll ll o. b .. nd wld 'h VIr. " . " ,_ 
qu o n. y, Fo r In put fr ' q" . n cl .. .. bov. 200 Me, 

o mpllfl .. Opl'o tO' fr o m 10 10 100 M • • 
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Fig ... . 5. Typical 0 ..... _011 ,enol ll ... lly of COnye" •• 
and co .. nl •• fa. 10. I _Mc co .. nl •• Ind lcallan. Thi. 
I. wo.o! "0". hn.hl ... h y I, bell •• 10' low., "on_ 

ye,I., oulp .. 1 Ir 'q .. . ncl ... 

o('(-111"1"l il\ 111(1 ":111)(> l'l'~iOIl 011 til(" palle!. 

f(>,~~'"i llJ!; til(' c lwlH'f' fOI" opl'l"alO1' C'I"I"OI", 
lllld 

2) :-ljnl,(, III(' diaL" :u'p nol hidd"11 Iw­
hind 11)(' panf'1. til{' npf'mlor ('nn I'n"il~' 
d('INmillr' wllic' lI 11:1\' 10 l'fIl:l1!' \IH' 1'011-

It'ols 10 illl·I'f'a-.;(> or UI'I'I"'H,;(' Ihl' 1'1"("­

Q!1I'1H''y ,,'-II iug. 

Flgu.e 6. New In_li n . dig "a I •• odo .. t. 

Ovet-aU Versatility 
I II t hi ::: :11I-ill-OIlf'-pat"kagl', lI"id('-I~IIIV;(' 

('OIl\',' !"I!'!", I"lIl!;g{'d ,·ow.;lrH("til'tIl alld Imll!;­

WI'IIl 1'(,lial,ilily ;11"(' ('nmhi rwd wilh a 
tlum lX'1" of impm'I:t1l1 OI)I' !"!llill,!!; 1"1':1 1111"1'." 

- hi~h ."I.' II"ili\·ily, t ilt' ahility til Ill;,k!' 
tn('fI"UI"f' tn(·Il1." ill tIll' pI·(':<I.'II('(' of lIoi"", 
po:--itiw idt'lllifi<;alioll of fn'qu(,I H"Y . :tll d 
:--i rnpll ' l'lullft,l" - I 0 pt·Otlu('f"> :III ill~1 1'11-

111('111 of ma~ill1\lm (l'"'l' fuhlC',,-" ill PI"(,.-i"1.' 

fn·qul'll' ·.\" nwn" IlI·,·tllI'lIl. 

- II. T . . \[l'.\U; ~; H 

CREDITS 
Tilt, , 1l":<ijl:lI IIlId 1!<-"\ ')o IJI\Wnl "f 110" TlI,t: 

1133-.\ Fr('tI""I!(·.\" (""III'\"rh-r \\",, ~ ,·arril·, 1 0111 
hv W. F . 11\"1'1"1\ "ud II. T . .\ I ... \I\<{· •. :' ..... '.1'·,1 
It)· :-:. Snm,iur. I' I'1J ~I'1!!'s f!"Om l'f)III"'pli"n HI 
""mpl('l ioll 1m! ~Ilpporled hy (:. :\'"'1'1,·. Ill!'­
"IIIUli~1I1 tll':!iJ,:lIj Ir . .\IOIlI:II>Ut', d('><i!:ll dtafti"/I:; 
II. 11. ('ltipm:I", II!"OdI U'liIUl (·II J,:i lll"."rill~: :,nd 
W. P. IlulII'k. tl'~1 "Ilj!;iIH't,nll\!:. 

SPECIFICATIONS 

IN PUT 
F,eq .. e ""y Rang" [on k ... 10.)(X) .\1 .... 
Son.lIly;t y (with th. Ty p. 11l0 .... "" .. nlO. ), 11. ,(­

I,'r Ih:Ul 10 mill;\"IIIL"'" fill IUir!"Ol\" Im,"I; IN'It!'r 
llwl1 H)() milli\"ollN on \\;d(' lI~lld. &-t' FigllT{' :,. 

hnp. da ... . , .lO ,,11111"'. 
Rel • •• nco Fre q .. ency Requlred:.j \ 1". 0.1 "'111, 

rm~, inlo' '-10 "hms (lIorm:,1J.I· l'uppHI'<I (rl)ln 
.-.. \1 .. otl!jmt "'nn" l-t-l.)t 0" T\"{'~: 1130-A). 
OUTPUT 

F"q .. ency, 100 k"10 10 .\11'. 
Am plflude: 0 .25 \"(,11 to [ l'ol1,.'lll)lWxinHtI,'I.,·. 
Imp. d"nce: 100 "hm~, Il )lprn\11llnt"I.,·. 
Noi .. and Ha.monlc" ;\1,TI"\)w-hlilid "1H'1"I11i0I1 

pm,·id . ... filH'nng to r .. hWI' l\"iSI' :IIII! ('X l runl'Qll~ 

~ign:tI~. Linl::lr ILlhl'r PTI.,.,'T\'{'!; ~i j(l lId -l'H I"i"C 
mtin ,Iurin)l: ' ..... !I\"l'r"jull pr()j"I'S:$. 
GENUAl 

I"owor Inpul ' HJ;i II) 12';; (or 21 0 to 2~) , ,,I ii<. 
W 10 (iO I'PS, tiO 11':11111 . ... ..... D.' .. Suppll.d: 1'\\"0 "'o:l~i:ll p'lt~h "or,t~ 
[\lr rO!l!l ,'\;'!ion to "Olltller, l)llI" ,·o,,,i,.! ":ol,h, 
('QIIIII'<." lor. IHW 3-wiTi.' I)o/}\\"I'r "orr!, ;11,,1 -1 "lff' 
["., .... 

Dlm. n . ions, B"nd, 111 ..... 1(0\ , ,d<lth If I, Il\"il!hl 
"'~.d('I'th 1i" 3;i,t("h~(-tS5h.\· !\I0I'.I·I:jf)mm), 
11I'{'r-:ll ; rl,,·k mo,h.f. )lHlWI. HI b~'" i'1O"1l('" t 4~.'; 
loy 180 mm ) ; ''''I'tlt l,..hi",1 11:\111'1. 1 t in('h('~ 
(a.% 11l1l\ ) . 

Ne t W'lghl, 3 ·1 l"lUlld.~ ( I.'i.,'; kj(). 

('o'le II"l)r(/ ----+ 
1133_AM Ftoquency Con"er' er. B . ... h Mod.t .. •..•. • , .•.. 

Pri~" 

$1250.00 
1'250.00 1133_AR F"quency COn ye .. e ., Ro<k Mod.) ...••.•. • • .••. 

U.S. !'. I~nt ""0. 2 .. ; ' SA~;. 

'>(lV t;l. 
:.-J:W EI, 

j 
I 
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DIGITS CAN LIE 
A Discussion o f Erro r So urces in Co unter Measurements 

:-lim'l' i,~ illt1'Odtwlioll .~OIlW 151)1" "" 
Yl'ar ... ,'go, thl' ("(lUuIN, ')r digital ,im£' 
:Iud fl'l.'"I1I'II(';o; IliI'H"". 11lI:< 1)('('0111(' a 

wi<i{'I" u,o(>{1 l'll'clrolli!' iu:<truult'llt. :11-
mul'! ':h uhiquitolli":1:< !he \',\tuulU-luhe 
\"01tlll('IN Ilr tll(.·I)~('illo"('I)IX' . \\'olld('l"ful 
a" thi .. in .. trunwlI1 1"I'(,1Il~, hOW<'H"', i, ii'; 
.. till nlpabl,' (Jf pnxlu('iuf,!; Wlll11~ :l1.,,\\('r:-:, 
\'\'.'11 1 hough i,s eirrui,,, 1Il:1~' IX' fUlle! inn­
ill~ p(·rf(>(·tly. H{'('ol,!niliull :Ind Illldl'r­
";'lIlIdillf,!; of ,Ill' ":0111'('1''; of {'ITOI' will 
(,tllthl/' 0111' 10 rninimiz{' th('II" (,fT/·rI." alld 
,., im IW\J\'(' ,Ill' H:'{'ful'I('i".-; [tIlt! n·liahilit'y 
1)( ('OLIIl!,'!" 1l.I'a"UI"CllIl'll i ;.:. 

\\ 'h/'Il u .. iuj!; a ('ouIIl!'r. UIII' ,,1111111£1 
k('t,!) ill 1Il111d lilt' di,..tilLl·tiotl l)('twf'(,1L 
pN'ei"10J1 :tlLd :UTUlllf·y. 1'1't'(>j,·iol1 dr'­
~('l'ih..,.. tilt' d('grN' uf fi l l('IU'~"', tilt' 1":1 ... ' 
~iRHIfil 'alll 1i~ITn';<. nf :I l1lt'a~\ln'ILWIII; 
atTlIr:u'Y itldil·:l!\,,.. til(' 1)I) ..... il,lI, I'XI(·t l t 
of f'rrnt'. Fm'('x:lllIpl(', il i.~ (lui1l' l}(l""'ihl(' 
(:ltld fail"l." l'01HIllOII) 10 tI1 l·:)":III·,· a tllll!' 
illll'I"\':1I \\ ith :) 1'0111111'1' to!. pn'l'i",Ioll nf 
0.1 ,1''''('(', hUI \\' i,h [ltl :H'tt11~lty ,If (Jilly 
± I II\~I·. 

'I'll(' ",illiplili('(1 hhwk dia!1:l':LtI1 of 
Fi~I11'l: ' 1 .. how ... t II{' Ii\"(· 111I,..i,· I·in·uit 
hllwk ... Ilf !l di~ital t illl{, :Uld fn'ql1"I1I'Y 
IIH'IN: illpl11 ('ir/'uit;:, 11111(' h:' .... ·• l1lain 
.IoWII', pl'llg11111l ('Ullll"Ol, :llId de"jlllni 
""lll1 l ill~ IIl1it,.:. The inpul dr('uit,.. ~1'IU'r­
al(' nilQ!:N pU\:'{'f; fru11l IIII' illP111 "il'lI:d. 
For fn'iIIlI'llI'Y nH'a .~lIl'I'l1l t'1I1 dw ... " Irig­
).!;,·r ])11\--<'''0 :111' ,'ounlNI hy j II( ' d""imal 
"',1I111!1I).\' IIlIil-; (h11'illl,!; a ti111(' illtt'l'nd 
d,·rin·d fl"l)lll ill!' lilll!' ba--<'; fl'I' liml' 
1l\(':l~\II'f'm{,111 1 II(' Il'iAA(,I' PIII.--<·" ,':III l'{' 1 hI' 
IIl:lill ).\'111,· In ~lal'l :Ull! stop tht· fI.)\\· of 

• 

Fi, ... e 1. Slm pUne d blo"k dlo,.om o f a dlv llol 
lime DAd f.e q .. e n".,. me Ier, 

tin lt'-b:t~1' ('!'M,k Pl1I."'t'" illl(I IIII' dt·(,illl:ll 
('OllH lillj! l1nlll". 

Thl' pl'tlj!1":Inl ,'olllrol \VUlt'" pIII'>('", II) 
(1)('U :111<1 d" .... ·111(' lIIuill .!':ltC', ... t,I(,I""'l ht, 
prnper plIl",'~ 111 hi' ('011111('-(1, (',1111 rOIl,.. 111(' 
di ... play, :wd h:l1ldl(',,; , Ill' I't.'_-<'I\ing 01'1.'1'­
nlitl11", 

EtTot',.: 1':111, of r'flUr:<l', ("Till' if :Ill,\' IIf 

I IU'-.c> "in'llil hlll('k,.: l1wlfllll{'t [(.n. hili Ill' 

ar!' ('f)II('('I'I1('d h{'t", with (> 1"1'01'" <111(' I(f 
0(1)('1' l'iUI>o(''':. :-i\h,b "1"1',)(,:- nlTII !' l1lail1k 
in 1 hI' 1 ilH{'·h!I~I ', g:1 \(', and j 111'111 1·I I'I'uit~. 
:-iOlllt' :111' illll('11'III ill 111P ('ol1lllinl!~,""" 
11'111: ollwrl" tl(·I~·1l1.1 IIpOI1 lhe 11:\1111"1' of 
IIll' ... iJ..!:H:d to lx' 1ll1':1 .. tll·l'd, 

INHERENT ERRORS 
TIme-Sase Error 

Tht, I [IIW-J,:IN.· N'f"I,C'tU'l' fOI" n)O,,1 
l'Ol\lIlf'r~ i ... :1 qll:1r1z-('r:-.,,,!:"t1 o"'I'il1:unr. 
:-:ut·h 0""[11:1101'" :11'" 1');I"(·pliol1!lll:-.' ill"'U­

r:II\.· :lIld ~I:lhl" hilt \l'ill .~till drift ill 
fr('(lllt'll('y \\illl lillll' :111 <1 .~hollid 1)(' 1'I,,,,,,t 
ut'I'a .... i, nulll,\' , SlIti".,(flflur(l ,~df-rli(cI: OW'/'­
(lliOIl of (I ('OIW/f'1' do. f< IW/ 'Im/ienlr till 
/l Ct'IIOW!] of till" lilllf '-I,(I.~1 l'rfet'I IUI frl'­
Qill' IIC'!j, 

One-Count Gating Error 

13(0(';111--<' 111(' I~II(' I")f Ih(' lI"igg(' \' JlIII;«,:­
thaI :11'(' ('(JIIlll t,d i,.. !lOl l1""[1lk "'''"l'hrt~ 
1I0U'" lI"ilh tilt' r:llt'lif till' pIII"(.,, ihfll :If(' 

fJl}("lIiul! and ('l/ I ... in~ I hI' 1I1aill gall'. il i:< 
po ....... ibll' for :I triggi-'I' pl\l.~t' 10 0("'111" 
"illl\lIt1111('0I1.~ly \\ith a )!:!tlinp:: pl1l:-(' :'lilt! 

1101 1(. 1Jt' ('OIlIlH·d ("" •. F igure 2 ), Tlli:-
1('a(l" 10 tilt' ,~o-('all('d rUll,-,'Olllll galill.l! 
('I' I'M I\ I!' p~,,, ... ihilil.\' I hal ~1 11,\' J1:11'Ii~'II­
br n\('a~t1N'lIwllt mal' 1)1' ill 1'1'''"" h\' 0\11' 
l'OUIlt. Th(' P<'l'(1,nt:i~1' {' ITOI' \'(,!':-II:'" fl'('­

qU(·Ill'.', ":1u--<~1 h~' IIII' V;:lfillg C'ITt')!'. i ... 
plotlf'd ill Fij,.,'1.1rf' 3 flJr ,,:Irir.u,;; ml'dH)f.I~ 
~)r nl(':l~llff·Ult'III. 

Tlli~ 1I1lI'-I'Ollnt gatillg ('I'rnr flppliC' ... 
IIllly 10:1 ,..inp;l(' \)\C'a"'lIff'Illf'Ut. 111:l ><,ril '~ 
(,f 1l1('a,..U11'mf'lIl~ of IIIP ~:lJll(' qllflllli!,\' 
(Il iypit'allli5l' of a f'(juntN) thr n,lxwrl' i,~ 
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GENERAL RADIO EXPERIMENTER 

~" -..J L .......... ..... 
I 

,c-t<t ..... _. 

T.·.nO , 
.~, 

~" ----.J L ...... ". ""'D. . ~-... ,., ..... I I 
-~ I , 
flllu. e 2, One_coun' 1I0' ;nll ... 0 •. Pu t ... 
occuttlnll IImul'oneDusty wilh 'h i liD'. ",,'y 

D. moy "01 b e counled, 

(l! 'II'fI{ltf/, 111111 till Olfr-cQII ,,1 (,'r or ,(1 II/~ 
JH(II./I . 1'01' "'(ampl\', if Ih,· II11C' I-aim' of 
[11(' In,..1 dii!;il i_~ h('\\\t'f'1I I :lIld ;,. :-':1,\' Ll. 
t hi' I'('ndill~ lIill jump h:\('k ;!lId f(wl h 
1)('111 1'('11 I alld 5. B.\' oh~'I·li1!~ til(' ,'"b­
tin' n,I(' of O\'!'uI','('I!I','nf tilt· IIIP di~il"', 
111f' oP!"'·:II!.lr I'll 11 1' .... 1 illl;11 t' !I di~il h,'~'nlu l 
I hI' !a,..1 OIU' di"pb.l't'lI. ( illI'idl'lIt:dl~· . it·" 
('a~il'I' III dl~ llli" \\'i,h ,lit' 1111'1"111111111'11'1" 
Iypl ' tlf 1'('11,1,,\11 lhan "ilh 111I' Illl," ' 
plllJlllar ill-lilil' n·lld'JlII .) 

ERRORS CAUSED BY NOISE 

Th('N:' i~:tll addiliol1al ~I'fllIP of (·I'I'or:<. 
\\'lti!'1t ill·I',·au",.'d hy It"i,...,. ;\oi,.,..·. ill thi" 
in"wlU'l'. rc-fPI~ In aIlY"till~ tlt:ll ,':111",':< 
lite i 111)1,1 .~i~II[11 p'·o(' .... ,..""·,II,.,· 1111' C',illill ('I' 
to Iw nlll1' l· Ih:lIl !I Jlf'l'ff'('1 :<i ll(, 11"11\'" of 
illfiuiit' :<;~lwl-HHtI1i",' !":llill. :\ IIII: ILL1 :n,'d 
"i~tI:d", fol" ",(!lt1Ipl,,, may 1)(' \'Illl:<illt'r"d 
"l Iw I1tJi~y ... igll:ll:<. 

'I'lli' ,,1T".'ls of IIl'Ii:«' tif'lwuti dil'f'l·tly 
upon til{' "1)(,I-:llioll of 111(· ilLIIHI "ir('nit". 
whit'h flllll'linll bOlh a'" all 11l1IplillUIl· 

" 

- ... ,.. .. ..... 

lil1lill'l" :LlII! II II'I;!!;"I' pIII--<, ).!:f'IIf'I~ltOI·, III 
JIlO"1 l'OIlIlH·''''. :1 ~(·hll1ilt (lit· "imita r­
lypl") I'i('('1111 J.!:1·1I1'1·:1I1·", :1 trijQ!I'!' 1111[0,;( ' 
WI I(,11 Ihf' iIIP\II-~I~\1111 , ' \,ltaJ.!:\' il l("'(':1""'" 
Ilh" ,·" :1 ('1'1'1:1 1" l"I'f'~ I'('llI'\'-\'(,hllj.!;(' 1.'\' ('1 
aud I·t'~"t:-. j"",lf l\hl'll III(' illl'lil ,'()It:t~I' 
fall" li .. ],,\\, :IIl,I,h\'!" 1, ·I·c,1. :1:< il1ll:-olrawd 

ill Fi~ltn, -1. '1'11(' ,·nlt:I)!'· difTf'I"I'II('(' tw­
t \1 1"'\1 t 11I~ 1 riV;:':I·I'illJ.: alld ..... "'., lillV; 11"'\'1'1.'1 
i" \':III,·tllh,· "hy .~h· I~ '"i,.." \".hag" of 1 he 
!'Illmtl'!' :\lltl t1,'ll'1'llli,u'" 111(' m;tlil11Llm 
iUjlLLI I ·uhllg,· 1II" ''''''''1I1'Y III "1)o.~ I·;lh · Ill(' 
illllll! "in'uil ". ,\ t ri~Qtl'I"-II"'·I · 1 1'111111'1>1 til 
:lIljll~1 tl1I' nlt".,ILt!I ' n,i1av;1' of til\' " 'j:.:-

f I II U' . 4 , 
O".<a ' ;o" of 
,,,pul duui ' • . 

).!:NillJ.!: :'l ilt! rf'''''lIillJ!; 11·\·,,1,. i" \'I' I'Y LL,..dlll 
ill ('omhilliltg till' dT"j'''' of lI"i<:t· a1l(\ 
I.lhl:\i"inv; mllXinlll1l1 illl>"1 St.'IL:<ili\'it.,·, 

Frequency-Measurement Errors 

1':1'1'01''' ill frhj"{'I1I·.'· 111I':t .~ LtI·!'lL1(,LI' ('Ult 
hI' I·:LLI",·II I,y tnl,dlllalil'lI. (,il hN ll tllpli­
I mit· vt· f l't ''lu(·IH'Y . (II' h.\' Iltt· ('xi .~1 {'III'I" "f 
:<pn rloll" :-oi!!II:lI:< :tloll).!: wilh t h l' dc~il'l'll 
!<ignal. 

Amplitude Modulolion 

I f ill£' illllill :<i).!:'1111 i~ :l lnplit 11(\('-tll(lIlll-
1:1111.1. au {'rn)r tIlII~' O\'I'ur if lite tri}!l:\"('r­
illl!: !t·'·f'1 i" ofT""1 :1:< :<1",1\11 ill Fi~urt' 5. 
\\'ith til(' trigv:(' r illl!: allli I"1'<:t'l[il1g If'wl" 
!IIlju"'l't1 :<.\·nllllf'tri,·all.,· :tholll U ,·nlts. 
hOln'n'l". tJlf' "OIT"!'! f'·(·'Illl""II'.'- will Iw 
Illl'a"IIt'I'd:ls 1(lHg:l" t!II ' millit1llm) jlf':lk­
lo-p('!Lk .'X,·III-:<;Oll IIf till' itljJut :<;gl111t j" 
p:rf':tl (>t. 1 h:L1. Iltl' h.'·."lI"·.·,.:i,, I III! :lJ.!;I·. EI'(' II 
1I";lh oplimlltll :Hl ju"ttlll'ld of lilt· Il'i,ll;-
1!:1·!·illg 11'\'(·1. hO\\t.·,"N. IlId",,':< lI'il1lw I tJ~t 
if Ihl~ dt'!!:1'f'{' of ulI)lIHi:tlillll T'(1.hu·(·s tht· 
"Il!t:tgt' t'"\"I It",i') II " 111 1(·"" t h:w t he h .,·!O­
If'I'{',..i,.. \"tIllage, 

... - .... -~::::.c. oo.,r:; •• ::- ' .... ... .- Frequency Modulotion 

fIIlU" 3. 1> .... nIOlle ."Dr ...... u. I •• qu.,,"y 
<ou .. d br One_COU'" 11011"11 ... 0', 

Ttli' {11\llItl'I' i" nft,'11 lI:<I,d t il Hlf':"I<;III'C 
\,:u·jou,.: 111"')111'1" i.'s of a r l'I'qu{'H/'y-mndu-
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",-~,,, .. -
."t, -JL\ +++-1 

f lgu •• 5. En o. <ou .. d .. ~ 
omplitud . modulo';o" . 

luu'd l-i~lltIl,' II ell!! nlC':ISU I'l' thl' aq'ra~I' 
"!ih .. : (lr!UI iuput fn'qut'llcy duriug the 
(,htJ-('11 ('OIIllling i'I\('r\':lI, pro"id1'<I,ha, 
,Il\' f!'("IIIH'HI'Y J'('mai1l!:: wit hin thl' 1'('''''­

IUliou ('a pahi lit,\' of the iu"ln1TIl(,I1t. If 
1hl' fl'rqurll('Y ri l'l'f; al!o\'c 'hl' IllllXi llHIIH 
1'''IlIItilig raIl ' of ti ll' in"!r'UIII(' lIt or fH II" 
Iwloll' ,Ilt' minimum ralr, pul. ... ' . ..: \\'ill I"' 
I(I,~, tllld I ll!' B'('lL'!UI'C:ml'nt will be ill 
l'rrOI'. 

H :l 1I(,1('l'I)dYlI0 fN'qu(' lI t,\' ('(111\'(,1''''1' 

fIll' high-frt'qllCIWY nl{'l1:-urrlllt'llt,.; I:: 
U'-4:'(1. ('(IIY' IImSI he lakell ,hal fr<-tllll'III'Y 
lIIudulation dOl'S 1t01 dri n' til(' input 
ff'{'ttllf'HI',I' down through Z{'ro I)C;II wilh 
tllp hCI('rodYf1(, rC'fC'rt'nce fl'('(ltICnc), ttllt! 
"0111 t il(' oth('r s idf'." M I h l' 1'01l1l1 f'1" 
f{'adillg II ill 1,(, inl'('I'I'('I'l, 

Noise 

If thc dl'~il'f'd sigllal i" IwclJlllp:luil'd 
hI' lIoi-.(' i'lI f1if'icnt to e:11I1'<' extr:1 l!'all­
,.(1 i(ln,~ of I he h\':<tt,rt'~i" rf'gillll , a .. :>. h. 1\1'11 
in Figur(' U. ('xtra COUIlI;; will be I'('gi~ 
H'rf'(!. Thi:- prror ('an ofl('11 1'It.' l'otnbHlf,t/ 
1',1' :Idju:-tnwl1t of tlt(' triggNiug Il'wl II') 
dl(' N'gi~1l of stf'CPP;<1 ,,:!gn:ll :-101)(' or . b~· 
all('1111:111011 of Loth :; lgn!l1 and nOl."(', 
:,\,,11' ilwl it ji' tlIP ab"olul(' ndlH' of illP 
Iloi>{' I'"IIII!,\:(' t h:ll ii' ;mpurt :l l lt, ralll('I' 
lh:UI Ill(' ~iglial-Io-noiS(' mlio. 111 a 
{'OUIIIl'r with:l 0,2-\'011 hy;;tN\';:Ii~ l'('gioll, 
for l'xamplt', n 10-1'011 ;<ign:tI nt'COll1pll­
lI i{·d b\' I \'011 of l1oi~ lI'ill 1\0\ IX' tllt':'l1!­
ur('d ;'01'1'('('1 1,\' •• \ tt(,Hll:lting the inpu t 
IO:\. hl)l\'('\'(>I', 1('I\I'N'!l ,,: ;glml I,f I I'olt 
willi O. I-\'olt lIoii:'(' , whkh will II/' nlf':18-
Ilrt'<1 with no difficult~·. 

Th(' ~illl:l 1 ion dCi'erihed :lhol'l: j" 
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I'!l ighlly O\I'I':o.ill1piifirt\; ;1 i .. ('om·rl fIJ I' 
!'ignal aud 110i,'o(' fn' qlll'lwic:- \1('11 l>c10\\ 
111(' maximum lI'i~~t'l'ing ratl', 'I'll(' h,":<'-
1('I'('~i", \,Ol t :lj!;(" of mo,,,;! ('(llIlIt(·1' inpul 
l'ircuib i" 1101 ('(III,~ lanl 1'01' all illpui fn'· 
qIH' llI'iC"i;1 (\1'I'n':I:O«'" al frcqU(,IH'il"~ tlp­

pl'lll\f'hillV: t il(' 111:1.1:; 11111 111 I l'iV;gPl'ilig ratt' , 
('\,("11 IhOllgl1 Ihl' ,1\,l'I'-:111 S('II1;ilil'ilY uf 
t Ill' eOllliiN HlUI' dr'I'I'C:l!«', .\ [O-~ I f' 
l'OHlIII'r, [,))' 1'.1::111; pll', II ill 1)(, nll)l'C i:'('l\;;i­
tho(' III 10-:\11.' 1I0i:'(' thall 1(1 I-) I c IIll; , ..... •. 

Interfering Signals 
O('(,:I,.:jollall\' il ;1" III'f'f'''~:ln' 10 1U(':L!:'ur(' 

Ihc ff('qUl'1J('~: of:1 "iJ,:lIal ill 'tll(> PN'S('I\('(' 
of :111111 111'1' :>.igual of Ilearly Ntllal ulIlpli­
IIIt! l'. CotJlIl{'r:o: h:II\' 1)I'l'll "l'\'cI'('I". :llld 
ii\JIlwwhat IIlIjlJ.~1 I),. ('rit ieil'.('d for' hdllJ{ 
IIl1ablp to m:lke Ihi" 1,I'Pl' of lII('tl:o.lIl'l'-

111('111, 'I'l l(' :1('lll:l! ,..;illinlillll, hU\\'('I' I'I', i_" 
nol :/>; 1):1(\ :I" may Iw hdi('I·('(1. 

!\ captul'l' ('ITI'I,t 11('('111':0: ill tl1l' illpu i 
(·in'lIil:.: of tl I'OUIIIN, ,~; lI\ilar 10 t hai ('II­
IXltllth'lwl ill F~' rf'N' il't' r", Fij!1U1-' 7 
:-how:.: all pXfl\'I'inl('IIIIIII'url'(, d e$('rihi ltg 
Ihp C'!Trot'1 fill tI ('('UHI(,I" 1Ill':\::IIN'IlWIII of 
111'0 :<ign:d" logf'l!t('l', If Iht' frl'ljlH'lIey of 
thc iUI('J'f{'ri ll~ ,,;glml i,,;; nlUth high('l' 
Ihall Ibal of I he· d('~il'cd :::iglla l, I II(' 
illtrrf(,rf'lIt'I' bl'h:l\'c" lik(' tht' t,YPI' \If 
1I0i:-'l' d C',.:('ri l)('d ah",' I'. T hat i:>., if tlte 
l>f'uk-to-pl':lk illl('l'f(ol'I'II('I' 1'01t:'1g:{' is 1(':0:"; 

1 hall Ihe 11\·.~tl'r'I\~ i ,., voltn!!:e nr tlli' 
COUIIIN, il \\{II I'au,~f' 110 diffkllil I' . If I II(' 
illlt'rfl'l'«tlt'l' \'uhagl' is j.l:f(·atN i h:\l1 11'11' 
hy;;;(('re"il'i voltag('. 1101\('1'('1', it Hlay call:</:' 
erl'or~ - dt'lX'lIdill~ 011 th(' mlio of I II(' 
fn'(flll'"l'jl'~ of Ihl' two ,.iglllll;< :1111 1 IhC'ir 
:I m pli I udt''''- ,\:., l ilt , jill ('I'f(' ri, Ij.\: f n'l [111'IWy 
appro:U'h('" Iht' d(,,.in'tl f rcql1PII('y. thr 
COlUI1('r C:1I1 loll'ral(' mOlT' ill!(ol·fr-ll'IH·{' 
:llllpliIU{\(, 1)('[01'1' 1I1akillj.\::lI! l'I'rOI·. 

1.('1 \I " l'OH:o.idl'l' t\J(' ('aH' of nil illll'1'­
fNing f l'l'<I"(,lI ry rim'" 111 Ill(' d c,..;il'ed fl'('­

qW'nf'." :I."; t ill' ill\t'I'fl'n'llt'l' amplilu<il' 

, .. ~ .. "" , 

Fie"' . 6. Efluh of oddlll~. noin. 
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i 1.0 ~~~::'::~~~~:J"':;::~:;;;iEt: 
>io$f-----f------l-----t----~~ 

"~--+----4---4---4----~--~~ 

.0, 

Fill''' . 1. Caplur . be havior of " <ounl ••• Counl •• l,1nO(.' on i n, • •• • • inll .ill n,,1 w il h o..,p lilu d . be low ' he 
.hoded 0 " 0 . If In, . rf e •• nc e .. ",plilud ...... d •• hoded " '." , <o un'., wI tt m . .. . .. '. in •• " • • in ll ol ll no' onLy. 

ilH',·j'Il.;('''; fwm zero. Thl' ('olllpo:-ilt' \"011-
agl' i)(lgiui-: to wax aud WilLW at a l":1tl' 
('l[n!11 In IIL(I ditT(lJ"t'w'e fn·quclu·." flu e! 
\I'ith :111 cIlI'elop(' amplilmic> ('flt !:!1 til 
1hal I,f til(' intNf{'I"('IH"I'. Thl' "(lllagf' 
\\'UI"f'form loo\.;,.; tik(' :In lUllplilUd('­
Itlodul:llf'd W:IV(', (' .W·I'P' Ihat tll(, ph:l:'t' 
I)f Ill1' ",'ll .... iN" i;.: :\bo ":'l"yil1).:;. Thl' 
lIw!":,W' f!'('quelll·.\" \Ii,hin 111(' modtl~ 
!:tlil>1l ('Il\'I' lopt', i.e., lil(' :1.1'('1":1).:;(' mIl' of 
WI,.;ili\"(' 7.('["0 I·t·.,.',,.;ill~,~. j" ('\[u:II 10 Iha t 
Ilf Ill(' 1:1I').:;N-~lIl1pli' udl'. Irl\\(It"-ft·l'fjlll'llf'.\" 
.~iJ.(lIa1. '1'11(1 f'OunH' 1" lI"ill ('01l1i1111(' In 
lIl('ai-:\Il1' til(' 10\\"1' 1" fn'ljlll'lH'y IIllli l th(l 
illl(ll"fl'rI'II(,f' bt'I'om('~ 1};1"1';tl I'liongli to 
('Oinpl"t',.;..; 1111' ('()mpo~it(' ,'olt:Ig:(' 11111]1li­
,ud(' wit hill til(' IW"lt'l"(',.:i .... ,·ollaJ.:I' !itllil~. 
,\.0; th(, iulf'rff'rf'Ht·{' ,'()It:lg(' inrl·t'lIS('''; 
,~lil! fllrlht,],. tht, ('()HlJler lI'il1 ~i\'f' rrnl1i(' 
1"\'udill!(1i 11111 il t hr ~1ll1plit IId(' flf Ill(' iutl'r­
f,'rilll,( ~ij.: lI:d ('xtt'( 'd .~ I h:ll of t h(' d(l .... i]·C'd 
.~i ).:;'m.1 by nn nruollut ('tllI.al III ,h,' hy.,,­
Irrl'''']S 1"0111lg<' .. It Ih(ll jXJII!1 (II/(IIJ('!lQl/d. 
llie C01II1/n It'illl'('wllh" hiylliT Irl'qlll'lcy. 

Thili I\\"o-f'ign:t! l)('h:\\"IOI' i" "lIllll1ln­
rizC'J in lIw f(llIo\\;llg aPPI"OXilllnt(' I"r­
lId inll~: 

('I)uutrr tllC'a"lI t"C'~ higllf']' f],f'ql1('Il\"~' if 

I ·~>rl+ j,: 

('011111(']" 1111':I"UI"I'''; 101\"1'1" fl1'IJUf' !I (·.\" if 

" {' " +" ~<~r.' \.J. , 

I\" II(' re : 
V, 

f~ = 
I, = 
~ ~ 

]( = 

!wak-lf1-pt'llk nrnplilluJ .. or 
higllf'1" f rf'qu('III"Y ,.:i~lI :d, 
pt'llk-IH-Pf'llk :ltn pliHldl' of 
101n'1" f]"(·quf'lI c .... ,. ij!II:1!. 
highf'I' f]"('(I'I('11('Y, 

11)\\"(']" fl"l'qUl'lH·.'·, 
h~' lij ( 'rl'~i." ' ·011 agr' of ('UI Ili! 1'1". 

:I ffWlol" '·III·.ving 1;1" \\"'( '11 I 
nil!! 2. 

If 11('11 hN l"OI ldil iOtI i~ ";:11 i.~, (j'·II, IIIf' 
I'mull er will gi\'r l'IT{JI1f'Oll f' 1·I':HlillJ.r.~. 

,\ rIJUII\('I". 111('1"1'1"01'1', ha i-: a dl 'gl"l'.' tlf 
i IIhl'I"I'1I1 illllll11l1it Y to i IIll'I'f .... I"I ... (·. J f 1 h (' 
inlrl'frl'iug fl"('ljllf'IWY i,.; 1011"1'1' l h :'11 ti ll' 
dl'.~in,d .~igllill freql1('IH"~·. it will III' ('0111-
pletrly iglll)l"(,d by thl' ('OIlIlI N jf il~ 
fllll plillldr iii 1('5."- I h nll tilt' ,.;i glWI :Il1lpli­
fudf' hy :.11 I('ast t lw hyst(l l"(· ,.:i." l'o1ta~f'. 
.\~ Ill(' illtl'l"r(,I'illg fl'l'qu(,ll('Y I'XI'I'l'lls I I\(' 
.~i gllnl fl'f'(IIlf' llt:y, 111f' ('0111111'1' (-lItl 1011'1'­
:It{' le,;.o{ :llld less intf'l"kl'l 'llc.' f1mplitlu lf' 
h1l1. ill thr limit, will ,,,-t ill igll(JJ"(' illt(lf~ 
fl'l"t'tltt, amplillldl's k~" Ilmtl ,1\(> hy,.;­
t (II'C':-i:'C \"<)11 :Igl'. 
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Errors in Period Meosurement 

FOI' period measurement!', 'rigger 
pul!lt'S gellcratcd from the input f'iglml 
Ol)('n and ('I~ th(' mniu gnlc aBd ('otllroJ 
the flow of ti nH, .. ba~ pU];'('I< illto thc 
d('('tl(le cOllnters. TIl(' aC(,lmU"Y of !<1L('h a 
nlC'3l!llN'mCrrl df' l)('lld>s on I he', inre :ICt:U­
r:lt:y with whidl the triggerinv;-Ic\'cl 
l'rOS'<ing of Ih(' >sigllu] ('Ill) 1)(' d('termilll.'<!, 
Erro~ in lili" deterTllillat ion IlllW (K'cur 
for ~YeI1\ I reumns: the Il'i~('ting-IC\'el 
('ro,"~ilJg of Lhe i"ignlll may vary beelluF(! 
of drift , hum pit'kup, noi::e, etc., or th(' 
triggering Il'v('1 it~lf 1Il0Y vary fOI" :-imi­
Jar n"!tl$OIl~. Figme S illu.'itr:ile!< the e/Tect 
of 1I11t'el·tainty ill eit h('r f' ig:nal 01' t rigg('f .. 
iug lew'l. Th(>~ IlIH'crtaiuti('s are addi­
tive nnd call be eorn bi1lcd i1lt o n f' inglc 
"11011'(''' \'Oltllg('. For !'t ine II'nv,'1:\ tr igger­
ill!!: at, 7,('1'0 croN1ings, tht' foll Ull"ing re­
lalions]Lip applies: 

i\h'\ l't'I'or in % = 
I I " 

± -....;. X 
• I . 

100 

where " " "'" P<':lk lIoi;;c \'oltugl', 
1'. - peak 8igll3l " oliag(" 

St:1.tcd in ot her tCt"llll~, the fradiollul 
error (':lm:c'd by Iloi"<.' is about one-thi rd 
th(' lIoi"<'-t o-!'igual ratio. For exnmple,:1 
uoise vnhng(' of 3% Ciln protiu{'e nil 
error of nbout 1%. 

The effective no ise ineludelo! both Hoil«! 
P~t1t in til(' I<ignnl und int(,l'II:d !loi"", 
gf'tlemtl'(l by llw(·ounter. The itlICI'II:lIl:r 
g('tI(,r:ltcd Itoi~ dCI>t.' tlds on the im .. 
,x'(l:woo of t.he signal 801Ir('(' :lne! the 
pO$ilion!'t of t hf' j'l))!t 1"O1~ . For I'XHml)le. 
Ilw;,,.uriilg I he I>t'rifld of :~ dean sigllai 
of I- \'olt rtni< :ulIpliI UCif ' frolll u tiOO-ohm 

....... " .... -.. ,..~" 

.. '"~ 

fi,ly .... Ell .... 01 Yn~.rla i "l,. i " .i,"o l 0 . 
1.1" .. 1",1 ..... 1. 

D EC EMBER , 1 962 ~ 

source will :rield un lI('('umey o f abouL 
O.Ml'J( on n (":(>Jlcm l Badio TYI'.: 1130-A 
counter, indif'ati ll g 3n f'ffc(>Ii \'C' illt(,1'1131 
noii'{> of 3boUl 2 111\'. A Io-p('rio<l;.; mea:;.. 
ltN'lllcnt is at IC:l;;t 10 liolt's :VI accurall' 
si llce the limp prror il< (.'omplued "illl a 
time intl'rnll 10 time" 3~ loug. 

The aoo\'C' rt'n111rks apply to lIoif«' of 
II random nallm .... If til(' uoi."(' i~ 1)('ri(Klie, 
the mPlI!'urcmC'lIt lI"ill display a ('.rcli(· 
\"Hri3tion , and it if' r,..)." .. ~ibll' te, N;tinmtc 
the mean "ulue of t ilt' 1Il(';\I<Ur('tlIPllt with 
greatN IIl'CUfaf'Y than thnt indi cilted by 
the signlll .. iu-lIftisc ratio. . 

Errors in Time·lntervol Meosurement5 

The SQurr('!; of ('I'I'or d(':,cribed abo\'e 
apply also to tinll' .. inff'rvtll ml'u~lIre­
ments. Tim(' f't"ro rs ('fl Lt~d by noist' 011 
the ~(t\l't flnd !<top .... iglllll"" or trig/!:Niu,l!: 
kwel,. I'lln 1)(' ('xpr('.<;.<;cd :1 :< folln"':, : 

'/' = ± I ',. , 
II"here: '/' =- erl'Ol' ill I«'c(.lIId.". 

Y .. - pC:Lk noil"'<! vult iigC, 
If = .<;101><' of siglllli in 

\'oltAj l'('t'olld. 
.\ s Ihe [<lope of HII' !'tignul itlt'n'aS('~. till' 
time error cau,<:f'd hy 1I0i:«' dN'l"('!\.."C'<;. :«1 
that, for brief puli'es or voltage .<; lep.<; 
with rise time romp(U':lble io 011(': pcri4xl 
of the eountNI frequcncY,' tllI' mrtL"'lIl'('­
went ('rror iii r('(itLf'rd to ± I lX'rinti o f 
the l'oullt('(1 ft"{'(lu{'ncy ± the error of 
til(' time-bnsc rcrerctlce. 

T .... o Rules·of .. Thumb for Counter 
Meosurements 

1\"0 good rulcs-of .. thumb to follow 
are: • 
[. A steady I"t'nding i ~ \1.<;\1311." corl',,(·t; 

nn f'l'rntic reading illrol"tw'l. 
2. Whf'n ill doubt, look at the input 

sign;)] wit It Uti 08('illmwop('. 

The plll'pO!<l' ()f this di ~t' t1.","ion ha." 
been to llCfjlltlint t il(' r<'tldpr with SOIlW 
of I he calIse.<; uf error i n rQllntpr mCtlSllr('­
men Is, not to wC3k(,tl hi ll confidetlee ill 
su(>h mea '<;UI"('lllent!'l 1m! ,mt hrr, 10 1>0181('1' 
thai confidf't1I'f' through i.X'ltf'l' Ulld(ol'" 
statlding of th{' princi ple'! illvol\'('d. 

- II. T . :\k.\I.~; EIt 
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CAPITOl SERVICE 

The ('stnbli"hme nt of n scn'i('c lul)()­
nltor)" n; our Washington, D, C" offi('c 
hrings to "ix 1 hc numher of such oper­
ation;; in Ih{' r. ~, :l1ld Callada, Dona ld 
\\" BrOln!, formerly Scn'it>(' Supen'isor 
:It our X('\\ York Offi(>(', h('n(\s thc new 
fac'ilil\', 100'al('<I :11 Hochille Pik(' at. 
\\'itll Lanc, Ho('b'ill(', :\laryland ('1'('[('­
plulII(, 9 Hl-IIi(X)). ,\1 0:C\\' York, 
Haymond J, ,Jones ix>tomcs Scrviec 
;-;1I1X'f\'i~nr, 

. \11 si\ -.('r\'ic'(' Offi(,N~ nrc fuJly stnlT('d 
and (>qlliplX'd for t h(' rcpair, I'('('ondit ion­
in!,!:, :tnd 1,(,(,:tlihnttiOIl of GCIl('ml Badio 
in"trUIll('Il \s and for Ill{' ('<'I'tifi('atiol1 of 
(,Cllcral Badin l'tllndards, All wOrk I)(>r­
fornw(\ hy OUI' scn'i('(' (\('parll11£'ll1 is 
,C;unrnn!('('d £0]' on(' y(':U', CUl';loll1£'l's PI'('­
f(']Till~ to Illak(> thcir own rcpail',"; \\ill 

" Brldg .. and Tech nlqu •• for 
Imp. dan .. M. a l U' . ... . nl " WOI 
th . till . 01 a .. ... Inar •• u ntty 
conducted by G. neral R .. d lo 
. ngin .... at th . plant of RCA 
Vlc l or Co ... p .. ny , Lid .. I n 
M .. ntr . .. 1. M"rning I. d"r.l bV 
Dr, J o hn F. H ... h W.r. f .. l_ 
lowld by off.,noon wo,klh .. p 
•• II ;Onl, Port ic ipat ing in th • 
..... Ina r w • ••• ngin .. r. fro ... 
RCA Vlct .. r, Conodh.n A ... lat i .. n 
El ect , .. ni .. , Nort hern El ec/t'c, 
a nd Conadian Marconi , Th. 
ph .. , ... hOW l a wa,hhop .. n 

coo"laL_Unl ... . ... ur . .... nt •• 

Donold Brown Ra y ... ond Jon •• 

find mo.s! T'f'pla(,(,Ill('nl parls lltock(>d at 
all ,..ix SC'I'\'it'e ('('Ill('n:., 

Cu"tonl('r:< ill 11('('<1 of r;crvicc Ill:1\' 
choo,:c whit'hcl'('f of thc :<ix offi('(';; i's 
1l10~t ('OI1l'Clli('n1. For fn~t('"t, most ('('0-
110mi('al !«'n'j{,c, \lC ff'('omm('nd IIt(' 
oflicc lo('ated l1('af('st to you, Whidlc\'(>r 
ofIkc you c:hoo::e, you will find I h(' 
expert, eourl('ons a, ... "j.;l:lIU'C' that ha$ 
long I)('{'n pnrl of til(' (; n. tradition. 

General Radio Company 
extends 10 011 Experimenter reod ers its best wishes 

for 0 Hop?y ond Prosperous 1963, 
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