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SHHMIER 1 966 

70-MHz SYNTHESIZER JOINS THE FAMILY 

The newest. add ition to the GR syn
the~izcr line, the THE 11 64-.\ Coherent 
Decade Frequency Syn thcsizN (Figure 
I), olTers greatly cxpanded frequency 
covcrage, extending well beyond the 
normal high-frequency, radio-com muni
entions !>nnds and including the popu la r 
intermediatr freq ucncies. All the fea
hires of the low-frequency models't,
modular construction, in-line readollt, 
prO\+~ion for 8w('('ping, continuously 
adjustable decade (C.\D), program
mability/ :I.e and buttery operat ion 
have been retained, and .'1 few new ones 
added. 

The fr~quency synthesizer, a relatively 
rec~nl develapm~nt, is nonethelen well 
established as an important instrument in 
the laboratory and in countless frequency· 
control applications. Also well established 
is GR', 1160 family of coherent decade 
frequency synthesizers, which have until 
now supplied frequencies up to 12 MHz. 
Now a new member_the 1164_exlends 
coverage to 70 MHz and thus brings the 
comiderable advantages of this type of 
inslrumentlo many mare users. 

Fig .... 1. Typ. 1164-A1C. 

To re"iew thr ('hief charart('ristics of 
til(' IlfiO lin(' hriclly: Each ,,)' nthesizer 
('ZlU cont.ain lip 10 l)Cven phL~-in digit. 
modulNi, ench controlted by II front
panel rotnr:y switch, plus a rOlltinuousiy 
adju'itable decade (CAD ). By toe push 
of II hutton. the CA D ran br elect rica lly 
suhstitu ted for one or more of the step
digi t moOules. The output level is ad
ju:slablC' up to 2 volts ,tl nd is mon i
tored by a pancl m('lcr. To(' I'ynthl'size r 
('nn b('· lorkcd to an externn! frequency 
;;Iandnrd, ran IX' swept. and . with 
appropriatl' plug-in module~, ra n be 
programmro. 

lll'cauS(' of thr modular ('onstruction, 
IhC' II r..o !-Nil's ra n be provided ill a 
great many va riations to su it customer 
requirements. Oll{, can, for instan ce, 
buy .'1 synth{';;i1.{'r with as few as three of 
th(' maximum ~"en digits , adding more 
Int{'r a" morr rt't'Oiut ion is needed. The 
ptogrammablC' option further increases 
thr number of available models. For the 
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the~xperimenle l' 

Comm~nlcollon ' •• ce ly •• I.' whh 
4SS _ . H ~ u nl • • ' •• q ..... ~y ond 

R .. p ..... . o f SO_M Hz .. y. l .. i fII. 
Ie • • Ho.I~ .. n lol "01.: 2 kH z! . ... . 

Ru p .... . . of GR Typ ' 1900 Woye 
A .... lyu, ' .. n . d '0 10 k Hz D .. d 
... f ... 10 · Hz bo .. d ... ldlh . H .. ,i _ 
10 .. '01 teDle : 5 HI! ' ... . M o.k • • 
".. q .. . .. ~., : 10.000.00 H. . t ho 

I ,S_.H I ... . ,h .. nluol fill ... H ... I_ MD' • • ' ".q ..... ~y : SO.OOOOO 
... nl .. 1 .. 01.: SOO HI! . ... . M .... . . M H I . Th. CAD ...... in .he 10 -
,.. " .. . .. ~ y : 4SS ,OO k H • • Th. CAD 
..... I .. Ih. l_.HI p0 41 11 . .. o .. d 
... 0 ...... p l ± , \Ii m .. jo. dly l.' o .... 

kHI po.itio .. o .. d wo . . ... . pl ± 1 
mDj ... dl y l.I .... , ... ± 10 . HI . CAD w ... In . h e 10 _Hz p ... lllo .. 

... ± 2'1i kH • . 
o .. d ........... pl ± 2 '11 m"I '" 

di Y"'''''' , o. ± 25 H I . 

FI"" •• 2 . 
0 .. 111 .. " ....... . h .. ... I .. " f,.que n c y r •• p ...... .. f y ... lo .. ' fII ' .,I 'o .w,p' .. .. Ip ..... ' ' y",h .. l l " CAD. 

l Hi I a lone, twcnty "~talldar<.l" combi
nat ion!'. nre litiH'd 

ApplicaTions 

On(, of t h(' mn!St mmmon usc:; fo r l-lyn
thl'siZl'ffl iti frf'quf'l .(,y ('Oll t rol of ('mll 

mUn if'ations lnLlI .. mittl'r"l-; :111(1 rf't'{'iv{'J"l':. 
l '!:'-('d with a lran .. mittt-r, a ('omp\('ti' 
iO-.\llIz "ynthr ... iz('r i .. roughly ('(lui\":1-
1('111 to n bunk of 7 million ('ry~ta\;; that 
('fln ru .. ily b(' switl'il('d to {'hang(' fl'('
fjur llC'y. (T hrff' arr 700 million readablr 
frequ(,lleil'ii wh('11 t il(' C.\I) js IIse-<1. ) 
In 1\ fr('rin'r, thr "Yllthe~ i Z('r ('an ~rr\'r 
II:; II highly :-;tahl(' 10(';11 ()S(·illator. 

Thr in-.\I l iz IIppt'f f N'qllefll'~' limit of 
Ill<' new -"ynthr ... izer ('OV('r.- lIot unly 
mo"t of tlj(' l'oml1lrreinl hro:I(II':t~t i nK 

~p('('trum but also intrrl1led illtr fre
qll('Jl('jl''l of mrllly \'Ilf and uhf sy~t{'ms. 
Ffe'qurlll·y-trnn .. llIt ion te('liniquC'.-; ('nn 
ht, nppiird, mOf('()\'('f, Lo prodde lI:;;crlll 
ffequ('n('j(,s for d('\· i('('s opC'rtltillg in thr 
gigahrrtz rC'gion. 

III :l telemetry rrl"l'ivC'r, for exa mple, 
1\ "'y nthe ... izer ("n n be lIscd 3S n ~('0!l(1 · 
or Ih ird-('ollvl'n>ion oiieil lator , nutomati
caUy ('olllJ)('nMtNl fo r Dopple'f shift. 

T h(' Dopplef "hift is !..('n~d by a n 
('xternal phnH' d('t('("lor, whi('h in tll rll is 
u:«'(1 to cont rol t he synthe.o;izrr's CAD 
frequency. Or, in a IllIeI{'a r magn(' tic 
rC'~n tl n cC' (X'\ IIl ) study, t hr I-I)' n
IIU'l" izN fre(juelH'y call be adele'd to the' 
output of 11 ~ t ab l (' microwave sourC'(, 

to prodUl'r 11 70-.\ llI z-\\-idl' mi('r()wtl\'e 
hand und('f ,.;ynllw .. izer contfol. Con
\'l'~rly, thr X.\ IU. ba nd ('a n 1)(, \)cat 
against a slable mif'row~l\'l~ fl"l'q uC' lIcy 
and t il l' hl'nt fn'(lllrn("}, {'ompal"l'd with 
tlw "ynthr"iz{'r output. 

Of COllr:-;{', t hl' s),nthesizC' r output it
Sl'lf I'all hl' Illuh iplicd, hut, th(' highrr 
th(' multipl ir-r. t l)(' mol"(' notkeahle lill y 

instability. 
:-;o mcti mc,.; it i'l de"ifllblc to di vide 

tlw "'Yll t hcsiz('f freq uene.\' . In one fl ppli
('a tioll . fo r insta m'r , an uC'rospace laho
mtory \\' i.:.h('d 10 Inl'rl!-lU I"I' the rota tiona l 
!'<Pt'I.'d of 11 .. ;ltrllil c to eigh t signifil'1lnt 
digiL":', thell to supply a corf('!\po nding 
frt'quc nry to the ;;atelli l.('. With the 
;;utelli tc> rotnt ing only 100 revolutions 
:1 minute, it Wi\S nctes..--m ry to di vide the 
lIy nthe'"izcr output by mcu ns of n 101 

lIrnlrr: the ,",ynlh(,!-' izer then served ad-
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mirnbly to melL~ur(' lind to reproduce 
til(": I<lItellitl' robtionlll frequenty, 

The swecp cupabilit y is all-importa n t. 
in many applicution~ and is especially 
so in the meusurement of the char:lcter
istics of rrysl:ll a nd other IDcchaniea l 
filteT'S (8<'<' FiguN' 2J. The C.\D nUl be 
swept el('driC'ully O\'('r ± :1 mnjor diul 
d i \'isiol1~, corN'sponding l(I a frequellcy 
splln ns wide as I :\ 11 rz or ns IllirroW as 
10 li z. The swe('p ('an be cenlC'f'('(1 011 

nlly point of the 12-divi:<ion malluul dinl 
rxrepL on th(' loo-kllz functional I)():<i
lion, wllt're thl' limit~ for thl' frcqut'lwy 
ex('ur!<ioll a rc - 100 nnd + 1100 k ll z. 

Ptrhaps thr single most. importnnt 
eapnbility of u frcque lwy synthesiu·r is 
progmmmnhility . [ n the T nt: 1161 
synthcsizer, output level us well Ul'l 

frequency ca n he programmed, This 
means, fo r instanrC', that. in n frequellcy
response measurement, frequency and 
level ('a n he si mul tnncollsly programmed 
to effect :l-d B, G-dB, 100dB. etc, level 
changes at. 5('1('('t.ed fn'qu{'ncics. 

The maximum progl'llmmablc blUHI
width of the Tnt, 11 Ii I i'I),nthesizer is at. 

pr<'scnt. 1 ~lllz . I n ot her words, aile call 
elcctrirn lly ('ontrol output frequeney 

S E'TEM IU R 1 966 

O\'er any 1-:\II lz (or smaller) mnge, up 
to the 70-:\111 1. ft(lquelH'Y limit of thC' 
synt hesizC't, Ft('qu('ncy :;;witching lirnl.' 
is I('ss thtl.n Lw() milliseconds. 

Constructional Features 

The synthesiz{'f ('on"isL'I of plug-ill 
modules in a 1)('I\('h or r:lrk fmmr with 
n panel only :P-l ill r heli high. Fil'(' of til{' 
scven digiL modules in tlw '1', I'': JIG I 
a re identi(':11 l\I1d illt{'t('hang<'llhli' with 
one ulloth{'f and with corre~ponding 

modulr-s in other (;Il 1I,}'lllh<'siz<'r'K TIl(' 
advantages of sudl modul:lr conSlrllC'
tion ill ~ryj<'ing arl' ohv ious, 1,,(,1'.'1 

obviou~, perlin ps, hut ('qually im port:mt 
lire the m:lllufnc'llltillg <'{'OIlOm i C'~ of thi~ 
Ilppro3rh, whirh at(' tran:;;latcd into low 
pnces, 

AU ctdl('d hoard~ in tilt' instrument 
are rllll(le of filx-rglas. .. , and the im
proved pow('r supply IISC!; all s ilicon 
tnUisistors, T lw r{'nr pane l i ~ nil engi
ncer's delight: in addit ion to t he pri
mnry output (nl .. o !H'lIiluble 1lt the front 
panel), th€' follf,wing nre 1L\'nilable: 100 
k ll z, I :\1111., :, :\1117., ,)-.i.1.,.\ III 1., :~O 

:,\1117., ,12 :\1111., ItHD ~JII7., ,-,O-'~ll 

:\1 11 1., no .\ 1 li z, find +18" dc, 

HOW IT WORKS 
FiKure:1 i,; II. eornplell_' hlock di3gmm I)f the 

IVllth(':lizer. 
' The 11I·1, ('\1), lind AfS-1 modult'JI h3ve 

heen d(!;ICribed iI, lin earlIer article,' The ne .... 
m'xlulCli are briefly tle:-cri~II*'o\\" 

04. 2,04-3 Oill,l-Inoertion Unit. 

Figure I i~ II hlock di/l~mm .)f the 01-2 unit. 
Th(' (requeuey of the di",it Oi('ill:Hor gOt'>! from 
10 to I!I \l11z in 1-~IIIl: I<tepo! ~ it:; tli:lll'l)tAtCli 
£roll' II I.) !). The di~it-tl"<('iIlMor fl'C(lUenf'Y ii 
roUlllh-luned to the pmlK'r frequf'ney hy n IHep 
~.,..iteh t'lJfl\.l'<)lIed by tI,e dial, /lnd a VOitAge-
contl'lll ~ervo C':;tahli.~h~ phll._<e lock with Ii 
multiple (0( the reff'reuC<" frequency, .\ gatoo or 
IIl1.rnplin!Hypt' phflSe dele<:tor ill \I$C(I her<.'. 
The gflte O(>CIlS only durirrg every 40th to l!lth 
cycle {depending on the (mll/euey ~l('cwtl) of 

'n~, 

the output (rt"lllwncy "f the 11 1·2 unit (every 
:illlh to 21th f~'elellr the 1)1,3) 3Ilfll<\Il}'lI (jpt'o 
for only II ~m!lll (",ction of J!. lK'riod !'If the 
output frt"ll\lenr_\, If thl' ph_ of the output 
freqlH'lIl'Y i~ CI'O!l",iul/: J;('rl) ",'lile the gll\e i$ Opt'II, 
no v.)IUtge ;$ ph'CNI on Ihe holding cnpneitor, 
lind therefore UII correction VOllllKf' ill nppli('(1 
to lhe Oi!.;;l 06dllnlOr. If the pha.o;(' of the ("II put 
fr('(llIency hI\.!! pa. .. 'It'(1 ~cm iu lI. "l'tI:ntiv(' din"f
lion when Iht' I!;:tlc n'K'n~, n negMive v.,hage ill 
pla('t'(1 lin the hai<lillit rapaeitof, if the Ilha.'It' 
Jill.;;! nat rearh~J rem, 1\ pn,<;tiv~ voltAge ill pl:1ced 
nil the Cill)[l.ritOlr. With the Pl'UlJoCf Jlt"\.~iug 
ill the frt'qu('n(,.\'-OOlltrt.lloop of the o~eill!ltor, 
th(' ph3SC error ht'lwI'Cn the referent'l.'-fre
queneY-NH1lrollt .. 1 lI;ille :tntl the OtrtllUt fre· 
quem:y ill minimiu'(I, T he IlIltcr III tlUl~ \{J('ked 
I\~ fin c:tl'lct multiple of the reference [l'C(luency. 
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the " xperlmen ler 

JO.g,. ' 100 .... ..co,. '[010;(- .... ". 
M-' 0[·2 01-1 ~-, 01-' m-, 

10- ..... 1- "'" 000- ... 10- "" , ..... ,~. .. ~ .. ~ "toot .. ~ .~ .. ~ 
., .. " ." ." ~, 

L .. 
• ..c,,~ ...... n n 1 n '''fouuor;. n - t.O ... , 

;.fS~!I , 
~~ ....... ,,01'0, .. . ,' ....... -... -... "",." ... " ..... , 

.~ 
·"CD-'·'QWtNCY 

>.o .. ~. ...... TI~.,[~ 'H .... ' . '" 
.. TO ..... '.'[_"[0"1[ "'U_ 
• --. 0 ..... ' . " .. 

Any change in the output frequency is imme
diJl.tely 'leMed &8 l\ phll8e error Bnd oorTeeted. 

Proper phase condition for phll.Se 1o<:k e:ci8t.s 
whenever the digi~iIIJl.ltH frequency i., lUI 
eXI\CI rnultiple of the reference frequency. 
Itough.tuning to the approximate frequency 
by the digit dial determines which multiple is 
chosen. A disl-Iight ~'Ilming S)'lItem indicateJ 
failure to achieve s18ble ph&!le loci.:. A3 in the 
1l1-I's, the prt'lM.'nee of IIny II.pp~i",ble ftC 
signal in the Ilbase-eon\rol loop i! sell!!ed, 
causing the dial light. of the alfe<:tl!d unit to 
11:0 Olll. 

The DI·3 unit iii identical to the DI-2 exct'pt 
that the frequency from the Ancillary frequenl"Y 
!Kluree is 5 ~lllz, and the step-luned noK'.iUlltor 
goes from 150 ~IIlJto 120 ~1II1 in 5-~llIutep.l 
all ils dialgelling i8 changed from 0 to 6. 

" .. ed·ft..,.....cy Mulllpn ... ("M-II 

The fixed-frequency multiplief ill ~how" in 
Figure 5. Undesired frequencil':!l are rejeeled 
by frequency-seleelive amplifier!! and by the 
connection of pairs of diodl':!l in IlUsh-push 
for doubling and plillh-puU fOf tripling. l.evl"~ 
a fe kept relatively high 10 minimize noi!l4'. 

.&ro .... " . 
... "'<n" . .. ron, ... 

OO·,,~ro._ 

MI~et. MM-I ...... 1M-I 

." ... ..... 

Figures 6 and j are block diagrlul1ll of the 
multiplier mixer (~I~I-t ) Ilnd int.ermedi!1le 
mix("T (DI-I ), rel!lJoC(:tively. In elU:h, bnndlllU!ll 
IIffiplifiers rejeet frequcncie!! outiiide the desi red 
fIIngcs. Eaeh 118C!I lmnlii!ltor frequency lIlulli
pliers Md doubl('-(Iiode babneed mixer!! (one 
in the ~I ~ I _ I, two in the I ~I-l). 

Outpu t Mullipi ... MI . ... OMM-3 

Figure 8 aho",-g the output multiplier mixer 
iu bloc:k form. The tOO- to 120-Mlh outpUt 
of the 01-3 unit i! amplified in Il tW(HItage 
blt.ndpass amplifier, doubled in frequen cy by a 
pair of diodes in a full.wavedoubler, and filtered 
by a ~ix-pole bandpilIIII filler to provide the input 
to the final mix('l", ,,·hieh prodUceil the 1 00~lll l: 

steps in the output. A four-diode double-I)III
aneed mixer is \I!ed to 8ubtfllct thi! freq\tcncy 
from the 31){). to 310-~lH I: outpu~ from the 
1:'.1-1 unit to produl'e the final ouq)ul fre
quency. 

Signal levcla al thiB mixer are kcpt 10\\' to 
minimi~e undesired mixing prodUCls whhin the 
output.-frequency I_band. ,\ I;ix-lltage broad-

• 
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Ihe~Experimen ter 

Willilun F. UVl'M! .. as 
ftn'uiu:\l('(\ "i£h hi~h 
honon from t )hin 1:lIi
wr~ih' in 1913 with the 
,it'J(fct' uf B~EK 11(' Wll.ll 

II. vi.iting 1l'('\url'T in 
,·IN'tri(-$i t'ngin('('ring at 
Ohio Univeritity luioT to 
corni!!g to Gl'Ill'rlI.l Ha
r\io U~ 11 ,h.,Yt·[npment 
rngiru'l'f in I:ltl' HH3. 
I h· i~ nt pr('''I'ul II ~.('_ 
liun kader in ~11l' dc\'cI· 
"Jlmt'n~ group ronr('rnl!'(! 

"ith fa.di()-freqllene.\ ('[reui!". inrluding 

lI!WOl.I:ITd.,jKnai gtn('r(ltor~, IlI'eillnlofl!, Bud 
rrequen('y~\'nlh('"izcr" 11<" i~ 11 rn('rnber 
of the IEI:I-:, 

band amplifier C(Iverillg the frequency range of 
0.01 to 70 ~llIz fo11owli the flutput filler of 
Ihe mixer, increasing \hl' I('vel to II maximum 
of 2 vo1\.<1 hehind 511 ohms. Thkllevel is main
tained I'vell "'ilh the output ronlll'ctor llhort
drcuited. 

Two of the endier ';H,lige.! IIrc vl!.rillble in gain 
by diodl'-rontroUed enlitter uegen(>Tlltion, per· 
mitting 1I111OIliSlie outplU levelilll/:. The last \"'0 
IIUge! IH(" Ol~raled in Ilu..~h·p\llI, IllIing oom· 
plementary trlllllli-.lOr 1l4il"ll. Emitter, ~hl1ut, 
lind feedback oompenaation are 1111 IJ:!ed to 
achieve tl rea.sonnbly lint fC!:;pon8e. The full. 
wave, pe:lk.r~pondin" (lutPUI rectifier IICltl;t':I! 

voltag/' ahead of lin 1I("("lImle 5O-<.)hm ~istor 
In provid(' Il !JO..Qhm ".,urre. 

Follo"'iIlK the output ~tifier i~ a de amplifier 
with 11 nonlinear feedback network, which 
makes the dc OtltjlUt 11 linear funclion of the 
ac lIignal Ilpplied to the rectifier. That ill, it 
lineariZe!! the rectifier characteriseic over an 
Ilt"'voltaKe rJl,lIge of n.1 to 2 vol\:i. Thi:! (l.mplifi(>T 
driVe;! the level-ooutrol cirClliUl Rnd outPllt 
meter. The linear scnle on the oUlput meter 
th~ giv('2\ II Irue &coount of oulput level, and 
the voltage available for automMic level OOntrol 
is linear over lhill TIl'lge. The llutOmAtic leveling 

circuit iii colllilieled by II differenee Ilmplifie r, 
whiclt compares the indicated output "oltage 
wilh au adjUlll1lhle "oltage set by the output 
control or Dllplied ilL th(' level progrnm ron· 
nectar, lind which ueliv('TS (l. control eUfrent to 
the vllrillbll'-gllin Ilmplifier to minimi?/! Ihe 
difference. Enough gain vllriatiou i.~ avuilsble 
$:I that /lny output level from 0.2 to 2.0 vollS 
ClUJ be set. T hi! level i~ then automatically 
mllintllined to within (1.3 d U for a ll low nnd 
frequency \'Il riutiolls ... ithin the Tlulge of the 
irl3trumenl. An extenllll detector call ell3ily 
be connected 1O the &utornalic-Ievel-oontrol 
btl.'! (internal control is di-labled whell the 111l!)el 
level control iii turned to the ofT I~ition). 

Power Supp ly ps. 2 

The power 8upply is lUI improved \'ersion of 
the PS-I used in earlier lfynthC!!.izers. It can 
Iupply more current at HI voltll (regulAted) to 
meel the dernlLnd~ of the 11 0 1 • .\ ... ith Il 200-mA 
r<'l!Cf\'e for accessoriCfl. T he new, tlU-~i1iron
trnnsistor j)Ower liupply i:! complelely short,. 
circuit proof aud ('lIfrenL-limited. 

A toroidal po .... er trllnsforruer is enclosed in 
III, A·metnl C/lSC to minimize stray field!!. A 
~PCCilll inpul jack permitll opemt ion of the 
~ynthC\!izer from Il ballery, .... ith the internal 
!OCrie.l regul:uor functiOllirlK \0 maintain normal 
opemtion wilh Imllery vohnges from W II) 2'" 
voll.!!. 

- W. F. BrEns 

CREDITS 

T he Ilrl'l>('l1t four Gn :-iYllthesizeTS ar~ the 
re~ult of til(' rambinI'd ('ffortl! of }\Iht.' r tou 
:-Ioye~, Jr., (;roull Lelld('r, O. lI. Lohrer, C. C. 
EVIl.nl!, and tht· !luthor. 

In the T1'I'.: 116+-;\, the primar~' r{'~p()Il8i
hility fur till" 11(' .... module~, 1:\1·1 snd 1'8-2. 
.... 11~ th.'!.t of G. H. \.uitr(' r ; fur the 11('''' 1> 1·2 
IlIld DI-3 m()dull'~, th:il of C. C. t:'·IHI~. T he 
I)rimnr~' rl'~Jlo rt ~ibi\ily for the remaining lie ..... 
modules, the FF.\I_l, :'> 1:'>1· 1, 0:'>1"' -3, IUld 
the ne ..... I""hal<lli~, 1\11 "'elllUl ~oordin.slio rt of the 
effort, .... /IJI Ihat of the aUlhor. 

SPECIFICATI ON S 

F,equ. .. ~y lonl': 0 .01 W 70 :'> H h.. 
Sm .. II " 1 0 111101 , ..... .... 1'11 , 10 III on step-
digit. ('on\toia; 0.1·11a division! on CAO dilll 
(-A7C lIIod('I). 
Mod... ...... e .. ndw ldlh C .. nl, .. II .. bt. by CAD , 
1.2 :\ III ~. 

F .. q ...... W A .... ' ... ' , ~ame II!I thnt of a.-:'>I Hz 
driving 8ign&1. InterMI QllCillat.or, whkh <:all 
be readily phnae-Iockcd to an extem&.l stand· 
ard, hill! ll'mperllture dependence of aPJl ~ox 
2 X 1O·'r C when OJl(~rn tcd without external 

lock, iUld call be adju8W(I, unlocked, npprox 
± 5 X l~ by frunt.-pa.nel8('re ,,·d rive r contrOl. 
Sp .. ,lg ... -Ft. q .. . .. . y l . ". I. , Ilnrmonic, at maxi· 
II1UII1 oUlIlu t with 5O-U 101ld , -30 dB from 
0. 1 to 70 i\ llI z, - 25d B from 0 .0 1 to O.1 :'> IHz; 
disc-rete I\()nha rrnollit:, -00 dU. 
o ... ,p .. , Imp. d .... "., 50 U. 
O ... lp .. ' L. v. I, 0.2 to 2.0 V behind 50 n. 
h v.lling Ch .. , .. . ' lti" iu , With 5O.nload, ± a<l 
± 0.02 V from 0.1 W i O :\lIh, ± 5% ± 0.02 V 
from 0.01 to 0 .1 .\I lI z. At eingle freflucncy, 
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level ill held OOnst./U1L *" 0.02 V :Ill lond re
sistance varil'!l froln 0 to .... 
OU'PII' M .... I .. g Auwto • ." ± 5% from 0. 1 to 
i O;o.flb, + 5 -JO% fmm 0.01 toO.1 ~tHI. 

0 1, 1.,,1 ',og ... mmlng CharGe'e rlstl .. ( " ' jth reo 
motely programmable unitll, ItD I): 

MtlAod 1()..1i1l1' I"irt:uit closure for ~:u:h 
controlled digit. 

l~rOflram,"ablt Hl,,.dwuith: Any integral mega
hertJ hand (('.g., 4!HiO, 6S--G!) ;o.llb ), in ~tel)~ 
Msmnll all 10 Ifz (- AR7 Inodcl), 

SWlllAing 7'illll';: < 2 m~. 
Hday Life: OV{'t 5 X 101 operf1tion~. 

CAD S"'" pi", .. nd Prog ... mmlng CharG. , • • I. , I .. 
frtqut~ J{al1!Jf:: In lO-kH z or Jow!:'. fune

lionnl poai lH)n, ± 5 major C AD di:l! divisioll8. 
The 6~'eep fan be l'enl.ued on nny lI1:l.nuB! dilll 
lICUing eX('('I)t in the 1000k i b functiona l posi. 
tionA~ where the 111'0'('1'1. fl"C(llIenc~' limits l\!'(' 

- Iwand + ]IOOklh . 
Swup Ilale: l.:p VJ 1 k Hz. 
COfItrol l 'oltagf! Ilqllirtd: - 0.3 V per mlljor 

C Al) di \'i~ioll. 

B ... , Ou'pu, ( dirrc rcn~ I)('t.w(>ell CAD rrcqul'nt}' 
and thAt. of repillcro digit. ,...leclor~. 1H'!lilable 
III tll!AT CRrmilUllsj panel meter indi(",nte~ zero 
"'-'at) 

Frtqv.OICy ~ 10 klh I)(' t nmjor CAU di\'i.<ioll . 
"'rtquctCl/llangt: 0 to 110 kllz. 
l'oJlfI~: Grooter than 0.5 \' behind 3 kll. 

t .... 1 P.ogrammlng Characl .. I"ics 
I~rtl f lange: 0.2 to 2 \', Tnti', bcllind 50 II. 
IAYI Rt,ponM Ttmt: to nil ror eh.'ulgc 95% 

oomlllel.('. 
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f~1 Prograltw!i"1J CO,Ilrol: Either II 5· to 
25-kn rl!!<i~tIU1N' or (j to 10 V into 5 to (j kll. 
I x' .. na l_ f.'qu. " cy_S' o" do.d R ' qul. , m , nll 

"'rtfJU~nCV: 5 .\llIz or ally suhmultiple d01l'1I 
to 100 k ll~. 

Minimu m l~l'd: 0.25 \ '. Tln~. 
' ''prll ImpedallCt al Lock Inp ul ConR«tor: 

,\]l l)ro~ I kll lit rninirllurIl I('vel, 50 II lit 2 V 
or ligher ( IlWI: IIUownble ]e\·cI. 5 \I ). 
R, o._ ,,,,, , 1 C,, "nutl, "" 

tl ll.ocl."lllg GflS74 rOIlIl«lo,,: 100 kllz lind 
5,\11 (z OUtllUI8, 

.'11 Submi,lill/urt ('01111«10": I. 5. 5 5. 1 nnd 
53. 1 rcferen<""t', 30, 12. 10- 19. 50 51. anll 00 
'\ l l b ; + 18 V dc, outputs. 

,,, Bse CO'I ,ltdO,.: .\Iain 11lIlllllt, heat out. 
I)ut, C\I) oontrol , l('vel p""II!rllnl. 
Au, .. o.l .. Suppli,d: TYI'~ 874-R22I. \ Co.1>:i!l1 
I'Rt~h Cord, bridKilljl; uilit (~ub~t i tUle fur 
1)1·1 durin!, lIuiutermnce) \\ith lmlu'l in~rll 
T vrt: CAP·n 3-\\"11"{' pOWN rorel, ~pll.r ... dill 
I:tnl]lsand fUfIl'lI. 
Pow er Ihqul" d : 10,~ to 123. 19,'j l("I 235, fir 

210 u, 250 V, 50 to 100 lit, tiO W. JIln.~: or 20 
to 25 V dc, 1.8 A 
C"bl" el: It.'l('k-bcrwh. end framclI ror beurh 
mount nnd fitting~ for rnck 11l0un~ Rr(' include·d. 
Dim, ,,.i,,",, I3cnch model, width 1!I, hcigh~ 
51;, dcpth 191.1' indH~ ( 185. 1:l5, 100 nlln ): 
rIIek morlcl. width III, height 5 1.(. dt'/l1h behind 
1)''l.ne11i inehClt ( 185,13.5, rt2 m,n), over·nll. 
Ne! Weighl : 15111 (20.5 kg). 
ShippIng W, lg h!! 52 Ib (2·1 kg). 

Calolog Unit. Smallf$l SlfP Priu. 
.\"u,n/ia TV .. /nclwJtd ( Dl only) ill {'SA 

116.·9597 116'_A7C 701 + CAD 10 H. $7065.00 
116.·9596 1164_A6C 601 + CAD IOOth 6n et.GO 
116'-9595 11 64·A5C 501 + CAD I kHI 61 75.00 
1164·9594 1164.A4C 401 + CAD 10 loH. 5730.00 
1164-9593 1164.A3C 301 + CAO 100 kHl 5215.00 
1164-9417 1164.1\7 ,~ 10 H. 65U.00 
1164.9416 11 64- A6 .~ 100 til 6010.00 
1164.9415 1164- A5 '" I kHz 5635.00 
1164·9414 11 64_A4 '0' 10 kH. 5190.00 
1164·9413 11 64_A3 3~ 100 kHl 4745.00 

PROGRAMMABLE MODELS· 
C/lwlog SrtwJlf" Progr(lmmablt /'rire 
Nllm~ 1'1I~ /"cremml 111 ['SA 

t 164·9527 116'. AR7C 10 HI $75 15.00 
1164·9526 1164. AR6C 100 H. 6910.00 
1164·9525 1164- ARSC 1 kH. 644 S.00 
1164·9524 I 164. AR4C 10 kH. 5910.00 
1164.9523 1164- AR3C 100 kHl 5U 5.00 
1164-9507 1164 _AR7 10 H. 6975.00 
1164·9506 1I64. AR6 100 H. 6440.00 
1164·9505 116'_A15 1 kH. 5905.00 
1164·9504 1164. AR4 10 kH l 5370.00 
1164·9503 1164.AU 100 kHl 4135.00 

on.. )(10 /101M, 00.1 XI /101M, d .. od .... ~. or. _ p 'og'o .... "bl • . Ho ........ , .~ ••• , ..... d .... d •• COft h p'og'''''''..! 
It ..... ..., .... ,... 1·IoIM, ... p.I • • g., It ...... .... II Dftd 11 /101M •• $0 ood $1 101M ••• !C~ 
US ~o'.." No. 2.$U,.$7. ~o, ...... "ppro..! 'or. 
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lhe~Experirnenler 
A ONE-PERCENT-BANDWIDTH WAVE ANALYZER 

= 

To be classed as a wave analyzer, an 
instrument must have a very narrow band· 
width filter to make possible the separation 
of closely spaced discrete frequerKY com· 
ponents. The filter musl also have high 
initial·cutoff rate and high ultimale attenua' 
lion, so Ihal il can resolve small frequency 
components in the presence of larger ones. 
II should be capable of "seeing" 01 leosl 
70 dB into a spectrum. further, its self· 
generated distortion should be so low that 
the anolYl.er itself, under normal conditions, 
cannat detect it . The new Type 1568·A 
Wove AnalYl.er, as well as mosl fixed
bandwidth.lype anolYl.ers, meets these 
requirements. 

PI ... ,. 1. Th. T,,,. 1S6I· A 
w.O'. A .... I' • • • with ,h. 

Y,,,. 1510-"40 "' . .... ""11. ' 
c ...... d.oI .. .he I .. p,,'. 
Wh." ttl. ,... . ..... pll" . . .. 
••• 01, 'h ... ","" .. 1" ., ,h • 
.... 1, . .... I • • H. d l vo', , .. . 
c ..... 01 t., • ' .. d ... , 10 , 
.10'1... • .... " 1 ... "... , .. II · 
... 1 . . . ... ltIv;" ., 10 ... 1. 

cr .... lh. 

:\arrow-band, constant-percentage
bandwidth analyzcrs are not generally 
clas.-'<Cd as wave analyzers. They have 
trnditionuU:,<' been characterized by 
poor filter shapc, inadequate stop-band 
nttenuation, and limited dynamic range. 
Low ultimate filter attenuation , result.
ing from the uS(' of twin-T filter cir
euits, haR orten limited analyzing runge 
to no more than:3O or 3.) dB. 

The new TWE 1.)68 \\'3"C .\nalyzN, 
like the THE ],j(H,· (Figul1' I) incorpo
rates m:lOY recent advances in circuit 
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design to overcome these shortcomings. 
Chief among t hese advances is a new 
fi lter design. T his and other perform
ance features of the new analyzer a rc 
described 1X'low. 

PERFORMANCE FEA lURES 

f iller Response (see f ig ure 2) 

The bandwidth is narrow. 1% of the 
sclected frequency. The filter, ('om· 
prised of two resonant sections, hns an 
initinl attelluntion rule of about 600 
dB per oct.'lVC, and attenuation nt, 
twice and at one half the selected fre
quency is al least. i.j dB. Thr filter char
acteristic does llot flalten in the stop 
band; rather, thc attenuation rate ap
proaches 12 d B per octllVC far from the 
('enter frequcncy, and nttcnuulion is 
still incrensing at the noise 1('\'('1 of til(' 
instnlmcnL 

Sensi tivity and Analyzing Rang e 

Other features of the new analyzer 
include full-scale meter ranges from 
100 miero\'olt!! to :iOQ volts (in lO-d13 
steps) and extremely low input-circuit 
distortion , so low that it ca nnot be 
detected by the analyzer itself. which 
can detect hurmonic-d istortion prod-

T -
~ _2 , I--

Figu •• 2 . 
, 
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lIets as low as 0.01 % . For manual 
annlysi>;, the analyzing range is never 
limited hy input-circu it dis tort ion li nd 
rarely by lack of scnsith·ity. Sensitivity 
cu n be increased to 10 microvolts, full 
scale, at un input impedance equi\':i1l'nt 
10 G pI' shunted by r)oo megohms, by 
usc of a Tn>.: 1.160-1'40 Preamplifier. 
The preamplifier. shown in Figure 1. is 
designt'd to dri\'(~ long connecting 
cables. permitting the analyzrr to be 
operated remote from tilr .c;ignal souree. 
Power for the preamplifier is su pplied 
by the analyzer. 

Calibration 

.\ buill-in, fccdbl1l'k-ty pc calibrator 
can check a mplitude culibration at Hny 
frequency. "'11('11 grrutcst aCC'Ur[l('y is 
re(luired. thr instrument can 1)(' (':\Ii
brated at the frequency of ench compo
nent in the spectru m heing measured . 

Dynomic Ronge_Aulomc l ic Recording 

The Tn'E I,j()8-.\ has a wide dyntlmi{' 
range. whit h i~ ne(-ei:\.'l:lry for :\ wid e 
analyzing range ill autornatir record
ing. Dynam ie range. all often-misUII
derstood lC'rm. mtans the mngt IX'
tWC('1I o\'("rlond and noi>;(' len:>1 fit any 
Olle sett ing of the uttC'lluntor <'on trois 

I I I 'I r T -n , 

,T 
-' . 
i-' / • I 

~ .. 
" h ." A" . .. ualia .. ,ha.a" • • , ,,I. 

af Ih. WI ••• 

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

'J:; . t-r +~'''fl 
0.3 O~ 0.:1 0.1 ).0 4.0:1.0 ro 100 

NO~~"'LlZEO fREOI,IEHCY 
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the:. Expe rime nter 

The dynllmie range of the Tw}: 156S-A 
varies somewhat with fr('(luency. but it 
is ~ufficient to yield 0. recording runge 
that approaches 80 dB when the o\'er
all signal applied to th(' IlnalyzN is ao 
milli ... olt~ or gn>ater The 1'\'1'.; lJ6S-A 
has been delligned for con\'enient auto
matic rccording with the Typ.; 1:,21-B 
Gmphir I.,,{'\'cl Re('orci('r I (combination 
shown ill Figurc :ll. Th(' frequency 
mnge ('hallge;1 automatically whell th(' 
mnin frequcuc)' control is dri\"('Il. The 
t'i13rt produ('('(1 has a fr{'{IUl'lley 8cal(' of 

12 

1 :'>lo.rt'D w. u.,.,II ... N ... T .. ~,- ru. tb .. {:""J)bl~ Level 
Rfo:onl ... " O ... eral Rn.4io A'z,..... ... ",..-. !\.J1tem~ lD6-1. 

Fl ..... 3 . Th . on,dyn,. co .. pl.d 
10 Iho Typ. 1521 -11 G.ophl. 
l .v.1 a .. ord •• '0. Ihe ... 10_ 
",.lIc plollln. of h ' '1'' 'nc,. 
,p.ctro. The cho.1 p"p" h", " 
to.orilh",lc h . .... . n.,. .ccd •• 
.. nd " ' '1" . ncy .ong" 0" !h. 
0 .. 0IY2 • • 0 •• ch ...... d 0 .. 10 , 

",ollully. 

10 inches per decade and a ,,-inch verti
{'al !;cnle of 20, 10, or 80 dB, depending 
011 the TCcorder potent iometer used. 

APPLICATIONS 

The following discussion of npplica
tions neccSS!lrily includes :J. comparison 
of the TYPE 1.568-A and fixed-band
width wavc nna lyzers. It should be 
emphnsized thnt the TYI't~ 1,)6S-A's 
advantages of low price, portnbility, 
and eaS<' of Uf;e will, for somc applica
tions. out,weigh somc of the fcn.tur1's of 
the complex and more expensive fixed· 
bandwidth ullnlyzers. 
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Measuremenf of Hormonic Distortion 

Ilarmonie distortion is read ily meas
ured with either type of analyzer, 
though somc fixed-bandwidth models 
do not have sufficient fi lter attenuation 
at frequencies below 100 li z. T hc 
8('cond hllrmon ic, being closest to the 
fundam('ntlll, is the most d ifficult to 
resolve. When the analyzer is tuned to 
the second harmonic, attenuation of 
the fundamental must be sufficient. to 
reduce its le,-cl to less than that of the 
harmonic. Ilalf-frc<luCIlCY attenuutiOIl 
in the Tn·.: l.')U8·A Wave Analyzer ilJ 
at lenst 75 dB, independent of the fre· 
quelley to which it is tUlled . When the 
third harmun ic is selected. the funda
mental is attenuated by more thall 
5 dB. 

Harmonic Analysis 

The Tn.: 1568·A will scparnte about 
;10 harmonics, a sufficient Ilumber for 
almost nil nppl ications. Above this 
number, it will d isplay the cnvl' lo)>c 
of the spectru m, wh ich usually I'on· 

la ins suflk ient information . Figure ..J 
illustrates this effect. 

When more than 50 coml>Ollents of 11 

sim ple periodic sig!l3l are to be resolved, 
there may be some advanw.ge in a 
fixcd·bandwidth analyzer und a lineur 
frequency sen le fo r recording. The 
separate harmonics are spaced lUi equal 
numbe r of herb; apart, and so, if a 

S U'TEMIER 1966 

fixed-bandwidth ana lyzer has sufficient 
aUenuatioll to ",solve a fcw hnrmonics 
(it may not at low fre(lUelley), it will 
resolve them all within its amplitude 
and frequency limits. 

Measurements on Modulated Signal$ 

A periodic signal modulated with a 
simple period ic signa l also hag equa lly 
spa<..'C<i components, Componen t spac
ing is equal to the fundlllllentni fre
quency of th(' modulating ~ignnl. 

Whether the TVI,t: IjiGS-A ca n re
ookc a carrier 1111d sidl'bn llu s depends 
on the ratio of the ('artier fre<luency to 
the lowest frequency l'ompon('nt of the 
moduhlting signa l :lIld also Oll the relfl
tive 3.mplitudc of these co mponent!'!. 
As a rule of thumb, the frequency rJ.{io 
must be less than SO. 

Measurement of Discrete Componenh 01 

Low Frequencies 

The bandwidth of the Tnt; 1568-A 
is reduced to 0.2 l iz at its low-fre
quency limit, mut'h narrower than that 
of (,V(,11 the nnrrowcst fixed-bandwidth 
ulla lyz('rs. At low frequencies it enn 
scpa rate components spaced only a 
fraction of 011(' hertz npu rt. Furthcr
mon"', in thi'i rnng(', it docs not ha'·c 
the annoying frt'ljllelll'Y drift associated 
witb some heterodyne instrumenl.'3, und 
its frequcncy al'cumcy and dial resolu
tiOIl arc far sUJlerior. The filter curves 
for the Tnt: 15G8-A Wave Ana lyzer 

f l,u" • . F .... ".n"., s p.""um 
.n"l.,d. "f " 1.0_ ms p"lu .. I 
" 70. H ••• p . I;II"n r"I •. Tlu 
1% b"n dw ldlh ., Io ld. h igh 
••• "Iull"n "I I",.. f " "". nd • • , 
.h"w . tho . n .... I"p. '" h l, h 

fr . .. " . ncl • • . 
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the l. Experimenter 

and the Typ.,; 1900-A Wave .\nnlyzer, t 

a constant-bandwidth instrumcnt, are 
comparNi in Figure J at center fre
quencies of 20 and 60 liz . The band
width of the Tn.,; 19Q()..A is set. to 
3 H7., its narrowest. 

Measurements of Discrete Components of 
Other Types of Signal 

Tn a dutu-transmission system many 
carriers may be used for information 
trtlnsm~ion. It is often desirable to 
monitor eneh carrier indi"idunlly for 
amplitud(' and frequency. The THE 
1568 and It fN'quency meter make an 
excellent combination for this purpose. 

In an 11I8trum('nt Landing System, 
distortion products must. be low to en
sure tin accurate, course-direc tiOIl indi
cation ill the cabin of a landing aircraft. 
The analyzer can be u~ to ('heck 
distortion by measuring th(' ;;p<'etnlm 

'Arno~t ~",non. ·'s .... w .. ". AnoJyoer has 3 &ad· 
.. ;dliot. 8O-dfl l>yn.m;c Ra.Dle." 0 ....... / Rod •• Bzpno. 
.... ,d ••• ApnlllHU, 
• ArnoLd I'e~ ... ",b"lio,,' Problem •• M_ureme",-,. 
.nd Conlrol," Gene .... l nAdia Prep";"1 B-22 

"'f----t--t--+ 

i-"I---t-+-+I 
2 
§-"I---t--t-I'+ 

! .. o 

-"I--A~-t--+ 

-, -. 

of the sideband energy produced by 
the 1 LS Localizer Transmitter. 

Ra ndom·Naise Measurements 

Tbe detail required in the analysis 
of noise spectra cont..'lilling no impor
t..'lnt discrete components docs not 
often warrant the U8(' of a bandwidth 
as narrow a8 that of the Tl'PE 1568-A. 
The onc-third- or onc·temh-octa\'e 
bandwidths of the Tn.; 1.)6.1-,\ Sound 
and Yibrntion AllalyzN arc better 
s:uitru to thi;; appliration. The TYPE 
1568-.\ is genernlly used when n re
corded analysis is desired. lI owe,'cr, 
the ana lyzer can be used manuully and 
n SLOW metN 1$1)('('(\ i~ included to fac ili
tate noise measurements. 

Ana lysis of Machinery Noise and Vibration 

The reduction of the sound and "i
bmtioll generatNi b.y II'Ulehincs and 
appliances is becoming increasingly im
portant,· hecuu!\C of their eITeet. on man 
llnd because they result. in mechanica l 
failure find cxccS8ivc wear of machine 

• 

TV": ""_A 
/ ... AV(.lH .... nu 

I'll. &.oNOWIOn. SU fO 

-1''''''' "''''''''' 

• • • 
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• 

IrnlfJ"\~ 

I.: , .~.t.'. ~~..J..,JL;F'-':'.::_=!_._:::--:", .-
• 

Flgu •• 6. Ch"tt . .. o.d , of .h .... 110.011" .. 
occ.' • • otlo .. ' p . d.u ... of .. m"''' ... "d g ..... 
1 ... 1 .... ,u ... b ly ( ... ,k.tch ). ( .. ) A I%. b .. "d. 
wIdth ...... Iy •• ' , I .. k . .. with Ih . Typ. IS68·A 
W" .... A .... ly%. , .... d (b) .. y; ... cr .. .... a""ly. 
II •. Fo. dlo,"01l1< .... alll ..... . .. , ' of Ih lt kI nd , 
Ih . d . ... ;r .. f Ih . opu t.um p, .. ",ld . d by Ih . 

1% b .. "dwldlh 10 by'''' th o 10 . 11 .... 

elements, The source of the noiS<' with
in the machine must first be identified , 
thcn climinatf'd or reduced . A fine
spectrum analysis of the sound or vibr:1.
tion (or both) with the 'I'\"I'}: I!i6S-A 
Wave Ana lyzer will show vn riou s dis
crete frequencies and rcsonunecs, which 
can be related to motion within the 
machine. Broad er-band octnv{' or one
third-odave measuremcnts are of little 
use in s llch dhlgnost ic applications. 

F'igur{' 6 shows the acceleration spec
trum measured all the housing of 11. 

machine employing It high-speed uni
versal motor and gear train . For com
parison, a one-third-oct..ave spectrum is 
also shown, The various sources of 
vibration that ure identified in clude 

"'" 

frequcneics callsed by motor-armature 
un bala nce a nd geM-teeth meshing. Thf' 
largr componen t at :1270 li z is criticlI l, 
from the standpoin t of its effect all 
man , sinc{' it. is in the frequency ra nge 
where huma n hearing i.s most arut.e. A 
redu ction in the level of this l'ompo
nent through improved g(,ar design at 
this poin t wou ld ma rkedly reduce the 
loudness a nd Hpecch· in terferenre I(' \'el 
of till' sound . Alterna ti vely. to rcd utc 
loudness. the freq uency of this co mpo
/lell t might be shifted by a change in 
design. Vn riotls other components will 
be fou nd cri t ica l when other aspects of 
the \'ibra l ion problem urI.' considered . 
For exa mple, bearing wear cou ld be 
reduced by improved arma ture balance. 

15 
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the [;:!E xpe l' i m e nte r 

MiI·Std-7.40B 

;\ 1il·Stundnrd-740B (S ill PS) (A ir· 
borne and Structurrborne Xoi5(' 'leas
urCIlH'lI ls !Uld .\ccepta. llce Criteria of 
Shipboard Equi pmell t) allows a nar· 
row-bund dbratioll unulysis In the 
freq uency range below ·500 li z when 
requiremcnts cannot. be met. by U OIlC· 

third·oct.we ana lysis. The accepta nce 
limi ts are the sa. me in either C:15('. A 
na rrow band is defined as <t. • a bli nd 
who5(' width is not. less t han 0 111' per
cent. or more tha n eight percent. of the 
band center freq ueuey." T his specificll
t ion should make the T YN: 1:j(j8-A a n 
impo rtant. tool fo r acceptance tcsting 
in accordance with the sta ndtlrd. 

DESCRIPTION 

' .... 
T he hlock diagram of Figun' i ~holl'iI the 

vilrioull section~ Ihnt mnke up the IInnly«:r. 
The 1';I'l""r drivC8 II thn..'C-6e<:tion ntlenualor 
The first tll'tlion iR operl\llXl h .. " th£' dinl of 
the ro:uinl ,\Ilttt:ft K".sm: ~witc:h lind III set in 
aeoordll.tl('(' lI'i lh the over-nil level of Ihe silt
nlll being rneR.'Iured. The Sf"OOud block in Ihe 
dingTam n'PfCI«>nts part of the anlliyzinp: at
tenmHor, which i~ ndjul!l('(i b)· the knob of 
the samr swi\eh .. \ third nt\enu:l.lor, which i~ 
oontinuoII"ly adjlUltable, is used in amplitude 
calibfli.tion. T Ill" aUenuDtors presenl D nenrly 
constant imjll. ... lallCt' of Ill() ktl at the inpul 
conneelol"ll. 

'w. R. "under<, '.1"", R("" AmJ>li~e"'1'v"", ACltve 
~',lter: A 1_", Method fa, OJ>tlmun, SubiLt)':· TEEI> 
7'ro~.Ad,"" •• ~ AIlod'D. Vol. AU.12. Nn. 4. July.Au~u 
19ft.t, pM-7l. (General Radio Hepriot ,1.·113). 

,.,_ ..... 

... ,,"--....... " ... • •• 

Filler 
The filter used in the '1' '-1'.; I :1(i~.\ i~ IIl1i(ll1e.' 

Active !I.e filters often ret1uirenn unlllasonabl(' 
degree of SHihility in olle or more filler rom· 
pollents to maintain shlble Iran.'mis.~i(m lI"ilh 
tuning, time, tempemture, :uld other vllri:lbles. 
However, it i ~ possible by eareful d ..... ign to 
trade off component sensitivities lind thus to 
redllce the filter sen~itivity to a Kiven dis turbing 
efTl'(,\. In the '1' 1"1'1: 1f1GS·.\ , the filter hns heen 
de<iguf.'d for 1o,,· :!('nsiti vily to trtlekiug errors ill 
the tuning potl'ntiomeler. Thi~ tiL':>ign ulso 
resuiLS in J"(>haively low scn~itivity of the 
filter 10 d rift in 1111 Ollll'r p:lS\live t'OmlKlnenls. 
The price pnid is a high sensitivity fne lor fo r 
nmplifier gRin, hut, surprisingl)', :111 nlllplifier 
enn relldily be eoniltructed with much better 
st.'l.bility thl\n that of readily Rvnilrlble JllWive 
eomponcnUl. 

.. ....... ". ""''-...... ·.0 ." ..... our"" coo'''''' <., _·lo "". '.,OU<oe> " ....... _"""-
< 

• . I CMI ..... 

~~.'K* r-----------------------------------~ ..... ""''',."." ••• "' ... ;_--------------------------' """- ::: =~ ::!: ::.=: ~l.~ c ... , ..... 

-. ..... ... 

=.. , .• 
• 

< 

c ... ' ... no. .'-
~~ "", .... , 
~:." .-?-:=" 

Figu r . 1 . Funct lonol 
block d lDII,om of Ih e 

onolyz . r. 
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The fllt('r i~ .~yn\h("SiU'd IL~ tin il!<.lltltoo el'l8C3de 
of III'n Atli\'e, IU' l")IO.mnl O'CCli()n~. The.e sec
\ion~ tlilTer in (J 10 rcduC'e further Ih(' elTeet 
of pOlentiomeler traekilJjI:; ern)r. The Audio 
nUljl:;(' f!"lull :.If, liz Iv:?l) k lf z i~ oovrrru in ~ix 
Imncl~, I'u("h ~pl\nninl[ u half 1I('(':o(le (runge 1)1 
J. W tn I). Within Mly Olll' rlInjl;r IIU' in~lrnll\l:"!lt 
i~ 11111('(1 hy nH'sn~ of l\ (,utr-l[anJ,( IM)Wnl iUlne\("r, 
wh~1' rl'~i.,I_'ln('(!-v('rsIL""llnJ,(le ('iULnl(·\NilS\ic 
Ilrodu{"r.i II. lugarilhmic Il"t'qurnry M'ltl(' on lhe 
I'''.:Qt');'ry C't)ulml. ('In,;{''-lol!·J'1\u('(' poly"lyrrnc 
('AI);j,ciltlnl 111'(' "",·il('hed \(I dlIlIlRI' nUIII.I"". 
\ l lI.nll.'11 or rUI\tJlrlIlli(' mUlCe eiuu'kllljl; iK 1>('1('('\et\ 
wilh 11 p:ult'l M",il('iL. Th(' IlLllormuir IIIIMh· i~ 

LL'It'd ill n"(Ylnling .... ilh tht' Crnllhir /,('v('1 
Il('('()rder, Thrt'l'-trnlL~L~\I)r fihtr nmllhfil'l'li pm
vid(' tht III"("('<o.,ar)" lugh l1I.\io nf iUIIUI 100lllilUI 
iml>rdnnl"(' nlld Rlnhl(' vtllutj(e I/:lIin. ,\~ intliratt'(\ 
by thr blork tliRll:mm, !;('('liolL~ of 11t(' lInnlyxiul/: 
1I11('n1mlor .Hr ill!'lll\Jed I)t'I"'(~'U Ihl' hl'lll and 
!IC("{lnu mlrr 111:11[("'1 nntl "fl(' r Ihl' M'f'l.md /llllgt'. 
ThrQugh Ihi.~ wpanllion (If Ih(' nlllllninjl; 
nllen""lur inlo thret' S('clioll~. "'idr dyUMlIir 
mng(' CIIn 1)(' msintained m'cr II. ",id,· rnnl:c uf 
iuPUII'ilo:llltllf'vrk 

Outpwi 

\ finnl nmllhh('r "Ullplic,. II ijl;nfll fo.r Ihe 
m('ler rirruil lind OUIJlut ImITI·r. Thl' OU1!l1l1 
i~ isolIlIOO, 110 lhlll IJCrltJrmll.nce i~ JlOllllTe<'IOO 
by the lond, Tltl' {jtk'llJ..ohm OlllpUl i. inlemlf'(\ 
llrimllnl.,. for drivinj( II n'ronier .Ir ('Oltlller, 
IIlthOllgl, :ury 10:ld r!lll he i.'(J!lncrted. T he 
meIer, d r iven h~' :In IIverllg{'-ly],r Jt·'I'('IIJr, 
hAil t lm.~' full-~('fIlt' r:lngt~: U hI :J Jlnd f) In HI 
volUi find -J.'J 10 +2 d l1 for T('lIdinjl; in dB 
referm:1 to on(' milliwatt in 000 ohm .... 

Calibrator 

The feedbllrk-type t'aiibl"lllor used 10 IStAnd, 
IIrdn:(' th(' ftllln i~ ~imil:1r 10 Ihlll 1I1'1a1 in olhl'r 
(;It flnRI~'~('nt, To IImplilude-eulihrnl(' thr in
slrumt'nl, n ~IKnnl from the output lUIIlllifier i~ 
fed to Ihr illl,ut Ihr<Jugh II. limiter Hud !l "!lIi
bmtt'11 :llIrnlinlor. Whe" Ihl' c.::nin IIf Ih.· 
IIlinlyltf'r i~ MJjl~~I('d. by m(':lllll .. f the ( .... ,. 
t~"llrol, 1U NIIl!lllhe I() ...... ~ in til{' F('('(lIml"k p:llh, 
11)(' ",\·"h'lTI o,riJ]l\\f'g, ",ignifying I hilt Ihr in~trll
illt'il I i~ t·~lhlmL\I'(1 tis II V(I\1nINl·r. Thl' fll'
qllNI1·y "f n.,·ilhui"n i .• uf'lernrinl'1.1 by I hI' ,·('nll·r 
fr('fI'U·II(',I' .. f tilt' fill('r, and thi~ r'llihrnlinn l'tln 

II(' 111,,11(' :1\ IUI.\' ...:-lrttt'<1 (rl'ttuen('~· FM III('" 
1II1't1'1Il'('InMlt Iff levt'l~ in tlH (lr llf'rr('III. \<,Ih 
1111 "rhit"",)' rt·r(·renl't', II ~1Jt'('illl '" 1('lIlIl1lor dml 
i. ~upplicd, antllh(' in~lnmlf'nl i~ f':llihrnt('(lln 
SIl;t A I'(>f(>rt'nf'e' 11'\'(,1. 

Po_e. Swpp'y 

The po,,'er ... upply Ilf'rmit.il either hne or ha~ 
leI')' opemtion. T he b.'1tt('T)· ~lIpplit'l.l i~ a 
ree.hllrl/:eahle nickel-Ctldll"liuOl IlIIil, whiell :11""" 

Sfl'TfM8EII 1966 

Wl1rH'1I H. Kundrrl 
rrf'e'iv('d hi~ R,..;EE Je. 
1:1'('1' HI 1!J58 nnd hi~ 
.\1;..;1';1-: in 1001 (rom 
Xor\ht'''~l('rn Uni\'('I'_ 
~il\' 11 (· ('am('to G('lIerul 
lltidin H ... (I tll·"('\opmcn~ 
(>1Ij(iru·/·r ill Iltl' audio 
j(nHiII in H\J!I, wll('rt· Itl' 
i~ ('nlt;ill:"tI in III(' dl'~iKn 
(If nwilo-fr(''lllen(') ('ir
I'uit~. filIN". lind otl}!'r 
nt' tll'"rk~, and in Ihe 
(\(-\"(·Iuplnl.'nl uf in~trn_ 

".\I·nh lor mt·;l..~urrn\('nt~ Itt lilldiu fr('lju('n_ 
l"'(,~. lit, I~ n lIu·11I1I1"1' flf II", IEEE. A('o\l~
liral Soci.'I.I· IIf \nW'rir'l. ,\lIdiu I·:tlgin('('rinlt; 
~l<'i('I)" nnd LIn KI\Jlpn ~u, 

servrs n.~ n riIJI1I(· tiller for ]in(' opf'rtltivn. T ltt. 
I,"itt_i" chnrj(cr 'J I){'r!>1t .... (m'It 1"1' Ill' li,li', 
.\ fully dll\rlt;\~1 hallery I'rnvid~ :lht"" :?t) 
hl}ul'll of "p(·ra\i"" IIml n·,will'!; Iti hnuN for 
redmrp:illlt; 'J'hmllo:h Ihl' in,tnimertlli-hfllild 1101'_ 
m/Illy he "pl·r:llt.u I~.illlt; lim' po",('r wh[,11 il i,. 
nVl1ilahle, ,,('('fII!>(' flf I/:l'Oulidinjl: ('fm~iderRliQIL~ 
it ill80m('lim('"'l Ill"'lrnhle In nt>('rnll' Ih~ in~lnt_ 
rn('ut i'<lII:ll('(1 frum Iht hn(', 

C"birlel 

The s"I1I.\'~(·r i~ pa(·kIlI\CtI in th(' (:~nrrnl 
IULdio Flill-Tilt (·!L'>(·, ""h,),,, pmlrtli\,(' oov('r 
!l('l'Ve!:\~ II moulltinl/: 1111..'(' wlll,"1 th(' ill~lrum(,ol 
i~ ill IISC IUIlI ull<)",'" il~ 1'111\(·1 tl) 11(' Rdju~I('Il 
1.0 II ool\\'eni("lIl 1I11RI(' fnr ul'l'Tnti()n. Aller
IIlIlivcly, tire RlllllY7.('r (·lln h(' ",ulU)1ioo ndnploo 
fot rnek mOUiltinlt;. 

T he T YI'f; l.iGS-.\ Wavc Analyzcr j." 

nn important Il('l\" in!'itrumcnt for hoth 
cl('('trieul lind .'(lund-und-vibralion 
analysis \\"h('11 hiJ.:h t(',;Qlution is Jl(.'{'(lcd 
For sound-and-\'ibration work, it fill..,:l 
gnp betwccn Ill(' ' I '>I.'~; 1.-,/iI·A Hound 
and Vihratioll .\nalyzC'r (1 /:~ o('t:\\'(' 
and 1/ 10 (J{·tlt\·f' ) lIlId th(' T\l'~; I!)(X)-A 

\\'1\\,(> ,\ naiyzf'r. II ('omhincl-l lhf' df'-
8imble f('fllllr(>~ of :l I1l1rrow, ('on8t:lllt,.. 
pereentag('-handwidlh :ltUllyzer with 1111 

cxcellent filtcr ~hal)('. It" low ('o~t, port
ability, lind simpli('ity of operation, 
and the option of 1in(' or b.'l.ttery opera
t ion are feature!'o H"ldom ell('ountered in 
other WI\\"(' unnlyzel'li. 

W. H. I\ U:'<l)EIIT 
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SPECIFICATIO N S 
FREQUENCY 
Jlo .... : ZO lh 1.0 2Q kHz in Ilix ho.lf .. dceadl" 
blilide. 
0101 Calibration: Lo,:;arithmie. 
A ........ y 01 F.eq .. . ... ., C.U ...... 'I." , , r;. 
Fill . , Cllo ... do.h llu , UandllJdth bNw~ :~II~ 
IlOinla un sele.-tivitv eur\"c (l1l'i' Figu", 2 ) iI! 
()l1(' pemnt nf eelet't('(i frf'l\ucncl" 

Attenuation III 20' ( II JOve - linu (It 20', 
b(,]ow lIt'iN.'lOO f"""lu('nrv i8 l\:/'("ntN thun 50 dH 
rdetred w thl' Irvel ut the IM'lec'u.'d frl'( l lU'ury. 
AUellul.\i')1I fit ~\\il'l' find lit r.u.'-huJr th(· "'" 
l('('tN] rl"('(llu'"r~' ~ lit It'lUlL 7a dli n;f.'rf('(i w 
thl:' I"v ... l lit till' ... 1t~·If'(1 fl"('fllU·lIl'f. l -Itmllll(' 
IItll'lIUlllion ill J!;r('lIt;'r thAn ~ dB 

l"niformity vf filtA:r JlCllk ~K>1\lI(" "ilh 
t.llninl!; is ±I dU fT<1I11 20 liz to u.;} kl lz and 
±2dH frum 20 liz w2Okllz. 

INPUT 

I"'pod"n"" 100 kll. 
Voltoll. R"nll. : 100 ,," 1.0;) aClO V, £\111 8('liIC, in 
3 10 II('riee IIWI)8. PO"'rT is supplied at in/,mt. 
IIO('krt f(lr the Trpy. 15 iO·I' IO Prt>lunl,h wr, 
whil'lI exll'nds the er,l8iti\'ity \..tl \0 ,,\', filII 
seale, and inrl"Clll!('S the inpyt iropMllnee t.(I 
mor(' than SOl) ('. 10. 
OI" •• II"n : Inpu~ir('uil dlSt.<'rlion i8 lu"er 
lhan -80 dB rel«liv(' t;, inlltll...trigMI Icv"l. 

O UTPUT 

t",,,. d"Mo : f,()(}() n. Any Illnd ('An he t'nnncl'ted. 
.... ,,1'011.' At least. ollr vllit op('n riCl'lIit when 
IIlct.er rend! fuJI IICIIlc. 
C,U ' · 'oClor Capod,y , r.reall'r tllM 13 dn. 
au',,'" Mo' o" In addiUon to norTllal ... pt'C.'(i 
mode, mekr hlUl slo .. · ... p4lCd llIod#' for manual 
IflCIIIIllrement.ll of noiee. 

C~,y.u"ibI!'r 

GENERAL 

Analy. lnll R .. nll . : 80 d B. Cornponen18 of an 
input. signal tha~ differ in amplitude by D.lI 
lIluch lUI 80 dU can be meMured. 
A .. , .... oli~ Ro~o.d l nll ' Automlltic rlIngl' ,"il.('h. 
IUK III pruvitkod to allul'l cunvenient, continu. 
0118 IIIl('('tMlm pll'lling "hen the T1'I'.: 1521 
(;mllhic I.('\·d Ht-eorder is U!Ie(I. :'I 1e<lium
IItK.oOO mOI.hr is reNlltunem.led. Chart pl.lfl'er ill 
Clltalog ~ o. 1521 11-175. Frequency IJCRle is 
logatilhmir, 10 inrhcs per det'nde; vcrlit-a l 
,,·alc is ·1 in('hes fur 20, '10, or 80 d B, tll'lx·,!!I· 
inK Iln the poWntill'nt'ter u8<'d in the re('(lrder. 
A",,.';,udo C" lib,o 'Of: A b!lilt.-in, rredhllrk-i)"JJe 
Clllihratil.lfl 8\ {('rn pCTmi18 amplitude eulibm· 
tion lI.t.llny frt'f}lI('nr,v. 
Au ...... I .. S",.pll.d , 1'1'''.: CA p.:n 1'0"('t Cord; 
T y,'lo; 1008 2O'JO Ikh'nUod Knob and Dial 
AlII!Cmbly, u!l('(l to fl\cilil..'lw mcltlluring the 
l'ornponen18 of an input. 8iglll" Be II IJerce.nt.rl.ge 
ur in d('eihcls with Iln II. rbitra ry vulLage refer
eliOO. 
P .. w., S " ,.,. , ~ , 100 1.0 12S or 200 til 250 " 
50 to 00 Ih. 2 W (or IIO rmal o"e!"lltion, :U; " , 
flit halten' opera tion. A rc<:hargt!able nicke.l
CAdmium hatt{'n' ill al.lO truPI)I~1. Iblt.ery II"'"" 
vides al)lll.lt. 20 houl"1l of operation .. h,'n (\Illy 
{'hargoo and t('(IU'!"f1I 10 houT8 for charging. 
.Internal charger opernk'll (rom the flO"er line. 
Mo"nl;ng: Flil,:n lt.cMe. 
DI ... . nol .. nl' I ortable ",odel with CIUIe clOI!ICd, 
width 1:1'1, ht'ight. 1:1, depth 8~1 inchClJ, (:\ 10, 
a:ro, 210 mm), ovcNLiI, including handle. Il.3ck 
model, 19-inri, (18.'"1 mm) rll(:k pnncl, 12 '1 
inchl'tl (35 111m) high, depth IJehind panel 
5 in{'het! (130 rum). 
H • • W.ill" ' : 21'-2 II, (10.0 kg). 
Shlp"lnll Wolllht , 27 Ib ( 12.5 kg). 

Priui" US.'I 

1561-9701 Typ. IUI-A Wave A"""'I'"a., !'ena ble Mod . 1 $l :UO.OO 
13.5 0 .00 

114.00 

18 

1.568·9820 ''I'p.1561- 1>. Wav. An,d" ... , Rock Modal 
1560."10 Typ. 1560·'40J p .... ""III'e. a nd Ad",t .. , h , ' 

t', 11. 'etfl>1 N.,.. 3.012.107, 1lI87.7~O; 2.1NlG.~7 • 
• • '0. oompie", <!tola.ill _ Gnt ... , NM .. Hz,.... ....... Ju ... 11H\.5. 

New BIG 

Smith Charts 

Occasional inquiries for S mil h Charts 
larger than the standard 8~" x ii " 
size have induced us to introd uce a new 
ginn~si zc chart, which is 22Yoi" x 35". 
T hese chart.s, direct enla rgements of 
the regular norma lized Smith Chart, 

arc prin ted 0 0 rclntively heavy paper 
io red ink. We assume their greatest. 
use would be in classrooms or confer
ences where several people a re involved. 
Il owevcr, some presbyopic engineers 
may also fi nd them useful . The new 
cha rts are Catu log ::\0. 530 1·75()3 NX, 
and pads of about. 7J sheets fire 56.00. 

ADDITION - T he publica tion datc of 
the report. given in Footnote I, pnge 3 
of the August. Experimenter was August 
19, 1963. 
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VIBRATION ANALYSIS 

Boeing "Chinook" helicopters in Viet 
.Kam IlfC providing better service at tess 
expense to Uncle Sum, thanks in part 
to G H 's TYI'E 1.'>64-.\ Sound and Vi
bration Analyzer. Field service engi
neers of Boeing's Vertol Division re
porting from the combat zone tell of 
consistent success with the analyzer in 
spotting potential problems in the heli
copters' engines, transmissions, drive 
shafts, and auxiliary equipment, as 
part of normal preventive maintenance 
procedures. Early diagnosis of impend
ing t rouble helps keep these modern
day pack mules in service when they 
are so badly needed and saves cou nt
less tax dollars in repair costs. 

For usc with the Sound and Vibra
tion Analyzer, Boeing specifics the 
TnE 1560-PJ2 Vibration Pickup, the 
TYPE 1560-P35 Permunent- ;\ Iagnet. 
Clamp, and Ii 25-foot extension cable 

KEEPS 'COPTERS FLYING 

for thc pickup. The magnetic clamp is 
used to secure thc pickup to aluminum 
bolts (which contain steel) on the heli
copter structllrc. For locations where 
magnetic damping is impossible, Doe
ing's engineers use a vice-grip clamp, 
to which has hepn brazf>d a bracket 
with a 1.,-:28 thrmded stud that ar
ccpts the pithq). 

Trouble-shoot ing usually {'onsists of 
measuring the frequency of a vibration 
and then track ing down its source by 
relating the \·ibrntion frcquency to lhe 
characteristic speeds of \'arious compo
nents. 

This vibration-measuring system has 
i)('rn pmised for scn!"iti vity (better 
than 0.001 ( ; ), frequency arCllr:H')' 
(±2%), and frcquency discrimination 
(7% ba nd\\·id th ). Vibration rompo
nents at frcqllcllrics from :3.8 to 2.;0 H z 
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E X" ' '''' lnc nte r 

GENERAL RADIO COMPANY 

Englnu. rnICUu'" tho fr,,, .. ,,,<I .. 01 tho "Ib •• li.n ~ornpon. nll In 
• hol;e'p't' tra ...... lul .... H, CO" tho .. h .. ck down th' ... Ib.oll ... 
..... c • • by ,olatlng ' h, "".our,d ". ...... "01 •• to Ih' <ho,o<lo,hll. 

'p .. do .f II ...... ,1 .... 1'0 ...... 1111." porh. 

Sf'(' measured with S<'parations !lS !;mall 
as 1..'; liz Ill. lOll" frequencies. 

The portability of the 1!i().1 is all
import!lOt in this appli{'ation. In-flight 
measurem{'nts (,ltn be mnde with casc. 

The I"('chargcubl(' batl{'ri('~ ('an be 
chargC'<i o\'ernight from any /irld gell
erator to be ready al. Cl. rnorn('nt'g no
tice . 

C. W. ALS~:S" 

GENERAL RADIO COMPANY 
WEST CONCORD, M ASSACHUSETTS 01781 

.. ::, ... 
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