
T H E GE E AL A 0 

FREQUENCY ST ABI ITV MEASUREMENTS OF 
ST A DARD-S GNA GE ERA TORS 

• FREQUENCY ORI.FT 

• INCIDENT AL FM 

I NTRODUCTION 

Pr• ('llt- la:-· 11:-- •:-- i11 p1 >�(· ra 1 h r. C'Y ·n· 

JH rf,1n11:u1<•c• n• 111in•111 •111 011 . 1:111 lard

:-;ign� l r •11 rm or", t 1 a d •gre • not pr -
lie· I able 111 ly t f '\\' :-· ·ar. ::i.g( . Th 

i1 wrt >a. i11g c·rc \\·din<.,. if 1 h< fr tll ncy 

. ]><'t'll'ttm ha-.. fn,.,t ·1· • l llH· growth >f 
11:1rn w-\ a1 d 1t·c·liniq11c·:--, \\·hic·h i11 t11r11 

l a.· clr:t\\ 11 i1wl'l':l:--l' l :d I ·ut i >ll to :-.on 
of f h · r •. id11•1 I ·n·q111·11<·:-· i1t:-.t<tliili1 ic•-: i11 
th' µ;•11 •rat or 011tp111. _\111011•" tbe-.C' arc• 
( l) fr 'Cf lH'tH'� <·lw 11µ;P "it h I ime, ll'-'llall�-

1'1 ll e l fr•<111•11·y dril't. (:..) :--h<rl-tNiod 

i11 .... 1 ah il it>·· 11·uall>· ,.,tl!Pd f111 11<i-..• >l' 

n· ... iduul fr ·q11 'IH':'>' 111od1i!:1t inn. . l i11-

c·id<·11tal n·qu •11c·�· 111otl11latirn1 (n·�nlti1w 

frnm alllpli1 11<k rn1Hlttlati11t1 , and -!) 
rnic·n)phrn1i1· ..... < r l'n•qt1<'11C·.v ·h:u1g<'.' of 

JlH' ·ha1 1 it·; .1 l oi· nr· 11L .... tiC'al (JJ"igi11. For a 

. i�"ll:tl µ; •11pra I rn· to he mo:-.t µ:c·11c·nt1l:-· 

11:-; fu[ i11 trnl�1.\·':-- (<•1·linology, thP:-: 

im ntit ic•-.. l10uld hp li Id tn a mi11i111n1n. 

,\n • arn1 Ic• of 1lw 1n•nw .·lcthilit.'· 
r <tllir lll('ll ..... i. f•HllHI i11 tl1 t ),'fi11g: )f 
er:y .... al fil Pr , \\·l1id1 Ii.I\·' Y ,. • 'harp 

• RESIDUAL FM 

• MICROPHONICS 

'l�-01· d1<1rn ·t •ri ..... lic· .... . \\'ith :--lo1l'' a.· 

.s1 ' l ' a . a r �w t C'll (It:-; d Ii I r y ·It• �It 
l"(!ll'llC'i•· of ih c nl<'r of 10 111eµ:a
·y ·l< :-:. >l)\·ion .... J.'· : n.\· app1· C'iahl · fr1·

p1 'll '_\' i11:-:t:. hility i11 { h • (<':-.l ..,, lll'< ·c• \\'ill 

1h c·11n th quantit.\· 1111 l<•r nwa 11n•-
m nt . 

MEASUREMENT TECHNIQUES 

\\':ith a11 •I 'C'troni<· di�6f:d c·< u1itt.·r (lll<' 

(':lll ..,pt th. 1' Cjll<'IH'Y of tli \ :-- iµ:n:il 

µ; I I ·rn tor \' 'l'Y Jll'f'<'i"'Ply. �i 11 ·c· t lll' 

c·o1111tt•r nH'tl.'lll' •-; frt•<p1C•1wy dir '('1 ly a111I 

c·onlit 11 >11-.;Jy. it "�111 aJ.-.,o i11dic·atc· till' 
freqlH'llC'.\' lrif . liu1 i c·:11111ot Hl<'a ..... 11n• 
thr �horl-p<'rio l fr •qu ·n ·y i11  t� l1ility. 
The �1 ort st gal i11g-tinw int. rYal it 

c·un •ntly :n·;1ilal>h· c·< u11t ·rs) j, :d>out a 

milli. t•c·rnHl. \\·hid1 c·otTe�) 1Hl In a 
laru· • 11umlH·r of rf <'yde�. one th HL-..ancl 

< f tlwm at 011 m •gac·y ·lt._ 1 lw c·111tJ,1tc·r 
1hn· 1n•:bur , tfc m'<Nt(/r fr('q11·1t1·.· 

within llw c·o1mli11g-tinw itlt('lTal. T" 
m :hill'· fr '<(ll 1w>· 1--ta iilit,\· o\· •r miwh 
shor c r i11IC'n·:ll. r' 111t1· •..:; diff( rPtd h•d1-
rnquP o nu:surcn nt. 
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G E N ERAL R A D l0
1 

EXPER I ME N T ER 2 

blo ·k diagra1n of a m · . nr n: nt 

sy:-;t m for the above qn" ntiti . ·  i:-; .-hown 

in Figur 1 .  Thi.· quipmcnt i. · .-uit · bl 
for m asuring th fr qu n · drift the 

r :-;idual frequ nc m.odulati n and th 
incid ntal frequenc modulation and i -
·an di:-;pla mier phoni ally induced 

fr c1u n in:-;t abiliti .- on the' o:-;cillo-
seopc. 

FM NOISE or RESIDUAL FM 

.\ ·onYen ie11 t m th <l of mea:-;uring 

n':-;i<lual fm m1 lo :-; a pul:-; -c· u1it di:-;

erirninat 01' tl.' u:-:ed in th rl YPE ] 1 -!2-,\ 

Frc:1m·nc· �I tcr and Di.· ·riminator. 

Thi:-; i n :-;trn ment can he operated lire ·t ly 

up to i.- �k; an l by man.' of hC'tero

dyne 1 echnique:-;, nt h igher fr •qnenC'i :-;. 

The ontput ean he fe 1 dirc('1 ly 1 o a 
T'YPE 73H- . .\ "aY �\..n;:tlyz r. \Yhi ( 'h will 

:-:C'led j,· ly nwa:-;ure the v · 1 riou:-; frp

qu nc ·y c·ompon nts of the frn noi:-; . 

::.\ Io:-;t of the re>:-;iclim] frequ JH·y 11odula

tinn occ·11r;-; at pO\YCr-:-;11pply fttncht-

STABLE 
REFERENCE 

OSCILL ATOR 0 20kc 

IC 

m ntal and harm ni fr qu n ·i ·, whi h 

ih analyz r can a ily id nt if . � ::.vI 
arii-;ino· from th r sour ·e.s h w Y r 

n a r <1uire a wid -b· nd m a.-ur ment . 

A calibra,t d high-rrain an1plifi r co\· r
ing h full audio, p ·-rum wil l .·how up, 

for exan pl di:-;t urban ·cs ·au. d b 

nlriations in p ". r-lin ,·oltage. 'The 

re:-;jdual frn n1<.n- c- n.-i.-t of a d minant 

no- yde com ponent . corre.sr ondi1w 0 . 

dcviaJion f 11any carri r c r ·le. from 

th aY rage frcqn n '. , at a GO-cycle 
rat . Ho\\- ,. r. mnnu· t tn nsi ni,. 

xisting on the power lll1e thi;-; fm .-io-n· 1 
may fluC'tU<\t ,-iol ntl r in int 'll::>i(). A 
narrow-band anal. z r C<ll1 IWt r .'l ond 

to th H nu ·tuation. and will .·imply 

a \'C'rage h r �ul ,. i11 tH·<·ordan ·e "·ith 
itK mn1 l and"·idth. 

MICRO PHONICS 

.\nother c·1p< bility of a \Yide-b" nd fm 

t .-·t systern i;-; th me< surem nt of 

mechanic<. 11 i11 lt1eed frequ nc .-hiH 

0 - 16kc 

LL 
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Figure l. Block diagram of measurement system. 

Copyright 1961 by General Radio Company, West Concord, Massachusetts. U.S.A. 
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3 

cornmouly ref err 
h n on "·an 

li1ni t · of ·ta bili 

cl to a nu l' ph lll ' . 
t re•t. h th extr n1e 

f n rator 

microphonic , ·wd high a· l.' i · n i.· 

level.- m.a prov o b the lin1iting 

fa ·t r ·. \ h u a sio·ual l)"en ra,tor i. · 

operated in a ·oL vti ·all n oi. · � 11 viron
m utK it n1ay -xhibit ·arrier-freq u nc 

i1vtability at fr quen cies related to in

t rn al me ·hani ·al resonanc s. l is of 

inter .-,t Lo kn \\" wh r th s 1· . ·oiuu1c s 
a,r and how mt1ch frequcnc de,·iation 

t hey may be ahl to rr n rat in a ffiY 'll 
environn1 nt iu or r to rnini1nize them 

\\·h 'l' ' po. ·siblc an d lo pro\ id ,·ibration 

isolation and · ·ol. L'ti ·al insuhtti ii wh 'l' 
praC'i i ·al. 

�- l andwidt h c·overinc)' at l a�t th 

audio .·peetrum i. · 
· ·hi ' de�irable in 

the t .·t iuipn 1 nt. An oscilloseop 

l ro,·i c1 "· a cou v •n icn t vi. 'lLal displa f 

the audio-fr qu nc .·ign al fr rn the 

li.· ·riminator output. .-\11 approximat 

fr l l l C'ncy arn.tl r,·i.· f I i ·re ph 1 ics ·n.n 
ca. ·i ly be ma l by LLS f a shake ta bl' 
to vibrat th' ()' 'll rator und r i :-: . 

Dominant m chani('al r s n anc s c·an 

b quic -kl lo ·at d by ,·jsual ohser n1 tion 

on th o:-;ci l l c .··op a:-; th' Yil nltor dri\·"

fr q uc1u·y i:-.; ntri d. 
.\C' ustical �ff' •l:-;, "·hieh arc :-:imil.u· 

0 microphon i •f; C'nll b � xamin d b r 

u:-.; of t.he sp · k r . · st m :-;hown i11 
Figure 1. For rnos accurat re;-;ult.· th 
ff n rat or un der te:-'it :-.;hout l l n ·lo:-::. l 

in au a11cchoj(' C'han1b r n ltho1wh ,·er:• 
useful r .·utts <·<cull obtained ,,-jth \'Cl'.\' 
111.ll •h . ·impler cn doi-mr , ' .. rl YI 1£ 1-,- 1 - ' 

otm<l-LcYel �It .r is re mmend- l to 

monitor t h  :-;ound l ,.cl \Yithin th 
n lo.�urc. 

To dei erm.in th 
upon th g nerator 

ffcct f whit nois 

und r t ,'t, th 

11 by th TYPb 
x-n rator. It i. · 

sp akcr can b driv 
1390-B Randon1 N oi:-.; 

D E C EM B E R ,  1 9 61 

p rhap · mor 
re.·pon ·e to un a -
th fr qu n · i v r th n ire 

audio . ·p · tru n 1 . T h i;' ·an be done con
veui ut Ly by u · f a ·om in· ti  i f th' 
rl YPE 130-!-B B t-Fr Ill nc udio 

� �n 'rat r c.tud th TYPE 1521-� \.. 1raphic 

Level Record r a·· .·hO\nl in Fio-ur 1. 
_ chart of sio·nal-g 1l ra L r fm d- iation 

n1agnitud v-. a ·oust ical-excita.tion fr -
qu 11 ·y will t obtained . • uch a hart is 
Y r u. · ful iu pr di ·tin · · n rator per

f< rmc.tn ·' iu hio-h-1 l ucotrnii ·al -n

,·ironment.· and .·en·e.· n,.· a o·uid t war l 
elimination of mechanical 

i.· .·on ·w ·e.· within the <nn erator. 

:\1an :-:.ystc1n · ar eontern d with 

inaxi1nLun I ak-·tm litude :-;ignals (a, 

opp s �d to rm.· or a vcruge) which teud 

to o\·erloa<l th m ,·om bin :-; to he 
poin t of C'ompl t lo.'.' f arnplifi 'atio1 1 

for s v ral sc · onds . I11 sn eh en:-; ." , the 
k1H>\Yledge of the pettk <lmplitud i.
important. 'l'he amplitud roncspond in o· 

to th-' peak d v iation of a �io·nc.tl 0· n ra
tor'. ·carrier frequ ne., is a:-i.ily n1 a. ured 
'"ith th 'IYPE, 155 '-..:'\. Impact Noi:-;c 

Anal} zer to i ndicate p · [....�, d e,·i .. 1ti n' of 

the :-;io·nal. ·Joie f tim -'t\'-ragc, 
cr ua:-;i-p k, r pea]- re�pon;-;e ii-; provid l 
for cit her polarity of th :-:.i o-nal l in()' 

m asured. 'This p rn1it. · th measure-
m u f tran.·i •n t d iution �, f'll ·h a. 
llH re. ·ult 'ron 1 ;-;hock or \'ibnt tiou. 

INCIDENTAL FM 

\Vhcn a sio·n at g-n rat r i;:; tlmplitud '-
mo :lulat d, son: inei<lental frequ 1H· 
modulation also o Tlll','. T'h n1 a. ure
meut of thi.· ff t imp ses sey r re
quir m. nt� 011 h mea. ·uri ug ap1 · ratu.' 
whiC 'h m.ust l e cap .. 1bl f h<. n dling 1 he 

rf in put :-;io·nal \\·ithout pha�e cfo.:tortion . 
at any n )dulating fr qn n c>' \\·ithin 
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GENERAL RADIO EXPERIMENTER 4 

the capabilili ':-; of t he g uerator under 

te. t. A Yariation of phase in the geuer:t.

t r arri r fr qu u ·y dLU·ing th modula

tion c l will r :-iult in in ·id ntal fm. 

, 'imilar phas i-;h if ts ·an aL 'O o · ur in the 

te.·t apparatus and can lead to err n ou 
result� un lc�s ad· qunt sign precau

tions are tak n. :'.\'Ict suren: ent at very 
lo\Y level.· of int:idental fm are u. ual ly 

lirnitc l y thi. · cff cet 'sp ciall r at th 
high audio rnodulation freqn nc-ie . . 

\i\Thile a c·mTier si <,.nal can b examined 
Yi. ·ually 011 ·1 panorami c di.' play le,·it:" 
it is diffi('ul1 to id 'ntify .·e1 · l'a t ·ly th 

an1 and f in side bands ,,·hen both ar 

si1nultaneow·dy prcsen t. For this rcn, on 

the Hy.·t nl shon-n in I• igur ] , "·hi eh 1n

ploys an fm discrirn iuator i. · rcemn

m nd d. 

One of the mos t irn1 rt ant r.1cto1·s in 

the measurement of i nc ·idcn t al fm i. - th 

complex \YLl ,·cfonn in ,·oh·c<l. �· :..; pointed 

o tt pre io usl> sigmd� tha t repr sent 

t·h residual f m n01s of signal

generat or carri0r frequcney arc eorn-

1nonly compl0x \Ht\·cformr-;, dominated 

by �tr ng (· 1111 on nt N r hite I. o the 

pO\\·er-line fr q1tenc·y. Nin ilarl the 

r-;ignaL· th._1 1 repre�pnt the i1widcnt11l frn. 

of an am1 Ii t 1L L '-rn.ocl u La 1 ed c·tuTiPr will 

vary c nsid rahly in "··1 vcfori . They 

will c-oni ni11 frc quc 1 1 cic:-; rebi eel to the 

amplitude-module.Li ion fnndarncntal fre
qupnc_r_ o,�er n wide range lll n1oclulatio11 

level.· mid modnlat io11 frcquene>�, 1 h 

rnea,·ure l. ·ignal may c·h:.u1o·c fron1 ncarJ�

� intv id·ll to a highly distorted eom1 lex 
i:::ignal. 

ThuR, cith<'r the h::md\\·idth of the 

m. . uring sy�t e1n intvt he ndPqua i , or 
correC'tion::.; mn:-;t l rn, d for it. Con lct

t ion hehYPen \Tarion.· rn.cthoclN of rn cas

nrem nt can he rnndc where the re

. pm ch .. rnc·tpri. tir.· of caeh . ·yst rn 
fl r0 ki o"·n. 

MEASURED CHARACTERISTICS OF THE 

TYPE 805-D STANDARD-SIGNAL 

GENERATOR 

The mea�urem n t . y. tcm of F i gure 1 
\Yi.ls Lls d t.o valuat the performance of 

he 'I YPE 5-D • t and · trd-. 'ignal �cn-

erator, with re�ult s  a.· detail ed bclc)\\-. 

Residual FM Noise 

In t st,.; on the 'I'YPB 05-] • tandard

• ign<.d C:enel"ttor for frequency stnbility, 

nwa�nremen s "·ere fir,.;t rn.ad of th 

re,.;id 1 ial-fm-nois charu. · t ri:->tic:-> Y r 

th "ntire arrier-fr qu nc nmg (1) k 
t > 50 ::\I ·). Re · rd. ". ·r m� cl di1·cdl. 

in cycle.�-p r-second d ,-iation .'i.nc·c thi� 
ii" th n-10 dir tl3 n. fnl p·irarn -'ter for 

,-, lua ing g -n r., p rfonnan<· in 

natTO\\"-b nd y · en1 . P rt in nt data 

arc shown in Table 1. typical produc

tion-run in�ti·ument wa.f' tak n for the. e 
n1 a._ ur m n and th r .-nlt.· ar t< b 
,-ie\\·ecl a. typi al, n t hcr .ha.11 guani.n

teed. 
The re�ults shm.- that au obselY d 

nnrn lul· d .. ni r-fr qu uc-y siability 

of th or lcr of 011 - or two-c>cl dc,·iu
tion can 1 <" achie\· l \'er n1ltch of t h  
carricr-frc 1u nc:v range of t h  gen rator. 

::\l<>r O\"Cl', the greatcs.t contribnhno- rw
tor ('i.llt,.;ino· thi s degree- of in. tahility i.· 

n•bte 1 to th powcr-.·upply fr quency. 
'I hi:-; is e,·id- nt "·hen the dominant 
po,,·er-frcq uency-gen era tc 1 eon:i poncu t 
i .-.: fi l t er 1 out. Thi:-; ._ ug0·cst.· tha.t f 1· 
('ritind ll!-'C. 11 1pro · 1 1ent <'< 1 be oh
t�1i11ed through the use of a dr h · ah=•r 

snppl)·. ··rhe o'cnerous cabinet . iz and 
lo\,- intcrnal-t n1p i·ntur ri. will permit 

the installntion of ._ n internal transis or
l'egLLla tel heater Rupply. \;\Tith .·uch an 

arn.uwem.ent the resi lual frn no1:-; 

should npproacl one-c-. de dc,·iation 

oYcr rnost of the C'arri r-frcquene:v range. 
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5 D E C EM B E R ,  1961 

TABLE I 

INCIDENTAL FM MICRO PHONICS 
With 400 AM at Resulting from 

CARRIER FREQUENCY RESIDUAL FM 30% AM 80% AM Mechanical Shock I 
± .6.f Peak 

Deviation 
Major -in cps Major 

± .6.f Component with ± .6.f ± .6.f ± .6.f Component 
Peak of Peak Mai or Peak Peak Peak of 

In Deviation Deviation Comp�nent Deviation Deviation Deviation Deviation 
Mc in cps in cps Removed in cps in cps in cps in cps 

0.5 2 60 
1.6 1 240 

1.6 2 240 
5 2 240 

5 15 240 
10 30 240 
16 6 30 

l 6 26 240 
20 35 240 
40 60 240 
50 70 l 20 

\\·hen th gen rat r i.· 01 rate l Hl a 
norn1al hi.b ratory c1n·ironrn nt. 

Microphonic FM Noise 

T'hc "l YP E 05- D tar lard-, ' i o-nal 

G n ra.t or hi1s hut one dominant m ·ha11-

ical r0:-;onan · <ll1d this is in the region of 

27 5 1 o 290 eyd s I 'l' �<'co11d for mo:-;t 

eondit io11:-;. Thi:-; ,,·as l t rn i11ed h:--' mc

ehani ·al and c.u·ou:-;1iC"al ex ·it<.tiion of the 
ff nerator o,·er c.t "·idc-freqnency n:rnge. 

"lhe dc.ttu o·i\· I in 'T'ahle 1 ilhvil'atc 

\\·hai can ha1 l n t th <·c.uTier-frc>qtH.>lH'.\T 

stability \\·hen the 1 a11 l i.· :-; tr u<'k a :-;haq 

I lO\Y (cxC'eeding that lik ly t he P11-

('0ttntc r cl in nor mal n. ·c) . .  \. sul :-;1 nni ial 

fr qu 11 ·y d Yiat ion can oc·cur. 1 h rate 

at whi('h it \Yi] I < <·ctu· i:-; lar o·ely l<: t r

miuecl h. the fr quency of the major 

nwc·h1111jcal rcsonan of t llf' general or, 

""hilc the magnitude of the deYint ion 

I roduc· 1 \Yill b a fun ct ion of the n';;:;

rrnn1we Q a11d th uatur of th im1x1 ·t. 

<1 75 260 500 290 
<1 240 400 50 280 

<1 60 260 1000 280 
<1 360 1000 500 290 

<l 50 200 l 000 280 
10 150 400 2000 290 

4 290 800 500 280 

10 425 1000 5000 280 
13 300 700 3000 280 
14 1500 3800 l 0,000 275 
15 4200 10,000 5000 275 

'I'hc lata .·ho\\"11 an' c•xtreme· for 11 r

mal labo al 01·y · nditiOJL · incidental fm 

re. ·ultino- from miC"ropl on i<·s :ll'C' s<'ldom 

:-;j O'l) i fi ( ' :l 11 t . 

Frequency Drift 

�\ IO\\·-frn-noi:-;e . ·ig11al gcllerat or will 

b of maximum utilit < nl if it:-; fr -

qu 11c: r-clrift· rail" is u.l.·o low. Thi. · :-;h >uld 

1 lo\\" nouo·h ( o enable the u.,er t . · . t 

a specific fr qu n ·y and haxe it. r-main 

coust a11t lono· n ugh 1 o com1 l tc hi.· 
rncn.·l ll·cn1Cnt \Yithou r :-; t ·111110. tu1cc. 

H re ngai 11 the req ui r rn nt.' <ll' detcr

mm l h_ the i 1it nded u.· of tl o'('n

crator. �in ·c th minimum frcqu nc:y 

drift \\·ill l w  ob <lin cl und r cc rn.;t ·int 
op rating condition., it is al wn.:---., b :-;t. 

t k ep the o·cn rn tor in c ntinuous 
op nition to nxoid th tvual \Yarm-up 

cyc·le. F r t hos ctvcs \Yher this i.' not. 

pos.-ihlc, the c·un· s of t:--'piC'al fr lll ncy 
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GENERAL RA DI 0 EXPERIMENTER 

Range Switching Effect 

GENERATOR INIT AL OPERATION - 2 HOURS 

- I I 
-1 HOUR 

J.Mc CtlllR•ER FREOUE�Y 

Figure 2. Graphic records of frequency drift. The 
upper set of curves shows the effects of range 
switching. The lower group shows drift at a con
stant switch setting. The records at the lower left 

in each group show typical long-term drift. 
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drift ;-;bown in � i LLl' 2 will b h lpful. 
These l· ta repr . ut th hange in fre
quency beO'inning with the tar f 
o Dbtion f llowing turn-on of th 

po\\' r ,'witch. A..·. n1ptoti · . ·tability will 
b r ·1ch cl within th fir· h ur f 

op ration. 
Another . urc of fr qu n drif I. 

uddcn ch l rres in < .  • ·illat r-cir ui ·on

dition.-. ::.\!lajor · ntril nt r' t thi. type 
of drif ar band-. ·wit ·hing and ·o a 
le· er 't nt, chano- s iu th frequ nc ,_ 
dial ting. \'1 1th th g nerator ii 
normal operation (lono· I ou h hax 
pa d through 1h ini ial \Yarm-ur 
cycle) a chang frmn on fr q u n y 

to another \vill bring ab l · 
n ary fr ll ·v clrif.. r picnl 

th r , ult. b xp · t  d arc he ur e 
hown in Figur 2. his h· ra · ri. ic 

appropriat ly d fine.� the practi ·al limit 
of fr qu n y tabilit rath r than th 
fin l valu r a h d und r 1 ncr-term, 

con nt-o r ting co di io 

DECEMBER, 1961 

Incidental FM 

In '"ell ·ral, th in idental fn1 in u 
·iO'nal o· n 'rnt r \Yill b a fun ·ti on of 

rri r fr qu n an pli t.ud -m duln t io11 

perc ntag·, and I od dating frequency. 
Thi. la. t ·an b quite i mport· ut at lmY 

arri r fr qu nci . . Th nmTO\Y band
\Yidth of th tuned cir ·uit may re:-;ult i11 

ul.).'tantia] inc id n1 .. lf n1 1 in o· o- 11 rat 
at. high modulati n1 fr qn nei .·. Figure:� 
, hm,·.· thi;-; cond i tion for carrier fr C[lH'Jl
c1 i-;1n th 50- t 15 -k· r-uff . 'Xe gn:·tt 
ch· nO' in th· 1 v 1 of in ·id 11 tal fm j� 
fonnd ov r thi. · rang of c·arric>r fre
qu n · . -:'\ otC'. however the rapid rise ju 
incidental frn a:-; th modulating frc•
q tency in ere a. ·cH. Thi.· b ha' ior :-:;ugu-e�1 :-; 
pha.· modulati n arisi1 O' from a.· 111-
rn tri al pha. ·ei-' and arnplitnd H of th 
. id -band.·. 

Fio·ur -1- �h< \\·� th i ncjd ntal frn pro
du d at th high carrier fr0q uc>1wie." 
The pres01H'C' of a substantiall hio-her 
level of inf'idC'1 1tal frn iH c-·lC'arly app� r nt, 

�1001----+----+---+---+---;--,,�-1---1'1--l--+--1---i 
1-
z 
w 
0 
u 501----+----+---+---+---
z 

z 
0 

� 201----+----+---+---��-----+--.oil"-I---.._,.'---�-__. 
> 
UJ 
0 
� 101----+----+-.11"---------:li�--#+---t--#'--+----+----I 
w 
0... 

Figure 3. I n  ci den ta I f m as a +I 5 t----+--��_.,_ _ _,.__--t-1'---+--#--+---+----+---I 
f unction of percentage m odula
ion at carrier frequencies be

Jween 50 and 150 kc. 
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'.<®> GENERAL RADI O EXPERI MENTER 8 

1 0  kc I I :::;: 5 kc PERCENT AM u.. -- ------ ao•1. ----._. --__J 
I'"- -<{ 1-z 70°/o w Cl --- - -2 kc 50°/o u z ------ "'"-

Figure 4. Incidental fm as 
percentage modulation at 

frequencies. 

a function of 
high carrier 

z Q 
!;i 
> 
w 
Cl 
><: 
<{ 
w 
0. 

Ike 

500 

+I 200 

100 cps 

30°/o 

- -
10°/o 

IOOcps 200 500 I kc 2 kc 5 kc 10 kc 20 kc 
MODULATION FREQUENCY 

but not th uh nc of a hano-0 \\·ith 
modulation freq t!Cll('Y· 'I his beh<1xior 

. uo·o- .. 't. pnre frequ n modulation rc
:-:;ult illg fro1 1 r acti 11 on t.h o. · illator. 

'I ahlc 1 show typical p rformanc at 

\YO. ·pccifi · a,mplitude-modulation len'L' 

for ,·nriou� C'arricr frequ n ie throuo·h-

011 t 1 lw range of tii.e . ignal o-enera or . A. · 

mi�ht b e::-...--p ct d, th n1a0"11itucle of 
inc-idcn t al fin will in rea on a.1 g1Y n 
<'<llTiPr-frcq u ncy range a' the carrier 
freq n n ·y increa e .. 

Carrier Distortion 

�\noth r ·hara ·t 

terc. ·t to. io-na l o- ncrator u. r� i:· cc. rri r
frequency dislor1 ion \Yhi ·h i.· im.p r
tant in ,,·idc-hc.rnd t Rtino-. In test.· on 
Yi<leo amplifier;-;, for in. tan e, arrier 
di.·t rtion shoul l he b 'Id at t minin um. 

�om con1promi� b t \Yeeu earner 

di:-;tortion and 11 ,·cl p (amplit u<l -
rnodnl· tion) c.li:--t ortion is usually nec·cs
sary in an in�tnm nt · ,-erino- t "·ide 

frequ n ·y rn.1wc. Thi.· rc:ult:-; fr n1 o\·cr-

Figure 5. Panel view of the Type 805-0 Standard-Signal Generator. 
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TAB L E  2 

CARRIER CA R RIER 
FREQ U ENCY HARMONIC 

IN Mc DISTORTIO N 

1.6 2.3% 
5 5.5% 
5 l .0% 

16 3. 1 % 
l 6 
50 

1 .2% 
3. 1 % 

l n.pp i 1 w  req u i rernen t K  i n t he freq ue n cy 

rn n g;(»' , as for x<. r n pl t he n1ax1 m. u n.1  

m od u la t i on fr qu n ·y a t  t h  n n m m u rn.  

" t rr i  r frequ n cy .  I n  t h  T Y P E  05- D 

8t a n <l a r<l-S i ffnal  G n e ru t or,  t hese fre
q u  n · i cs arc i d  n ti -c. l h u t  \Yo n l d  n ot b 

u:-; d :-;i r n u l  a n  ou. · l y .  ' T h i . ·  i n  po . .  n. 
p rac t i ca l  l i m i 1·at. ion on t h  j ,  ·o l · t io n  of 

D E C E M B E R ,  1 9 6 1  � 

au<li  -m.od n l a t i n :-;t ag s frorn t h ' l < rn·

fr qu n ·y a rr i e r  :-; t  ·1 0· :-; . .' m d i. · t ort  i o n  

x i .  s at lmv c ·  rri r f r  q u  n c i  :-; fro m t h i :-; 

·au.  e. At t h h i o-her · a rr i  r fr q u  n c- i. . · ,  
l » s  u rn r d i :-;t ori. i n i . '  fou nd .  Th i s  

r snl t .  fr m. t he i n crcas i n cr  .-elc  · i. i \' i l y  

a t. h igh r • ;nri r f requen c i s .  Tab l e 2 
:-;hmn·> r . u l t ..,  t yp i  ·a l  of t h  'I'Y E 05- D 
:' t m  i da rd-S i o- 1 rn l  n erat or. 

. A. A DY 

Th T Y P E  05- D • tandar<l-� ' i g; n a l  

Gf' n era t or .-uper:s<'de:-; t he T Y P E  o - - C .  
l d <' r t y pe. of t u be;-:; n e t ers a n d  o t lwr 

· om ponen ts h a Ye h n rcphecd "· i t h  

·urrcn t t y pe:-; a n d  t h('l' h a \' h n .-om 

1 1eehan i ca l  c -ha 1 wes. Pc'rformanc sp<'Cl
fi c·at ions and price re rna i n u u c ha 1 1 g('<l 

a n d  u.re l i s 1  <' l i n  our  c t UT ' 1 1  t · ·  b l g .  

A CON N ECTOR IS KNOWN 
BY TH E CON N ECTIONS IT  MAKES 

'T'h hennaphrod i t e  coa x i a l  con n ect o r  

( � e n  ra l R adio  'I' Y P E  7-t *) \Ya s  i n i t i a l l y  

g r  t ecl ,  upon i t s  i n h'od u C ' t ion i n  1 9-:l 
w i  ( b r <.'n c t i o n s ra n g i n g  frmn ' O h , n o !  

X o t  anot h <'r eon n c t o r ! 1 o  ' C ood ! I t ' � 
a bo u t t i me ! ' , ' i n c<' then , t h i . '  c o n n e<-tor 

has S<'<' l l  i n c reasing us ' ca c -h y<'a r t nd 

rc'c<'n t l y  hiu:; be n scl ce t cd h) Ke \·Pnl l 

W<'l l - k no\Y n  n1an ufac· t u 1 · rs for use on 

n w n 1 1 d  � h·::uwcd i n st ru m e 1 t .  . E x 

a m  p l <':-> of . ·orne o f  t h  . ·  hng - s c  . . 11  u se. 
a re shmn1 i n  t h e  ac · c ·ornpa n y i n o· phot o

gntpb s .  'T'hese 1 1 a n nf..tc· t 1 1 rer. cert tt i u l y  

ha\'<' n o t  based t he i r .- l e >c ti o n  o n  wh i m  

r l l O \�el t �r ,  hrtt 0 1 1  I Ol 1 1 1 d  L 1gi 1 1  � r i 1 1 g 

j udgmcn t a n d  comm n sen :'ie .  T I  re i .  · a 

l ri r report n.bout "·hy t h  G e n era l 

R a  l i o con n e  · t  r h a. hccn ch ose n  by 

. o m <' of i l s  l a ro-e-:-;ca l e  user . .  
* Lr.s.  PatPIH Xo. :? . .  'H . . 1 .)7 

l\ I ost p op l feel t h a i  1 hc1·  n.r 

a l reac l t oo m <. rn y d i fferen t 1 y p .· o f  
c·oa x i a l  c o n i w<' t ors. Th i .- f c  I i  n·g pm-; . · a 

fo n n i d<1blc  h u rdle t hat n ust. be m t r
n 1 o u n t cd h fore any co n n ed 0 1· C ' < l l l  h0-
e01 n e  \\· i < le ly �t < ·ccp t C 'd . . \.. n w co1 1 1 1  C' l o r  
n 1 i.- t  pr°'· t ha t  t l l l  poF=.si hlc corn p l i< 'a

t i 0 1 1 i t  r n a  hri n g  i . ·  oT n t l �v oui \Y C' iglwd 

hy i h  ad\·an t a ge. · .  Fo r t he f H  eo 1 1 1 H'C'

i o l ' ,  t h e m aj or ach a n t nge� a re :  
1 .' T i erma ph r ) ( f i t  c lei:-;ign - t h  rc-

.-1 t i t  i n g  l i rn i n <l t i n o f  p l u o-. a n d  j a c k. '  

g rea.t l y  .- i m p l i f i · i u t l 'C' O n n  · t i o rn;;; a1 1 L 
d rn sti C ' ttl l v  rN l l l C'C 's .-t oc k s  of adap t or.
a 1 1 d  pat ch C 'or< l n eeded . 

2 .  R e f1 ed io1 1 s  c ·on s i d ra b l y  l o w  r t  han 

t h ose of o t  hPr coa x i a l  ( 'Ol l n  et or�.  a n  L 
rcc-C' 1 1 t ly im p ro Yec l \·pn fu rt h r .  

3 .  01 1 Yen i c 1 H·c of q u i < ' k-c o n nect /d i s

con n  c- t eon n cC " i  i o n :.; - n ow e n h a n ced by 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  1 0  

ro v 1 H o 1 1  ' f  a l o  ·ki n g  arrang n cn t , 1 
d I 'd i n · at t h< ·  u .  P r . opt io n :. n d  c-om
r l: t i h l  · \\· i t t  nou-l < w k i n o- ,. • 1"-�i< Ih. 

I .  Ya i h  bi l i t y  of lo\\ - ·: \\. H a lat t or� 
I 1 1  < 1  l l  1 ·0 1 1 1 1 1 1< > 1 1  ly u. <'d ( 'Ol l l l  1·t l ff  sy ..... 
w i t h  f P \\ p1· a a p t  o r  t ,q ) ,.; 1 1  1( c l  c l .  

H ERMA P H RODITE CONNECTOR S  
VERS U S  P L U GS AND JACKS 

L t  w� . l l  t •a-.,y t o  i n t rod n ec t i  
1 ' · 1-t:"\\ and 1 1 1 1 1 1ru\. t••I 1n1 ·i 1 \;UJ1t•cr 1 '  •• .,, 1u rnl l1'1Jflu1 
11.rpn· fflt "'' r, :J.'i. 10, ( lt· t o  •r, 1 !H i l .  

Te ktroni x,  Inc., uses the G R  Conn ector o n  

severa l n e w  osci l loscopes, incl u d i n g1 t h e  

Mod el 5 1 9 DC t o  1 G i g acycle O scilloscope 

( 1 2 5-ohm v ers ion-see p o r a g r o p h  o t  end 

of article ) . the Pulse S o rn p f l n g Systems, and 

the recent l y a nnounced Model 567 D i g i t a l  

R e c  dout O sci l loscope. T h e  v ersa til ity o f  these 

instru ment systems is reflected in the v a rious 

w ays they c a n  be connecte d, a n d  the conven

i e n c e  of the q uick-connect d isconn e ct h er

m aphrodite connector is very importa!'lt. Th e 

o b ility to h a n d l e  e xtreme l y  fe st p ulses wi1h 

neg li g i bl e reflections w as a l so an essenti a l  
factor in the selection o f  t h e  G R  Connector 

by Tektronix. 

h �n n a ph ro l i t  c -oHIH' 'e t or int a "·C'U
a.nd f >mal '.'l · t l  li . ·h ' worl of mal 

<' nn etc r�. T t  
. i uat i  r 

ig:' t n j a ·ks w r " 
t t  n c  t '::ti n,·t t h  'K

oI h •rma 
I ' (  l l l l  c· t r · Th plug-u.ud-jc:wk ::-;_ •:-:I ( m 
for pu1rr ,. c-01 1 1 1 el· l ion:-: ha� an C'!"!" 1 d ia l ,  
pra<'t  · C 'al  ' l  l v a  1 1  i ag(' in  t "rm.:: of �af 1 y 
I n t  t h  ' ·' lffY-< ff r of h p l u  -a n -j n k 

C o m p uter- M e a suremen s Compa ny selected the G R  R ecessed locking Connector for use on their M o d e l  708 18 
1 00 Mc fr e q u enc y - Period C ounter for s everol rea sons. he f e et that a low-VS W R  a d a ptor to a n y  c·ommon 

connector ty pe con be l o c k e d  in p l a c e  on t h e  instrum ent a l l o N's C M C  to meel d i ff ering c u stom er req uirem ents 

very e a s i l y  - end the h e r m a phrodite chora cterhtic g re a t l y  r e d uces the n u m b e r  of a d a p tor typ es re q uir ed . 

Fin a l ly , e x cel l ent shiel d i n g  a n d  low VSW R o r e  ma nd a tory. C M C  sees this l ;:,cking connector as an excellef'lt 

elution to o n  ol d problem end expects it  to fi n d  increasi n g  use on m o d ern el e ctr::>nic test  instrum ents i n  the future. 

0 4 5 2 7 1 3  
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1 1  D E C  M B E R ,  1 9 6 1  � 

E l dorado El ctronics h a s  sel ected t h e  G R  Connector for use on their M o d el 1 - 1 09 2 - N a nosecond Tim e-Interv a l  

Meter. The hig h-frequency p u l ses h a n d l e d  b y  this new i nstrument i m p ose severe f r e q u ency-response cond itions 

on the connector, which m ust hove constant- i m p e d an c e  choro cteristcs a t  g i g a cy c l e  fre q u encies and e x c el l ent 

p u'se response. The electr i c a l  p erform ance of the G R  C onn ector, i s conv en i ence, and the w i d e  v a riety of 

a v a il a b l e  a c c e ssories m a k e  it  i d e a l l y  suit e d  to his a p p l icat i on .  

ll l « ·pt i u t o  low-po w , ,. ,  h i g h -fn•q u 1 1 t ·y 

co 1t 111 1u1 ica l io11 . ·  a nd 111c r 1 . · 1 1 rc11u 11 1 c q u i t  -

me r i t  l'a n 1,:-· h : i .  a 1 1 y I a :--i < ·  a h·< n t ag a n  l 

r -.n h :-:  i n-...t nd i l l  a ha :->i c ·  m t i:-n 11c ·  .\ 
m:lJ OI '  r · 1 :-.0 1 1  for 1 l l C '  a lopt i 111  > t lw 

\" P E  - , '01 1 1 1  < ' f or f y i · h rµ:: -'- <'ak 
·...; ha 1 < '  1 1  t h · Pl i m i 1 1 a t  1 01 1 of 1l i 

nt u:-ia t H 't' t I re i .  m ly 0 1 1  • ha-.. i < ·  t y p  . 

• 11 l a 1 1y ·< n n  <·t or c ·o1 rn · t ., d i r  •l ' t  ly \Y t t  l i  

any o t  t wr.  • ff P. -m 1pl  ., t h  c ·om 1 rt>h 1 1 -

. ·1 , t 1 • 1  Pn 1 I a l i r  J i l w  of d1f- uhf i 1 1  l r1 1-
rn n t . '  a u  l ·oa '\. i < l l  le1  1 n t --.  nmny f 

w h j  ·h  < tr ' t "  o o · u 1ort:> pon h--,- i < -v :- .  
wou l d  l a \·( 1 • c  1 1  l l l l l l ' h  1 •-... p ra e t  i ( ' a ) a m l  

I l (•x i h l  w i  h o  l 1  t l w l wr m a p h rod i t , 1 · 1 1 1 1 -

l l C'C't r r·.  

REF L ECTIO N S  AND VSW R 

_ 1 1 0  h<>r. : 1 1  l i n q  nl"l a l l t  r < 0 1 1 ft r 

( : c • J l  · r: l 1 n d i o".  I • \ ·e lo ) I l l  H t  >f t lw 

T Y P J� ' I  I 01 1 1 H·c· t or wu. · he l : t t"k >f a n:-i 
t h  l' < ·01 1 1 1  ' C ' t  or \Y i l  h l c  \\" 'l lO l l rh \", ' \Y I  

t l l o w  i t . u--(' i n  a Il ex i h l  · y 1 · 111  of 

' xi d <•l ' l l  < • 1 1 t -.. foi· l l H ':l :O: l l r< ' l  W i l t  J t l l'-

At S o g e  l a boratories, I nc., G R  Con

nectors a r e  w i d e l y  use d  in their p ro

d uction and l a bor atory t est work to 

s a v e  t i m e. M o n y  o f  the m e o s u r e

m en s m o d e  on S a g e  m i crow a v e  

components, s u c h  a s  t h e i r  T E M L I N E  

H y b r i d  3 d b  Cou p l er•, involve m on y  

connect d is connect o p erations t o  d e

termine cou p l i n g ,  d ir e ctivity, a n d  

V S W R f o r  e a c h  u n i t  o v e r  its  f r e q uency 

r a ng e. These com p onents a r e  tem po

r a ri l y  fi tt e d  with G R  a d a p tors to 

m a k e  t h e  o p e rator's work e a s i e r  o n d  

t o  ovoid "f e a r  on t h e  e q u i pm ent 

u n d e r  test. 
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G E  E R A L  R A D I O  E X P E R I M E N T E R  

.. 

... l !) · -

D G E R T O N G E  M E S H A U S E N  

...,-,.. . 

G R t !', R .  

I < ..; :-;. , u w  i h  C R  c·on n l. or':-:.  i n t  ·o-
l 1 1 ( ' t io n ,  ot h £  r <·o n n r->c• or 1 yp . · h a Y 

I pc •n :-; n l  � t a n t i < i l l v  i m prcff 1 a u  J m:.u 1y 
n r tt'  t. ·pc·:-: c ·rPu t ed e . µ; . . II C ' , , ' ' .  
'I . · ' P1 1 · . ) ,  h u t  t h • a l"Ol l l l 'C t or.  
\\ h i( ' h  i t  I f  lu � I  c •  • 1 1  i m prm· •c l I >. 1n; m y  
rc·fi n 11w 1 1 t:--, st ill l w -- t h " low " t r • fl  c·-

c:. .  

E d g e rton, G errneshousen & Grier,  Inc., uses 

t h e  GR Connector on their Model 751 Pulse 

G ener ator. T h e  major fac tors t h a t  inAuence d 

their sel e ct ion are ease of use f"no p l u g s  or 

j a cks to worry about"), e x c e l l ent electrical  

cho r a c teris ics ,  a n d  ru g ge d ness ( " a  g ood , 

r u g g e d  conne ctor"}. 

1 io1 1�  of n n y  

< 'O l l l l"C ' t O r  l t l  

t o - ( � c · ) .  

n·e 11 pr·d-p 11 11  C ):o' c·oaxial  
it. fr '< ] l l  •1u-_ r 1"a l l <Y( (d 

�OlllC' of t h  n·� :-;01 1.· for t h i  · p r-

t"orn1a 1H' < '  ar • :  

l .  T .a rg r i n  < 'rn a l  d i; u  wt n- ( a l  o n 1  
t wie I h "  d i 1 n  1 i .  i on l-\  o f  ' 1  \' }  � .,. ) n� h t c· ' 

The General  Electric C om p a ny ' s C h e mica l and Ma t e ri a ls E n g i n e e ri n g  L o b orotory in Schen ecta d y  has l or g e l y  

liminate d connector problems i n  the wi d e v a ri ety of m ea surem ents h e y  m a k e  between DC a n d  S O  M c  b y  

'!>electi n g  t h e  G R  Conne c tor for u s e  o n  their e q u i p m ent. This e q ui p m e n  incl u d es scre ened rooms, con roll e d 

l e m p erature ch a m b ers, d i e l e ctric - s p e cimen hol d ers, a n d  measuring inst rum ents o f  v a r i ous m a k e s ,  wh ich are 

modifl e d  on a rriv a l  lo u s e  

t h e  G R  Conne ctor. This 

l a boro1ory uses Teflon b e a d s  

( a v a i l a b l e  an s p ec i a l  or d er l 

in the G R  Conne ctors in 
order to permit use in h i g h 

t em p eralure t e  ts a n d  to 

reduce d i  i c ult ies from d i r t  

a n d  moisture in m e a suring 

s y s t em s involv i ng e dr em ely 

h i g h  i m p e d a n c e  l eve ls. 
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B a l l a ntine la boratorie , I nc., n e e d e d  o w e l l 

shiel d e d  connec o r  that woul d m a l e  w ithout 

any kind of twisting a ction for heir Model 3 9 3  
High- Frequency Tra nsfer Voh eter. I n  this 

h i g h l y  a c c u r a te instrum ent the interchan g e a b l e  

m ea suring p robes a r e  p l u g g ed stro i g h  into a 

d ee p  p a nel re cess, w ith t h e  conne ctor join in

acce s i b l e, for DC sta n d a r d i z a tion o fter A rs 

b e i n g  connected to on unknown rf vol a g e  t o  

b e  m e a s u r e d .  

JTrn· due t o nny . p • c · i f i al :--o h t  • 

tol · ra 1 wt• i 1 1  d i n w1 1 -.:i J U  ..... . ll o\\ ( '\' · r .  t h · 

O ll t.-irl< l it m •t •r  of t H , I c ·om1 c·1 or i '  

not gr< >a t • r  i n  p rot irt ion l <  i t ,... 
in t  n 1al d ia m t r=-- . b · ·a L .  i t :- d 

,_i n pl r a nd m r '  pffo · i  'I l l  i u  t hi re" 1 w1 · I . 

- ·  T1 h t  • r  ol>. ·ol u l1' l o l er;.u w .... lf 1 1 1 -

n a l  d i r n  '1 1:-'io i .  o 11wlul c·o m 1  >r  · 

r '  l i l t i n g  frrnn m o rP fo Yontbl  • <'< n n  ' · t or 
aec rn t r>· :rnd h r< u�h u�c of "I eia l  1 ·0 1 1-

r1 il 1 h o  b. i n  ft I ri · :. 1  t i < n p « w  ......... . , r 1 o 
h d C'� · r ib 1 i n  a f t 1 ir •  a rt i d ·) . 

. .  l f n n 1Pned lw ·y l i m  1-<'op1  · r  i 1 1 1 1 ·r
n d u d  1r  -..p r i n g  co n t  a d  .... gi \ • -...t :. 1  bi l i  y 

u n d  pen n n 1 1  •1u·c t o t h  i n i t i a l  lo\\· \ " , ' \Y l  

f t H' H� ' l l l lC'C ' l  l'.  
- L  I l i m 1 1 m  i n n la 1  or l c ·:-:: i t,.l l .  i 1 1  t < ' 1" 1 1 1 -.. 

f d i a n1 ' •r eon I ' l l '·� l 1 l <  l l .  .... 1 aC' i t l'r- l o-

h i • · h 1 e..,� l';.l IO.  1 C ' .  

T h e  Physics-of-lnsulotion S ection o f  he 

W esting house Resea rch L o  borotories uses t h e  

G R  Connector w i d e l y  o n  measudng equipm ent 

o p � ro ting at fre q uencies from DC a micro

w aves. Ten to fifteen y e a rs 0 90, before 

a dopting this  con n e c tor, they used three o r  

four d i ff erent connector t y p es, e a ch with m o l e  

and f m a l e  v ersions, a n d  f o u n d  t h e m  t o  b e  a 

continual  source of i nconv enience. o w  the 

sing l e  G R  h e r m a phrodite ty p e  i s  used wherever 

p o  i bl e  on such instrum ents a s  sta n d a r d  

o c i llosco p es, s p e c i a l  fa st- p u l se coron a est a p 

p a ra tus, a m p l ifi ers, s p ecio l c a p a citance 

b r i d g es, a n d  interconnecting c a bles. A s  a 

result, more t i m e  c a n  b e  s p e n  on t h e  m e a sure-

m ent a n d  l ess on the se u p .  

D E C E M B E R ,  1 9 6 1  

The a l Y< n t  of ·a;-;t -p n l . 0 cm 1 u rng 

· ir  1 1 i t .;-; a n d  -.< " i l l o-.. ·op C 'O \" · 1 ·rn u· a 

.:') · t n u n  t o  h u 1 1d r · l .... < i r  t h o 1 i--.ai 1 1 �  of 
m µ;< <·.n · k  ... h: f n r t l r , <T< I ·ra t · l t h  
J nu lH l for I <  rn·- \ ·:-; \ �R · 1 1 1 <:'<'i c r:-:: . 

C O N NECTI O N  C O NVE N I E N C E  

hc·1 ·  c·< n 1 wc·  o r... a r  f t "- > ha w 
... t y l :.: l ;  .\·1 1 m  l -l o  · k  t y p  > C .  n · h  a -.. 

Ty1 < ':- ' m id -L'\ · 1 for 1 1 -.. • w l w 1 · · ·01 1 -

l l P< ' T  d i :--<"Ol l l H'< ' t  -..pl'l'd j -.. l ll O !" I  I l l l J  0 1 '

l; .  n t .  : i 1 1 d  ... e n  \\ -0 1 1  t y pe-.. -.. \ H • h  a Ty p  • 

:-.:. ' ,  a n  l �1 � � ' ) f< r u <' 'd 1 'H' 1 1w 
1 l · h a 1 1 i «a l  w a k 1 1  · :-- a l l  l Ph-« t ri< ·a l l ·�l k 

a g  ( f hnyon · t - l rn · k  t .  · 1 l"· : i n  i 1 1 1  1 1  ·nt h l  · .  

\ d 1 i c ·  m 1 1 :-- t l m a  lP ( 'O l l  n 11 1 · 1 w • 
\ •r .... 1 1 -.  -: r • 1 1 �  h a 1  l -..I i l d i 1 1 µ; .  

� �o -... 1 1 < ' h  < '  wic· • i ,.,  w i t h  t h  
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� G E N E R A L  !R A D I O  E X P E R I M E N T E R  1 4  

11 w T Y P E  ' 7 -lr  Lo · k i n u· 'ou r w  • t o r. .\ 
l · k i n g  .;;l pro,· id d a n<l 1 · n l way. 
re;_ dy, hut ix 01 tion;.. 1 .  T h  refor , 
in ouc co1uu·ctor, speed t u<l COJUH'll tr n ·c 
h a \' ' h '  n · m1Ji1 Pd with hirrh rneehn n ic ; d  
.•frength uncl  loll' Icct ri ·a l frak 1r; . 

H I G H - I M P ED A N C E  C O N N ECTO R S  

�c-,-( rul or ,.�u 1 i zal i o n .  ha \"c •  :-:.a i .  f: H'-

1 ori l�' :ub p t  c •d IH ( • ] c · 1  11 1 wd ff t 1 

I 00-oh m and 1 25-o h rn imp da n · 1 \·e l ..; .  
'r 'h �' m- i n e h  l d ri C'�l l  l i a n  t '1' of t h  
O U  r ( 'O l l d  I ' I C  r a l l c \Y:-l i l l l lt' l'-C 'Ol l l u  · t  >l' 
d imc1 1 s i rn 1 :-.  la rutt•  • 1 rnu�l 1  tu h '  pl"t 1 · 1 i , ·u l ,  
a n  l I h • l> < L:-:i< '  c ·o 1 1 1 H'< ' f or lp-.. io·H ma ke'.· it 

'<> la t i ,·ely :-:.irnp lc 1 0  l l" • high-im p<'dmw 

hf'< cl ; n 1 i m w r-(·01 1 < 1 1 1 1 · �  l l' d •:-- i •rns \Y i l  

T H E  
N EW E N G LA N D  

0 F I CE 

\\� h i l  t h  . � "" E 1 w la u  I Di t r i  · t  < fffr 
i :--- 1 hy. i 1 ·a l l� loc · ;. l I a t  our l ionH' >ffi · � i 1 1  

'orn·on . i t. i :-.  1 t f'l'�t k l i i  1 m w · h  h ..,a m 
111 ; 1 m 1 er n:-; m r  1 t lwr cl i � t rid offic-( '�. 1 he 
• T w Engla nd ( Hi f 'e i .  r p� m. i bl c  fo r  
:--n l  , in  n l l  n p Xc•\\' .. 1 wht 1 1  l ... 1 u tl -; .  ( 'X 
(' pt for t h  , ' o u t lwrn ( o m H '  · t i eu a rc: 1 
wh i c h  i . ..., I'\ ( •d hy o u r  . � < 'W Yi r k  Offi · . 

Th T "- �ngLm l � h n ag r i . ·  R or ,  rt 
B .  H i  · J 1 1 1on d .  H e  i .  :.h. i ;-.t rd y R n l 1  h K .  
p t I"·'( n <l lH K l 1  a r . p. n h t'1 '.. ), Ir. 
P ! r-r'-'0 1 1  has n •(· n t l  t ra i  . ·fPrrNI from 

:-:t i l  I r t ai n i 1  o· t h  <l sir:lbl h rmaph

r dit  charact cri.-; t i<' .  Th ' ·  h i u·h- i p d-
tU H ·  • d si0·1 i, ar ll� l 01 tu ip111 l 
u:-:.:-:.oeiut · wi t h  i n or rad 1< t io 1  d "l "' ·
t or. in  ru r l bl.a.in rnaxin m n  out put 

t .e ors, which ar ( " 1 H 1:-,hrn t 
c u ne 1 1 t  J , · i  T;-;. Laro· -t-:< "a l ' ll--' •rs < f 
t he:-. ' hio- h-impcda n c  Y r .... u n . ·  f t h  

a <'< m H  etor � r T k t r n i x ,  I t i  . 
a n  l Ed1rerl n ,  � rrn .... h n u '-'  " l l  �·� � ri <  r ,  
h c .  I n  ,�ery i 1  ;-;r a n c  "C J f< r .  ( ;  ueral 
I ;. l i < h a.; s 1 1 1  plir- l t h  o u \ < 'r  t •o 1 1  I n< '  t or 

l art :--; o u ly "· i t h  l iH' u:--; 'l" h l n 1 i  h i 1 1 0- t h  

h i trh-imywdauc ' l wad. a n d  i n ner con h t ('-
f or-.:. to obt � 1 i 1 1  t h  d •:-: i r  l i m 1 h 1w 
l< '\-cl of <  i t lwr I 0 ohn ;-; or J _ ;  ( l ff\ " .  

,, . . T'HT H U. -

· he o· l , .. l :-;; l ""' 1 1 ti ne ·riu · TOUl and 
will de\·ot  h i s fu l l t i 1 1  e u our 'c 1 1 1 1celi
e 1 u  aa L ?\Ia · . ..;a< ' l  u..: t L· · tvt onH'r. ·  . •  Ir. 
Rol  ·rt:-. jo in  I t h  .� ·nera l a l io nn
pa1 1.\· l \Y y ·H;o-; �1rn ' � 1 1  I 'iYi l l  h r � ou. i
bl • fc r mu ·h t f t lw ·a h .; <'O \ ' t'rn er iu  ....,u:-:t 
t cru . a:·va ·hu .... e t t .· a n  1 R hc h' f ala m l .  

.\.. t c · l ·ph1 1nf' c · �  ] l  t o  t h  ..... ' ( ' 1 1 u·i 1 1 c •  r :  : 1 t.  
E .:\ l C'r  . ..;on . --±-t n· .:\ I J ;-;si c m  I J-7-+ J "·i 1 1  
b ri l l o- promµ infon:na ion a l  c u t � 1 1  )ra l  

udin pro h H'1 :-: .  
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DE C EMBE R , 1 9 6 1  

G1EN ERAL RADI O  t F LO R I DA 

Tl1  u pc• m 11 1 , n .  � ]un· J h t o!-!;nl } h , how-i. 1 lw < ' H  ( rmH·P o n r  l WW Florida 

off l PC' ,  a n nom H' Pr i in l h -' ( < " l < >hl 'l' i :-;:-;u · of t l w l·.�- P 1·:IU \f E '.'.\'. T l·� H .. Lw·· d i c ( I •d 
l � :j Ea :-- 1 'o l > 1 1 i a l  Dri,·  � .  ( >rhrnd l ,  t lw off · i. 1 1 1 ·  n � 1 �rp{} by J o h n  ' .. T T  I d  
o f  ou r . ' a l < . f .� 1 1 �1 1 1  • ·ri u g  � t : d"f.. ' 1  ell'phou · · ..., � .. \ rdt ' l l  :---t '7 1 .  

G e  e r a l R a d i o  C o m p a n y 
extends to a l l  Ex perimenter rea d ers i ts b e st w i shes 

for o H a p py and P ros p e rous 1 962 .. 
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The Genera l Radio EX
P ERI M ENTER i s  m ailed 
without charge each 
m o n t h  to e n g i n e e r s, 
scientists, technicians, 
and o thers interested in 
electronic techniques in 
m e a su r e m e n t .  Wh e n  
sending requests for 
subscriptions and od
d ress- c h  a n  g e n o  t ic es, 
please supply the fol
l o w i n g i n fo r m a t i o n :  
n a m e, c o m p a n y a d 
dress, type o f  business 
company is enga g ed 
in, and title or position 
o f  individual .. 
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