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, MA" , 19sa 

THE MEASUREMENT OF DielECTRIC PROPERTIES 
IN THE 200-5000 Me RANGE 

A simplified method nne! a new slotted 
line lu~vc been developed for tho mens­
u remcnt. of the dielectric constan t and 
loss of low-loss solid iJl sulnti ll~ materials 
in the 200-5000 r-. lc f rCl")lIcllc), range. The 
basic met hod is fl modifie:llion of one 
previollsly described by HouCl'lson a.nd 
von !lippel,' and Dakin :l11d Wmks. " 
Meth od 

II a section of open-circuited trans­
mission iiJll' is fillet! with dielectric ns 
shown in F igure [, tim dielectric const:mt 
and dissipation fador can be determined 
from measurements of the input, imped­
ance to till.' ~'Ctioll of line filled with the 
dielectric and fro m 11 knowledge of tbe 
frequency and the sample length . The 
input irnpL'<irulC{', Z" c:m be cn\culated 
from measuremen ts of the slauding­
lI'uve pattern present. on the air-filled 

r section of line shown in t he figlll'e, The 
actual calculations ltrc compl ic!l ted by 
the fac t Lhat the eq uation which has to 
be solv("<i is complex :lIld tnmsccndcnt:l!. 
lmd they become plll'~iculn r ly involvcO 
when 1l,. low-los;; d iele<:tric is being meas­
ured, in which case tIll' l"(.osiSl i\·c losses in 
the line arC' usually brg,c compared wit.h 
l he dielectric 10&.0;(,'5 ill lhe s:unplc, Thc 
wholc procedure can ue A:re:Hly si mpli­
fi.:,'Ci if either' the sample length or the 
frequency is adjusted to make t he cicc­
' :!, 1I..t-1A<>n, A. v"n 1"111"'). Jour".1 of A l'I.I;"d Ph,..,,,". 
17,610 I 19!(}I, 
~,\. W. Do.kin, C, ~, Work>. Jour""r of Applied I'hy.ieo. 
III 7/1'1 f1!1HI 
(For an "" .... I~ut 1_ln",,,t or d i~Ie<"lr;" "'~"rUn"nl~ • 
• te .11 .. A. vOn Hil'PtI /)j,J«itl' .I/ni,,,'''. ~ ~01 ,1"",,_ 
",'io .... Job .. \\'iky ""d ~"". ~" ... ~·"rk. I!';;~.) 

Figur. I . 

ST.lNDIN-G 
VOlTAGE 

WIlV£ 

OI£L£CTRIC 
CONSTANT,": 

trit:tl length of the Sam pIc an odd mul­
t.i ple or a qunrlel'-\\'M'clt'ngth, so that 
the voltagc millinmm on tlw nir-filJt..'<./ 
section of the line will IIPpO:"l1" at tho 
front face nf the' ~lInr> l t'. euder llwS(' 
eonditions the cquatiuns f01" till' diel('(:­
tr ic constant :Uld di::;sipatioll faclor are 
the following: 

A 
D~- - A (2) 

.1p 
where 

K is the did<'t:trir COllstl\llt 
D i~ tho di!l>'ipation fador 
~ i~ the w!lve]ellgth in froc ~p:l.Ct' 
1 i ~ the IIhy:;.ic(li ICJlgth or the 8:l.mlJlc 
N i~ nn odd integer II'bi"h is cqwII to the 

numlwr of qm\rt('r-\\':\\'elC'nglh~ in til(' smllplc 
.'! ill a con~l:lnt whi<:h currct't.~ f(lr tlic rt.'s;"'" 

tiv(' ]o:, .. "-t'll i n t hl' linc ('OlhjUl'tor~ lind 
p is the VSWn on t Il!' a" diC'll'ctri<.: lillc. 

Since a \'oltap;c minimum will appear 
at the dielect ric face at fl'cqucncics at. 
which lhe ck'Ctricallcl\gth of the s:lmplc 

1 
(C<lual s VI{) is U, ~i, ~~, ctc., wnvCo 

lengths, one rnC!lliUl"emcnt. is not su/fi­
eiel1t to \!i\'c :1 unique v:tlue of tl1(' con­
s t(l!It. )' l{'a;;tI1"('mont;;:LI two froq1lcncics 
propcrly cho!;C1l \I'ill ,l!;i\'c a IUlique solu­
tion. In m tlll)' instance!> tiw dio]{'('lri c 
constan t i:; tlPproximately knowlI, lUlU, 
thereforc, thl' prop('\" integer fot N can 
be chosen by in>;lx'clioll. 

In practice, hO\\'c\'('r, it i~ not pO!iSible 
to locale th e \·olia.!!;1' minimum :\Ccu­
ratcJy and to rnCHS1l!"C the standing­
II' tl \'(' rat 10 wllon t he minimum is dil"L'Ct Iy 
nt. the f!"(Jnt f:l.tc of the sample. II hilS 

f..-£- rlL-. 
DI£L£CT"iC I ' -
CONSTA NT,": 

AIR. DIEL£CT"IC 
CONSTANT,l 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



GENllIAL RADIO EX P EIIIMENT!R • 
bccn dct('rminoo, however, thai , with 
sOlallllll)(lifit':-.tious of til(' I>impll' e"pl'eg.... 
sious prcviollsly pre:-;cntc<i, OIlC {'till 

IlII':lsur£' th£' dielectric properties with 
the VOIt:l.t!C minimum in thc vicinity of 
tlif' Mmpl{' !1Tld y('l far cnough :lInty to 
makl' th(' N"It'f'tioll of t lw fn'qUt'])l'Y 11(111-
crit it'allmd to pcrmit the lIl('n,.;ur{,IlH'Tlt of 
\ 'SWU by a width-Hf-minimum lIIt,thull. 

Ld us It"'<;ume th:1t till' di('!('<'tril' ill 
(lxa(·tly ali (MIl! multiplc of a Iju:utcr­
\\I\\"clC'lI~th lunp: Ilnd thnt. the I·OIt:1j.1;(' 
minimum is. dirl'Ctly at. the front fal'c of 
t ht' *lmple [\S Rhown in Figurc 2. ( 'ndN 

Iht~ ('ouditions, K ami f) C:IIl lx' cal­
('ulated from Equations ( I ) find (2). 
Xow su p pose lhnta sma ll UmOU 1! t of the 
dielect ric nellr the voltage minimum is 
remol'cd as indicat<.oci by thc {'ro$.'>­
hatchet! ${'CtiOll in the figure, whet'f' the 
Icnp;th of s,'lmplc remon,'d i,. intiil'!1It.'lI by 
:t. If the Rlmplc has lo\\' loss, I Ill' l'OIt:Lg(' 
1\1>lwarinJ(: III the \'oJtage minimum rela­
ti\"l' to thc ,'olw.gc at othcr poiUIl> along 
tiLe lin" i~ \'ery snmll and. Iht'rdore, the 
dTecL of dielectric tlC':lr !.hi~ poilll in t he 
lille iii small comp:U'lxl to the dTt'l't at. 
other points along the line. Conse· 
quclIlly, the !'cmol'ul of the dieleclrir in 
th£' :lr(':1 llC':H the 1'(J1ta~e minimum has 
wry little cfT('(t on the I>osition of t he 
minimum 011 thc li1l('. The dielectric COIl-

.,r-----------,------------, 

, 
- '·[::; .. iY F 'H'i')(lJ:J '1 

~l'-'-'-O ---I 
,~ 

o ',­, 
. ·OISIouoa: ,_ DIEl..(CTIIIC 

'4<:[ 10 VOUAGE .UNI .. \1100 

l • LOllI TIt OF SAloI/IU: 

·,i .. .-------------"~ .. ._----------_..~". 
FREQUENCY-Me. 

st:1l1t ('an. therefore, hf' nU':lSuroo with 
the l'oitaJ?;e minimum sligh t ly nhcnd 
oC the i1if'le('tri{" f[l('f' wilh a negligibly 
I'!l1lali errol'. Thl' motiili("(1 {"(Ilia lion Cor 
dic\N'lric (;OIlRt;lIH is: 

. [ X, ]' /, -
I(/+.r ) 

(3 ) 

TIll" :\1)1')\'(; ('{Ilmt ion is hagcJ on t he fol­
IOll'jug apPl'Oximatioll: 

I 
-= tan ( \'K tJx) .., tan fJx (4 ) 
\ /{ 

where fJ is till" prop:l.t!ation const.'lnl ill 
frf'C IlP:1C('. Thl' l'lT(lr i ll thl'determin:\­
lion of /\ r('sultinJ( hom the IISC of this 
Iq)proximatioll is: 

The \':Iluc of x \\'hi('h results in a 1% 
{'rror is plollC'd in Fip:u l'(' 3. As ind icttted 
in Etluatiot\ (5), the errol" \"a ries as the 
('uh(' of x. 

The same cOlld ition llold s fm' mensure­
menls of the di~"ijlati()11 fat:lor. Kcar 
\'oltage minimuill l it .. tiieiel"il'ie los.<; is 
!Oll', bec:UI!-oe of III(:: r('lntin'!,\' [ow I'olr..­
flge nnd. thercfore. Ihe d ie[r:dric Can be 
rClUm·(.u ncnr lilt' mi11imum withou t. a 
significant. change in lh(· O\'('r,:\11 dielcc· 
tric loss. The r('Sisli\'e [0&1 in the con­
ductors in l ht:' :\re!1 whcr{' the liit'lectric 
i:l relllon.'([ is pmctimll,\' uII:-.lTected since 
til t:' CUI'i'ellt disll'ibl lliOl! remains practi­
cally the saine. The t'(ILHltjon for dis­
sipation factor becomes: 

f) .,.. ~ 10 
3(1+ x) 

- A 

where 610 is the \\'id th of the volta.ge 
minimum me3slIn'(l ttL points where t he 
\'oltaJ(:t'is 10 db ~rc:lter lh:Ull he \"oltage 
al the voltage minimum. The \'a lue of .'l , 
whieh reprl'sents the losses in the air-

fill"'. 3 . D islan~. ~, Iram "ohallo m inimum to 
d l.Lu"lc 'ou, to prod" .. 1% orrOr I .... "orlouo valu .. 

01 d l. lulrl~ co n olonl. 
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, 
fiJlt'(i linc, call be obtained from II. mcas­
W'CIllf'lll of thl! VRW n on the line with 
lhe f;[lmpic I'cmovt'(l. The cqwttioll for 
A is : 

(7) 

where the widlh of the voitagt' milli mum 

MA Y, 19.58 

between 100db points, ~'IO, is measured 
with the sample l'('tnVVf'(l. ilnd whert; /' is 
the distanci' in centimetcrs betwceu the 
voltage minimulllllL which the \ -SWH is 
measured :Uld the open end of the line. 
For ma .. '\imum ac('ul'lIc)" the length ot 
line measured should be a.s long as I)OS­
sible. 

THE TYPE 874-lM DiElECTRIC MEASURING LINE 

As is obvious fro m the preceding de­
scription , in the propoS(.'(1 measurement 
method the slolted line [llld the sumplc 
holder mnst be one intcgflll unit. The 
ill$trumcnL designed for this fllndiol! 
utilizes a coaxial tnUlsrni:;s.ionlilll' which 
consists of an :u,{:tlt,at£'iy mac hined 
hronm outer tuhe hiwing all inside d i­
ameter of 0.562" (i ' IQ) with a 0.002" 
()'Ierhy of silver on its iUller I'w'f:lce and 
:\11 ilUlcr conductor 0 .250" in diameter 
also with a similar ol'cr1ay. T he linc is 

,.. sufficiently tOIlf.'; toaccommodate samples 
up to ·15 centimeters in Icn!!:th. The 
minimum frequetlcy at \\'h ich measure­
ments can be madC! by the simplifil'Ci 
method I)reviously des(;rib()'l depends 
U[JOli the dic!edric eonstant of t he m:\­
tcri:1i being mellsUI'ed :\Hd is npproxi-

200 
mateiy f", ,~ = r:: 1\ le. Of course, meas-

vK 
memellfS cnil be Imide at lower freqllc tl­
(:ios by til e more compli(·a-t.cd method 
prc\'iously refcn-cd to. T he. actual low­
fn_·qucllcy limitation is prim:lrily de­
terminC(1 by the sensitivity of the de­
tector. 

A movable c:1rri:\ge containing t ile 
probt· rides Oil the accllrntel.1' j:!;round 
and llipped out('r surface of the bron~e 
tube. T ht' positioll of th{' pmbc , :lnd 
hcnce of the voltagc mi.ni mum 011 the 
linc, can be determincd by meam; of an 

,-. indicator on t.he ccnti meter sca le to 

FII"'. 4 . lollu in Ih. $Iott.d line ilnlf, a . ... . a.u'.d, 
ond a. ca lculat. d '0' .... oolh .il" ..... rfacu. 

\\·il hin ± U.Ol centimeter. .\ mICrom­
eter ycrnil'r d rivc on the carriage is pro­
\·ided fOl" lI"idth-(Jf-miuimulll measure­
mellts. T he micromet er i~ capable of 
mell.SlI!"illg the width of a minimum to 
within 0 .0002 ccntimeter. 

SOURCES OF ERROR 
Line Losses 

As pr'cviousJy Illclllioned, ill mcu~U1·(..'" 

mf'llts on \'('ry low-loss lO[l.tcri~ds the 
lille to!>!> ctin bf' large compared to the 
dielectric 10Sl;. The effccti,'c dissipMion 
of till' line itsclf, A, e:Uiscd by rc."istive 
losses is plotted in FiguI"tl4 as a function 
of frC<!lH'tJcy. For purel.y r(>5is ti \'e losses, 
the dTec ti\'c f('Sist:IIICC I)I.'!" unit length 
iucrc:J.5eS [\$ the sqUtll"Cl 1"00t. of frequency 
as a result of skin efTt.'ct :liId, helice, the 
clTett in' dbsipalioll beto!" pel" unit 
length dt'crcaSt'S :\$ Ihe square root. of 
freqll{,Ilt'.\'. AI1SO plotted Oil Figure " is 
the ca lculated dissipaLion fuetor assum-

, , 
+,,,- , 

" 'I.: 
,, - t-=:: ::-- , 

• -
, ..... no» - ~:--• ~ ~ 

i-. • 
• 
" 
• , .. 

I-
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GENERA L RA DI O EX PER I MENTER • 
in!!: smOOlh, puri. ..... l'.ilv('l' , inner flnd outer 
condudor :<Ht'fatl':;, ~Ol (.' Ih:11 tIl(' agree­
ment is qllit(, .l!:ooo. 

'I'll(' I':Hio (jf I Ill' dielectric los. .. to the 
re,;isti\'c los. .. on the linc \'Ill'if'S wilh 
both I hI' di:>.o;iprllillrl faclor of t he !-)!unpl., 
uuder 1(''S1 and lhl' frequency, It. is in· 
dcpendr'nl of Illl' 1l'llp;th of the sarnplt, 
1I'1l('1l the \ ' :-iWH ll1!'aS\II'("rHt'Z11 it; m:ldl' 
closl' to thl' diele.; tl'i(' bcl'. Figlll'c 5 is 
n plot of thi,; nllio for tl nonnulized dis­
sipation factor 0,0001. In ol her \l'ords, 
flL a frequt'llcy of 50U ;\11.:, the mtio for 
a diel(>(·trit- matl'rial having a dis."ipation 
factol' of 0,001 woulJ be U , It is obvi­
ous thaI at 10w(:1' fl'cqUCIlCiL'S tlw ratio 
~con1(,-,; smaller, lUld, hence, an :1l:ClIl'at.e 
measuremcnt of lim' 10Soo;(':-; ii; \'Ny im­
portant. Small error.,; in this meMlIrc­
ment. {':m h:lVe a large t'lf('1'1 on Illc 

m{'asul'l't.l dissipation factor of low-loss 
mnH'ri:iI:-; at ICHI flw[1lCncies, 

Fringing 

I n an opell-cndcd tnlnsrnission line, 
fringing f'ap:lt'it:IHce exist,S :H t lit' end of 
the conduclQn;. This capacitance makes 
the tmnJ:;rnissiOIl lill(' appeal' longer chx:­
tricully thall it is physi(':LHy. Figul'l.' 6 
shows the fesults of JIll'1l8Uren1('nlS made 
on the frinJrinp; cap111'itance in thr- co-

, , '-

·0 , 
, , , , 
• 

, 
.. . ~'[!.,!;n'~ ~os, 

"[$<ST<vE .. 0 •• 

/' 
/ 

, 

, /' 
/ 

V 
/' 

"- ,~ - ,- - -
FiIlU •• 5. R .. ,i .... f I .... in , om"l. 10 10" in lin. 

no,mol ind 10' ,,0 of 0 .0001. 

IIXi:11 dielcctl'ic-mellsul'ing line with the 
diel('(:l ric I'{'mo\'cd. The ndded l'll'ctricnl 
length, resulting from the fl'ingillp; e:l­
p:lrit:ult'c of O.J.iJ,lJ,l/. is HPPl'oxi nHI.!Ciy 
0.23 cClltimctcr. \\'1)('11 di('ICt,tril' S!lInples 
nrc pms/Jllt. [Ill' dTc,(·ti\'c nucled IC'n p,'t h de..'­
creHSl'8 approxima i.e-I,\' )JI'OpOrt ionaH," to 

the dielectric' consl :w l of the illsulating 
mlltel'iul. The ('OITt'ctioll fnr fringing 
m))ut'itaJ)('e (':111 be included ill Ihe di­
clcctrit-t:OII;;;t:lll t. ('(Iwltion ns indicated 
below or. if it suflicicn t ly long dielectric 
slimple is used, the crror is negligible. 

K ~ [ N, J' _ 0.46 (8) 
4(I+x) 1 

Air Gaps 

.\ il' !taps beLII'cell the sample nnd the 
dielectric conductors of t he transmission 

~(.S\J~[O oorrf~u.cf .Er .... H~ !LfC'",eAl. .. , P"Y~'C.~ ,[~G' ''S " .'· L'~f 
r.'NG'~G COO'ClU"e! u ~" '" 

I r r 
• . , 

--j 1-" 
-~- c 1),"/' O.U,m 

" T {rFe·o,~ "., , I , -
L .0· ....... 'RL'~[ 

, 

C.U~fO .. 
" 1.' ~E 

--

Flgu •• ~, Effecli~. In­
« . .... in line lenll' ''' 

< .. used by f,inging , 

• 
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INNER A"'D OU TER /lIR GAP- INCHES 

figu,. 7. E .... ", I" K .... , .. d by 01. gop. be t"" .... di. 
.led, le somple a nd ,,,,, e, "lid ou'. , conductors. 

l inc (':lUSC Cl'rors in I he mcnsurcllwnts. 
]"igul'c 7 indicates how for a given p:ap 
IhoSf' errors vary with t he dielectric con­
s tnnL on the coftxiallillc d{'S(;ribcd in this 
ar/ide. The minimum pmcticP.! 1-::11) is 
l) ne of the fadars which set It limit on 
the maximum dielectrir const.ant which 
can be mC'uslII'oo to a given accuracy. 

Probe Coupling 

As flo probe approaches the dielectric 
sa mple, it s effective coupling to the 
conter conducto]· will ill('rense HS a result 
of the diclt.'Clric ctfectively incl"cftsing 
the capacitance between the probe nnd 
linc. The poin~ at which t he pl"Obe 

FIIiI",e I. Varia tion In probe ..... pl ing " . 0 I .. ncti"n "f 
dl . t" n .. be tw.en probe ond d l.l. eI,lc loce . 

.,1--- ~~S£ iI'I PI!OBE GOUPI.IN~ "[All 
O,nECTII'C FACE 

r~!D , • • 

• n .. u~( 

.. ...~--I .... 

.. ,.,-
. ' .0-00 . ' . .~OK , .. st, ,\' '.0 .. 

f--'~~ 
tl~'£' .".,0,",'00 _ 

I I 
• . ~ "' ... .. 

MAV, 1 951 

cou pling is sign ificant ly affected is the 
minimum dist:Ull'C which t:un be tolet"­
nted betwccn the dielectric face and 
l)I"ohe. Figm c 8 shows t he variation in 
probe t:oupling as a fUJlction of dis­
tance measured ill tilt"' linc descri bed 
latN in this artick'. Note that, for reb­
ti\'cly 101\'-loss dieledric matl'l"inls wilh 
dielectri c con~lnnts even as large ftS 
9,000, the int'I·CfL-.e in coupling is very 
smull nt distances gre:ltcr than ft milli­
meter. Thercfore, the probe should not 
be allowed to Ilpproach closer thall a 
millimeler \I'hcn I'ithcr the position of 
ihc minimum or the width of the mini­
mum is meaSlired. Whell high-loss mft­
teri:lis are measured, nnd the minimum 
is very broad, an O\'CI1 larger minimum 
sp:lcinj!: is ne<:C5S.'ll"y, bccausc eVl'n :t 

sligh .. va riation in coupling wi.\1 shift 
the :\pparcnt ccntol" of the broad mini­
mum. Fif;!;urc !) shows the reBu lts of 
measurements made on I'ftl'ious samples 
ill order to detennillC: .the etTeN Oil the 
position of th e minimum as a r('Sul! of 
added probe COUI)ling. I n this figure 
the posi tion of the voltage minimum 
with rcspec t to tIll' front fuce of tllC di­
electric i!! plotted liS a function of WllVe­

length for sa mples having vHrious dis­
SiPMioli fact.ors. If probe couplillg were 
cons tant, t hese Cllrves w()uld be straight 
lines. Kot e thnt, for t.he two rc1ntil·ely 
low-loss samples, the vuriation follows 
the lillen.r hw until fl. spacing of less than 

fig .... 9, E«.eI " I pr"be c" .. pUng 01 po.ilion 01 
",Ini",,,,,, . 
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HOLE MUST 9E 
ACCURATELY CONCENTRIC 
WITH 0.0 

011(' millimeter is refl.{'hcd. 'I'll<' sample 
having :l. vcry hi~h dis:;ipalion rtl,ewl', 
hOWl'\'('r, shows that lhe position of the 
minimum is nfTcctcd at SI)aeinp:s up to 
0.3 ("(,lItimctcr. 

The Sample 

OlLe lirnibtiOIl of the propos('(1 method 
i1> that the samples mllst be at. 1('IL'iL !l. 

quarter.w:lvclcngth long, and i\t the 
10Wl'" fr('(llIcncics this length nmy not be 
ea..'iy to obtuin in a. single snmplc. I low­
('vel', th(' quarlcr-\\'3.vclcngth 5('Ction cnll 
be madl' up of a number of shorter 
lengths, which cun be cilsily mlu.:hined. 
t\nflth('r limitation is that either the 
fl'(~pl('n<:y or the ]C'ngth of the s.:unpJc 
mll~t h,' trimmed 10 obtai ll a volt:tgc 
minimum within the limits prI-"'iously 
dffiCribecL If the mea.<;lII'enwlltli must be 
rmwf' exactly at a s p("dfied frt'qllency, 
somc {'ut-uncl-try work mUlit be dOne on 
the snmplcs thcmsclv(-'$, Till' diml~lIf!ions 
of thl' sample arc shown in FiguT'{' 10, 

The uS(-' of an opcll-cruINllil1f' gf('atly 
simplifies the mf't:hruli(.'S nf the inliCrliOIl 
of the srunples and (-'Iiminah-s t lU' n(-'{-'d 

FIIIU'. II , Sampl. II . al ily Inll .. n.d by m.""" .1 
loollu,,,rl h .d, 

for and the complication of the quartN­
wavdength section of short~ircuit('(1 :lir 
line ordin9.rily U5(.'ll to prootiCI..' opcn 
circuit 9.t the end of til(' Mlm ple ill most 
cadie!" opclI-<:ircuited tnethods, and the 
1lC<!<' fo r a \'cry low-los. ... short circuit 
directly nt tile ,'ud of the sampl(-' rc­
qllirl..-,(" on earlier shor trcil'cuit methods, 
Also the t.cehnique of shifting frequency 
ulltil the minimum appc.'l.rs !leur the 
dielectric face nosults in a very greut 
simplificlltioll in I h{-'calcul:Hiolis required 
to obtllin dietedric cOIiSlant aud dissi­
ptltioll factor, The ll'Chniqlles of in;;cr­
tion and removal of 1 he sample arc shown 
in F igurcs II and I:! , 

Detector 

The detector which produccs lhe h('St 
resullS ill th is lIpplit'!nion is IWlcrotlync 
type in which the liign:tl from the probe 
and fl signal from II loc:tl or.cillator Me 
applied to a crysta l diotiC' mixer :lIId the 
difference fre<lu{-,IlC)' ouq)llt is amplified 
by means of a fixL'(i tUlwd I- F alllplifier, 
The TYI'~; 12lt}-,\ Cllit I-F _\rupl ifier, 
TYI'E 87-1-;\ 11( ,\ l ixN Rc-clifier lind 
va rious Uuit UI;cilhlon. arc well !'uited 
to this application, These arc :twilablc 
in compleit' combilltltions !If! the Type 
OXT Dch'Ctol's, T he r-f mixer is !lC­
cUrlitcly lin{-,1Ir o,'cr a voltnge range fmm 
about 80 db Illld, hCllce, t hl' relative 
level of the i'ignul p icked IIp by thc I}mbe 
can be ellSilv lll('!lSured by ml'ans of tI. 

calibrated st~p al tcnuulor and talibmtcd 

Fillure 12, Tool lo".movl"v l ampl . Is oliO furn;llI.d, 
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, 
output metN ill the TnE ('nG-.\ I-F 
.\mplifil.'r. With :1 h('tcrotiym' dNCt.' tor, 
:UI lIIlIuoclul[llNI sigllnl {'ll11 be uSC'ti to 

l'xtite tllf' I illf', tllUS cli mill:11 iug errors re .... 
;;ulting from JntidclIt:l1 fn.'qILf'IICY Illodu-
1:11 iOIl produced whell til(' QM'ilbtol' j,; am­
plitude m()dlllat(:~ 1. Thi" typl' of d(·I\'t.'Wr' 
ha.<: high~'llsiti\'ily, f.:ood lint'ari1:o>. turd ex­
('4·11pnt db.criminal ion agailtSI harmollics. 

O"illalor 

TIlt' rl'<luirC'rllCILLS for th(' oscillator 
UHL'(j lo excite 111(> lill(' :HI' lin! cx:wliru:;-. 
Simple, low-power, IllIW.ht(', ('-w u."Cil· 
l!ltar!! lmving good !Htlhili!,'" silch :\~ the 
en line of L'lIit W :ilblo)n., :lre r('t'OIll­

mended. Signal generators :Ire !\Iso 8:11 -

j"faclory 8Qut'('C'io;, Since II high .... "'-I'II.~iti\·­
itr dctl'1:tor is uSt":.'tI, the ol'icilbtor (':111 
Ill' din'l·tly l'ouptrtl to th(' stulted line. 
»rdcral~ly through [\ I'l'Si"tin' pad wilh­
out I h\: lise of luning etclll{'uts. 

The l'omplClc M'IUpo illdudill!( gCII­

('mIOr :lIId dctl.'l'lor o is shown ill the 
block schematic of 'o'iglu'c 13, 

Frequency limitations 

T he m!l.,ximum fr["<lucne .... at which reo­
liable Ull'[\!m rCllleIlI S CUll be ill:ldc is 
that at which Ihe lihil hi,dlcl'-ordcr 
moth: ("till 1)(' proP!lV;UICd ill till' dit'l tX-tric 
IIlIdel'l(o::1. In lite ai l'-fil\{oJ tillc, Ihe lil'sl 
hi)!;IJ('r-ordC'.T 1Il001,o. which is !I cil't'u m­
f£'l'cllti:.1 mooe. Ima a cutoff fl'l,'<IUl'lICY of 
about Dono i'1l". This cllwlT fl'('(IUCIICY 
rlccrcalSCS tLS til(' square !'oot of Ihe di-

MAY , 19.51 

If CALIBRATED 
AMPlIF I[R METER 

l1tAVELL''''' CRYSTAL MillER 

"'" ~§~ 
DlEUCTRlC j C£MTEI'! CONDUCTOR 

SAMPLES SUPPORTS 

OIELECm'C;'M[ASURtMEHT SET\lP 

Figure 13, 810ck dlog ... ", of cOlnpl.,. dl.I .. ",;c 
In. oluri,,!! "Y. '.In, 

ek'(:lric constant and hellte the upper 

fr('(IUt'IICr lifllit is!)()()() V 1\., 
Accurac y 

Wilh this illstrumcnt. !\ecuratc 
stmi)!;htforward mC:l.iurl'mcnls 011 ma­
I('rlal;; hnl'iug rlidl't'lrit ('OllslanlS be­
lwceu I aUlI 10 :l,nd dissipation faetors 
bPlII'(,(,1I 0.0001 and 0,0.) call 1)(' made 
willi an t1cocumcy of about ± "l C'~ in di­
ch"l.°U'ic constant and ± (5% + 0,00(1) 
ill dis.iipatioll factor over It fr<,'<luency 
r:lIIgl' from !\bout 200 to .lOOO :\ Ie, The 
dic!c'(ouIe-con.slunt :LI'CUI'ttCY is !'.'\tisfac­
lury fo r most :Wplit!llioIlS, and Ih(' di:':iSi­
paliolL-factor 1'{'50I\'iug power IDaho:: pos­
!Oi bl!' r('llSOIl:l hll' t neasurctncn I S 01 I fo\'t'tl 1 he 
low('st lo~ mal(ot'ials prt'sclllly avaiklblc, 
Applicotion s 

Figu!'e II ,~ho\\'s the results of mc:lS­
urcment!; tnaill' on Tdlon O\'cr a wide 
rungl' of f"t'quclle ..... - Ie A, SODE IOL\'" 

flgur. I .. , DI. I.clt;< co"",,nl and dtuipotion locto. of ht'lon "" In.o,u •• d 0" 1ft. 

-] 
, 
, 

• 
2 , 
" 0 , 

0 
'00 

Typ. 114-lM DI.t • • ",i. 1II ....... ln5/ Un., 

·1 J I 1111·11 • 

zoo '00 1000 
FREQUENCY Me 

zooo 5000 10,000 
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GENERAL RADIO EXPERIMENTER " 
SPECIFICATIONS 

200 
F •• qu.n.,. Ran".: Minimum, .JK )'It'; :\1'L'C;rnUIll 

5OOO:\k or ~ ,\ 1(" whkht·nr j" the "m:I]]e-T. 

M.a l u.emen' Rons .. and Aceu.o'; .. , Di .. tt'Hric 
Q:m~t:\!lt ( K ) ± 2% for V:ltUe-l! of J( iK'tw('('n 
1 and 10; DiS."ipat;on Flit'i.or ± (5,:(; + 
OJ)OOI ) fur valuCo'l of diSllip1ltiOll factor beLI\'!,.'(!1I 
o Rnd 0.05. 
Sample: Cylindrical; O.D., 0.561 inch!'s; J.D., 
0.250 irwhi'!i; length d!'pt'nd~ UpOll dide('tric 
l'On~talll Rnd fl'('(Jll!'rwy; long ""rnl)k~ CUll be 
mad,' IIp of " ntllnlwr of short i){'rtiorill. 

TilPfi 

Mi.,on,e'e, S,ole, Cun be re-ad to 0.0002 rill. 

A ..... a,; .. Requl.ed, G('ne-rat"r :llId dl'\l't;tor; 
Gcn"raJ n "dio Unit O".J'i1tHlor.~ (with TII'E 
120I-A Unit R"gulatcd I'owi'r Supply ) :md 
Typ.' D.\'T DN(,(;tors, I'l'sp('e\ivdy, are n','OZI\­
m('lId,'t1. A ('OllIpt('te listing of tlw~,' wi!! he 
f(Jund in til(' l\i:tr('h, 1!l58, i ~sll(, of the Kqlf'n­
mtlller. Also .I·quirt·d. on ... T\'I'~; 8i4·G6 G-tlh 
PUtI and OIH: T l'I't: S7-I-G3 3·db Pad . .-\pprnpri­
lit!' Tn'l; 874-F Filters are also rct'OlIIlIIo.:lI(kd. 

Olmenllono: 26 x ' I ~ x 3.l4 inche~, over-alL 

Ne. WeIgl .. , !lH pOlJnd~. 
Code Word 

.74-LM 1 01. 1 . .... 1< M."ourlng Un ••.••...•••••.••••.••• 1 (,O,\XI'AC'l'OIt S4OO.oo 

OPEN HOUSE AT NEW CONCORD PLANT 
On Friday, June 6, 1~,j8 ! from 1:00 

P.M. until 4:00 !'.M, the Cellcrtll Badio 
Company wil! hold opell housc at its 
ne\\·l.v enlarged plant in West Concord, 
:\lass .. located between :\bRsachusctts 
highways HOlltes 2 and 62. We invite 
all of OUl' customers 1md fri ends who are 
interested to attend. Ample parking fa­
cilities :\rC' located immediately adjacent 
to the bui ldings. 

Op{'u for inspection: 
'* l\ l any opcmtinp: displays of the btest 

C H instruments. 
'* The enginccring development k\.bora­

tories. 

* The wcll-<'qui ppcU model shop, in 
which ihu first models of ne\\' items 
arc m:\de. 

*: Standardizing bboratory, where all 
C H instruments arc calibrated, 
checked and certified prior to ship­
ment. 

'* IlIflt.t'lImcnt- and componcn t.-nsscm­
bly dcpanmellts. 

* \ 'ariac® winding, asscmbly and tost­
lug department. 

* Supporting dcp:utmclIls, suC'h as 1'1'0-
duction phmning, purchasing and 
shipping. 

• 
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IMPROVEMENTS IN DECADE INDUCTORS 
r The 'fYPE 1490 Decade Jnductors and 

the 'j'YN: 9-10 Decade Inciucl:ulCc Units 
have rt'ecntly bcell redesigned to uS(' 
a newer type of swit.ch. As a I'esuli., the 
Q's of the low-imiuetullcc ullits h:wc 
been improved o.nd the resonant fl'e­
qucncif'S of the high-induct:ulCC units 
Imvc been raiSl:'(I. These \.11'0 improve­
ments come about from the lowC'1' and 
more stahle con1acL resistance of the 
nell' switch and from a change in the 
switching nWlhod. 

The JJell' d('mdc switch has high­
qU:lJity, cerami(' st!llor-und-I'OloJ' mem­
bers :lIld ut iliz~ a wcll-df'fillf'll h!lll-ulld­
sockf't dctrnt. All con\ltCl S lIre mll(ie of 
a solid-silver alloy and huvc a positive 
wiping actiOll. This sw itch is inhcn:mtly 
rcli:lhlc in extensive W;(' lind shuuld not 
I'cquir'c botllcl'somc dC:U1iug 01' adjust­
ment in service, 

The d-c rcsisttUlcc :It 1.cro setting of 
a fonr-d(,><::tdc Tn'l~ 1'190 D(!('adc 111-
ductor with the older swi tch is over ·100 
milliohms, while with the new sw itch it 
is :lppmximalcly 30 mitliohms. The 
forml'!' v:llue is a su hsl:.uui:d purL of the 
tOI:1I rcsisl9.Hce in the IOwcst-induct!llICC 
decndc, where the improvcmellt r:l.Ilges 
from (i,2:! for the I-mh step to 1.(j:1 for 
the IO-mh step. There is a cOI'I'('''Spond­
ing improvemenL in Q at low fre<luencie'!, 
as shown for thl' I-mh s tep in F'iglll'c 2. 

A difif'rrnt method of switchi rtg has 
lowered the sO'ay capacitullcC :\('roSl1 
the active inductol"S, with a consC<!tlCnt 
inerr:l!'r in their resonant. frequency. 
Tlti:;! is most imporl:lIlt on the high-in­
dw:lall('c dl><::ulc!I but is also significant 
fo .. the lower decades of [l. TY I'~: 1·190 
As,<;embly. OriKinaliy, four inductOl"s of 
unit wllues 1-2-2-5 wcre con nectcd in 
series, and those imluctors not required 
for uny S{'ttinl{ werc shorted out by 
switches. This uddt'CI the resistance of 

Fig .... 1. View 01 th e Type 1490-C Duad. Ind .. dot. 

tilt' ('lOSt'll s witdH's in Sf'!"iC'S with the 
activ" indlldor'S !Ind p1:t~'f'd thr p.:round 
c!l.paCil:lZlCC flf thC' 111111~'d indudors 
:\cross the :l(;livc iudncLurs below lhem 
in thf\ H(!l"i{'S eil"cuiL 

With the lIew !l wi1ehilll!; St' qu('llcc th" 
IlIlrnh('r of ~\\"il .dl /'OI\l:1('I S in ('ir('uil i:=t 

minimized, :wd llllll ~cd il!duc lor'~ lit"(' 

fig ..... 2. Plot of Q ........ . f •• qu.ncy I .... th e l _milll_ 
h.nry s'. p in 1he old and new duode Ind .. cto rs. 
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OENfRAl RADIO E X l'fRIMENTER " 
completcly disconnected. The resultant 
intn'{L-;{' in l1'Mnant frroqucncy for the _ 
low >;{'uing in c!\ch d('('!l(le runs Ix-twf'Cn 
1.5 ami 1.9, flO that Ihe corre<'Iion 
f:letors fm' induc·tau('£' at the high frc­
qll£:'lIl'ies a"e redu(,I,] by 111('8e ratios. 

fll"" 3. Vi . .... of ,It. Ty po 94().H D.cod. 

The /lCW s\\[,ell r('(luircs somewhat 
mot'c space, whic·1I inN('a:>es the length 
of the 'I'n>E 910 [)(.ende ill a direction 
J>CqHmdiclllar to the switeh shaft and 
likewise the pall(,\ \\ic..lth of thc TYPE 
1·190 Cnbil1t'ls. :\cw t)'I>(' letters IHlse 
been fL';..;;igIJ(ld :\.1 r()llow~: 

\~ 
Type ..... .... , ..... 
.... H 

, 49C).C 
, 49C).D 

Ind ,,~lon .. Unil. 

n,.pllJ«J/ 
Ot./ ..... ..... 
94().C .... , 

149C).A 
1490-8 

/ tIlI,u:ltUIU Codt li'onl 
.-------:-:::::----;-, mllln •• n'y/.'."..... ................... ISl)l·C"f'OA"'T' 

10 mllllh. nry. / .11"...... . ............... lSl)l' ("fOUOl 
100 mUllh. n,y. It.p ....................... l )/1Jf,;("T()(·.\'f 

I h. nry/ ' ''p............ ... ........... .. IS I>I'; ("'OI)(H; 
1.11 h. n,y mo" . I mh .111' . ................ ( ' I , r~l/' 

11 , 11 hon.y mo". I mh " . 1' ................. ,'<I.\Uj 

EOUIPMENT LEASING 

PriCt' 

$100.00 
100.00 
100.00 
110.00 
330.00 
"".DO 

~mc lIS(' rs hav£' fOllnd it df'Rimhl£' 
to il':L'-'C t~t cquipnwilt r:lClwl' .han to 
plII'('h:L<;(, it outriJ;!:ht. 

of ('Olicel'I1S II hkh make a bllsint'f'.'i of 
if'a:;ing. \\'1' !li1ould 1)(> glad to suggf'St to 
.hoSf' inlf'r('f;t('(l th(' nam('S of S('\'('r:ll 
firm~ which p;pcciniize ill till"' If':Vling of 
electronic cquipment. 

We' do not Im.vp nrmngcmellhl for 
direct leasing, but there are II number 

General Radio Company 

'''::':'' 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988


	May 1958 p01
	May 1958 p02
	May 1958 p03
	May 1958 p04
	May 1958 p05
	May 1958 p06
	May 1958 p07
	May 1958 p08
	May 1958 p09
	May 1958 p10
	May 1958 p11
	May 1958 p12

