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ON THE TRA 

_ T he technk:1I pr('SS has ('arr 

('cntiy F.('vNull('ltel1'.' umll1rli(']<'t 

Doppier-!;;]lift nll'a:<\lTcnll'l1t,; of II 
tran:-;mi:-;"iol1 from thc "at('llitt"':
I allt! Sputnik II Ilnd til(' ('Rlcull 
:olnnt Il('i,e:ht dirN:lly from lhl' frl' 
~h ifl datu. 

Thig Imide di:;{·u::, . .';cs a similul 
llH'tlSUrCfllent:l lIud ('ertain 1'C'fin 

in the hundling of the duta. whit 
used to pr('(lil'l til(' p:nh of tl1(' ~ 

Rlill its timC' of tr:Ul~it for Uli(' 
10<.':11 :\ loolI-\\'nl(·h p;roup. 

T he ml'lu;urcmcnts dl'Se l" il}('( 
Wl're made hy two rnf'mhcl'S of II 
<'ra] 11 :ul io cngil1cf'ring staff, 
Byers Rlld H. J. Huplt'II11S, who 
nl~ 10 1)(' radio " hams. " FrOI 
mCa5uT('mt'llts, it has h<'!'n posl' 

('alculntC' thC' diSl:Uwes of cI()!;I 
proath for l'at'll obserw'{i Ir:w!<il 
sn lcl lite. As onf' C:lnllotc from tiLt· 
ti mC'S of trnnJ;it. the whole projl 
extractlrri('uiar, underlnken in t 

amateur spirit. 
Since the !\.'ltC'lIitC'lS tra\'C'1 at 

18,000 milC'S I)('r hour. til(' totnl I 
~hift at 20 ),1(' iJot o\,l'r 1000 (·ps. 
,10 ). fc it is OWl" 2000 eps. '1'1 
listening 10 ill('- 1"('('('in'(l ~i.u:1II 

a suitable rC'ff'Tf'l\t·(' o~ilhHor 

ngninst it, 01lC' ('nil hf'ar :tnt! ml'n~ 
(·h:lIlge in I)('nt fr{'Qllf'lIey as thl' ~ 
![O<'S by. Ril1lpl(, l'<luipl1lf'lIt is nt 
for this m(':\~lJr('m('lIt. ByeI'M :11 

plcnas \l8C(1 harmonies of quart?..
('OlltroIlN] o~i'i llntors for thl' r( 
~igl111ls at 20 :\1(' und -10 .\ It, 
I1lI .. a-"urt'(1 the audio bC:ll IOIl(' I 
pnrin~ it with n stablC'. ealibmt('> 
oscillator fl('t \0 rnuhiplr-s of 
noting the tim('8 of coineidC'Il('C' i 
'L('u," 10 th~ l :.<I;IOr (rom Ib~ l.in.,.ln I 
\ 1 1 T. and Ibf SI.n(""" n~" In·\;I", ... 
• he :-,·o .. ~m""., IQ.;7. i ... "",., ~,..JI"fI' 0/1. 

------~,-----------------
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, DECEMBER, 19 05'1 

ON THE TRACKING OF SATELLITES 

_ The technical press hus carried re- '-'r----,-----,----r----,-----,----, 

r 

cently scvcmllctt.crs' and arliriC$ about. 
Doppler-shift mca:;lll'cmcnls of Ihe mdio 
transmissiOn from the sfltcllites Sputnik 
[ :lnd Sputnik II. lllLd the cn lculntioH of 
ShUlL hcil!;ht dire<:tl.v fro m the frequency 
i'hift d:'ltn. 

This article discns,'>Cs a similar set of 
measurements find certain r£'fincm('nts 
in the lllllldling of the dal:\, which \\"('1'(' 

HSed to predict. the pnth of the satellite 

,-,~__+--4_~~_+--+--

~ ~~,~--+---4_--~--~--~----
! 
i-,e---~--~--~~~~----

.. . ~--.... ~--_.!.--~!.--__.! •• ~--7 •. ' .. ,,--~_ 
' .... .... "' ............ ' 

lind its ti me of trnnsit for nsf' by the Fivu •• 1. M . ... ...... d "lIquency . hllt of oignol from 

loral ;\ f oon- Walch group. s,.u'nlk I. 

The meusurements described here 
wen: mude by two members of the (;011-

em! R:1dio enginecring st:J.fT, W. F. 
Byers and R. J. Buplcnas, who happen 
also to be radio Irhams. " FI'orn their 
mcaSUrelll{'llts, it has been pos."ible to 
('nlcubte the d istnnces of close:;t ap .. 
proach fOI" e:tch obscl"\'cd tnlnsil ()f the 
f;atcllite. As onc (:all note f I"Om t Iw quoted 
timcs of tl"ansit, the whole project \\'US 

extmclIrTiclllar, undertak en in thc true 
amateur spirit. 

Since the 8.'l.lelli lcs tm,'cl at almost 
18,000 mi les pel' hOUl', the total Doppler 
shift at 20 1\ lc if; 0\"(' 1' 1000 1"1)8, and at 
-10 Me it is 0\'('1" 2000 cp>:. T illIS, by 
listclling to lIw I"!'cei\"cd :3ignal with 
a suitable rcff'l'cllce ostilbtor Iwaling 
against iL, one call Iwar' ulld nH.'nsUl·c the 
change in bent frC'qlH'IlCY as the satellite 
goes by. Simple {'(Illipment is :tdcqltltte 
for Ihis me:.lSII!"Clllcnt. Bycrs and Btl .. 
plcnas u&.'<.i harmoni{'s of qll:lrtz .. cr.vstal .. 
('on trolled of;cillators fOI" tlw reference 
~ignals at 20 ~1e and 40 ;\ [e. T hey 
measured Iht"' audio heat. t01l1' b.v com .. 
paring it I" ith n st!lblc, eali bmled audio 
oscillator set to multiples. of 50 (' PS, 
noting t hc Limes of coincidence in ICl"lns 

q..,~I~", 10 ' he Edi,,,. r'<>ln 'he Lin<'Oh' r.at~,""'(I'r. 
) 1.1 T . and Ihe.'jlnn(",.d ll"",,~..,h IrHltUle Rl'l>MI' od '" 
tbe X"ve",I)< •. I9J' . i".,u" r,r I'rot:,roi~~. "'th< Ill f: . 

of clotks stnndn.l'dizt.'<! against WWV 
time f;ij!nllls. " [ore t"'labomtC' tedllliqucs 
tlsin/l: tap{' rccordcrs were considered, 
bu t thi f; s imple tcchniqll(> was suffi· 
ciently ,l!;ood 1.0 giv(' IIscfull'()SUitS. 

T he !>i mple Doppler L'f[lIutioll used for 
the ctllc-ula tion of distanc(' is haS('(1 on 
straight-line motion and is: 

±fov 
IlI~ 

'~I + (!2.)' 
L'l!.t 

where 
III is tht., frequency shift 

( I) 

II is the velocity of thc s:Hellite 
c is the vclocity of light 
j. is thc me:"l frcquency of thc 

obscrved signal 
1)./ is the t,ime relative to the time 

of c losest approach 
D is the distance of closest ap

proach (>: lant range). 
This ('qutltion c:m be tlIl1l1yzed to find 

thc distance in tenns of the total fre
quency shift and of the rate of I.:hangc 
of fn'quC'llc.v at the time of cloSt.'St ap .. 
pl'O:lch.' Bu t, in order to obtain good 
aecumcy from the data, some refine
ments were introduced. 
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GE NERAL ItAOIO EXPERIMENTER • 
The ploUed r~llh>l of on{' tn('!l>;urc

ment. 011 the >:lignal from Sputnik I arc 
shown in Figun' I, Th(' observed fR''' 
queuc)' shifted dOWIl\\':u-d /L'I the f\l1l('lIitc 
pfI.'I...'Icd by almost o\'erh('ad, The IOtal 
shift. of lloou t J 000 cps lit. 20 i\ lc il1dientl'& 
It vl'locity of zLiJOlil 16,700 miles pCI' hour 
Oll t he bn>lis of the simple Doppll'l' ctllC'u· 
Inl iont!. Th(' udulll H locHy W:lS hiJeher, 
and the d('dation is :ICCOUIlICd for by 
the cur\'l'(i pnlh of the !';(It{'lIilt·. " Mit!· 

The period of the Sfltellite is, therefore, 
t.'!'S<'lIliai for t his clIlculation, One call 
easi ly determine this by listening alld """I 

noting Ihe times of sllcccssive transits, 
and then of Inlllsits ol1e or mo re days 
apnrt. to illcl udc m:ltIy complete orbils, 
Whell minor cOlTccliollti nrc made, the 
period eall be obtnincd t.o [ I high degree 
of nccumcy, 

T heil the velocity, tI , [lL [lny point ill 
till orhil of !.IIIl'lIdh sntel1it e is obtninC(1 

lioll ill Ilropap:alioll paths, l\nd ditricul· ftOm 
li~ ilL me:lSurinp: t he wenk s ign:d \\ llcn 

til!' ",'ll c·llill' 1I'8S over 1000 mil~'l:i :\way. 
Tht· wlu('ity of th(' ~al('lIitc iii onC' of 

t he facto r>! ill the ('alculat iOTl of disl lUlCC', 

The indicntcd vclocity is c10!!!' ('lIoul;ll 
10 the Inlf' velocity so IhaL rL (IIiI' ('8!i-
1Ollll' of distal\(',. mn be oblaill(.'(1 IIsilig 
Ihat figur{' , The dist::mccs thnt. will be 
quoted , hOIl'{'\"(~r, :1re b:lsed 011 all t'Sii
nmtc of IIctUll1 velocity (a..""lIl1nilll' UIl
disturbed motion and l1e,l!.'I(.'(,:tinJ[ l>t't
turhntiolls) obwincd by uS(' of !\cpl{'r's 
" th ird Inw'" for the lX' riud of :111 ,·IIip-
\ ic:l1 orbit (ulIl hy II~ of Ih(> f'q1ll1tion for 
Ih(> w lo('il.,\' at :U1y poinl ill an orbit 
uhout tht' ('Iu,th , Such nn I'Slinm ie is 
prohably close Cllottj!;h 10 till' 11'\1(' VU lll l.' 
80 1 hnt the nccuracy of di,.;tanrl,) <"ail·H· 

lation is limil('(i by the aecunlcy of oth('r 
Illeasurements. 

'I'll<' !I('lIlimajor axis , a, of til<' ('Ilil>
lit'ru fJrhit of all e:lrlh SlI t{'lIii{' i>l nl,.. 
t:\ilU"!J (rom tllf' (,(,)uatioll: 

yR.'7" 
(lJ - - --

- ,Ill'" 

whel'{' 9 is tho :u'c('!enltion or ).\I':I.\'ity 
If ~ i~ IIIf' rtlrlius of I he e:\ri h 
T is the period of the orbit. 

.1\ ... ,1 ... •• ,h,,,II ... ; .tBt ... II .. t ·'tI~ "", .. _ <>l,,,,r>ndo of 
ri ....... I.lion .""".,, lb. _ .. n lor th.e ""'01'111 plano:-fil are in 
Ihf ... .... .,.,«- .. 'h~ .... '- ,,{ 'h~it ", .... n d;..ta""'.,. ... 
Tb .. ".-.. R .. , f ...... ".Ia,"" to" Jo'"."" K,'pll" ,n II1IIJ . ,~I 
,",,,!oIi.h,,,1 II, I,i. ' __ ""', " I ff lI. rn'''" ..... "" ,~Ii , " 

( ? ') v' -gR/ ; - a (3) 

I\·h .... re r is the dist[lIlcC fmlll the eCll tel' 
of Ihe ma.<;s of OI l! eal' lh to the desired 
point in fhe StHcliite's or'bit. 

The \'aluc of r uSl'd in this CCluutioll 
WU-"i cstima!{'(1 nt liriJ! from th(' inilial 
Doppler IflC:LSlIr('tnl'nt8 to he th(' radius 
of the earth pins 200 lIlik-ij. :;ubSl.'qllelit. 
Duppler lllelLSW'ClIlenl s then made il 
possihle to l'I'finf' this \'stilTlflie, 

I II order' 10 uliliz(' till' \'alm'S in ihe 
('ul"vcd 1)OI"IiOil of thl' pintt ('(1 l'cJntiOIl 
b('llI'oon fr'{'(luellcy und tinw, the tl1<.'o" 
rciiClI! i'\II'VO, t'ldc-u\:\tCt'1 fmln thl' si mple 
Doppler' l'<luat iOIl by uS{' of the \'alliC of 
I' obtained abo\'e, Il'ns filted to til(' 
points. Sinc(' 110 larJ.:c--sen le digit:ll C4Jm .. 
putf'r \\'n:-. avaii:lhlc f4Jr this l'xtracur
ri(,'ular calculation, Ih(' fillinp: wu-~ dOI1t' 
ill n wcJiminal'Y WIly ~mphil'ally , lind 
thclI a final value of f) W:l1i obtaill~,<1 

fl'om the rHll11Cl'inti data b,\' all llvcrap:ill.7 
prol'(,;;''l, III genNal , the si mple gr:lphicnl 
fit t illg was nd('qulltc. 

The dislall('f' of f1l'arC!<t approach thu;-i 
c:lIcubtcd fro m Iill' data reprcscllied 
011 the p:r::tph is \:\9 mile$, and the time 
of Iteftl'(.'St ftpprollch Wlts 18 :.'),1:.')1 &'5'1', 
&lmf' othel' oi)Sf'l'\'alif'll1i1 011 Sputnik L 
a l '(' :l.;j folloll"s: 
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Tim~ Diail.lIIce 
Date (Nwrc8' (Neare8t 

A PPfQl'IChJ Approoch) 
10/ 17/57 19:09:30 E '1' 4 10 mile! 

20:48 850 
10/ 18/ 57 19:05:12 284 

20:43:42 HMO 
10/ 19/ .57 10:00:15 1!J7 
10/ 20/ 57 IS :M:SI 159 

1H:5ti:30 1210 
10/ 21 /57 18:48:42 236 

The vl'Ilucs for the closer transits IIrc 
morenccumtc in bot h tim!.! and distanc!' 
tbnn t.ho~ for greater distances. \\"t· 
have not iillcmptcd (I careful t,'slim:HC 
of accuracy for thC8C points but, for the 
lJ9-milc dist:lI\l'c, the consistency of 
the datn is sufliciclltly good to Jrad to 
nn f'stimRtc of ± ~ miles us the probnhte 
{ll:curncy, eXI'cpt, of COut'SC, fol' possible 
R)'Stl'matic crror$ or blunders. 

If one considers the transits at 19 
hours 011 sUf'c('(-'( lill~ days, the p.'llh 
::hiftcd with respect to jhe ]){Iint of ob
:-f'fvat iOIl from ('1tS1, to WCRt. On Oc
tober 20 it w:\s almost. overhea.d. The 

,- dllU1Uf Octohf'r II) !Iud 21 indicate thaL 
on the 20th it InLS Ilciunlly IW'l'il uf 111(' 
obs<>rmtion l)Oint by about. 30 miiN; S(I 

thllt. the (']e\'iltiolL WfIS 1100111 1M; miles. 
Similar dnlfl 011 Sputnik II arc tt:i 

followl$: 
Dale 

11 ' 4/ 57 
II 5 '5i 
li l li/57 
II 7/57 

11 / 8/ 57 

Time 

00:2<1 :24 EST 
OG::j6:2"2 
OO :.J7:·18 
06:58:37 
O!l;I2;()() 
0';:2 1 :50 

1'1'(1111 the relative motion 

D~I(Jl!cl! 
(.Vturesl 

il pllf()l,!ch) 
340 miles 
629 
876 

1137 
102 
31 7 

of the ob-
~rn'r and the pat h fL'!) m day to day, nnc 
~'ollt'llId('s Ilml l'iputnik Ii wns almost 
dire<"fly ov('l'iw:ul at nbout 160 miles 
... 1('''111 iOIl at the ()'3: 12 tmn.sit. 011 11 / 7/ 57. 
The 05:01 lr.m,:;it 0 11 11 / 6/ 57 would 
Imn! Ortn int(,I"I'>!ling, but the e!l rl icr 
daia indiL'at('(i that 01(' suprcl\lI' effort. 
~l f getting OUL of hed li t Ill is hou r should 
be mAde 011 11 / 7/ 57, sillce then the 

OECEMIEII , 1957 

Sll.lcllile would be lIeurly overhead. 
Tbe prediction of approximnl(' transit 

times nfter two IIH.'lIsurcmcnts have been 
Obtained iii simple, because the period 
is then rcnsolHlbly well known. Since 
the plane of the orbit is inclined with 
I"CSIX!Ct to the {'artb 's axis, hOll"c"cr, 
COfl"ectious should be made for the fact 
that the points of the orbit. of IIca.rest. 
approach for 511l"ccssive lr:\Ilsits do not 
corrcspond to e:met illterVlIl~ of one 
period. A simibr correction is nCl·cs.snry 
from dtly to d:l.Y, hceau.sc of the relative 
Rhift of thc orbit and t.he obg(>rver. 

The distnuecs hc.Lwccu successive 
lrnn8it..; can be us<:d to obtain a rough 
estima te of the inclination of the orbit. 
A bellel' t..'l;tinmte can be obtained by 
measuremCllt of S:l lf'llilc tmm'lits for 
bot h directionlO of tr:wel {provided onc 
is not clOSt' io the <'<jlllltor). In fact, if 
convenience and working hours did lIot 
have to be (;on~idcred, it would u(' pos
sible to make ut least fonr measurcments 
evcry 24 hOIlM!. When enough data :\rC 
then obtailH'd to find the altitude for 
both directions of travel. the simple 
ell iplical lIpproxinmlion to tbe orbit can 
be spccifit..'(i from measurements tlt (Ill(' 
staUon. N"atm·ally, better acclIl"ftcy in 
spec ifying the orbit. WQuirt be pr.r.lsible 
if cia ta from stut ions ilL differential itudllS 
were availahle. 

The iask of .\'Ioon-Walch tcnnl.'i is 
made mll!.'h t':lsicr by n kno\\"l('dgc of 
when th(' ~H('tlite will be "[sible in a 
parI icular a rca und of t h(' proper orient a
nOlL of the !\'i oon-Wm ch te!OOlOP('!'\ in 
lel"msof prooich.'d atimuthand elevnliolL. 

The infOl"nlllt iOIl derived from these 
Doppler-shift dat:l W:LS used along with 
other illfornmli(.1lI b.y the HarVflT(i Ob
scrvatory :\Ioon- Watrh team. 

The Doppler-shift mcasurements have 
the advantage ovel" visual sightings 
that they eLUI be obtained regularly 
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GENERA L RADIO EXPERIMENTER • 
without rcgard to aimosphcri(l condi
tions or t he position of the sun , :lIId 
there is little chn nce of a fulse mdio 
sigh ting whcn the Doppler shiff is ob
served. When the radio ;.;igllllis stop, 
howcver, opticul and radar obscl'vations 
arc all thntt renmin. The usc of solar 

MEASUREMENT OF CABLE 

MEASUREMENT OF VSWR 
OR UNIFORMITY OF IMPEDANCE" 

While Ilo t normally required for most 
stanciuI'd cnblef:;, ! his nl('3~llrement is 
somctiIlH';'; dc,;imblc ill spedfic applic tl~ 

liuns as II mCl1J1S of cherkin!{ the uni
formity of cable d mracteristi(·s from 
point to point :ilong t he cable. Furt lwr
marc, 1"1)(>('ial experimental c:l.bk>s and 
lIew tYPI'" of tr:\IlMni~,;iol1 lines may 
h:1.ve unk nown \ 'f\Wn churnf'teri:il ics. 
p:lI·tieu]arly if they arc of a rndicul 
dcsi!{n. There an' sc\'('rul pOR.<;ible l1l{'th
oos of making the mi'nsur('lllcnts, rUid 
methoUs of illtcl'pretil!g the 1'('Sults havo 
!lot 1}('Cll. s l:mdl1rdizcd. The rnt'[\..~ur·e

ment lIsuall~' requires wnw t.vpe of 
imped:IIIl!('-tndit:uting devit·l'. wilh \\' Ilich 
the input impedfilice of n, I'elati\'el.\' long 
cable sample is measul'ed continuollsly 
or at closdy spnued frC<llIellc ies OV{'I' one 
01" 11101'C frequency mngt's. The varia--

"I1n"d".k. E.. 11 .... \ n""eJe. I.., "I)OI'·'''''"lIIio" o( the 
I'.qu;ynlclll lIefl~uoD ~'6rl'" ,,' \\·;d ..... lJ~nd C~bl "" ... 
T<lr/~"ltrn ZU/ .• v. ~~. 11).;;,. p . 1a;; (;n r;crr,,~nl. 

K,u<1\o. 1.. ... I.;" .... ' 1>'t...·Kl':ll;"" of l.he Tl.·f\e<-Ied 
I·u~. BI .. ~e,," ;lUIH']II,,1 !,'< the Qual;ty of TeI~,' .. ion 
("".bltt t ... n~t"'." T<lr/«"hn Zig . . ,'. 28, 10.:;;;. p. 2~ I (in 
C,.,.man). 

('otle. M . "Stud,· til • rae""''' 1"'''lI"l iJ nf C"bl" b)' 
'\ l o"""",mo,lI. of trnni, ... 1 [m",~IR"f('." CDbiu a~d 
1'T~n .... '-";o", v. 9. !O:~;. fl. 10 ] lin F"lIIch). 

II, ..... ", A , "['n.·~nllU' Tn""''''''';'''' U"""." Wi,t/, .. 
l.·ngi..-, v. 31. ~IArt:h. 1%·1. pp. 00-;-0. 

l.orrin. J .... 1' .... ;OK of .\IHIt"I.'·w ..... 1 l ... n~lh~ 01 
(""oax;.1 l .;n~ for V.,)' II\l;b ~'''''IUtn~j~ ... Cd61" ~nd 
T,u...,,,,i~oi<m. y. 1. J uly. 10:.3. pp. ~! I;-i! (In F...,ncl,) . 

Widl. I::" "S"t\·"Y of Mrlb'MJ,. in r OB for '\Ieaou,.,.. 
fnelll~ (111 lIi.o:b-F"''''lncncv Cd!.>l ...... F,.." ... ddfl",h. Z .. 
". 1'.. :).'ny. I!),;S. PP, 20:'\-~S (in Gefl<lAn). 

markh .. "". w. T .• "'''\ Tl""1I'n, n. fl., "Tb~ T.w· 
1'"",\ ~ I Nh/)d M .\I.....,,,rinN ('hdr&oto';.·l,r [ "(1)('1<18""" 
Q'..t \UN,,,at;vn 01 C.bl, .. 81 3()(lO ~I"." J I.E E .• 
I'a'i lilA. f'.""",lif(Q' nj ,A. Radi",,,",,iM C<>"'fflli<>n. 
Y. M. II. 0, ~lnrrb.~I"y. 19~6. PI>. )~. 

bat.teries to power the s,'ltcllitc trans
mi tt~ 'rs should make DoppICl'-shi fL me!\... .... 
urcmcnts pos.~ible O\'CI" I Oll~ pc.riod :;, and 
thell morc l'II.dio eng:illt'Cl's and nmntcUl's 
call dabble in this llC\\' br!lJlch of radio 
astronomy. 

- AnxOLD P £Tt:TlSOX 

CHA RACTERISTICS (Part V) 

lion of IllC imp<.'dllllt(' is a mensul"c of 
cahh" uniformity. 

A typical ch:waetcrist ie, meas Ul"c<1 011 
fl 2'IOO-foot .'>a rnple of 'l'YN: 874-A2 
Cable by means of :t Tn'E 1601-:\ 
\ -- I'l-F' f3ridge" for two nnrrow rangefl 
ncar 25 .\ Ie and 100 \I c, rcspccti\'ciy, is 
shOl\"l! in Figul'C II . 

At ultra-high frffltlcncics, either the 
TYi'~~ 1002-13 LT-I'I-F Admit.t(lm:e i\"('tCI"' ~ 
(41-[.iOO '\1c) 01' the 'l'YI' E 87-4-L13:\ 
SlolIl'd Line' · (300-5000 i\ lc) can 1)(' 
u&,<1 for VSW.B mC:ISUl"f'mcnt. The TYI'E """
S7·I-L' B Balun CH H he used t.o supple
ment these instrumcnts foJ' llleaSUI'e
mClLts on shicldc<1 or unshielded twin
conductor cables up to 1000 Me, nl
thou~h thil'i halun, being tuned, re
quil'Cf; l'eadjul'it llwll t whenevcr fr('
ql1('ncy is c: h~IIl,l!;(';1. Gf'nel"al Badio t.: l1il 
O.-;cill::tlol's are sat h;f:l clory gcnt'rut ors. 
and either the Tn' 1-; 1231- 13 Amplifier or 
olle of the Ty pe DXT Dctectors is n 
SUil:lblc detector fo r lis(' wilh thc slotted 
line. The mos t s..'ttiHfIH,tol·,v dcte<: tor for 
use with the admittancc metcr is the 
T~'pe DNT, 

'Morc work is HN . .'(led to devise a. fast 
yet acctu'!ltc mcthod of making th<'Sf' 
cable unifonnity Illcnsu rcmcnt6 with 
sim plc, cornmcrcia.lIy availablo equip
ment. 

"ni .... ·""". fm n,.IUIl, \'swJt "."","ure"'rn ...... ilI "" 
!(lun" ;Il the in.lru, t lon hook>! lor me!!<' ;".m",.cnn. """ 
t'o"), ~flPdfi~.tlo". ~"d I',j""", • ..,., Ihe bl""tC~"~nll n .dio 
._taloe. 
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MEASUREMENT OF INSULATION 
RESISTANCE 

Insubtioll rcsistiU1C() has to bcmcas
ure<! for certaiu l'!l.blc types lit. n 1>olen
ti!ll of not Irs.;; IhtU! 200 volts. General 
H:tClio COIUP:U)." m:lIlufnl'lur~ (,\\'0 ill
l; lrumC'lIts that will IUfike tht.'S(' meas
urCIU('nt8: th{' ·' .... ·1'.: ISG2-B ~ll'Jtohm
mNN and tht:' TYI'I: .j·II-I3A l\lcgohm 
Bridge. With either of (hl'M' ins tillments, 
the m C:15UrCIIH'llt is madc lIi II constant 
potential of 500 volts, which is 9. gener
ally 9.t'ceptcd value", and :\ ~u:l.rd 

terminnl II> ft vailnblf' rOl' eliminating, if 
IIl"C(.'SS:UY, 1m .... dTl'Ctti of leakage be
t Wl'CIi I he kwls <:OIIIICCI iug to t hl' c:lblc 
sample lImit' l" tll~1. Th(, bailie accu1"nci~ 
of th(\ two ilistt'Ullll'llts nrc doscl.Y COIll
parable. If the mea.surement of cable 
insulation ['C8islanl'c is t he ollly applica
tion contemplated for t he test equil>
rnent, the !limplieit.y of operation and 
lower C01;t of the Tn}; ISO:!-B ;>. legohm
meter make it thclogicfll dUliN! in most 
instnllces. The '1'\'1'" 5·II-B.\ ;\ Icgohm 
Bridge, on the other hall{t. CtlU be 
ad:\pled mOr(> rendil:" to I'pe<:iali7.oo 
me:l.<iurcmCllts in a research or dm'elop
rnent Jnbomtory. 

FURTHER DISCUSSION 
OF ATTENUATION MEASUREMENTS 

Part II of t lli ,; ocril'S, published ill t hc 
.June Exprrimlll /er, ck'Stribcs a par
titular method uf attl'lluatioll rnl'asUl'~ 

ment. There nre, of ('OUl"RC, otlwl" ways 
ill which the til'tai ls of the IllCnSlLfCIllCl1t 

call be halldlNI , and it is int('I"(:-sting 1.0 
cons ider some uf tlll.'8C allcnmtivl'S even 
though the ttthniq ucs prcv iously de
I'cribe<l arc flU II considered t he best. 

Fill"" 11 . In p,,1 Imp""'nc. o. 0 fundl on of f_ 
'1".ncr , .... 2400 1_ 01 'hnwolltodlo TV"- .74-..,2 

.50-0 ..... C.ox lol Cobl •• 

D ECEMBER , 1957 

Matched 'IS. Unmatched Unknawn Cable 
Sample: As prc"iolll'ly rlNleribed I' IK'cif
icnll.v, the nttenu:ltiOIl of :Ill unknown 
cable sample is tnl'asurcd ~cnti:tllr by 
a substitution IUcthod. The ~fimplc is 
rcmo,'ed from :ll! olilrrw;Rf. Imdw//(jal 
tralL'~lllis.'<ion path, "hieh ilu·lud(';J buth 
r-f and i·f circuit>!. hetw(>('11 a l·on:-.I:UlI.
output gencl"atOr (the Hllit o~cillator) 

and a l:alibr:l.tl'(/ Ilwlcr (part of the 
TyP~: 12IU-.\ l'nit I-F Amplifier). The 
loss in tbe ;;.ample is partially replaced 
by increasing the loss of an nCClIl"tlt~ i·f 
step altClluator, and the rem:lining loss 
is mensured by the meler. which int(,l"
pobtC'S betwccn steps of 111(0 all('IIn:1.tOr. 

Let us extlmine mOl"c cltrcfull.\· the 
sigltincilncc of "othel"wisc-l11ICh:ll1J1;ed " 
as used ill the Pl'ccl'(ling paragmph. 
With reference to Figutc I , Pan J I 
(June, 1957, Experimenter), th~ tr3l1S

mission path bet.wccn gCllcrator :lnd 
outpUL meter includes the gellCl'tltOl" 
oUlput eoupling loop, IL Jow-pass filtCl", 
a 1000Ih pad. :l3-foot pat ch cord , tUlothcl' 
l(klb pad. the UUkJIOWIl snmple, a 20-
db pad, a crystal mixel' Wilh local osc il
blor, a 30-:\10 step nUClIlI:llOr, a lld 
sc\'eral stages of i-f nmplificl1Lion. F('w 
of the jUllctious betw{!Cn Ih<'Se dements 
are matched , so that there ('xil:ll so
called "reflection 1055(,'8" at many of 

' .. 

"'-=~~--t==:j' II,-- • I i r-----=-=-=> •• "-"""----""~ •• ~ .. ~-.------_," • 
I . .! 
i .. I 

• I .• 

_.--,_ ... . - .. ' .. -.. _ .. " .. _ ... _--.... _--_. 
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GENERAL RADIO E X PERIMENTER • 
these june-lions." 1I0wct'('r, /)c(;(IUst oj 
Ihr ilJ(}illfim& prot'illr(f II!/ tI,e 1H,ds 0/1 
{·ifbrr "id,. oj thf MJmp/t, fcmQlJ(ll oj lJu~ 
tltlkll()ll:ll 8I.IIII I,Ir (1Q('1f 1101 dl!ln~(' cotidi
IWII« ,,1 'W!I j,tIlctiolllf t'J.Cfpl 'holJl' {It Ihe 
1$(lIIlplc. Theft,fore, the variOIiS "cflc<: tioll 
10:'.''1'14 iu Ih(' ;;.\';; t('m. cxcept pOS6ibly (or 
II,v;,( ' li,..,,(lt'iatr;1 wilh the iiltmple, art) 
IfIlchllllgrd h.\' r ('rm}\"~ 1 of thl' !<Ilmpll' nnd 
cOII~qll('n lly 11I1\'C /10 (·tTp('t \\'lmh~\'N 

on t ilt, ITH'tI.lIlIr(' Ill(>IH . 

H(·fi(Vl iOIl I~...:'$ (II tlw j UlwtiUII>l :I~ 

socitlh'(l with til l' l4llmplt' mil >;! 1J4! (·OIL· 

:-.idi'rc.!I;I·p:1ral{· 'Y. and! herc art' st'\'Nal 
dilTerent pOf',~iblp F.itllatiuns: 

( I ) COllsidl'r, firs!. t ht, ml'lI;;ur('llll'nt 
of :1 50-oh m conxial I.' uhlt· l4amph'. Bt·
C:lll;;1..' of usc of .10-0hm pads at hoth eud:, 
of thL' unknown. maldl!'!l l'iJlldi1ioln; 
p"c\'ail at both june! ions with thf' ;;;:Impl{~ 
in, lmd :1180 ut t he junl"tioll l){> tw('('11 tilt, 
pad" \\"ilh Ihf' sample out. Thel'( ' :11"-'. 
Iherefore. 110 reftt't'liOIl h)S;;(':i aSl;Ot.:i lltl'f1 
witb the unknown i>.Iunplp in tllis l·:~'. 

(2) Consider, nc.. ... t, Ih(' ml,.·lIiHlremcnt 
of II i b-ohm {'onxiall"nl)lp s;ampic III 3tX1O 
:\'Ic, 'I'll(' method thai has lJ('cn (1('

:;cribL'(1 i ~ io fnnril,.·alc ]o\\'-I'cfh·t.:tioll 1):\d8 
(rom ('x tra lengt hs of llH! 8!l IllC type 
(·nhl ... IlfI thnl being mCllsured , ('ach 
Icngth having nbout 1O-d1J allCIl Llfitioll . 
OIL(' of th('Sf' "eable pnds" is used at 
eneh l'nd of the unknown sumplc lie
h\'(,(,H it Imel the 5O-ohm pa.d in ihe 
nlC':lsurilLP; setup, find both arc left in 
til(' l:l.\,sl('m \\lll'n the sample iii removed 
for 1I IlW:li'\Ul'cment. The j Ullctions Ilt'
"WI'I.'II l hp {!(I-uhm pads and the 75-ohm 
C'lil , ]p p:,ds III'C t1llmatci1(.-<i , uf course, 
likt· llL:my otllt'rs in the setup, but thl'Sf' 
jUILC' l ion~, illOl:HCd lik{' the others from 
lhe slImpl!.' by the cal)lc pads, :11'(' 1111· 
dist uri>(,(1 by rcmoyal of til(' unkno\\'tL, 

.... "d'h ... ' ''.n ,_ ..... dOl ""I ,_rill ,n,nz,·p I"". 01 
f.'V"n" b) .• 10 .. "."" ..... ,. Ir\L~ .! .... I .. , IL.~ I~"u ",.-,.. 
loon L .... ;· ,~,( r.c~ ... t .......... U<"I;"" ... "'1._" "I POWrr 
,.......i,· .. 1 I .... • • Io .. ,! ••• ..... ".t "f " , .. n"'trh~ m •• ~." .... 
C .... dl \0("" .... ~ ""v' ''' on.II .... ,' 

so that this mismatch hM no effect 011 
tho m~MlIremel1L, I L should be cspeci~lly 

nOINI Ihnt. in this cusc the. uominnl 
impedance of the con nectors used be
twren the cable !s"'1mpie :md cable pads 
must equai the nominal impedance of 
lhp sn mple., :lltholt j!;h the connectori'! 
1Ii>Cd het\\'{'()11 the 50-ohm pa.ds and th(.· 
('ahle plld;;; Me Ilf}L critic:lI. With the UJl

kno\nl AAmple in , the eable pads cfTCI'
Ih·el .... m:lteh the Sl.tln pie !tt both ils ('nds. 
With till' R..'1lllplc out. ihe cable pads arc 
plugged toget her dirt!1.:tly lind match 
\'adl other, There are, lherdol'e, no n .... 
flection losses 11.."l&)(.' inled \\'ith the un
knowll sample ill this case either. 

(:1) Consider, fin:l.l1y, the mCltSUrCIllCIIL 
or It 7i)-ohm uOIl;.;i: l] r.able Hample al. 
,I()(l :\ 1(:. The method we. rccommend ill
voln'l; IIsing thf' ~umc .... 'O'ohm p:ws :\1 

hot h ends :l.'i in I he casc or 5O-ohm 
s:lInp!t.'l;, Cahle pads are not rceom
mendNl 1}('(J/Ht8(' they wou ld be inl,.'DlI
\·(·UiPIIII .... lo nJ!; to ,Il;ive lO-db :llt(>llll:ltiulI 
aL 400 :\Ic. With the sa mple ill, the".' i~ 
1\ lIlismau:h :it eU-(;h ()r it.,; ends con'~ 
8]Jollding to :t rSWR of 1.501' II rcflC('
li01l t"ocJIi{'ient of 0.2," wh ich causes H 
rcfi('C1 ion iI)H."; uf 0. 18 dh fo r ellch ju rlc
lion or 0.30 tlb f(lr both." With the 
ISlmple out and 1111' t)Q-.ohm pads plugged 
tog(·tlwr dir(.'Ctiy, thNC is no "c flcctioll 
10SH. Thel'Cforc-, 11$ pt"c\'ious ly dcscribctl. 
n O.3lklb refiection-loSH correction mus' 
00 subtmdcd rrom the meZl8lt1"OO inscr
tion Iw;.<; to obtain the Irue attenuation 

The Jl(.'Ccssity of Inlikilll! Ihis sml,il 
corrcction is II vcry minor di~l,d\'untllgc. 
which causes no in:lcclJr:U::". nlLll which is 
morc than justi fied by the 1'l'Sullant 5im
plicit." und oo'l\'cnicilce of the method . 
Incidcnt:llly. this SlUlle mcthod, ill which 
.. " ..... ",j"" ,ha •• be .""~",,t.i'm u{ ... Me .. n.pie U, 6 rib 
" r " .... ,p. ,,"".ich .. , ...... t.~''''''.h.o "",k .. n ... ltil" .... rclIecti.,., 
efI .... ~ n~~h~b'e In th .. ~UInpU 
n Th_lilt\>"", ~n I .. _it)' ~1<1J '."..i fro .. , ,It(' f"m,ur.., 
&,,'pn lb ". <"1 II. ""'_ 6 ~nrl 7 "I the Jun~, 19';7. EJ' 
..... ............. or I'Ho(I direM.ly lro", ~ilOl'" 6 on pJ>"e j 
of t..t..l , ... u~. 
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• 
no cable p:\ds nre includc.,l, Can nlso be 
uscci !ll.. 3000 Me, !'!incf' the I'cflection 

,-. 11)ss is indcpclld~1H of frequency. lIow
{'vcr, ;\IIL ... C-liB Spcvificnlioll !'('(llIiTe;; 
I hut the enble sample be matchC'o..!' and 
[hu8 we have I'C'CORll1lCnded u!;ing the 
l'llblc pads as described predotlsl)' , 

The possible benefits to be gained uy 
uSC of reaelivc I1lfttchiJlg networks 
(triple-stub tUllers 01' the like) bulwccn 
('seh end of the cablc snmple lIud the 
mcasuring setUJl shou ld be considered. 
.\clUlllly, the only po~iblc bCllcfil is the 
(·1imhmtion of Lhe vcry small I'cflcdioll
loss corrC<'t iOIl jus!' 1llt'litiOIll .. 'd for the 
t' :lSC of cable impcd:mce:I OtilCI' thun j() 

ohms at 400 :'0.10, where cable pads are 
tno cumbt'I"SOme. On the olher hUlld , the 
\Ill(! of reactivo matching IIcLwork.s for 
this :lpplication 1138 important disad
\·nntn.ges. One is th:11 Ii fair degr('(} of 
experience is required to!'Ct lhf'Ul prop
(·.-Ir, am\. if impt·o,)(~.-Iy set, they can 
introdm·e both reflection-loss IUld at
!('nllation-loss errO I")i of 1IIth'l)tl'lt \·alues 
which CUll 00 lar[lcr lllfln the minor, 
kll(mm rcflcction-IOS-i corn'ct;oll they 
:arc intended to climin:l1e. Other dis.'ld
yantagcs nrc Ihe IIl'Ccss.ity of milking 
the exlm adjllillmclI'~, tim iip:lrt' taken 
up by the tUllers, and the cxtl';l cost. 
Comparative Mea$u rements : If del'lired, 
I!uitnble reacth·c matc.hing networks eWl 
l'llsily be Ilsscmblcd from GH Tn' ~: 87-1. 
:-;tuoo, T ... ·( .. s, aud Line-Stretchers. Some 
l'Qlnparuti\'c mC'!'lSUrt'fficnts were madc 
10 illuslmte the foregoing diSCll,,-"-ion. 

(I) At ·100 Mc, a JfiO-foot lcn,:;th of 
nO-flo U 7J..ohm cou .... -in l cable was 
mc!'lSurro first by lIsing .-)()..ohm pads 
tlnd correcting rOt the O.30-db t'(,Oe<·tion 
loss, and lLext by lIsill!!: rendive mnt!'il
illl( networks ilL ctlch end of the sample 
to eliminatc reflection loss. The nct
wI)rks were initinJl:o' adjuM1X1. fi~t one 
!Iud th('n the oth<>r, l)O MilO give mIL"\i-

DE CEM BER , 1 95 7 

mum dct(.'(;tor retldiug. A marc accurate, 
but iusigll.ilicllntly so, lldjustment (;ould 
h:\\"c Jx.c1L made using :1 stoLled line 01' 

:,dmilltillt.'C mf'lcr, hut lhe :;light. im· 
pro\"em{,lIt. pos.<;ihlc docs nOt warrant 
the ext ra (;ompii('at iOll , ' I'he rcsuli!) were: 
12.1 db 1('S.'l O,3G db reflcttion.loss cor
rl'Clioli cqlltll:l 11.74 db hy the melhod 
fl'commcndt'(l nnd 12,0 lib lts.iug the 
rt:tlctive 1l1 .. alching nctll'orks, The dif
rercnce or 0.2G db is withrll lhe accuracy 
of measurement. The higher figure or 
I:.!.O db is I}robnhly duo to incidental 
los..'Il"i ill t he IICI works. 

(2) At :3000 !\Ie lL 30-foot length of 
HG-5H t· 7:»-ohm cOl\.."\inl c:lblc WIL" 
nH'iL'm roo in three wnys: ((1) t:lSing 50-
olim p!ld~ ftnd rorrEwting fat' t he O.3C,·db 
l'eflf'Ct ioll tQ8:5., (b) using t.wo extrll ·10-
foot If'ugths of HG-59fU cable Wi 1()"(lb 
cu.bl .... pu.df';. with cOllstn.llt· impcdnnce, 
7.j-ohm, Typc N COllnecton; used be-
tween the snmple and the cablt' pnds. 
ftnd (c ) lISill~ reactiyc mntt'hing Ilet~ 

works, The r~ults w('t'e: 7.8 dh I{'"s 
0,31\ db ref1edion·loss corret' lioll I'quals 
7A.j db for method (a), 7,·1 db fot, 
m('th()(l (b), a1ld 7.-1 db for mcthod (r). 
The mnximum difTcrcllcC of O.O-t db is 
i nsign i flea n L. 

R-F S'andard AHenuatar V $. I-F Standard 
AHenuatDr plu $ Interpolating Mete r: 
TIll' IllSC of a (·ontinl1oll~I'y-\·arilib le t'-f 
standard 1l1\\'1lILf\tor to mC:lSure un
knowll atlenuations avoids dCI>l'ntiencc 
on the line:uity of a crYl';t al mixer, but 
tht' latter is nOL in the If'!'lSt unde· 
pendnhlc. When used as a mixcr ill U 
hetcrodYllc system, the crystal is in
herC'lItly lincar, in contl'Rst. 10 it>! it'S>; 
depcnd:lhlf' dl:lral'tcrislics Whel1 11&.'(1 as 
a squart .... [aw J'C('tifying detector, The 
heierod,\'llc Ill£'thod of mC!'lSllrement has 
b('C1I used :11 (:cncl'lll Radio for I1lIlIlY 
y<'flt'i4 fot' thr l'Iia llr1nrciizalioll of \'oltn.gc 
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G£N£ RAL RADIO E X PERIMENTER " 
and attclluation nt radio fr·cqueneic8." 
The :\atiounl Bureau of ~landards also 
USt'>; the prim:ipl/..' of nn i-f stundard 
iltlcn~mtol' in ('onjunctioll \\'ith n mixer 
:lnd luclll oscillalOl' to mcu,;urc nltenllfl
tioll al rnicro\\'/\I'C fl'C<llICILCil'8 wilh cx
tl'C'md,\' hip:h accuracy,"'" and Bell Tele
phr,m' Labomtol'i{'S' precisIon trans
mii'.<l;ion (wel phflS(, Dle:l!HlrinJ' 8('1 also 
llses :l precision, fix(.'(I-frC<llIeney. i-f 
attciluator jlJ IllC:l8UI'Cments (0 0,05 db 
accllmcy." To insurc prccise lill(!rlrit,l' in 
!l mixer. it is rH.'ceils:).r.r ouly to b(' surc 
that !he 101'al o~illat{Jr \'olluge is suffi
ciently high, This frH'1 can read ily be 
checked, ill the setu p we h(\\'1" dt.'S('l'ibc<1. 
by a nH-'ai'urcmcn\ (If Lhe l'cetined mixcr 
currcnt with Ilrl' pancl meter of Ih(, 
TnIC 1:?IG-A r-F Amplifier, fol' \dlich 
purpose a tOlQ!;le .-IlI'ilch is prol'idl'd, It 
should read bf'III'(,C'1l 80 p~'l' CN1! :lnd 
100 pel' cent of full ,wale. The i-f :l1tenll' 
:ltor has IIII' impol'lllnl advanl:tJ!;(' of 
opcr!l.tin~ at ~, /ixt'f"!, rciutiv{'\ ... ' low 
frequenc.\' wlwre it l'IlU iw mor(' r(ladily 
!>tanullrdi1.cd \\'I lh higl1('r lHTlIruc," than 
can r-f atlelll1[I!Ol'S IH highcl' fl'cql1('rH'I~. 
The step attclluatQl' as llsf'd III lhe 
TYI'E 121H-A [- I' Amplifi(,l' llvoid>; the 
high lllld frcqucnc .... -I'ariabl!· initial 111-
scrtiOH IO!;.i of l h u \\·lI\'e!!llid~·-IH'.I'ond

cutotT, pislon t.ype of r-f atlenll;tll)1' ll1ld , 
with its inlcrpohllinA' meter , 1':\11 he read 
morc ea.'lil.\' and prccIilcl," than {'an a 
typica! lliJ(nal J(cncralor nutI'll! dial c(w
crillA' 120 db ()r' m01'e ill OIlC rf'voilltion. 

Defore Ill(' Tn," 12Hi-.\ I-F Ampli
ficr becnmc ~l\,:lilable, thl' 'J'n'~: 87'I-G.\ 
AIlf'tmat01', which is II l'onlinuollsly-

"r._ II Ir"'jU"h~". ":<tftnd.rt!j.;'.~ th~ SI~ndurJ~<;j,,,,,,] 
G~h~ .. t"r." ()'~..vl Ilrod!" Rzp.u ... ""U", 12, 3 and .1, 
A"ltUot-&'I" ~"I""r, lilai 
uC .. ",tI,." .. n . E .. u"d ."«;11"'''' J. I., " A St<l.nda .. 1 01 
AU~nu$linh l<>r ;\Ti"''''.'-R''O ~]t .... "r~l"~<>t~." 1'10 ... ' 
"",,"" ..... t "f!, v, (I I. I 0 I II, I', .'>3:, 
"An"",!, C'. )1 .. ··!"r"·i,,i .... Pi.",n ,\U<'nu~\""'." NAllon.1 
RIIT!lIOIL ,'f S(~"d".d", ,I'IIS N~I_I (;IRS. )lay ]. 1957, 
UAI'b.,,~.1) A ... nd L~l. fl .. "" I'r<-o"'" flir...,t 1l""d'''8 
]'1""", ,",1 T."n8n,j"';on .\I.,. .. ,rlnll: ~)'.le'" lor \ id"" 
~'r"'I"N .. i.".:· /J,I/ 81/"""" T .. ~~ •• ", J""r""I. \'01. 
XXI'III ..... ~. 2. A,,,il. 11>,111." ~21 

variable, [I t'cumte, r-f !l.ttelllla toJ', W[l'l 

recommended fol' cubIc aLienu:ttion 
mC:1.SUl'cmf'nts, :1.nd many c:lble manu
facturers nr'C loJay using this del'i('(' 
with excellent. results, Kevcrthelf'SS. 
eVNyone who has tri<.'d t he i-f step nl
teJ)U:1.toJ' s.vRlern thnt is noll' available 
h:L$ quickly lIpprf'ci:lh'<:l Lhe improvcd 
cOllven ience, sp(.~'d. lind (,uSc of rending 

of the new system . 
Monitoring Gen erator Output: The in
C!xpensive unit osci lla tors I'ccommended 
d o 1I0t ha.ve output mete]'S, and OIl(' 

rTIliSI depend upon tlwi r conslauC,\' of 
output. In order to insUl'C the lnu('r , 
it i~ necess..·u'y to drive them with a 
T\'l' ~: 1201-A L' nit Hcgula led Power' 
Suppl ... , all pn'I' iou:>ly dt...">Cribed. 1n addi
tiOIl. :lIld this was nol mentioned. befol'l·. 
it. is d "simblc to o pc l':de the enti rc Sl' t lll) 

frl)1 11 1I regubled line, hecause the T YI'E 
1201-.\ ;:;uppl .... does HOL rcgulau.' he:1.\(·f' 
\,olt nj.!;l'. which in fluences oscillntol' unt
put to a s mal1 cx leHL HegululirJll of the 
entil'{' ::letup also will stabilize 10c:1l
oscillntor Olltput , which is espe<:ially de
sirnbl(' for 3000-,\ Ic mf'aSlll'emcn ts, 

Till ' &'l\.u rab le-col'e, consltllll-I'olt:lge 
tl'unRfonn{'1' is gencrally Slllisf:letol'Y f(lI' 

this app lication and is prohabl .... , he
C:llISC (If thf' I\\,ailnhili ty of u uil S wi t h 
s mall rat illJ's, t he most praeti('a ll,vpc of 
rcgul:ttm' if no othc.r €'([uipmen t 1'('(luil'es 
:L rCl;ulntt'tlli nc, lioll'e\'t' l'. for reguhl1ing 
pOWN \0 addi Lion:11 f'qU ipm{,111 also, whit-I! 
woulrll't:quire fllarger-('ap:ll:il,l' I'eguln tnr, 
!l. TYPE 1570-A Autom:lt ie \' oliage ncgll
!:ltor" is highly recommeuded. 

With l'egulat iOll ns dcscribc<!. record
ing:- show 110 pf'l'ccplihl(' change ill OUI
put, <:.it her as n fu nction of time 01' of 
inpu L voltage; so it C:\.ll be safely n;;-

"[l eRn h.ndlc up 10 I) K\·,\. i. n~ounlte to ± J{';<. 
;'ur<Kl",..,. "" ~'K"efor'" dbl<>" ;o,,. ,,,,d ;8 ~"",l!cr .nd 
"""~t i" I)r;c~ ,hall "''''', c'""'I •• "i';'·e l'<!I<\Jt8''' .... AhhO\lIth 
it i~ olcttro)""'ohnnr .... r. lor moo! Hn!' HUNUM'on<. "'hioh 
R,,' ."",U 'In.'. ;, i. pn>cl i""lly ... f&\!1 .. ", ... 1 hf Ib~ ..,..--. 
c"lh~I··in.""'t"n'''''' ... ,~~"I"I""', 
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(;lIrncd lha~ errors wilt not. be in t roduced 
into caule a tlcn U:ltioll measurements 

gCll cr~tOf8 canllot be read ijI! precisely a8 
can lhe i·r :Implilicr mclcnllld allclLu:l!or. 

,- from th is souree. 
Ch ecking Over-oil Accuracy: Thccquip
menl lhM ha.'1 h('{'11 dt.'s<:rilJC<\ will hold 
it~ at'l:uracy for II long time. but a 
simple du:'('k \':UI \'Nlfy it at ally lime. 
~ I ('re lr uS(' the setup ttl 1ll~:L-;ur(' ;ill' 

ntt.I'IlUatiOIl of an (>:.: 0 ':\ Tyl'~; Si ·I·G 10 

IQ.-db Pad, which can ill hU'n b(' chccket\ 
:1.1 d .... , or audio frNIII(,lwies. Thl' frl'
qUC1H"y chtl.r:lt:tl'ri~tk 01 Ihi.-: p:ld is 
dependably known IIlld is negli)!;"le be--
tw('cn d-t, Ilnd 400 ~ I t:. At 3uLlu \\l e its 
atlenllflt iUIl is knnwll \0 II(' o.a db higher 
lhan i1 :. low-frl'{llU'IiCY \'aluf'. 

NEW CABLE MEASUREMENT KITS 

Sincc we ('n ll stl ppl.\' cvcrYlhiug 1Il't.eg.. 
:;:1 1':" to nwa;;ut·(' ncarly :111 4':Lbll' l.V IH.'!>, iL 
h:L" ill"C'll lItlW!:/,stN I b.'· cUS{(lTllCJ"g t h ai 

WI' HIT"r "l·alJl(· nWlll<urinp; kiI H" \0 

sililpli(" lilt' jc.b or bdee! inp: t ilt · fight 
t'(luipmC'1I1 and 10 avoid thC' I\ui;:;au ('(' of 
{J\"l'rlnokin,i{ (IIiC' or twu 1:\mull p:\rlH and 
hn\' itlp; to pluce :l sCpal'!lll' urtler for t hem 
later. l'ut't lu,t'mot'C', :\ si ugk sou rl'c of 
IH lIlpi,Y l{i \'t'H ml"'Ul'nm'C' t hn' all the c{[ui p· 
meut will 1I'0rk tultl'tilcr Pi·OIX'd.\'. Wc 
think lilt' "u~l,,;tion is tI J!;I)(J(I 0111', :lilt! 

II''', atT' )rtl in~I.\', h:Wl' lI'ork"d oul a 
hasi t· ki1 \\·ilh 111'0 SIIPP]C'TllCllt!lt·." kils. 
OnlN II." kit IYI)(' IHtlllhcr; it i~ 11111 

n('(·l'l""a r." It) li8l indi\'idll:ll i/(om~. 

The del edor sysl I'm cail a lso be 
('h('('kcd dirt'l'll.v nt;m .\It- hy eOllll l'Cting 
nn :lCcunHe siglllll ,!!f'lI('mtor I II t llf' i-f 
amplifier input. lI ow{'vcr, mally sign:!1 

TYPE 1671 · A BASIC COAXIAL CABLE ATTENUATION MEASURING KIT $1456.40 

COlnIIIH(' i'tluil)menl (ur nlf'""ur.,,~ IItU!IlUfl
,.... li()n {I( m .... t t· • .oI,~bll·:lhl('ol fl t 100 :m,1 3000 :\1,·. 

""rtmell! ,,( (~"(Ilt·'·h)r.o. I'f'I,b~ ... nlf'nt r ... rrul~"'. 
nnol ,,,I!lllt"~ (or rnnkilljl; '·"I!III'(·ti(}n~ tll ,·tld,,!!!! 
rnbl!' t~'IK';oI. In,.I[I,11',:'I1I1I in~trum('1I1.:! " l't'O ll,,1 plull 1:'I!ge :I ..... 

QUJHlI.ity I 
I 
I 
I 
I 

" I 
I 
I 
I 

" " o 
G 
G 

5(1 

50 
,~ 

50 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

'J'y))t 

1201·8 
1220-A2 
1201 · A 
174-F500 
174-G IO 
t74-G20 
174_MR 
1209· B 
12 16-A 
874-e 
174-CI 
174-e9 
174-01 
874-(;62 
nC· 2 
f£C_3 
HC. 7 
FEC·9 
874-0NJ 
174-0NP 
174-08J 
174-081' 
174-0CJ 
174_0CP 
174_0 ... J 
174_0HI' 
174-0UJ 
174-0UP 

l\'(lllle ____ I U"il /~nCt: 

U"1I0 .. 111 .. ' ... ..... .... ................... .. . 
U .. II Kly'"'''' OICIII .. ' ... .......... ...... ..... . 
u .. i, Rellul .. ,.d P .. we, Supply ................. . 
SOO-M~ l ow·Pan fib . . .. . .... .............. . 
Fh •• d A"'n"o''', . ..•. . . ....••..••.•. 
Find A" ... " .. ' ... ............................... . 
Mh.e. R.ctin • • .. ....•.• •..•••..••..••.•.••....• 
U., it Oulll .. ' ... .. ..... .. .. ... .. ............. . 
u .. 11 I_f Arnptm . . ......... . .................... . 
e .. ble e .. .,n .. I ... ........... . ... ....... ....... . . . 

Cabl. e .. "n .. I .. , . . ..••.• ••••...••. 

C .. ble C .... n .. ' ... . ... 
C .. ble e .. "n.<I ... .... ............... ............ . 

C .. bl . e ....... <1 ... ............................... . 

Fe .. "Ie .......••. ....... •••.•••...••..•.. _ •• • • .. 
f e •• "le ............ ..... .. . 
Fe .,,,I ........................... ......... .. ... . 
F . .. " I.. .. ... ....... ............... . .. 
Adapt ...... lIh Type N J ... k •.••.•....•••.••••• .•.• 
AdDplOt with Type N PI", .... ........•• .. 
Ad .. p'o, w ilh Type BNC J ... k ............ . 
Ad .. p'''' wl' h Type BNC Plu, .................. . 
AdDpl o, wllh Typ. C Jack •..•..•.•...••...••.. 
AdDplo' wllh Typ, e PI"g ....•. ..... .....•.• . 
Ad"plo, whh Type HN Ja.k •.•.... . 
Adaph" willi Type HN PI", ...•••.••••.••••.• •. 
Ad .. plot with Typ. U_H_F J ... k .•.•••••.•••••..•••. 
Ad"pl ...... lth Typl U. H. ' PI",. . ........•...••... 

125.00 

' .00 
'.00 
' .00 
' .00 
' .00 
.1. 
I. 
.1. 
.1. 

3 .75 
4 .50 
4 .75 
4 .75 
4.75 
6 .2 5 . ... 
6 .50 

' .00 
4 .25 

T allll 
1200.00 

272.90 
15.00 
16.00 
75.00 
2 5.00 
l2.SO 

235.00 
335.00 

12.00 
12.00 
12.00 
12.00 
12.00 

' .00 
' .00 
'.00 
' .00 
1 .50 

' .00 .... 
9 .50 
9 .50 

12.50 
13.00 
13.00 
' .00 .... 

____ --'-_"10101 $1~0 
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~ GENERAL RAD I O EXPER I ME N TER " 
TYPE 1671-A2 SUPPLEMENTARY KIT FOR MEA SURING COA XIAL CABLE lo , 
v , AND C • • • . • .. •..•••••••••.............•..•......•••••.••.. $1447.00 

Add>! to blU<ic Tn!!: IG71-.\ I\:it all iru;tru
nll"n~ ant! !Il'~ril'~ needed to Illl'a<!ure char
,t(·t~ri.'li{' Llnpoedanre, \"rlocity of propagation, 
:u,d ,·up"cit.al1l~ nf lILo>-t coa.,ial c."\bl(!;:j ,,~ "I'll 

:\oS cap:ll'it.:\IICC nnll call<lcit.:rncc Iltlblilanoo of ........ 
mu~t shirlded or uns ,;{'lde..l tll'in-conductor 
mbll"'. 

(JumJily 
I , ~!il!!--

1214-A 
874-02 
874-VQ 
874·WM 
1212-A 
1203-8 
IUI . A 
7 111-CM 
5OS· F ,ro.. 

Unit Olelllo'o, ..•.•.. 
Adoptor ,A GR Type 274 . . ... . 
Vollm. r. r·O.r •• r", . 
SO-ohm Termlnolion .......••...•... 
Un ll Nun O. ' e •• or ..•.••........•.. 
Unit Powe, Supply .•... 
Fill. , . . .•. ...... . ......... . 
Copa';'on •• 8rldl/ • . 
Copo.hor ... ..... . ..•...•....••...•. 
He.e.odyn. f .-que ncy Me' . ' , .••. . •••. .•... 

r ' lIil Pri« 

Toiol 

1'01<11 
$ 7S.OO 

8 .S0 
30.00 
12.S0 

145.00 
<0.00 
75 .00 

.... 00 
6.00 

455.00 

$1 .447.00 

TYPE 1671 - A3 SUPPLEMENTARY KIT FOR MEAS URING BA LA NCED, TWIN_ 
CONDUCTOR CAB LES ..........••...•...................... . •.. $462.00 

.\\hI" tu Oll,;1t; TlJ't; 1ti71-A KiL lind "uppll'-
ml'IIt:lQ TYI'~; Hi71-.\2 Kit nil :\c~e<.-<orie! 
nf't.'tlf't.! t" 'tll"L""rf' ntlenllfltion, "harnf'lf'ri_t ie 

imped""l'e. :lnd I'duf'it¥ uf Jlropagation of 
shie1<l('ti or unshielded twrn-con uetor cables. 

QumJil!l Type 
---~----

.vallie Unil /~ri«' 7'oi(ll , 81 4· U8 Bolun ....•... .............. $75.00 $150.00 

I 874-020 Adju • • obl . Slub .. 14.00 S6.00 

·1 874-LlO SO-ohm AI. tine .. ......... .............. S.50 22.00 , 874-U8-P2 200-ohm Te,minal Unit •... .. '" 13.00 , 114-UIl-P3 300-ohm Term;nal Un., ..... .......... 15.00 30.00 

2 874· UIl-P4 Adoplo • . ...................... SO.OO 100.00 , 874· UIl-P4A Adapto. Cable ..••...••.... 18.00 36.00 , 10000PS V. H-F f.on ...... m •• •.... .... ..... 21.50 55 .00 

To.al $462.00 

1 1I~\lI"tion r{'.~i~tml{'1' rnC:L<U't''''{,IIt.;> arl' U~\I
nll~' hfllHllf'll :oep:mltl'ly from till' hij(h-frl'fjuCIII'Y 
Ul(':I-~I"'('IU{,I,t:I; .-.(1 til{' fullo"irrj( irr~trllrne"t.~ fflr 
1I1(:""'Uriuj( iu~ul:ltion rCf'i,4anre :Ire listed bdo,,· 
.-<epnrately: 

The autlrOl' wishes to :ll'knowkdgc Ihe 
many helpful 1illAA<'Stions n:,,:eiv(.'(1 hOIll 

Hobert A. 80derm:UI alld the Ils. .. is t:ult'e 
of Edllard F. Sutherland. who made the 
comparati\'(' me!ll)u r('meILls reported. Ty p. 1862·8 Megohmm. ' • • .• • •.. .. .. . .. US5.oo 

Type S44-8A Megohm Br idge . . .. . 3bS.00 

Fur Itutomati(' lilll'--\"01l."\j(1' I'('guliltion: 
Type IS7G-Al Aulomotl. Voltage Regulo'o. $480.00 

(&. nch. ,ock , 0' wall mod. l) 

General 

T his article condud('l> the series, " T he 
·i\ ]eaSlIrf'lllcnt of Cahle Ch:lractcl'isties." 
Hepl'illts II'i ll be :wllibblc soon to any
one who rC<lucsls [hem. 

- W . H . TII UIIS'I'ON 

Radio Company 
extends to a ll fxperimenter readers its best wisnes 

"""\ 

for a Merry Christmas and a Happy New Ye ar. ""'" ... ::, ... 
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