
PERIMENTER 
MAY , 1950 ~ VOLU ME XXIV No. 12 

~'-____ C':O"'"'""!':"~':':':":'"G:':":':'o:':.:o:':'o:,:':o:m!,:o:",:,"':o:m:"':;:;"",~.~, ;M;o:,:,,", :u"' :',~A;';"'mm~ _ _ "';> 

V') 

:z: 
e::> 

I-

"" c..:> 
..... .... .... 
"" ..... 
"" .. 
l
V') 

:::> 
e::> 
:z: .. .... 
::c 
l-

e::> 
:z: 
co: 
V') 

I
:z: .... 
::IE .... .. 
:::> 
V') 

"" .... 
::IE 

A DIRECT-READING 
IMPEDANCE-MEASURING INSTRUMENT 

FOR THE U-H-F RANGE 

INTRODUCTION 

I N T HI S I SS UE 
Puge 

V-H-F' ,1.:""1) U-H-l~ 
OSCII.[,ATOM. 7 

T\'I'l: 874-i\IR 1\11:0:11 
Rf:(."l'IFIU(' 11 

1\1 [;!CELLAS" • . 12 

~ow tha!' television is gcLting ready to 
move into the u-h-f range, the nC'e(\ for 
direct-reading measuring c<wipmclll that 
will give accumtc rcsults quiekly is be
coming incrcn;;i ngly evident. Fot' imped
alice measurement, spc~::ificillly, there is :~ 

n~ for a null-type device thl11 will be 
as cOllvenient and rapid to usc a,; lIrc 

Lhe bridges that ha\'c been developed for lower frequencies." "., • 
II), II. Sj"dair, "'I'll. "..-i".T __ N .... · Type 

',f SuI] h"lru,,,elll lor ~Ie ... urinll: 1"'\,:",IRn~ 
,,' F""l,,~n~i .... UP to 30 Melt'''."yd .... • 1'rIx. 
I H.E, Jul~', 1940. 

10_ B. Si"e1~ir. " ,\ H~dio-Fre<luenq Uri,\>te 
for [wpeJR""" \[e&IIu,""",em" fro,,, 400 "11<>
, ·y~ t.. to 00 ~kgR~yol~ •. ,. P'o<. I H.E ,:';".'cm-
1", •• 11)10, 

Ill. A. !;o<Wm.,,,,. "A Ne'" I!rit!lIc for [, ,,. 
I'e<l"",.., ~le"'"""'e"l. ~I I-re<lu~"ci .... hoo'''· ... 'D 
;-.0 1"I<><yd .... ,,,,,I 5 ~leKl'cycl ... ·· G'~"'"I Hqdi(} 
E~l'e .. ; ... '~I,.,.. ~I ... d,. 11)·10. 

'II . \. Soden .... ", "A :';e ... Brid.ole fol.lbe 
~I"",,, ....... w'nt uf h"I""I~,,'"" be'\\'('(."1l 10 and 
If,; ~le;' (Jtna"al Had", E.r_i"",nle<. Feb.,,
'''y, 10::.0 • 

Figu.el. Fronl vi.w Df the Typ. 1602·" 
Adm'"o",e M.t.,. .howing diol ond 
.Iiding indicala ... The .;dreme .implic· 
ity of operatian i. evidenl from thi. 
photograph. Th. indkalo .. are mov.d 
olang the scale. unrn a null i. obtain.d, 
ond the canducto",. ond .u"eplo",e 0'" 

then •• ad dir."ly from th. dial. 
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GENERAL RADIO EXI'EAIMEHHR 

At theac lower fr(.« IUencies, it IS not 
tlilficult to design and construct. n bridge 
to perform & specific task. As the fre
quency iocreases, however, it becomes 
more :lnd more difficult to isolate speeif
ic impedances and to arrange them in a 
prcdichlule system. It has been found, in 
fact, thu t lumped-parameter elements 
eannul generally be coonected satisfac
torily in ('onveoti0061 bridge circuits 
above about 150 1I1c, and that new ar
rtulgemell{8 based aD coaxial-line tech
niques offer greater promise. 

The Tl'Pj,J 1602-A U-I-I -l<"' Admittance 
Meter is s. null del-ice lmsed on these 
techniques. Through adjustable loops, it 
sa.mples I he cun-enlS flowing in t hree 
coaxial lioes fod from a common BOurte 
at a common junction point. The out
puts of the three loops are combined and, 
when the loops are properly oriented, 
the combined output b~omes zero. The 
device thcrefore balllllces in the same 
manner as a bridge. I t indicates conduct
ance and susceptance on direct-reading 
dials, the calibr:ltions of which are inde
pendent of frequency, and the null set
tings for both components are complete
ly independent. 

As a null instrument., t.he U-1:l-F 
Admittnnce Meter can be used to meas
ure conductances, and susceptunces of 
either l>ign, from I millimho to 400 
millimhos ( l ,OOO n to 2.5 n) O\,CI' tt fre-

, 
quenty range from 70 Me to 1000 Me. 
I L cun also be used as a compamtor Lo ~ 
indicate equality of one admittance to 
another, or degree of departure of one 
from the other. As a direeL-indicating 
device, in addition, it can be used t.o 
determine tbe magnitude of tbe reOec-
tion coefficient of a coa:cial system, or the r 
magnitude of an unknown admittance, 
from ratios of output voltages read on a 
meter. 

PRINCIPLE 
Figure 2 shows tbe functional arrange

ment of the admittance meter with 
standards connected. The standard con
ductance, G" is:l resistor having B value 
equal to the characteristic impedance. 
Zo, of the line, and the standard sus
ceptance, j ll., is an adjustable stub 
whicb is set to one-eighth wavelength at 
the operati ng fre<luency. 

Since the voltage from the gCllcratur 
is common to all three lines, the sending- ~ 
end current in eacb line is proportion!!.1 
to the sending-end admittance. This 
ndmitt:UlcC is Y 7 fol' Lhe line terminated 

in the unknown , G4 - ~" for the lille 

terminated in thc stnndtl.rd condll cttlnCe, 

t1.lIdjB. "'" -i
Z
I 

for thc line terminlltcci '. in the eigh lh.\\'avc st ll b. 
The induced voltllge ill each loop is 

pl'oportional to the mutual ind uct/tne!! 
(1\1 x, M c, or AT 11), ami to tJle current 
in the cUl'responding line. Thus, tLe 
induced voltuge in thc loop associale<1 
with the unknow ll admittancc i~ vrv
portional to the product, 

MxYx = lIIxG x +jMxBx; 
I he induced voltage in the loop !\SI:IOCi

Illed with the stl1.11dlU'd conductance if! 
proportional to the product, AI GaS; Il.IlU 

Fig.... 2. Sd>ematic dlag.a... af acl",llIanc. 
"'.,., O ..... il, ... ith ,la .. cla.cI •• g .... raIOf, ancl .... 11 
dad.c/o, COfln"cled 10. ad",jll ance ",ea'Uf.",enl~. 
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, 
the induced voltage in the loop associ
ated with the standard susceptance is 
proportional to the product, j/lf 8B8. 

ft follows that these three induced 
voltages add up to zero and produce a 
null when the couplings of the three 
loops have been adjusted to have the 
following relations: 

MG 
ax = - ill x Gs,andBx 

MB 
-' f Bs_ , x 

Os and Bs arc constants, so the At G 

scale can be calibrated in terms of ax. 
the lIf B scale in terms of B x, and the 
AI.'( scale in terms of a multiplying factor 
to be applied to the other two scale 
readings. Since each coupling call be 
varied through zero, the two balance 
equations show that the theoretically 
measurable ranges of conductance and 
susceptance extend from zero to infinity. 
However, the percentage accuracy of 
reading the scales naturally decreases 
as the posiLion of zero coupling is ap
proached, and the 1 millimho to 400 
millimhos mnge is found practical for 
I'padillV; :Uld ::;C'tting. 

Fig" •• 3. 11.0' .ie", of !he admillance mete •• sllo",
ing !he fou, 'ine. ma~ing up tile gene.a"'. ivnction 
a ... mbly. Th. t~ re. arm. for !h. , ' iding indica"'r1 (on 

olio b. leen. 

MAY , 1950 

Tbeloops associated with the unknown 
admittance and the standard conduct
ance can each be rotated through an 
anglo of 90°, Oll~ the loop associated 
with the standard susceptance is ar
ranged to be rotatable through an anglc 
of lSO°, thus allowing the measurement 
of positive as well as negative values of 
unknown susceptance with a single 
susceptance standard. Figure 1 is a de
tailed view of the calibrated scales. 

A unique feature of the U-H-F Ad
mittance Meter, which distinguishes it 
from bridges and other null devices, is 
that the susceptance scale, as well as the 
conductance scale, is independent of fre
quency. This comes about because the 
stub that forms the susceptance stand
ard is always adjusted to one-eighth 
wavelength at the operating frequency 
and therefore presents a constant sus
ceptance. 

CONSTRUCTION 
Vurious views of the external and in

!ern!ll u.ppearu.ncc of the admittance 
meter arc shown in Figures 1, 3, 4, and 

Figur. 4. View .lIowing inl.mo' po." of "'e ad
millance meIer. The pickup_loop a ... mbly has been 
remov.d from Ih. gene.olor ilmdion a ... mb.y 10 

.how the coup.ing ,'01'1 ond !h_ coupling loop •. 
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~ G£NfRA~ IIAOIO £X'£RIMENHII 

5. The instrument. consists basically of a 
generator-junction assembly, a pickup-. 
loop assembly, and a. detector-ju nction 
assembly. The generator·junction as
sembly is made up of four coa.~ial lines 
coming (.ogetber in a commoll jUllction , 
Three of these lines are a rranged in ;\ 
"Til configuration tbat. can be excited 
through the fourth line, which is per
pendicular to the plane of the "'1'." At 
their outer ends the lines are terminated 
by coa:onl connectors, 80 that unknown 
and standard admiLtuuccs and a gell
erator can be readily connected. 

The pickup-loop assembly comprises 
three loops, eneh of which couples 
through slotB to the magnetic 6eld in 
one of the three conxiullines making up 
tile "1'. " Each loop can be rotated by 
means of an arm to vary its coupling, 
and the position of the end of the arm 
with respect to a fixed scale is used to 
indicate degree of coupling. The maxi
mum values of coupling of aU three loops 
are the same, and the loops are carefuUy 
shielded from one another so that they 
pick up voltage only from the line lo 
which they are directly coupled. 

The detector-junction assembly con
sists of a connection Of all thl'ee loop 
outputs in parallel to drh'C an e.xtcrnal 
detector through an output connector. 

All tbe cou-xi:11 lines have 50-ohm 
chara.cteristic impedance and terminate 
in standard 'rUE 874 Con..xial Connec
tOf$ to accomm odntc the TYPE 874 
Coaxial Elements nlrcndy developed for 
the v-h-£ and u-h-f rangcs.

s 
The stand

ards supplied with the U-H-F Admit
tance Meter are a TYPE 874-WM 50-
Ohm Termination for conducLlUlce, and 
TYPE 874-D20 :l.Ild 874-D5O Adjustable 

tubs, modified by t he addition of fre-
quency scales, for 8Usccptnnce. 

·w. II. T\,nRWO, "Si'nlll~, C"molMt C"""ial M-., •• 
108 Eq";on~nl {o. Ih8 l'·H-~· Han",:' G."' ..... I Radio 
E6"",,''''NlI~, J"~UlU'l , 111:,0 

• 
ERR OR S AND CORRECTION S 
Errors in the U-H-F Admittance 

l\'[et.er can be classified generally as (1 ) 
errors a rising from departures from per
fection in fabrication a nd (2) errors re
sult ing from the practical geometry of 
t he system. 

Errors of the first lUnd are principa lly 
caused by necessary manufacturing tol
erances and are small enough to be 
ignored a t frequencies up to looo Me 
within the accuracy limitationsspccified. 

E rrors of the second kind are ame
nable to systematic correction , T hey arc 
caused by the physical requirements that 
(1) the pickup loops cannot be located 
exactly at the junction of the three liucs 
that form the "T," and that (2) the 
conductance and suscept.nnce stundal'ds, 
and the unknown admittance, cnnnot be 
connected to the lines at a point directly 
under t he corresponding pickup loop, 

The fi rst of these errors is minimizC(1 ,-.. 
by making the outer-conductor diamel<'I' 
of the line sections between the coupl ing 
points and t he junction point ol1l ~' 
slightly la rger than the inner-conductor 
diameter. The resul ting very low un
pedancc of the connecting sections 0 1'('

vents large voltage differences amoll~ 
the t.hree coupling points, and the d('
creased diameter of the sections rclali n~ 
to thei r length prevents appreciable un
wanted couplings across t he junction, 

The second of t hese errors is of signifi
cance for only the unknown admittance. 
For the line terminated in the con-

ductancc st.mui:lrd, G. = ~ , Il Q error 
Z, 

results from the spacing OOLWl'CJl HlP 
standard and loop because t.he -line ii" 
matched. For t he line terminated in lllf' 

sllseeptance standard, j IJ. = - j ~, no 
Z, 

eHor results si nce the system is smooth 
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, 
through the connector and the tOlal 

,.... electrical length from loop lo pluugCl' is 
sct (I t "" / 8. For the line lermin:\ted in the 
unknown admittance, }"...., however, a 
"lead (-orrection" mll~L be maoe to 
uccounl fur the 8hol'l. ~ettioll of line 
bcl\w'lCIl the loop and cun uector. T his 
cun be relldily made thruugh the liSt! of 
a. Sm;! h ChU I't,' whidl c:m also be uSNI 
to COil vert fld mittalH'C parameters to 
impedllllct!, if uesin .. 'd. 

'''hillip II. Smith, .. T .... n.II,i .. i"n Line C .. l""lato.," 
EI«;I"'~iu. J .. "UI"~·, 1{I:fll, Mild .I,,,,,,,,.y. II/U, 

OPERATION 

Equipment slIibhlc for usc Ii';; gCllcm
tor [tnd detector with the U- II -I" Admit
tance Meter has bt.'<'1l developed and is 
descr ibed elsewhere in this issue. T he 
TYI'E 1208-A and ' l'YI' ~; 1209-A Uni t 
Oscilll\tol'l; arc p:lrti('ula1"ly suit('( \ for 
uS(> as gl'IICntt,W-:> ami, whcli com hi ned 

,..... with the TYI'~: 874-~'1 H ~lixcr Hetlifier, 
HS frc(lIlCncy ConvNtcl'8 10 ndapl ('on
ven tiona I cornm\tnk:tt ion-lype I'cc{'ivcrs 

for usc as "-h-f :tnd u-h-f dctcctOl"8. T he 
compouclIL infllnul)cnls of this system 
arc nil fitted with Tn~: 87'-1 Coaxial 
COllllcdot'S n.nd IIrc c:lsil.\' intct"connl..'ded 

MAY , 19$0 

by Tn'~: 874- H.20 Palch Corus. The 
T nE 1021-AV and Tn'~: lO:2I-.\ U 
Slandard-.l3igna l G{'nerators :ll~o mnke 
satisfactory genera tors and, :\t. frrquclI
tieR abl1Ve those ('oY('l'cd by ('OIl\'CII

tiollul communitation-t.y pc rcce i\"{!rs, 
tlw T\'1't; .\ N/ APR-l :wu TYl'E AX/ 
APH-t :-:!l'll rch BL'eci\'cl's ahm make ('x
('eilcllt uelC<' tors, 

In general , Huperhctf' l"oclyu{'-typ{' de
If'CWrS 111'(' pmfel'ahlc to supf'rregencn\
tivc l YPCii hC('aUH' their grc:ttCl' dynamic 
rangc makes it pos...;i hlc 10 10('1111' the 
null quickly , without. I'I'('OW'&! to prQ
gressive adj\\~t m('n t of th(' input. 1('\'(·1 
O\'er II wide rangl' , tUtti m:~kes po~"ibic 
t he U~ of :l. !,; impl£', im'xpf'n~ivc gcn
CrlLtOI'. 

hi addilion to it~ USC:L>;:I null dC\'ic(', 
lhe l '- II -F AtimiU:ll IC(' .\l etc l" ca n be 
Ui*'I1 as a. Jir('Cl -i n(lie~ ! ing Ilevi('C, It CU ll , 

for insiullcc, nWllSU I'C rcfl('('lion-cocRi
CiClI! Illllp;nitudc :lTld iml}t.'( lance m:.gni
tude dil'cd i,\' am I si mply by voltage
ratio methodi'i . Tht':lC measurements 
re<llIirc the g{'nendor ur the dele<'lor to 
!t:1.\'C :l. Cll libratCtt allcllllatOl' 1.11' a eal i
hm\l'd indicator, and t he answer is 
ohtaineu from 1 he ml io or I wo voitllges 

fig".e S. View of the odmillo""e mele. in "te wilh "ondordt ond IIn~""wn connected. The gen".o lor 
i.o Type 1208-A Unil O.dllolor ond the null detector i. 0 comm""kolion.·lyp" receive', with a .econd 
unil o.cillolor ond Type Bl4_WM Mi~er ocling o. 0 frequency converler, Thlo ""known odmittonce being 

meo."red .. an ,,·h,1 Iron.lormer. 
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GEN ER AL RADIO E X PERIMENTER , 
with til(> ('vntroJs of tlw a dmittallce 

!l1Ctel' ~wt a t two dilferenl position!;. As 
with null meaSlIremcnl~, there nl"(~ no 
frequcll t·y l"orrections. 

the flpxibility llUU adnptnbili t.y of lhis 
111'\\· uppronch to u-h-f impcfinllce 

meaSlll'ctnents. 

Figure 6 oUl lill cs the opending pro
ccduf'(,' to follow in making sonlt' of the 
many typl"'S of mellSlII'ement of whith the 
instrUlllent is (' lIpnbk-. Dthel's will Sllg
gcs.L thelllscl \ ' (>8 to thc USN as he be
COllles f[lmil;al' with the instl'lunc.n L. The 
wide vnriety of npplit'ations illust rat es 

T his flexibili ty of appl ication <.'0111-

bined wit h the simplicit}, ftud cuse of 
operation of the instrument m akes t he 
V-l [-1~ Admit lance i\ l eler well suited 
for mcasurements in the F .l\ [ and TV 
bands including t he proposed new II-h-f 
hands. 

- W _ B . TlIU1lo'J'O:-; 

I ~ I 

o 

CONDUCTANCE 
AND SUSCEPTANCE 

&>t G u"d 13 oootrnli. to ob- K'I 
t"in null. 
Rcu • .! (; 11110.1 IJ S('!lles ,)nd 
mutti ply by M . 

R EFl ECTIO N -COEffIC I EN T 
MAGNITUDE 

H~phH"C ~tub by 5O-ohm lcr-
, ~ ",iuulioll. 

., 

Sct G "' O nlluM - l. Set 
a "" - 20 mmbos> 

I 
/ ., 

--~ ., 

Rend output 1' 1. Hc....:et 11 to 
+ 20 mmhos. Re lld output V2 . 

I(' Hi 
IMPEDANCE MAGNITUOE 
Set 8 - 0, G - 20, and 

M - 00. Relld output VI. 
Reil('tGtoOandMlol . 
Head output I'~. 

1 
Z'I F, Zo = V~ 

MATCHING TO SO O HMS 

Sci B - 0, G - 20 mmhos, 
alld M - I. 

Adjust network to be matched 
UJltil null occurs. Network 
ili UJcn matched. 

•.. 

~. t< ..... "''''_ 
~ 

o 

.... ... 
Figure 6. Graphical m ... t,otion of typ ical meolurements pa"ibl" 

with the U-H-F Admllfanc" Meier. 

SPECIFICATIONS 

' ..•. 

Rlln,., TheoreticaJly, ~eru to infinity ; pra<'li
CIIJJy, the lower limit is delermined by the 
I!Innllcst rcad:.hte incremellt on the >!CRle which 
is 200 mirromhOiJ (O.2 lllillimho), The upper 
limit ill 1000 mitlimhos. Rllngc is the Slilne for 
iM)th oonduct lmee tmd SUSl'i!ptllncc, butsuscept
anl'e can be eith!'r positive or negative, i.e., 
the I;U!l(.'CI)tance dilll is enlilmlt.ed from - 20 
to + 20 mitlimhos. l. lultiplving fseto~ from 
I t.1 20 nrc provided, nnd (acto~ fmtn 20 to 
100 ClUJ he determined Il\lproxillllltely. 

Accu,lIcy: "or bolh OOllti lU't.:J.llt'e und sliscept
ance: 

From 0 to 20 lIliJlhllho~ .::1::. (5% + 0.2 fIlil
Iimho) 

From 20 U> OJ millimho.s ±5 I'M% 
Where M is the scn!e mutliplying factor . 

ACUllo,; .. Suppll.d , T \-l't: 874-WM 50-ll Ter
minntioll, for usc :IS j:onduc t l\l1~-e ~tnndtlrd_ snd 
one each Tn.: IOO2-PI und T Yl'E W02-P2 
Adjustahle Stubs, for s u~celltallce stnndardl!; 
two Tn.; Si4-R20 P!ltIlh Cords for oollllcctio llS 
10 gcnerl<lor fin d dcteclor. F .. qu" ncy Ranll.: iO to 1000 M I'. 
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, 
"cldfl;on,oI "'~ntlo,l .. lI.oq" ... d : Gellefntor. cover
Ing dl'~lre.1 frequen e)' f:'llile and deJiverillg 
hetweel\ I volt IUld 10 YO 1.:;, !!uch as TVl'c 
1208-A, 65 - 500 ~ I t, a.nd T,'pt; I2()9.A. 
250 - 920 Me, l ' nit Ostillfttol'll with TI' p}: 
I206-A rnu Power Supply, UT Tnt: 102I-A 
Sll\lld!'rd-Sign:tl GeJlerllwr. Deteetor, wilh 
ij(!n~itivily better l llllll JO microvolt~. Ordinnry 
eomnlullicl.tlOlI!rtYIJe re,'eiVCN ('tin be u...-oed, 
in l:onjUllctioli wit \ I\. 1'n'£ 12Q8-A or 'I'Yl'.: 
1209-A Utut O!!cillutor tmti :l. Tn.: 874-
1\1Il. Mixer Ikl'tifi('f. The receiver should IlllVe 
II !JII,lluwidth of ut lenst 20 k(. An AN / APR-4 
Rl'l..'t'iver with TN-17 Tuning Unit for 75-

MA.Y, 19 5 0 

300 1\1\', or with TN·IS Tuning l' nit for 300 -
1000 :'ofe, or AN/ APR- l Heceiver with ;IlJpro
))finte tuning uniUl aleo ill Il s..'1tisfa<:lory 
detector. 
Otto .. Ace .. ,o.l .. R,co,",", .. " , d, '1'\1'£ S74-\\' N 
Short.-Circuit T('rmintlWon. 
Te.minols: All lcrmiunld nrc Tn'l: 874 CkIIl.'\ial 
CkInne<:lOrs, gcnemtor, deteetor, 8Iandt.rd~. 
and unknown. Ad:lplnr,i are llvnilnble for T\"pt; 
N ConnQ(:tors. 
Dlmon,lons: 71~ x 5 11 x lil~ int"hcs without 
6landurds nnd unknO\\'I\ N)nn('cted. 
Ne' Welll l>,: 8 pounds. T,,,, 

1602·'" 

Code Word 

"".C~C:FC.C,C.C,C'-O"-<-.CMc-.C.C, .'----------------'- $295.00 

V-H-F AND U-H-F UNIT OSCILLATORS 
Thl' Tnt; 120S-A fmd 1'n'l': 1209-A 

L"nit. O:<cillatOI"S are compact, modemtely 
priced, gcncml-purpose power sourCt'S 
for the l'ie<·tmnjcs labol'(l,tory. They 
covet lhe frequency rangt'S of IJb to 500 
~Ic and 2'")0 10920 )' Ic, respectively, and 
CllfI deli\,(,t 100 to 500 milliwaUs of 
l)Ower. Output terminals arc Tn'l': 874 
Coaxial COllllectors, for connection to 
Genernl Hndio measuring equipm('nt us 
well Illl to t he wide varielY of TY I'.: Si4 
COll.xilll Elements previously clc~cl"ibCfI. ' 

TIi('fi(' Q8(·illatOl"S are recollltnt;!ndt'{i us 
power somCt'll for t he TnE 87<1·L B 
Slotted Line, Ihe Tn," l001-A V- II -F 
Bridge.' and the TYNl 1602-A I;- II · J" 
Admillantc )'Ieter: In conjullction with 
T\"I't: Si-l Coaxial Elements such ~ at
tenlllltors, rectifiers, filters, terminations, 
moduloton:<, l'llld coupling devil'cs, t hey 

call be adapled for ll. wide varieL)" of 
uses in the htuorntory which would 
othet"wise require specialized amI ex
pensi\'e equjpment. 

Three of these npplicll.tions are til ... 
scribed in detail below, and others will 
suggesl themselves after u study of the 
complete li8t of Tnt: 8i·1 Coaxial Ele-

• menU!. 
The two unit oscillators covcr vcry 

wide I"flnges in Ihat part of Ihe frequency 
spedl"Ulll th!~t is be)"ond the region of 
cOllventional lumped ci l'cuit tech niques 
oud below the region of lines and ell vi· 
ties. Oscillators in thllt runge CllIlnot be 

'\'> H Th .. "'ton. " l'Ii,0I,Ioo1 ('oml>l~I~C_~"I.\I_ ... 
i",~::qIll_ .. 1 f<>r Ih.-U.II.) Ita"""," C_I HMJ.., E~ 
-"_, \"oJ xxn·. Xo 8, Jan"ary. 11100 

"it. A. Sodt.-nutn. "A New a .. ,\u lew lb. M_reme,,~ 
or Impeda»<:e be, ....... ·" 10 .nd 11.l,~ M.:' C ....... I Had"" 
Kzptn_..,. \"01. x.~I\'. 1\"0 II, FII>h ...... y, 10M. 

aSee fil>l' ...-tide in thia i ...... 

Fill uro 1. Pon,1 ... i ...... of the U·H.F ond V·H· f Unit ORillo r ...... 
te ft, Type 1209 ."" right, Typo 1208· .... 
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GENERAL AADIO EX PER IMENTEA 

put together readily from standard com
pOIH'nts, and much time and effort. will 
be san'd by using lhe small, convenielll, 
anu reliablc unit oscillators for I he en!!'Y
dl\ .... jobs (If cle(:tl'Onic cnginool·jllg. 

Both lJl;l.·ilh\loI'S In'C mount ... '(1 Oil L
shaped brackets which require It mini
mum of bC'lwh SpllcC. All componenls 
tlrc mOllutt"<l on 11 fiUL base cl\sting which 
l'flnies the supply linc lilters on onc side 
:md the tuned ei l'cuit on the other. T he 
111noo ci l't'nit is cnclosed ill [l cylindrical 
shield which curries the output. circuit 
and I h(' output. connector. 

The luning system of the '!'YI'E 1208-..-\ 
I'llil. Oscillalor t'lJ\,C'I'S the 8:1 range of 
(i.) to 520 !\'Ic. 11, is :l.sliding contllct t.ype 
01' circuit th"t combiJU'l) II \·:triable uir 
c:l pacitor lind :.I va1'iable induct.or in II 

~ilJJ(lc IInit. Thc mnge of capacitance 
vurintion is (!'OIll S to 100 ""f alld of in
dll(·tllnce, f"om om 1(1 0.0 .. "h. R otor 
:lIId tit:ltor nrc Shllpcd to give aloglll'ith
mit \'I1I·ill.! ion of fl'CqlU'nc.\' with dial 
,·otntioll. 

The ~50 to 920 :H c TYI'~; 1201J-A lInit 
Oscillator uses :l. Butterfly C'il'(·\t;L· as 
the luning element. VUl'it~tioH of induel
illlL'e is tonsiderably "mailer {O.OO·' to 
0 .011 ph}, but Hliding CQuttlcts, which 
might (':)us(> erl '!lI,ic hehllviol' :1t.. 11lf' 
higher frl'q uelleif's. arc climilHttl."I.l . The 
Cilp:icitanc(: v;tl'iMion (7 to 40 ""f) is 
tletcnnined by the l'otOl', t he shape of 
which resembles Ihe wi ng~ of a butter
fly. Tn obtnin 1he maximum posl"iblc 
fl'(;'<llWIH'Y span, t h(> plalC'S 11:)\,(' not been 
~ut away nt the lcading ('·d:.:f' a . ., woult l 
he ne<:cs.'1a!·y to hri\' l' a log:ll'ilhmi c ,.call' 
lwd, Iwnf'l\ p~" rre ll tt\g;t' \'lIl'ia(ion of f J'L-'

qucncy iUt"rClllielol at til(> high-fl'cquclle;,>' 
end. 

' I:.JIUU'<! 1\ .... 1'11 ... "Wiu,~lIa,,~~ -r"""u c; .~,,;t. oml 
,*,m.I\, ... for 1Ii.1I F."'I".".i ...... hI>/'. , R r.. Juty, 

'''' l-:ctu.ud I;Mr.h~. "'I'''~ lIu\ll·,n)· Cit'·'Ht." 0"""",1 
nIHu" P.Zfl"";".""' .... 1),:."1>0',, 1\11 1 
,+ foi. l'M ~"1 S"". ~.~/I;.r.s \ . 

• 
fn bOfh oscillators thf' \'('nl iPr din I 

makes abou t. -H1 tul'nl" for the 27U" roW- .---. 
Hon of the :I-inch mnin dial which cnrries 
t be f rC<lucm'Y calibmtiQII. In t he I:!OS-.\ 
Oscillntol' t he t uning unit turns 270°; in 
i he 1209-A it is geared dowII to SOo \·otll-
tioll. The frequcncy (,l\1ibmtion is a t' 
eUl'atc within ± 1% . 

The oscillnt.or tubes used arc th(> 
TYl' ~; 2C43 Lighthou~{J Tube in the lit! 
to 500 ~'I c Unit Oscillator and Lh(> Tn'l;; 
5767 Hocket. T ube i ll the 250 tv 1J20 1\l c 
UscilllltOr. Both tubes are copl:llllu' tri-
odes \\'ith ind it'cdly heated cathodes. 
They have bct'n (·hoscn bccuUF.<.' t.heir 
cxt.el'llal elect rode stnl cture i::; pa l·ti('u-
Inr1y well ada pted for lise Wilh tUlling 
units of thesl' two OS{' illatol'l' . Plale 
and gl'iel of the t.ube :il'l? con ncci.ed 
to the t uned cin'uit , I\'hi(:h ha.'! nu 
cOllll<Xl tiol)s to J:tl'ound . F('edbnck is 
determined ~cJl tin ll.v hy the tube 
c\cct]'()('\e tmpacitancC8. but !I smnll ~ 
amount. of pl.'l1.c-i.o-cathode capacitnnce 
has been :ldded in Ihe higher fr(>(P IC' IW.\" 
unit. 

Output of I ho oscill:'ttOl'S is lim ited h.\· 
thc plate Curren!. and plate di~~ipl1tilln 
ratings of the osci1l:\tor tubes. Best opel'-
alion is obtained ncar the m!lximum 
plate current rating, si nce th£' tuhes 1 hen 
have the highcst lranscuJl(ill('I<1l1ce. The 
outpnt. system is a short (JOflxinllinc with 
!\ cou pling loop on one ('nd :tlld u Tn'''; 
874 COilxinl Con nccto]' on the other. 
Coupli lll!," betw(lCn Ihe loop :Hld the 
osci llato]· (':1 n be Hdjustcd O\'CI' tI wide 
ntngc', and t he loop can he damped in 
the dt'Sil'Cl.1 position bS t.ightelling U wing 
UUI .. ;" Iaximum pOWCl' CZln be dcliHl'ed 

to loud impe<iullcf;.'S norlJlally elll'Ollll-

t('roo in coaxial systems. The out put.. 
power int.o it 50-ohm load i.,. U\,(~l' 100 
mil1iwatts lit any freque ncy and O\'CI' ,100 ~ 
milliwaUs ncar the centcl' of 1 he rl'c
QUCIlCY l'allgcs. 
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• 
A plate supply of approximately 27.) 

volts aL 36 milliamperes is required to 
operate both oscillators aL their max.i
mum rating. The healer 8UPI>\Y is 6.3 
volts at. 0.9 amperes for the TYPE I208-A 
and 0.4 amperes for the """' 1'1;: 1209-A. 
The TYPE 1205-A Pow('r Su pply is 
recummended as n coovenient and low
I>ricoo source of power. The muitiCOD
nector plllg of the unit. oscillators plugs 
rlircctly into this power supply. 

For80mc LLppiicntions a well-regulated 
I}Ower supply with low bum vol tage will 
be found more desi.rable, io order to 
avoid frequency variations caused by 
line voltage Huctuation and to produce 
a c1c8rcr beat tone. For 8. 20% line volt,.. 
ligc variation, the frequency change is of 
the order of 0.01% at the low frequency 
eud of the range. At the high end, the 
change is 0.05% for the TYPE 12O!).A 
and 0.5% for the TYPE 120S-A. 

Amplitude modulation over t.he audio 
range can be obtained by superimposing 
Q,-f voltage in the plate supply. COIl
"enient tenninals have been pro\ridcd 
fllr this purpose. lncidental fm in herent 
in this system is of the order of 0.01 % 
for 30% am in t.he lower part of the 
tuning range and increases rapidly at the 
high-frequency end. For applications 
where incidental fro must be neglible, 
c,"I(ternal modulators such u.s the T\'p~J 
1O()()"P6' and the TYPE I023-A- a re 
recommended. 

'w. Y. B,...., "loa Alru;llI"d, Mod"I ...... I ... Vide<) 
Fr.,q"e ..... ;eto ... QftI."./ H<Jdi. E~_. Vol. XXIV. 
-.:". 10, .\lartb. 1900. 

-n R. S;"rl~irl"A \'.,...tll, Amplil\"I<! M"d"h.w 1M 
' · II·Y ill ... ",\,o .. -RIJ!:MI Gcn.I"l'u..-.... 0 ....... 1 1l'''''D 
I':.lr-I_. \'(11. XXIV. No. II. Nov.rnber. 1 0~O. 

MAY. 19 S 0 

Unit O sci llator a s Signal Generator 
for Rece iver Tesling 

SiDce the I1nit oscillator is II well
shielded source of power, it can be used 
liS signal gencmtor for receiver tesling 
if means a re provided to measure lwd 
to attemmte the output. The T n'E 8i4-
\lR Voltmeter Reetifier, the 1'l' Pf; 874-
VI Voltmeter Indicator, and the T\'I'~: 
874-GA Adjustable Attenuator arc suit.
able for this IlUrpose and should be eon
nt~etcd tv t.he unit oscillators flS shown in 
Figure 2. I n addition to these thn .. 'C 

instruments, a TYPE 874-D50 Adjust
able Stub is required at the higher 
frequencies (300 Me a.nd above) to pro
duce a current ma.:xinmm aL that poi nt 
of the attenuatnr where tho ndjustlll ,ll' 
output loop is coupled. At lo\\"cr frequen
cies a lTpF. 874-WN Short-Circuit 
Termination call be usc<1. The Tnt; 
874-LA Adjust:lhle Line Illust be addc<1 
to increase the aVllilll.ble outpuL. 

Current from the uni t oscillat.or is fed 
through the exciting line of the allclHm
tor into the !5hort ci rcuit Or the fltuh, Thl' 
atl.eOlmful" is t'n libmtetl in dh. A~ milli
mum al.t.Clluntion the Htt" !IItIltor nULpu! 
is measured by a cryst:d diode in t lu ' 
\'olt.mct..er N'Clil1er and rcad on the meter 
of the voltmeter indicator, Means Are 
provided to standardize the meter indi
rat.ion. The crystal is followed b.v n 
5O-ohm resistor which detcr'mines the 
output impedance. 

The a.rrangement just described i~ 
practically the same as that used in 1he 
TYPE 1021-A Standard-Bignal GCIICr:I
tor, The mn.""imllUl u.vllilable Ollt Pllt 

FI9Ut. 2. fundionol diotJto'" o f the unit oteillolOf or«! ouano.ill, ,_ec'ad 10 WOfk 

O. 0 ,Iondo,d •• illnol lIanetOI;>r. 

"'IT 
OSCILLATOR 

TYpe 874'R20 TYPE 874' GA 
PATCH CORD AOJUSTABLE A TENiJATOR 

TYPE 874'LA 
AOJlJSTA8LE LIfliE 

TYPE 874-VT 
VOLTMETER 
ItOCATOR 

~~",~""~~~~~~:;EST OUTPUT 
..-: TYPe: 874-R20 ,,-.-<' TVPE 974· ... R PATCH COfIO 
VO-TME1ER RECTIFIER 
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GENERA l RADIO EXPERIMENTER 

SIGNAL TYPE 874-MR 
lNPIJT \ MIXER 

TYPE 814 -R'3i 
PATCH CORO "\ 

0: 
COMMUNICATION 

RECEWER 

figur" ". funt ' iOtlal dicQram of the IInil o.(iliotor 
and .... i"er rlKlifler lI.ed C. a frequency ,orwe.ter. 

vol tage is of the order of several tenths 
of 1 volt. The calibration of the at.
lenlls,tor covers l20 db, but the shielding 
of the unit oscillator and the various 
other components is not sufficient. for 
making accurate measurements in the 
microvolt region. 

Unit Oscillator 
01 Television Signal Generator 

III combination with a TYPE lOOO-P6 
Crystal Diode ModuJator and a THE 
874-GF 20-db Fixed Attenualor, the 
unit oscillator is a convenient, source of 
lehwision signals o\'er its entire ctl.rriel"
rn.·qucllcy range if video moouiating 

voltage is avaiJable_ The circuit arrange
ment is shown in Figure 3. The video 
modulating voltage required can be ob
tainccl from n standard television re
ceiver tUlled to the local station. 

Since the modulator is separated from 
the oscillator by an attem13.tor pad, 
amplitude modulation free fl-om inci
dental frequency modulation is obtained. 
Tbe output is of the order of 10 milli
"ol ts_ 

Unit Oscillator 
as Frequ ency Canverter 

Connected to II. TYPE 874-MR 1\'l ixer 
R.ectifier, the unit oscillator can provide 
the local signal in II, heterodyne con
verter to adapt a low·frequency com
munications receiver fo r use as a sensi
t ive detector for v·h·f and u·h-f signals. 
This circuit is shown in Figure 4. 
Without additional tuning the conversion 
loss is approximately 12 db at an inter
mediate frequency of 30 Mc. T he band· 
width of the communications receiver 
should be at least 20 kilocycles to allow 
for frequency Auctuations of the r('
ceived signal and of the unit osci ll(\tor. 

- EDUARD IC\H I'l.u~ 

SPECIFIC ATIONS 
Type 1209-A 

Freq .. e ncy R"ng ': 250-920 Me. 
Tuned Ci,cull: Butterfly, witb tlolllldiug l"Ollt:\Ct8. 
f,.que .. cy Conlrol: <I-iudl diu! with cnlibrntion 
flYcr 270°_ Slow-molion drive, ,p~ turn~. 
f' l qu .... y Collb,.,tlo .. Accllracy: I ~O. 
W"rm_Up Fllqlli ncy Drift: 0.2% _ 
O,,'pul Sylll .. " Short coaxinlline with Ill'Oupling 
l()Qp Oil Olle ead IIond a TYPE 874 ColUial Con
Ile<.:tor 011 the other. Coupling betweellioop alld 
,",-'Willl.tor eali be :'wI· u_'1tcd over II. wide range 
lind thf' looJl cnn be camped in the desired pasi-

tion. Maximum power enn he delive red to 10lld 
impedances normally e1\couutered in OOlUl:il\l 
!ly~tenLs. 

Olllp .. t Pow • ., In to 50 g , 100 mw lit auy fre
(juelLCy; 400 u\w in cellter of range. 
Mad ll iatio .. , AWlllitudc modula.tion of 30'1 
at audio frequencies ClUJ be produced by lUI 
external .I!Ource of 40 vol!.8. I nput impedance i~ 
about SOOO ohms. TYPEl 1000-P6 Crystal Dio(le 
Modulator can a l.'IO be used with eitllC'.r 
oscillator. 

Figure 3. Fumllonal diog. om of the u .. il o"'illolo< with vid&<> modulolo< 
10 for", a lotleyi>1ort signal generato •. 

UNIT 
OSCILLATOR 

TYPE lOOO-P6 
CRYSTAL 

MODULATOR o 
TELEVISION 

"'~':"~~!::-_PF=g;;';;;;';;;;;;:£=~RE~GEIVER 
TYPE ~4-GF TEST OOTPUT 

FIXEO ATTENUATOR 
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" 
, . ..... Supply b q" lred , 300 vi 40 mu 

6.3 Vj 0.04 a 
TTI'.£ l2O.'i-A Power SUllply is r~l1(Jlntnel1t1· ... 
TUH' Sylvania 5767 Rocket. 

MOllntlnll' Oscillator is mOllnted in all 1I1umiuUIll 
C88ti:n.g surrounded by :I ~Jlun aluminum I)(In· 
t&iner. Asl!cmbty is then mounted on l\lJ 1.
~haped panel nnd chSllMis pie~f'~ 

MAY, 1950 ~ 
A(u u .. , i .. Supp U,d: Tn'& 874-R20 Plltch Cord, 
T I'PE 874-P Pallel (:QIUleetor, llnd Tn'!': 874-C 
Cable Connector. 
Aun.orin ..... ail abl.: TYPE 100000 PG Crystal 
Diode MQdulator, Tnt: 874 Coa.xiAJ Elements 
~ueh as fl.ttenUIIWr8, 61tenl, coupling devicw. 
stub!!, \'oltmetcr, and mixer. Sec the .Tanu:u'y. 
1050, E%ptTi.mmt.cr fo t details. 
Di ..... " lorm 7 x OJ" x!ll.i inches, over:lU. 
N, ' Weig h. ; 5 M pounds. 

Type 1208·A 
Specificlltiona for T yp t: ]2()8..A arc the S:l.lne a.:> 
those for the THJIl 120!)"'A, with tbe eJ(ooptions 
noted below. 

F •• " .... "cy Rang" 65-&lO Me. 
Til"' " el,.,,,II: Sliding contact t ype. 
f .. qu. n.y Callbrallon A.eu.a.y : 2 % . 

Wa ..... Up F .. qu. nc y D. ift: 0.5%. 

Typ' 

1209_A 
• 208-A 1 

Unit Oleilla lor, 2SO- 9 20 Me.· . 
Unll Olcillotor, 6S- 5OO Me.' _ • 

Outpul Pow • • : Into 50 fl, 100 mw a.t any fre
quency; 500 mw ill center of ru.nge. 
Pow • • Suppl y R. qui .. d, 300 Vj 40 rn3. 

6.3 Vj 0.9 3. 
Typt; 1205-_0\ Power Supply is reoommelldcd. 
Tub" Lighthouse 2C 43. 
Dim. nolono: OM x OX x 8X iuchea, over!rJ!. 
N. , W.lght: 4 pounds, 14oUllce!i. 

. .. -I ....... 

Code Word Price 

AM I~<; 

"M t: :>m 
$23S.OO 

190.00 

TYPE 874-MR MIXER RECTIFIER 
A new recti6er unit has been added to 

the line of 'f)-I'E 874 Coaxinl Elements, 
which can be used as a mixer ill a. 
heterodyne-frequency cooverter. Signals 
at frequencies over 50 Me, fo r which 
receivers are not always available, can 
be cOllverted to frequencies undel' 40 Mc 
and detected with a standard commu ni
catioll-type receiveI'. 

The TyPE 874-MR Mixer Rectifier is 
si milar to t.he TY rB S74-V R Voltmeter 
HccLificr, except £01' the 50-ohm t.ermi
nation resistor which has been changed 
LO 250 ohms to increase the input im
pedance for the received signal and fo r 
the filter at the output which now has 
a cutoff frequency of 40 i\![c instead of 
a large by-pas. .. capacitor. 

Figure I is a diagram of the mixer 
rectifier. All three terminals nre fit
led wilh "l"'YP E 874. Connectors. The 
local o:3cill3olor voltage appearing at.. the 
erysta.! must be limited to about 2 volts 
to prevent damage to the crystal, At. this 

high level of loclll oscillator input, strong 
harmonics will be produced in the 
crystal, and satisfactory operation with 
some loss in signal-ta-noise ratio will be 
obtained with signal frequencies several 
times as high as the local oscillator fre
quency, 

The bandwidth of the roceiver used to 
detect. the converter out.put should be 
sufficiently wide to allow for normal rre
quency variation in both the local oscil
lator and Lhe input. signal. 

f igllre L Sc:h.moli( diogram of the Type 
874·MR Minr Rectifier. 

CONVERTER OUTPUT 
0-40 Mt 

Slaw. INPUT 
50- .'OOOMt 
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G ENER A L R A DIO EX PER I MENTER 

The 65-500 Me T YPE 1208-A and 
the 250-920 Mc TYPE 1209-A Unit 
Oscillators described elsewhere in this 
issue have been found very suitable 
for use as local oscillators. With 

" 
an input of 4 IJ.V at 500 Mc for 
instance, an out put of 1 ).IV at 30 
Mc has been obtained, usi ng the 
T YPE 1209-A Un it. Oscillator' tu ned 
to 530 Me. 

SP ECIF ICATION S 
op •• o,;nll F •• quuq, 50 to 3000 M e:. 
Maxim um rnp u' f.om l o~o t O u iUo' o" 2 volts. 

Type 

Curoff F .. qu.n~., of Oulpul FUll" 40 M e:. 
Con" . .. lon lou 01 30 M~ OUlpU' F .. q ... n ~." 12 db. 

CQIk WQI'd Priu 

874-MR I Mix • • a .. lln .. - . . -.. . _ .. _. _.. .. I COI\X\' ER'n:rt I $35.00 

·U. s . Pat~n. 2.12';.1516 I'aten~ Applit<1 For. 

MISCELLAN Y 
SPEAKERS - Harold B. Richmond, 
Chairman of the Board, Genc.ral Radio 
Company, delivered the pri ncipal ad
dress at the 1950 Annual Banquet of the 
institute of Radio Engineers, held at the 
Hotel Commodore, New York, l\'farch 5. 
His subject: " For the Radio Engineer 
Fission or Fusion." 

Robert F. Field, of the General Radio 
8nginccri ng Staff, delivered a paper 011 

" Inductors, Their Calculation and 
Losses" at the Symposium on Basic 
Circuit Elements, held at the 1950 
I.R.E. Convention l\Iarch 8. 

K ipling AdllJDs, of General Radio's 
Chicago Engineering Office, spoke at 
the March 19th meeting of the 
Chicago Section, l. R. E., on " Basic 
Facts You Should Know about Slotted 
Lines." 

RE CEN T VISI TOR S TO G EN ERAL RADIO 

SWEDEN - Dr. Hans Werthen, Swed
ish Telephone Committee, Stockholm. 

FRANCE - l\l r. R. J . Audouin, Le 
I\latcriel Electriquc, Lyon. 

ITALY - llrofessor F . Vecchiacchi, 
School of Engineering of Milan, and 0 1'. 
£. Fagnoni, Officine Galileo, Florence. 

SWITZERLAND - Dr. E. 
\V erk zeugmaschi ncnf abrik 
Zurich. 

A. Keller, 
OerlikoD, 

J A PA N - Professor Issac l \:oga, Uni
versity of T okyo, and l\'Ir. Hiroshi 
Sh illkawa, -Radio Regulatory Agency, 
Tokyo. 

At. a recent visit to Cambridge, Mr. 
Paul Fabricant of Radiophon, Paris, our 
representatives in France and the French 
Colonies, addressed a group of foremen 
from the General Radio plnnt 0 11 the 
subject, "Customers Appreciate Gen
eral Radio Quality." 

GENERAL RA DIO CO MPANY 
215 MA SS ACHU SE TT S AVE NU E 

CA MBRIDGE 39 MASSACH USE TT S 
TEL EP HONE: TR owbridge 6·44 00 

BRA NCH ENG I NE ERING OFFICE S 
M£ W l O~ K 5. N£W f ORK 

10 WEST ST RHT 
TH. - WO.U I·SllT 

lO S lHG£lU 11. CAl rfO RN IA 
l Ola NORTH a WARO STRU T 

Hl .- HOII T .... !·IIOI 

t HICUlO s. Il ll Nor s 
!ID SO UTH MIC HIG AN AY(M UE 

TEl.- WA ~lIb 2·SU' 
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