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FIFTH ARMY· NAVY " E" AWARD 
TO GENERAL RADIO COMPANY 

IN T HI S I SS UE 
Po&c 

GIM' YOCR 0,101:':" IN 
iIoow ~'OII I'O:fTWAH 
DEun:RY .... 3 

COHtU:cTIO"S ~"OH Ih .• 
! III LAI, (" "I:':" """C88 IN 
T il e 'J'1I l.s-T. " 

• A F 0 U R T H S TA R for Ollf "E" ban­
ner, marking the fifth .Arm y-Navy Pro­
d uction A\\ard, I\as grailled to the 
General Rad io Company on December 
23, 19·14. \X'e arc proud of this recogni tion 
of our efforts, and it gives us pleasure to 
be one of the few in the e lect ronic imlusl ry 
that have recei" cd the av.a rd for the ftfth 
ti me. 

Till': GK ... ·F.R ~ I . RADIo 
PUI.SE G l': i'lKMTOIi 8 The produc tion of prct'ision elect ronic 

WII>;," You 1'KI.I'.I' IIO,"1:': l!! t est eq u ipment i s II highly speciali:r.cd 
business. T est c{luipmcnt is produced in 

a wide variet y of designs for its man)' uses, but onl y in rciati,-c1y small 
quantities of each, 

War require ments have increased the dc-manti fo r our test equip, 
ment many,fold, We " ere faced with the problem lIot of conversion to 
wa r ma te rials production, bur of increasi ng peacetime volume suf­
ficiently 10 mee t the demand s of war, 11 00,cw:r, c"e n the requi re men ts 
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GENERAl RADIO EXPERIMENTER 

fllr "3 1" Uf! ' lI;;uall~ lint 8ullici(' llt 10 

permit IIU1 1';;' proo lul't iNI Ine lhoJ ~ There· 
(nrc . ollwr IIIt':m;;: of l" ltallSioll had 10 

l.oe (QUill!. 

'1'111' mainl ClI3Ut.W ,)f qllll lil) IInrl prc· 
c· i .. ion rcga nllcss of 'lU IUI t il) is a prill,ary 
l:I)I1i;il lera l ion. TheN! C.:I.II o"l~ be c fTec· 
Ih'cir moillllli ned b) l'lose 1>t II:M:rvi;;ion 
of Ihe lillal mall ufal' lliring o llC rnlions. 
iucl'lfl ;ng: lilHl1 assclliLI) _ ealibra t iO I1 . allf l 
tN t. To alk-ure thi ~ at Gt' lI crai Hadio ,.c 
han! L.e l't these Opt'rat ions UlII I!"r our 
U\\ll roof. "hert' hOlh th(, best fa(; ililies 
a nd till' m081 l'~ I)('rielll 'ed person ncillre 
o. oilalJle, 

A lar~' pari of Ihe o lher manufac illr­
in gopt'ratioll il ba\e ~II slIb{'on t raClCd. 
F, .... i n ~t alll ·I '. sc,erll l c...-ec llent machinc 
sllop" halc l)l'cl! ICl(::ued . "hert' 1I1:1II} uf 
thc ma{.' hining OIJl'raliolls are Lcillg 
dOllc. \ \t hough Ihl'~ shops ",' re nOI 
I'r. ' villll s.l ~ fa mili ar \\i lh the tnit' u r 
\\or!.. "hidl "c rcqll in-. a group or our 
highly s!..illt,t! rcprcsc ntlHivcs ein-IIlale 
alllong Ihcm 10 u"f;i!l t Ihe m in follo\.ing 
011 1' SIJo.',·ifii'ul ions ,mil rC' lui remeli ts. 
\ .... ns" the "t!"tt l from cUir lIlain fac l or~ 

i,,; located the plan t of on(' of the la rboesl 
t'tlnl l ~ IIlallllf:"'tllt'l'r~ ill new Engla nd . 
O\\i l\g lu \\:lr lillle n 'lIt ri(, tio Jl !l. thi s 
thorollglll ~ lIIo.- lem pl ll!!t fou nd it IIC(-.-S· 
sur) 10 (' lIrt a il 01I('r8 IiulI ". Ta!..ing all· 
\u ntagt' of tlw nplM.,r lllnit .\· thll s af· 
fonle(1. '\t.' a rl'lIl1 gl',l 1(1 ,;. Iart 11,,: 111 ill as 
II majo r l!ul .conlra,·lor, lint! all o:! nlir(' 
fl nor or lilt' ('al1(l ~ f!le lOr) "as t·OIl · 
\('rt ('d I. ) Ihc pr(Klul'lion of cieclroni.:: 
e')II1I)OII('III'" l'erSimlle! skilled in I.'anol)· 
making "t'~ tallght. :u II1 ' Ili il' kl~ learned. 
II IC tcdmillllc8 o f t'lt'(' lronic ('olllllOllen l 
I'r .... <lII('lioli . Thi ;;. one SULi·olltrul·ting 
arrailt!C lllcnl aloll" "I'm i(lcd:l rno~ t elli · 
cienl SOl1r, 'c (,r sU"I'I ~ "r .ital "Otupo· 
1I('u!s\\ hidi \\n"lll ntlwn.ise III\\t' been 
a :leriou s htll tlt' IIN'k. 

\1 :111\ ot h(' I' pr(WI' ''i'4,' S Ihat 'H~ rc 

2 

origil1:1l1y pcrfnnncd he re " e re aISi" &c lll 
oul 10 o ther phillIS \\hid, hall a\ailabl(' 
Ihe fa{'ililies IIml ;:;!..itl s 10 pe rform Ihem. 
Th is e.\: t!"l1 siu usc of suhcol1t ral' ting 
frl'f'd a siza hlc l}()rtiol1 of our lIIaiJl 
file t or) for corll't! ntnltion 'Ill the filial 
prOfluclioli ope ra lion s \\hie" are so crit · 
ical in llw main tcnance of qualil y. 

Tilt ' nCl'CSl\ary f'x p:msion of the Cali· 
hra tiOrl anti Tt'SI Lliooralorr c nl ai l!," 
mOSI serious difficultics.. heeausc Ihe 
1)I·o(.'Cdu res arc nei 'essuril~ oomplil'ill cd 
011111 .. an 0111,:. 1)(' untlc rtllke l1 by l'cr) 
well· t rai nc.1 :Ind aLle I"lCrSOnllel. T o 
uu.'C t Ihis nt'Cll. Iraining claSSi!S "cre 
slarled for gro ll'ps o( ft: malc cmplo}Ci' 8, 
'I'll(' fundlllll t'lItl.l ~ of cic,·tri c.il ) alHI 
rlillio were taught. 1uul Ihe Iheory Imd 
pnll'ti l.'C o f .. Icc tronie IIICaSUn' lllc nt.. 
were gOlle ililtl a s far a" lilllt' pe rmillcil. 

c..kcaeionally Iltc ,1(' lII l1 nd fo r a I'llt lil" 
ul;Lr instrUII ... nt has ,'xl't't' llc,1 Lhe ellpac· 
it } I)f 0 111' c\:pa nlled fad lilies. III 111t'~ 

'-'ases \\C hayc turned o\ e r 10 olher 
linus com plelc llcsigns. tlrn .. ings. allIl 
model s for their cxdu ;;i\'e 11 8(.'. No 
roYllhies or liet'USC fccs "cre chargcd. 

In COlllmUtI "i lll Cl e n ' o thcr c l,,('. 
\ronie produ(·t'r. \\C "cre 111111 arc fuccil 
.. ilh thc proL le m of Iht' ('ollliullal sub · 
IlIi llll ion of ma ll' rials 11IIt! I·orn ponc nls. 
Some of till' I' lIb ~ t i tllt io l1 .. of materia ls, 
for inslal .... ' ·. "I!rc carrit,tl on In Ihl' fifl h 
.Iegrec. In t'uIH pOllel1t s IIl so . nc" !!Ou r<:es 
o f s"ppl~ ure t'olilinll ll ll ) beill!; in· 
n'stiga lc,1 to ill !!" .... a ;; l1Iooth Uo" ur 
tlll'i'C \ il ll l l' lt'l1lt'n l s, 

Thc Ann .• ·Nllv~ " 1-:" u"3rd is. n 
n'I'ogni liol l of prot.iut'tion nchic' c lllclil . 
\lIothe r ad,icle me nt of "hieh "c arc 
proud is the substullli (11 conlribulion 
th:tl our Engi llcc rill g De partlllcli t hus 
L...'Cn III» C 10 make 1.0 the prosccul ion of 
ti le "ur h~ dc\clopmcllt "'01'1. on SCt'n ' l 
war projec ts th:1I tho: Getle ral Hadio 
Complln) llll ~ undertake!! . Still (ll1ut hN 
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is the large umowlt of e0l18ulting i~ lIgi . 

nee ring se rvice that has been given the 
o\rmed Se rvices ou problems wllt;rc QUI' 

expe rience could be helpful. \ Ian y 
thousand s of hours of IJighl )' skilled 

JANUAR Y · FEBRUARY ', 1945 

cngillcc rillg servioo hayc Lce u devo ted 
to tbe solut ion of the sl'ccia lir.ed proh­
lems of this technical ,,'ur. Our bope is 
that \\t! have ('on l ribulerl our hest 
toward an ca rly vlt-tory. 

GET 
FO R 

YOUR OROER IN NOW 
POSTWAR DE LIVERY 

• YOU ARE UNDOUBTEDLY GI V· 
I N G consideration LO the \'c place mcnl of 
sollie of the old tesl equipment ill your 
postwar plant with new and mode rn dc­
IOigns as soon a s they become available for 
civilian 1I5C. A mouitor for the uroadeasi 
.ua tion, a standard-sign:tl ge nera tor for 
the receive r laboratory, and a ne .... vac ­
uum·tube I'oltmelcr for gCllcral test pur· 
poses may be among the possibilities. 

A plan fo r Ilcce pting orders without 
priori ty rating now for Ilcli very later 

-. when war condit ions l:lCrmit has been iJ1 
operation for sollie time. A lJrief men­
tion of this '-re;;c rva tion-order" plan 
was made in last mon th' s issue of tbe 
General Hadio E:Tperimcl!tcr. Under the 
plan we shall be glad to rece i\-e your 
reservation-order fo r new equipment of 
llJe latest desigll for deli very to you as 
soon as conditions permi t. 

Our reservation-order plan is very 
simple. SemI us your order OIJ your 
regular order fo nn marked. " ltcscrva­
t ion -ordcr - (or delive ry later." \"17f' 
will fill these orders chronologically Ly 
the date that we receive them. We 
guaran tee Ulat these reservation-orders 
will receive first aLlentiou as soon as the 
priority restrictions are lifted. that the 
la tes t design of equipment win be used 
to fill them, aud that 00 ot her orders 
will he fi lled until aLI of the reservat ioll-

,-.. orders arc lakcn care of. 0 deposit or 
guarantee is req ui red. 

Uccause you lIIay change your mimi 

befol'e shipmeut can hc made. or beca use 
we may find that for some reason we 
will not. be in a position to supply the 
particular material called fo r, these 
rescrvalion -orders may be call1·el led by 
either of us up to sixty days before ship­
ment wou l,1 be made. We will. of (;oursc. 
ad visc you lJ1 tilUe of the estimatell 
shipping da te aud wi ll then supply you 
with comple t . ., specificatiolls and price-. 

Alt hough no public annOUllec mcllt of 
thi s rtlscrvatiun-ordcr plan has been 
lII ade IUltil reee ncly, it is already vc ry 
I>opuiar. und a substantial number of 
orders have been received. 

Ou r Engineering De par tlUent has 
Ueen full y occupied with research Ilnd 
developmcnt fo r war puq>oscs. Out o( 
these developments are emerging plans 
and J esib'llS for greatly improved I>osl­
war products. \Vc expect to IHI\'c new 
designs availablc to supersc(lc II num ­
ber of the inst ru lllents liste.1 in our lasl 
general cata log of 1939. These IW.,' 
products will cmLod ), thc imlxlI'tanl 
de\'c1opmcnt s and a,l"ltm:cs Ihat have 
been made Juring the war yearS. For 
the purpose. of reservatioll, however. 
your order lUay make re ference to the 
now current type Illunbers or IHunes. 

The re(luirClllcll t s fo r the Annell Serv­
i('"es cOllie first. 'When the wllr job is 
dOlle, "C will convert to the prod uction 
of the 1Il0s t modern designs of precision 
tcst c(luipmcnt fo r the civilian market. 
Heservation-orders ,,<ill come first. 
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~ GENERAL RAD I O EXPE RIM EN TE R 4 

CORRECTIONS FOR RE SIDUAlIMPEOA NCES 
IN THE TWI N· T 

• WHEN MEASUR E MEN TS ARE 
MAD E ncar the upper frequency lim.it 
of the 'I'n'IO; SU·A Twill-T I mpcdam:c 
Meallul'in g Network , it become ll neccs­
sary to correct t he observerl I'Clmh s for 
the effec ls of certain undcllired im­
petlant..:t's that exist" Lthin the Illcasu riug 
cireuil . 'nlc only illtcmal impedant:es 
that give rise to significant e rrors are the 
residual induc:llam:e and resistancc of the 
precision condenser aeroS!! .... hich the 
substitution measurement is made. All 
o ther illl l:ICdances in "iring or circuit 
cOllll>oucnt s hav.' UcCII redUL'fld Lo 
negligible values or ('1 st: 110 1I0t arrcc L 
the mellsureme nt , because of the sub­
stitution method cmplo)cd. 

In the approxi mate cqui ,'alcnl circuit 
(Figure 1) of the precisioll condenser 
are IIho\\1\ the rela li,'C loca tions of the 
important residual impedam:es. A"erage 
values are as follows: 

I~c = 6.1 X to-t il 
Uc "" 0.026 Q at 30 Me 
L" = 3.15 X 10- 11 " 

L' = 6.8 X 10- 11
" 

UNKNOWN 
LC 

RC 

c 

These "alues are all esse nt ially inde­
pendent of tlte selling of the condense r 
and, " 'ilh the exce pt ion of l he resistalH.:e 
Re. are independen t of frequency . The 
hi tler varies direc tly 8S the Mluare root 
of t he freque ncy, in asmuch as skin-effect 
is '-'O lTI plete at freque ncies "'here Re can 
have any significan t effeet on measure· 
mell t s. 

The errors in troduced are, in g~ llera l , 

proportional to the IKluare of the fre­
queucy. to t be magnitude of the suscep­
tive component of the 8ti rn iu ance be ing 
measu red , and to l he initial setting of 
the precision uomlf:lI sc r. Uccause of thi s 
latter fae l, the initinl se ll ing should 
always he as low as I"lOssiblc. 

Nature of Err or s 

The four residual iJll I.etianees li sle,i 
a l}()\'e introduce se"eral correction fac ­
tors which must be .applied 10 the ob­
i!e rved readings 1.0 determine the tme 
,'alue of the unknown udmiu ance }'x = 

Gx + jBx. The uom ple te approxim ate 
expressions tha t incl ude aU terms sign ifi­
uant at any frequency within the oper­
ali ng range of the in strument a rc 

Gx = 

I _ w(C" - c.,) 
'l x - 1 + wL'lJ'x 

CliO - wtL"Co,)' 
+ U~8'x(Co, + C~.) 

( I + wU1J'x)' 

( I) 

(2) 

I n these c(jllU tions the symbols that 
appear a rc ide l1 tific ~1 ill Figure 1 Dnd as 
below. 

Co, ami C., lire the effective ca paci­
tances bel\, ee n the poi nt b' (Figure I) 
and growlll, for the ' .... 0 sc ll ingi! of the 
precision condcnser. T hey differ from 
the direc t-readi ng static values of t;U-

F,GU tI& I. E'luiva lell i cin;uit of the preci;;ion 
cOlldellM:r IIftcO in T l'l·K 82 I .A T win·T, fthowiug 

the toe-Hli" .. "r f",i,I!!!!1 ;' ''I' ... llln .. ~. 
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paci lance because of the inductance Le. 
in accordance with the ex pression 

C ~ C C (3) 
• 1 - w't ,C • 

where a is defined Sf> 1. - w~ L<C and C 
is tIn: reading of the precision condenscr. 

The quantity B'x is the effect ive sus­
ceptanoo difference between the ,\\'Q 

settings and is equal to 
8 ' X = w(C., - C.j (4) 

'I'll(} quan tit y Gil is the nppareuL COIl­
ductance as determined ll ircet ly frolll 
the dial readi ngs. I 

Correction for Errors 
Alt hough the above expressions arc 

fonnidable, the calculat.ion s involved 
l :al1 be reduced considerably by the u se 

of cha rl s, toge ther with a systematic 
tabular form of calculation. Ln the fol­
low ing, the ex pressions for Gx and Bx 
arc rewritten in form s that lend thern­
selves locadil)' to compara tively rapill 
evaluat ion , usi ng the charts presented. 

Designat ing the admillaoces at the 
l)Oints b' and b" by a corresponding sys­
h' m of primed notation, and identifying 
the vlIr ioUIi correc lion {actors by suit­
able srmbols, we mar write 

8, ~ 8 '" (5) 
7 

(" G'x 
·x =-. (6) 

7 " 

The quantity 'Y = 1 + wL' Wx is the 
correct ion factor introduced by the in ­
ductance L'. which isefTectively in se ries 
witb tbe lmknown IldJJli u ll. Tlcc, z 

lu tum , the q uantities IJ'x Ilnd G',T 
are rela ted to the observed quanti ties by 

'1"" _,du~'."ce di. l , .. d. d;"",lIy in "mho .. f, 3. 10, 
. " d :w ", ••• c~de •• I .. • 11 o,h •• r .... " "'ncieo ,I.e .... ,Ii". 
n .. ,, ' .... muhfpl~1 I., , .... " I" .. e of , h • • .,'" "r 'he "l .... '· 
in. r,e'I".nCy '" ,he. ""fDin. 1 r ... ., ... ney ( .... doe ,>B,,,.,,I • • 
• witch oeuln . .. ..,.1. 
I Ii io I I ... f" _in .... 10 ,I .. ,,,.Iue,.,,,,,, .. r ."y .... 'un.l ",. d 
tI>I' ml, be .... ,I '0 C<>nne<: ' the. ""how" '" , .... i" ,tru· 

_ ." .. ,t . I . ;o . howo I ..... hl'. bool .. "" "f.b. be". h. e h ... , 
r ..... 10. I i ..... ",,,, ;on ... 11 , 1'0 .... ooed 'Q """«' for ",. d 
i .. duc,. ".,.,. 

FIGURE 3. C hart No. :! for ,Ie ter,niniug the 
qlUUltity 6 which is useu 10 calculat .. 1.1", 

correc tion t ern) .()G. 

JANUARY · fEBRUARY, 1945 

c.o l'OoC "'NCt St1l'H() ~, I 
100 <00 10 20 ~ oO{l &0 00 10 

F" 'Gl.lIu~ 2. Churl. Nu. l for delennill iog the ","an. 
lily"'. T o fucilitll tc rcaliing tLe chart at 10'" 
valuCi!! or Cllpacitunce. the por tion Lela ... · 200 ,.,.r 
is cJCpllllu eo:l anu 1,lolled helow lhe maio chart. 

fJ'x ~ w(C" - C .. ) (7) 
G'x = Gt/fj + 40 (8) 

(;", C .... and C., have Ucen previousl ) 
identified. The facio ,' {j = (1 -w~ L"Cq)2 

is t he correction in troduced Ly L" . The 
quantity.6.a is the t ... orreetioll introduced 
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~.~ 

.~O96 
10~ 
l"oon 

I·~ 
.M 
~o. 
" ·O~ 
§O82 [§ ~, 

.~ .. 

F IGURE 4 . TI,c correction flletor fj is de ter­
minl'd frQm Churt No.3. shown berc. Full-sio:e 
reproductions of thCile c h arlA nre nvoilalole to 

n&ere of the T win_T upon retl"~ 1 10 II,e Gellcrlll 
Itndio Coml,"ny. 

hy the r(:!; istanec He ami is given by 
I:J.o = Ucw/J'x (C" + C .. ) (9) 

"" SlJ'x{C" + C .. ) 

6 

The chart s bri vc the qu ant ities 0', /3. "1 
and S. using the average \' lI.llIes of the 
rc/;i du al impedances I1S pl1!viously given. 

In tcnns of the quan tities a, /3,)', anll 
6, expn!ssioll s 1 lind ~ become 

I1x 
11'.'1: 

> 

Cx = 
G"fJ + S/J'x (~+ ~) 

1 (a ) 

2(. ) 

The tl il ar t sare plot ted inllilit scorrespond­
in s: 10 the dial ealihra tions (megacycles, 
lIIi tl romhos. :tml lIlicrornicrofllrnds) so 
thll!' 110 cOIl\'c rsion fac tors necd be uscd. 

The da la sheet of Pi gure !3 tu Lmhues 
the various (IU 8nlities involved , in the 
seflueooo. the)' are used ill arriving at the 
final answer. The use of a data sheet of 
this kind . in connection with the charts, 
reduces dlc amoun t of calcula tion re­
quired , greall~' lJIiuimi".cs t.he chances of 
e rror, and prov ides a permanent and 
()rderly rct.'ord. 

N u m e rl c a I Exam pie s 

Several ilctual calculat ions ;lre shown 
in thc table, fo r different unkJlo" .. l ad · 
mittances and ;tl several freq uencics. 
'fllc obse rved dala for thcse examples 
"c re as folio" s: 

f c, C, GO 
No. 1 30 M'c 100.0 388.1 300 
No.2 30 i\'l c 250.0 ] 51.5 55 
No.3 25 1\l e LOO.O 139.8 62.5 
No.4 30 Mc 100.0 HO.O 1000 
No.5 IOMc 1000.0 4-12.4 80 

Correc tion s for External lead 
Tbe re sult obtailled by the me thod 

descri be;1 gives the conduc tance and 

FI(:'UIIE 5. Chan No.4, for determining 'Y. is 
gi" en in 3 parts. Churt No. 4}\ , shown here, iA 
used. for pOSitive 6UllCeptane~. corresponding 

10 capaci tive unknowne. 
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SUSCCpI 8Ut.'C of Ihe aduli ttance (If the If!r­

m;nals of the Twin_T. In many ('ascii. of 
course. Ihe admitlalu .. 'C to be measured 
\ 'IHUIO I 1.Ie broug-ht direc l' r to these 
lerminal s and ao e.l" temai lead IUli st be 
lI >'Cd . SUI'II a lelld will in il.;;elf inl rOl IUl.W 
l:orl't'c lion factors which m ay under cer ­
tai" ci rcumstances ea sily c:xcccll Ihusc 
produced by the interna l im rlCda ll ,"-'CI>. 
(' veil if care is taken 10 make Ihe lead as 
shor t 3 8 possible. 

Tile ca pacit ance to ground uf Ihe ex­
te rnal lead inll'O(luces 110 e rror if lhe 
initial balwlC'tl is established .... illl the 
leads in place bu t disconnected at the 
tlllknQlvll .3 The inductance of Ihe lend 
(L,) t:all$C1I Ihe ohserved mi millance t,o 
(li ffer from Ihe trne admi llanr,e. Si nce 
Ihe lead inductance is in se ries with Lhe 
internal inductance L', it is apparent 
thal the correc tion in troduced by L , i 
identica l in fonn ..... ith that int rod uced 
by L'. The ('orrec Lion for the series in­
dlictan~"C de pends. for a give n n'x. 011 

ti le rOOC/(lIIC(! of the series ind uctance . 
'\ I'(:ordingly. Lhe correct ions inlrO(llIced 
by till' ~urn of L' and t / ""ill be .Hllla1 10 
lhe corr(wt iOlls lhat "'oulll 00 produucrl 
iJy L' alone a t sollie I. igher frelIIlCnC) .j'. 

• '1',,'" .",in' " ...... , ..... d "" ~.Ie 13 nl , .... ,," " '''''lOn I"~'" 
r ...... bo , ' vr M 12 1 <\ T .. m·T 1", ,,,,,1. ,,,,.· \10.,," ;01 Cor",,;' . 

F ' GUKI'. i. Cllllrt N ... 
tiC .. how" "SIl"mJed 
d ,e <.'" ),,·d ... d porli"n" 
"f Charu. 'L\ Ot"J 'W. 
10'01" Uile ill ,Iel erm;'" 
in , lellu (''UlTl''C t ;on ll 

(~N' 10: 1) II milch 
wi,Jer ra"~e of fre_ 

'tIll!" ")' i8 lIho" /I. 

JANUARY · FEBRUARY, 1945 

,," .. ::lI lt ll 6. F(II" neg.live f l1!1O;<" I,I. llce$ (intluc. 
lio· ... ) Chari No . . m . allO\ c. ill ulltd. 

That is. 

f' - 1(1 + ~:) (10) 

where l' is the fre{lI l(lucy III whil'h lhe 
correction fa(' l.()r gio ell b) Chart. No. 'I 
(for L' a lonc) erlUl.l ls the lollil correc tion 
for L' + LI a l the ac tual freque ncy of 
measurement </). 'I'hlls the correc tion 
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f. , 

, 
d ~.; \ 

, ~:~ • ,-• \ ~ .- U' ...... ...... '; 9 ~ . -
• ~, ~~<:'c.. A G' ~ • " , B, " ", 0, ., r ....-. ' ,w T '1--" '" , • .. ..... -" m 

• '" ~ A .... . ".' -, , . - 1<<9 ...... 

" " , • urY/" • m .. '" • f" 

• ... .,. '" 
,. ... or" "r " . " • " .. ~ i¥ ... "t ... • , , . {i'.J ~ ...... , m 

~'lGl"l'! 8. Typical da lu sheet for t .. bulaling the correc tion (PClon 

II n.1 (neili tal i!!!; clliculu lions. 

for l/ aud L, can IJC made si multane ­
o usl) by enteri ng Figun' 4 wilh the fre­
qlll'lII') l' us determiuccl by Equat ion 
( 10). Alternatively, the f'Olllbinccl eor· 
rel'l iOIl can he detenllincd front Chart 
No.4 , usi ng the ope ra ting freq ue ncy hUI 
using a value of 8 J elennincJ by mult i· 
pi} ing the actual 8'x h~' I + I .. ,/l!, 

T he vallie of 1.., calL Itccslimalcd fai rl y 
well by calculation o r can be measured 
h} a IIIclho<l described in the ins truction 
book (page 13). 

Althougb tl,e IlI aglli llllles of II,e I'esld­
ual Ilaralllt::ters used in preparing thc 
('harls are a'-e rage "alue l>. tht:: charts eRn 
also be usci l " illl values as measll red on 
an) particulnr instrume nt b) using 
mclhotl s si milar to that describell abo\'e 
for lead illll m'lanct:, Ordinarii ), hm,­
c\(' r, the usc of the a \'crage correCliOIlS 

rather th an t hose measured on a u) 
particular instrume nt " 'i ll produce no 
sigoifieant e rror in tbe result . 

Tbe charis and data sheets repro ­
duced here are available in limited 
quanti ties without charge to users o f the 
TYPE 82 1. A T win-T Im pedance '\I eas­
uring Net" ork. A se t of charls ami a 
quantit y of dala sheets will be Belli "" 
promptl y Upoll recei pt of lhe serial 
numbe r Qf the instrument with "hich 
Ihcy arc 10 be USCtl, 

- 1".\..- C. EA STON 

At KN 0 WlEOG M EN T The ,,!Ie of charu for 
dClennining CQrrOOlioru. on the T .. in_T Wal' 
originally 8ugges ted hy 1\1,r, Dwight Blanehnrd. 
"f the Slandnrdl' LII I)<)rlllor,.. SI,erry Gyroscol'" 
Cornpany. ,,-ho !,repared a set of charu for hj ~ 
0"'" use. 

The churU! sho .. 0 here diITer l ligh tly from 
Ihose ,,;rod I,y 1\Ir, Blnnchnnl. hut are a" ou l· 
growt h of hi, work. 

THE GENERAl RADIO PULSE GENERATOR 
• MODERN ELECTRONIC MEAS · 
U REM E N T S often ill\'olvc the lISC of 
!KllIare waves or pulse s. For te sts in ­
volving rise lind decay timl!. bmHI \\idth 
or transienl cha rac teri stics. a stee p 
\\ an' fron I, is nct'Cssar) . 

& IUllre WIIVCS and pulscs are esscn­
tiaUy the same thing. lI o .... ever. ill com -

mon usage the term s are gt' licrally used 
10 differentiate bcl"'een rectangular 
"1.I\'cforms ha" ing reSpeCliH'ly 8ym ­
Illc trica l lIud nOll symmc lrical posit j\'c 
a nd negative portions. 

In ma ny trpes of "or!.. "i lh Mlu are 
WU \ 'CS, il is necessary thatlhc WII\'c fo l'lII ~ 
be symme lrical. That is, that t.he posi-
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t;,"e and negative portions of the {'yd e 
be equal in time duration. Thisis particu­
la rl} desirable in testi ng audio.[retIHcncy 
lImplificrs or other simila r device s ;n 
which continued application of a non· 
sy"uJlc trical w8,"c form will cause II shifL 
in automa tic bins circuits. On Ihe o the r 
hnn~l . for testing circuits such 8 S those 
used in various types of timing and 
rangin g equipment, extremely short 
pulses are preferable so that the S(luare 
W8\'c (o rlll lIIay actually have the nega ­

t;"c portions of the cycle 1000 times 8S 

long 8S the posi ti ve portions, or vice 
ve rsa. 

Wilh II symmetrical S<luare wave the 
average voltage is midway between the 
positive :111<1 ncgati,'c peaks. Wilh a 
pul se wa\'c, on the other hand , the aver· 
age voltage approaches that of the 
longer of the two peaks. so that the wave 
becomes in effect a series of pulses, posi­
ti ve or nega ti,·e 8S the case lJlay be. 111i8 
is shown in Figure 2_ h is part icularly 
desirable in mally tests to modulate a 
stan dard -signal generator wi th this type 
of waveform, thu s providing an outpu t 
which consists of a serics of relntivcly 

JANUARY· FEBRUARY, 1945 

short pulses of radio freq uency timed 
accurately and " itll practically COIII­

ple te cutoff of the rad io-frequency !>ignal 
between Imlscs. 

The Gencral Hadio T\' I,t: 869·A Pul se 
Genera tor ha s been dc\c loped particu ­
larly for these applica tions, Whilc thi s 
instrumelll has in the pust been manu­
factured only for Ii few specinl applica­
tions, it is no" availahle in sufficient 
quantities to be atlde~1 to the regular 
General Radio line of labora tory equip­
ment. 

The pulse circuit itself is of standard 
design, comprisi ng 1"0 th)ralrons, olle 
of " 'hieh turns the pul se on, while 
the other turns it off, Pul se length is 
adju !>table frolll 0,3 to 70 microSecond II 
by means of an adjustable time delay 
circuit ",hich controls t.he second thyra­
tron. An approximate cnlibra tion is 
provided on Ihe panel 80 thnl the 
instrument is direct-reading in pulse 
length for most practical a pplica tions_ 

The pu lse nile ma), be " aried be· 
t" CCIl 20 and 4000 l.H!r &ccond a nd is 
L'OlItrolied by IIYllcilrOllization from an 
external source, \lllicll ili a)' he a part 

"-ICUII6 I. View or the TVPIe 869-A l' ull!e Generator, fthowillg p Anel arl tl controill. 
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FIClIlI1!. 2. ("I"JI'e) Square \rave am.! 
(IH'I,,,,,) Pulse Wlln~ . 

of the eq ll ipml'llt under test or a stand­
artl audio.{requent;y osciUator. The olily 
restriction in tin s frequeuey range is 
that pulse lengths above 10 miero_ 
seconds cannot be used at rates above 
1000 cycles because of tbe de ionization 
time in tbe thyratrons themselves. 

The pulses are essentially flat.topped 
"itlt an e ffective risc lime of 0.1 micro­
second for pul se Icngths 001(",,10 micro· 
S(l(;oo<is. ror longer pulses the rise time 
is always lc ss than 10% of the pulse 
II idth. 

While the pulsi ogcircuil itsclfi s fairl y 
conventional, uertltin circuit re finements 
have been added to impro\' e Ille life of 
the thyrat rousand to pro vide comple tely 
independeLlt controls for pulse ampli . 
Tude. length, and ra te. The pu lse length 
is independent of the load eonnected to 
the generator. j\ synchronizing amplifier 
of the limiting-differentiating type is 
induded to provide highly accurat!: 

timing of the pulses., eve n when they are 
controlled from a low.a mplitude sine ~ 
wave. 'fhe OLI t put of thi s aU! plifie r is also 
available for trigge ring a cathode.ray 
oseilloscopc, thus providing a high de· 
gree of synchroniza tion in the pall eru 
on thc scrcell . Thi s is a particularly 
important feature for 1II0st pul sing tests, 
sincc any e rror in the timin g of the 
pulscs mu st be small compared to the 
ri se tillle, or au un stead y patte rn will be 
protluced upon the o5(;illoscope screen. 
thus completely obscuring those very 
de tai ls wh ich it is mos t desirable to 
observc . Phasing controls are provided 
to adjust the l)Osition of the pattcrn on 
the screen. An oscilloSt:ope for use with 
this pul se generator sbould of course. be 
of the triggered.sweep varict y. 

The pulse generator was ori ginall y dc· 
sib'ned for lIlodula t illg various Gene ral 
nadio signal ge nerators which were in 
use in the fie "I and whi ch had been ~ 
lIIodifie(1 to allow pulse modulation. It 
is, of course, a lso suitable for pulsin g 
\'ariotls radio .frequency oscillators thaI 
have beell designed for the pUfJ)()8e. 

The in strument includes a phase · 
iuve rtin g Olltput amplifier providing 
either posit.ive or negati ve pulses at 
va rious impedance leve ls., as shown in 
Table I. For bt:sl pulse shape. the low ­
est l)Ossible outpu t impedauce should be 
used. The in strument is completel y 
shicltled lind pro\' ided with a shie lded 

TABl E 1 
PEAK OUTPUT VOLTS_OPEN CIRCUIT 

Pubc PoI"ril), 

Oull"'/ Posilil"e Ne~lIIh<l Or,crm ill~ 
Scllh'8 Pn'(ltleucy· 

20 KIl lIJoo Q 500U 100 n 100 11 500 fI JUOO n 20 KO 
---

Itange A 90 IjI) 70 :W " 80 ISO 300 500 ...... 
Il ""ge B 100 9/J 80 20 18 9U liO 300 500 _ 
H .. ng.· C 100 80 80 20 " 90 180 300 

500 _ 

, 
" . . .... o,h .. '''''''''''''1 f""IQe,,~ ...... ,h. ,,,ho ...... ,11 I .... »I"~~'''' ' 'dr .. ,,1"0 20 .. ,,( ,be ",1>_ ... en " l,uve. In I.nc,.l • 

• 1.. (I, .. " cl", .. i, "»""" .,,1 .... will w .J ." ,1..". .. ..0 ••• he ""I .... iJ,h .,,,1 """, .ti"R r"'q .... ncJ' i""", • ..,. 
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,'al.lc fur connection Lo a signal I.-erwr· 
ator. tllll;; permillin g o l)Cra lion of 111(' 
I'iguill genera tor (It 10\\ ca rrier OUlput 
!e,,' \;; "i lliolll int e rference from the 

pull'(-' ge nerator. Th.' pulse geliNator I,. 

JA NUA RY · FE8RUARY , 1945 

a,tapled (or making' a I.ide \ariCI~ of 
laoorat.or) testa: II here Sleep \,a\t'(rona 
,If(" rcqUi rcfl. 

- II. I I. Scm' .. 
C. \ . c.\I)Y 

SPECifiCATIONS 

RlpetitiDn Ral. : 20 10 1000 c~·cle>l. I'"I~ Out p ut Am pliludl :!iff Tahl., I. 
I.)n!!,·r Ihlln 10 "'ic ... ><l ........ .,. I.i lire limite.1 •• , II 

" 'H,;mll'" fr{,(,II"nq of IOUOc}"le", EIIHlhe Output Impedances : 

0&. '1'.' I nput Voll"e : HN'H'(" 11 5- 10 ,"blls lOr .. rt-' P ",' 
'1IIin,,1 (flr nor",al .;"fltrol. For i!ll l' ro,·, .. 1 ~ I K' 
1,;lily at the 10" .-.1 rr~oJl'''(· i~. I hi~ lila ) I ... 
i,w""""'d 10 II Il1I1\;i,,"un of 30 volti' . 

I nput Volta" Wlfllor .. : Thi5 i~ uol "ri l i· 

<'"Itt. anti ma" .... n from • ~in<: ",a"~ I" 11 Iri. 
'1IIj:"lar ", a,·C. ea;e m"~1 lor tllk .. n, h<)"'·I.',,-r. 1,0 
1.. ""1 ' th;;; "ignlll r~a80" " I,I~ frec from I","'cr 
~" I 'I ' l y 10"", ,nita!; ,', 

S y nch ro nil inl 0 pi P u I : A cl 'pped !i" .. "a, " 
al'll('a r~ H"",JiIo! Ihe ~) ""hroni~ing uu11,,,1 h·r· 
minal~ "f al ' I'rusi",," .. I~ - 1(,(1 an'" +50 I .. ·al.. 
,,-,It~. 'I'll ", ",a~ I..: n4<:t1 lu conlrol II, .. hi,:h. 
'1'""1. ",...-·1' ci...,,,i l of All ~i1Iogral'h . II, ,, , ha_ 
l ..... " l,ro,',I .. d ",ill, ~"il ah' .. Iriggering a ml'li . 
fi,·,.,.. 

PhlSlnl Controls : l'all ;·1 e"" I .ol~ ar<' I"()' 
,·iobl II' ",,'mil a<.lj"~ln"'c I,ha$i ng of Ihe 11,,1· 
1',,1 1'1I1 ~,· ... ilh rNI~1 10 Ih" ".lllIg" "lolPillt'<.1 
a l the .. , nd.r<)ni~ing 01.11",1 ler ... i"al~. o,·.., r .. 
'itllil ~ .. 1 rangc. 

Puis' W i dl~ : '1'10,' nu ll,,,1 I ",I~' i~ con l inu. 
(,,~IJ a.lju~la lol,. ,I\Cr Ihree nngl.'ll. Th.", .. ar .. 
0 .3 3.0. 3- 10. atHI to ill 'nier05('t·"n.l.... r,· · 
~ 1"'l· li,·,.I~. '1'1 ,,' f"I. lihrllliol1 "r Ih .'I!<· conlr(,I ~ i" 
HI'I,r(,..:imuldJ enrrf'()1 ,,"cr I h" cnli.e rrt" I ''''''''~ 
ntI,:e. 

Pulse Ampilludt Cenlrel : ,\ pane l oolllr,,1 
1 "'rll1il~ Iht I'\I~ ""'I,lil ... le to loe adj llo,1'tI 
(rout 1:,"ro 10 ma..:imum, ",ill, U IIcgliJ;il,le dTcel 
"I'"n Ihe 1,,,1,,.,. "a,,·rorm. 

Pulse Wnelorm : '1'1,,· puisI.' i~ ¢!""nl isll, 
11"1.lol 'ped. "nt! h,,~ "" 1·1T,..,li,,;: rise li" ,e or 0.1 
mlcrHi'f'C ... ,,1 for 1',,1;;,· .. id lhs les~ Ihull II I 
microiH'Cl"" I,.. For 10'lgcr I." ,~("<. Ihe ri~ .. Ii"", 
i _~ I,· .... II"." 10' f o( lhe ,,,,1,,,, .. ;Jlh. 

Oulpul Sellclor : \ I'~II~I !",ileh I""rmil~ 
UII) (".<" orf(HI' iml>etlu"~ 10 1.., ;uo.rrled in Ihe 
01111'"1 " " II,I'fier ... ml ,,10;0, I'ro. iJe,; ~'I her po_i. 
Ii,,' or IIegal"c p"I~"". 

7-', ... 
11(,\1- \ 

I "'1"" lanC6 
Selling 
0"11'" 1 
J "'petlanc .. 

l"'IIo!:·lu,,1.'e 
S<::Uins: 
O" 'l"'~ 
I "'I,edanc .. 

:W"O 

350 II 

IU(l II 

120 n 

I I~ n l 50011 lOOn 
350 n 350 11 lOOn 

500 !! I IOO(F n 20 K!/ 

!l;;U fI ~15() 11 11,000 11 

Theo;e ""IIIe;;< s ..... ul'l,ro_"mllll'. IInti will clUI II);" 
wil h t h" 1", .. I IIPI ,Ii~ ... 1. tI" .. 10 Ih .. I',,,;t;,, ... ct'nu 
or the 0,, 11',,1 " "II,lifi .. r . e 

PO'll If S U pp I , : f:i l h .. r 115 Or 230 ,·oh~. 50-60 
eydell mIl J' Ix: II~"' . A ' -ar;Slion or ± 10' , ;lIlhe 
&" l'l' ly ,·,,1 1111;" will cause a 'ui"ur "ar;o l i,u, in 
Ih" o ull"" I,ulile u"",lil .. tl l'. 0,,,1 wi ll gellcr .. lI y 
Icntl 10 chunge Ih" 1",1,"-, ",;<.1 11,. f'or ol'l j' nnm 
loedormullc..,. Ol"'rlllio" ul Ihr 115· or 230,\,01 1 
" 111",-, i~ ret;:um .. lt:nJeol . 1'0 .. cr i" I,ul ii 64.1 '" 1I1ll!. 

Ac cess or, . s R.q u ire d : '1'0 dri\'(· Ih,·!!c,,;:r. 
al ..... UII a-c ..... . re" .~ ul'c.h-.J. The G""er.1 U""'io 
Tnt: 913. 11 Uf'II I.F"·'luenc) O...:illlllor j~ 
., ... -o"",,;:n<le.l. 

Acce su ries Supplied : .\ se'en.foul line 
eo""~'Clor cor.l . IWO T\" K 2i l·.\! l'l"g.il. 0",' 
Tn'" iil. lt! 1'. ld, Cur"' , "I,arl' r" ........ MIlt l pilol 
la ' ''I\!! are sUI'p lied. 

Tubes Suppll.d wilh Instrumlnt : 
2 - Tn'y. 6 11 6 
I - T\PI> 6AC7 
I - T n' K6 .. \5 
I - Tn'l': " H. I;.t)·30 

2 - Tn'K!lS1 
I - Tn'66SCi 
I - TWit liZ'51; 
I - TWit \' 11 ·105.30 

M a u n l in,: \l el l.1 ca l,inrl. 

Dimens ions : ( L,·ngll.) II) " ( h~'i !; h l) 9; • . ..: 
(tlel' lh) 12.h i"cl,e.;. o'erall . 

Ne l We i,h l :38 I.",-"",tI_. 

"'.11 t: 260.00 
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WHEN YOU TELEPHONE 
Will.! thousands of orders continu­

ously ill process. it tukcs limc 10 chcck 
up on Ihe delail s of allY O IlC order. To 
answer quesLions ahou t orders already 
placed, ..... e musl ha\ c (1) onler number, 
(2) dalc of orde r, and (3) li st of materia.1 
ordered. 

The hamllingof tele phonc requests for 
inform ation ",ill I)C great ly facililal(:ll if 
you ask for Ihe person who is likely 10 be 
beSI iufoflnell 00 the maHer ahoui 
which JOIl call. Usc the fo llowin g li sl as 
a guide, but ",hen in doubt, as!.. our 
opcral ors. 

I;'or l /ljOrllWlioli 011 

Oc li "cry of orders alrelldy placed for catalog items 
P lacing and delivery of orders for component pariS 
Credi t , .... , .. 
Prices and deli" ery of C(lu ipmenl Dot yet ordered 
Tecllllicul inforl1l a lion on usc of General Itadio 

C{lui prncnl . . . . . . . . . 
\ Iainlcnullce and Re pair of Gcneral nadio 

c<l uipmCIl I ..... . 

Call 
II . P. Hokanson 
P. G. Uichmond 
C. E. II ills, Jr. 
) 1. T. Smilh 

I. G. Easton 

{
II . II. Dnwc!! 
K. " dallls 

Our tclc~honc number is 

THOwbridge "400 (Boston) 

E.rlC/lsion 

24 1 
262 
240 
33 1 

332 
261 
260 

Til f.: Cel/errd /(udio' 1-.','1(/'";1(1''' El~T,.;1t is "wiled wi tholtt c llorge eacll motll.h 
to ellgillecr.~. sciclIl.ilHs. tecluticialls. /Hili oth er s ill t cresl ed in COlli ""I ni­

(·nlioll-jreqUtHIC.l' IIIf'os ure melit alHI COlllrol problerns. IVIlell sf'Iulillg 
requcsI,s jor sub.<wri,JI,ioll..'s afld address-dUff/se notices, please supply l.il e 
jollou'illg illjorttlll I.ioll: lIome, com/)(Jn.y oddress, I ypc oj busin ess cOIII/J(wy 

is ClIgfl l!C(/ in , fIIull.ille or position. oj i'l(lividuu/. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CA MBRIDGE 39 MASSACHUSETTS 
TELEPHONE : TROWBRIOGE HOO 

BRANCH ENGINEERING OFFICES 

II[W TORI 5, IIEW YOll 
II W€ST STun 

TEl. COUUNDT ' ·I U I 

un A'ftGHES II. e1L1fOR 1I1l 
1011 IIO.'H SEWARD STAH T 

TH.-HOLLYWO OO Ill' 

CHICAGO " ILlIlIOIS 
nl sonH MICHIGAN lfEIIY( 

TH. - WAlUH an 
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