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GENERAL RADIO EXPERI M ENTE R 2 

RANDOM EMISSIO N COMPENSATION 
• OW ING TO ITS AMPLIfYIN G 
PROPERTIES and it .. higll input 
rf, .. i"lnllcf' . Ihe \IlCII\l1lI tlll~ i .. ill(,lIl1 ) 
!.'u ih' ,1 In Ih., prohlclII tor 1I II'lt!' lI rillJ; ,I.,· 
IWIi'nlink Inhrrcll ily s lal.le dn'uit ll 
cmplo) illg degcneration Ullil 11 d,tt't.·ly 
!'I'gulst!'d jllJ\ll'r sourc',' are re\.lui rj·,j if 
Ihe \tU·uulll. lull(' "ulhne!cr i,. 10 be u;:.ed 
for IIIcasuring "malt 1"'''·lIlial". \ .. a 
furl her rdiucmenl , il i" lIel'essar) 10 

sllielt! magnelieall} and det.·IrOi>lalicall) 
1"(' 111 01> 1 se nl' ililC IItLe or lul)(' ;;. (If IIII' 
I' in·uit : all ICll.l<, cnlering tilt' .. hi l'ldcII 
eOlll l'arlnlt'n l must Iw f'1Irf'fllll) {jllerCII: 
"hod.. m(lllllling is ncctled 10 aloi.1 
m il'ropIH)11 i, ·;:;. 

\\ 114'11 the .... · I'I'CI 'lIl1lillll" hall' lH'clI 
laken, Ihl' "" III' ill1 il) Ili a) I", iUI'reased 
1(1 th" IlOin! Idwre irret!ularilic;; ill Ih,· 
del·troll s ln'lllli 11rc Ihe .Iominant cause 
uf IUI,, :lIIlc.1 1I1I('lu1lIiol1$ in the ou ljlllt. 
Thl';;t' ir ..... gularili,.:'; cannol he (' Iimi · 
naled . ThC) arc (Iut' 10 Ihe \('r) IHlllln' 
of e!et'lron l'mit'l' if)lI : cll' I' l ronfi nrc frc,·d 
fr(lllt lite I'ulh(lflc or lil llUU' nt ill /1 rllll-
110111 fa ,. lt i,m : t hey I'lli'll IIml j(.1t one 
allolh,'r ill a Ilwd .... ·raIllOlt· III Cl'I':lpC I Ill' 
helll CllClllill!'r \I'r) IIIll1'h lil,.e l)()IWQrn 
(1/1 II hili 1;101\ (" Hnd il i" olll ~ 111'1'11.11"'- of 
tlleir \,bil number., Ihal ill IlI,n lllllll,.IIJ;'· 
Illt'~ pn·..enl a ..eelllill t! "011:- 111111 n,-,,,. 

I'1I.t..".· I. SdwtlU'Iie .Ji;,~nm ~ho ... inl! 1,,1 0(' 
.. illl jl:rid_ .·""fI ... ·led to. "o"I]""uu'I" fM 

r.",dom t'mii;l'io fl . 

R2 
4 , R, 

3 

2 -

ED 

Si nce Ihl' ral1llol11 /1ul'lulilions cannot be 
cii milla l('d. Ihe on ly recourse is to de· 
\,ise II. cornpc lI"ll ling mceila niSII1 a nd Ihis 
illllncdi " lcly fi uggrsis Ihe lise or II. mull i
ciCC lrOfic IIIII<~ wh(' fei n f;I've ral ave llues 
/Ire a\'Hilubl(' ror ge ltin g at II.c e leclron 
"tream. 

1 )I' nt agri ol ~'onn!rl ('r 'l )'pe tll LeS art· 
"u pplied I,i lll St'\'cnll gr il l" inteq)08Cll 
he ll'een IllI'ClI lllQlJc all.ll he plate . Such 
a lube ,',In be eOll 11l'l' led as sho" n in 
Figure I at 1111 II lIl'rilicc ill gain , and, ir 
Ihe orlCra l j n~ p"te"l ial .. are prollCrly 
dlO~ n , nu cilial ionil ill e mi..sion will pro-
11111'1' nil ehangl" in tlte OlllpUI \'olla gc. 
The IIIcchanil'1II of " '"I1I'('nIHl l ion 0 rlC r · 
Il les as fo lio",,: a n ill('f(' lI ",c in (' I('elron l" 
('missi,11I ,·a ll l5(''' 1Il0r.· ""rre nl 10 110" 
Ihrul/gh U1; Ih,' \olt ab>tl lit grids No.2. 
No.3. a lll i ' 0. 5 ill re,I",·j·.1 Lc"llU5C of 
thc ,nltage rlrop in 1( ,. Si nce grid ' 0 . .) 
i" 1Je1\\'(''e1i Ihe t'llI1 lr,,1 grill (No.4) ami 
the plal e, Ihe (' lIrr(' 1I 1 fln w lit. the 1)la le 
ill arre('led hy IWII i'oIllIM'"S<l li ng efT('c ls: 
the incrcuJ'\C ill "ICi:lronic ('1l1 ission ami 
Ihe d,'(' relUw ill grill No. ;1 \·o l! lI/;e . As a 
lIe l relonll , th,· ('n rft' 1J1 now at 111f" plllle 
!'cmains unt.:hanged in "pite fir n lllIl olll 
nllt:iualiOIl!;l in lite elec lronic s lream. 

FiJ;ure 2 illuslralcFo Il w IlcJ!ree of COlli 
p('lIsation thai may be cx!'eeled. To 
simulate rn ndom lIuctualions the lila
Illelit vol lage of II I07-C 'HIC tllhe \\I&S 

"ha nged over" hil I is rell lly 1111 e llormOIl.~ 

rnnge, consi.lere.1 in lefms of lIorllla l 
"mission lIu ctua lion. 5 il1('e we IIrc ill , 
t~reS l el l ill Ihe llbilil) of Ilw (I vice 10 
mcasur(' sma ll vol lages, Ihe c.hunge ill 
flulpu l. due 10 fil;lIl1ClIl vl)l lag(' ,·hang('s. 
I' as ~orre(' l e(1 b} inlroducin g a voltag{' 
1.1 Ihe conlrol srid. This " equivalenl " 
\ olt age is plOIl(',1 ill I he fi gure and 1 he 

CoIIJrilht. I' ..... Ge.-.I lI.dioo Compton,.. 
c.m ... id .... M_ . U. S. A. 
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in HUIJIm 
, ... ~ 1.& 

"L ~o.otHT ¥O<..t-.Gr. 

F'(.l .. " 2. 1' 101 ~ howing ran!;,· ,,,t'r "I,iclt 
{'Oml"'''~lIt ion is o:ffecli,,-, 

.'! Iopc of the ,'line is the l'ritl'riOIi of Iho: 

t"fT,-, -ti vcm:AA of ,·ollllX'n lSutiuli. 'I' IU' Iu!,, 

of ('ourS(: sho ll!.1 he Opt:rllto·,' a t tilt' ill ' 
1I1" (, lioli poi nl of this cun t:. '\1 the tinw 
Ihe~ data \\,'rf' lul..e ll , it \\(tOlulw aSf'N· 
tai nt'rl lhal "i milar rf' il lill s ('ould L;. 

oitlnincd ... i tll " heatcr-tYI)O" uf \ul)<' 
(oA8), alit! it ('lUI Iw 1' 'l:pe ' 'h~11 I ha l otlwr 
I) pc.'! o f 111:11 1 agrid -1'011 \'(~ r lt:r III~,;; \IOUIII 

) i"l,l equaU) lIati;;(actory re .. uhs. 
lI igh st ubilil ) ca n O(ICII Iw a ll ainl',1 

h} II l1 ing 8<1.lilioll81 Si nges of umplifka 
l ion and inlffl4 hwing pruc lil'II IJ, com · 

MAV , 19H 

I'll'l l' degcllcrllI ill ll UH' r 1111- '-Illirl' nmpli
fit'f . But a n)' 1111l'IIHllioll in the 10llal;c8 

th ul exis t in Ihe p31h eOllllllOIl to lil t' 
1'OllIrol grids (coll1 3e l l.ltllell liuls, Cit',) 
i" 1101 tll'g",wrttle,1 Ollt bf·I'II II .';(· thf' 
I'Ollr('e of th,· ... · \'(lltnge8 i8 ,wt indud.-ti 
in the tlege llcrllti H' loop-

FortulHlt,d). "hen the j' irt'ui t of Fig, 
ure L is Utljus tCl1 to compe nsa te for 
I'hlillge;! in (' lIIi';I' ion , il i,., ell,utll) hliiallced 
for changf's ill 1111) lollugc (ED) \I hieh is 
.:0 1111110 11 to ho th "onlrol gri,l ~, III other 
IllInj;;. Ilu' Irflns,'ontlUC!U II,:" ( I f the 1"0 

grit! ~ (No, I ulI ll No, I) to II ... plOle lire 
;"1' ,111 Imt M o ppo"itc I'0laril ~. 

\.ulI5C(lut'ntl}. Il w ,'irn,il of Fignre I 
IIIIt only ".,ml)l'1I511"·5 for lIu c tu a tiou5 in 

t'lIli,;"ion. bllt it "lUI al~u 1.It' tlM'11 to SUI'
plt' ment the uHr,all ,lcge nernt ion and 
the heater lO upply regula tor in the at' 

!empl to M'lIielc Ihe high litu bilil) so 
(· ... ; ... lIli31 in IIIt'lI ~ lIrillg I' llIull d ol' pull'lI _ 

l iuls a nd ,'urn'll ti!. - .\ , (;, BO U1'(IUET 

REL AT I VE HUMID ITY AT BOSTON 
• IN THE ART I C lEon " TIIt' Effec l, 
of lIumidi t) on Elct:lric,,1 \l easure· 
lIIellls," reprinted in the Ceneral Hadio 
H,:cl','rim(Hller laM lIIonth , men tion IIUS 
made of Ihe fa l' l Ihllt . ,,1,t' II"l r r the rda, 

., '0 
'00 

.0 

f'II':UKK I. C urY"", shuw. 80 

iu~ III .. r l'l ~ liotl l.etw«n 
r., a liYe h"m itli l\' anti '0 
'~ "'I~rat"re ror " arionB 
deilsiliei! o r ~('U~Wi l'.,>OT eo 
r:r pr~ ill gr.;ni "I"' 

~"bic fool. .'0 

" ~.o 
30 

'0 

'0 

00 '0 ZO 

li ve hUlIlidil y (' \I 'f'cd s 60( f fo r n da ). 
nlulIlinulIl pl a tt· t:o)udcn8ers h:l\c II I'Prc· 
ciuble 100000·g. a nd "h;,:11 Ihe rclatin' 

1lIlIlIillit} pas..e .. iOe;. 1111' I.Ullillt.'t of a 
t:a plIf'itanc(' ilridg(, 1x" 'O"I" " IInstli ble. 
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GEN E RAl RADIO EXP ERIMENTER 4 

T he ~llIeS l iQn lJa tura ll) ar;:.es, ha l' often 
llur;ng the )car do thc!>C condilion 
O('f' ll r? Th is o f course de pc mls a ll the 
locat ion of the 1Il'lI lI. rat lis. In Nell' Ellg
laml Ille hum idi t y indoors is Iligll o nl y 
during the SUllImer months of July and 
\ lIgll~ l, ... hile in t he tropics Ihe humid 

il} is a lways high. 
For Ihe las t 1\\0 }cars a record Ita,. 

lJeen ke pi o f tlli' rela tive humidity in il 
room whose temperilt ure is ke pt a t 25°C. 
e:u ;t' pt \l heu tht· ou tdoor te mpe ra ture is 
h igher . The relll l ;lc hllmidil~' remll ins 
I,e lo\l 30% for Ihe six .. jolu months, 
NOH~ llI ber through A pril, and r ises 10 
lUI average of 60% ill July. A " lillie uf 
60% is exceeded OIl L"C in ~ I ay and OcIO
UI'r, abuut UII L'e II. \l eek in JUl n ! 11 1111 

Septemher. and a lmost cont iuu all} ill 
Jul} and Augus!. ,\ value of 7001

C is t'~ . 

,--ecded abou l Orlef" Ii \l cek in J ul} a ud 
I\ Ug IiSI. 

T he rcia tioll bCt\lCl 'U tI,e rciat il c 
hum idi ty indoors and outdoors is dNe r · 
mioed by the lempe ra tures o f the t\lO 
IOClltions. Assuming that the \I'eight of 
watcr in a unit \'olulllc remain" COli ' 

"-' GUMS 2. C urv e!! of ... erage IIIOt.( III1. rell. ' i ... .. 
h"", id it r lI lId lerolll",ra ture at UQoIton. NOl e tha t 
the r",luil' '' humidity a l 77·]~., ca1cIlIiIlOO from 
lIuHioor Vll tUeJJ. agre«o well with tbu t "I)II.'(w·,1 

in tbe colIstant·le"'I,cralure room. 

, I - .... • , , t , -l' ., , - , , 

-
l:UUI'& 
~IOI~ ~ "' . • 

.. 
- ~ . ---

• 
". ~.~'r' 

.t; ~ 

• ., 
. -- -... ~ 

II .. 

. ,'y ~ "'SElM: 

I+Fl ttHt , . , • , , • • , • , , • 
" · , 

s tant , the change o f re lati ve hum id il) 
wi th tempe rature IS given in Figure L 
As an example, assume tha t t:olltiit iuII8 
outdoors lIrc 70% H 1-1 a t 40°"'. Then 
elltering the chart at Illis point and 
followin g do"n tile clln'c of 2 grains pcr 
I'ul,ic foo t gi\tcs 20Gf H II a t 77°F. 
(25°C.). 

Villues or rela live humidity li nd tc m
pe rature are obser ved by the U. S. 
\\:Tea lhc r Bureu u a l 111811y points in the 
United States and published llIo nlhly 
in Wea lher Uurcau HCl>or ts and da ily 
i ll some newspapers. The monthly a lcr · 
ages for llos lo l1 are givcn ill I,' igllre 2 for 
the average ove r a I>o! riod of yearll and 
also for the year 1943, which apl}C8rs to 
he a reasonably lIorlual year . Average 
reia ti\'e humidit y is esseulioily coustant 
a t 72% wi th oul y II slighl rise in Augus l 
and Seplember. This condition is lII ainly 
lluc to Ihe faci Iha l New Engla nd has a ll 

u ppro.'~i llutl d} cons lant monthly pre
cipil.a tion of ubout 3 inchcs. Proximity 
to Ihe Oo'CUII is a contributing factor. 
Thi;; (ac t ma kes al'e rage rel ntivc llllluid· 
ily a t eOIlSl a nl le mperalu re solely a 

F'GU'''! 3. Cun'eij u f OllOlen "e..1 anu calcula1ed 
rd ati ,'" I""nidit)' al 77"1-'. for March. 19.13, at 
UOl! ton. The rel" ' ;>'e ~lIIoothn~~ of tbe lowe. 
... ,rye cOIII l' ll rl'd '0 Ihe middle one ill usl ra lC1l lh" 
fi lt" ' ;"1; u,,,J $lorll (;Ol Ilc l.;OIl of a large building. 

. . 
~ . .. .. , .... . nT. 

... ~a. 11 4> 
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5 

function of outdoor temperature . The 
curve of relati ve humidit y at 77°F. 
(25°C.), obtained by means of the curves 
of F igure 1, follows exact Iy I he curve of 
temperature. 1\11 a verage valu!! of 600/0 
can occur only during: the Slimmer whe n 
the ou tdoor temperature is at least 
70°F. The average \' al lics obsc n 'cd in 
the constant l cmpcrulufu room Uf C also 
ploued in Figure 2. Their ul,'Tcemcllt 
with tlle calcula ted ,-a lnes justifies that 
calculatioll . There is an interes ting time 
lag between the calcul a ted and observed 
curves wbich ca n perhaps be explained 
as indicating a s torage of moisture in the 
building. Tbis would reduce the humid · 
ity in the early SlIlllme r and increase it 
in the early winter . 

Daily values of relative humidity and 
temperature show much greate r \'aria· 
tions than monthly vulues, liS is well 
shown in Fi gu re 3 for J\·l llrch, 1943. The 
diurnal changes nrc such thut temperll. 
ture tends to have a maximullI value 
and rela ti ve humidity a minimum " ulue 
short ly after noon. The " 'jde fluctua· 
lions in re la tive humidity are .. mused 
partly by the temperature changes and 
partly by cbanges in the wa ler content 
of the air. This is showl! by the uPIH!r 
curve of }' igurc 4, which gives the re la· 
tive hUlludily a t the constant. t.empera. 
ture of 77°F . (25°C.) . The fluctuations 
have a longer period than be fore. The 
major changes still npl)t!ar even when 
the daily average \'lIlues are plotted as 
shown in the. middle curvc of Figurc 4. 
The lower curve of Figure ., shows t.he 
relative humidity as obser vell ill the 
constant temperature room . Here t he 

, 

, = :D I • 
, '. " W ~ , " 

, 

"''' '' '' ' ., , " , 

FIGUI" , 4. Dll ity .. aluetl or re1:lIi.-e h",,, ;.I;l), 
of l e ml.~'r a !"re for \)Prot" 19·13. 101 BO:I!"'" 
O ver ' 10.-1 1' .~r iOtlll of li",f' rel" l iv,: humi,li t )' 
drollS ... 1",,, te",peral ure ri Ele>l, ,,~ .. " ,, 1,1 he ell· 

11t .. >ct eu fOf COllilUtUt wat er L"Oll tenl of the lI ir .. 

fluctuations are smaller anJofs till longer 
period. This is ca llSCtl by tbe fi llering 
and s toragtl ac tion of the build ing. 

This conqmrisoll of observcd va lues 
of indoor rclnti\'e hum.idity wi th "a lucs 
calculatetl from ouldoor dat a furnished 
by the U. S, Weather Bureau ind icates 
I hat, whe ne \'er values of reta li \'C humid · 
it}' are given in the da ily IIcwspajH!rs, 
it is poss ihle witll the lag of only one tia}' 
to de tcrminc indoor relat.i ve humidi ty 
without depending upon II hair h y&'TOUl' 
clcr or we t ami dry hulb thcrmomc· 
ters. In many cases Ihis mc thod wi ll be 
fouod satisfactory for iolliea t iog whclI 
a luminum plate conde nsers " 'ill begi n 
to introduce e rrors in dissipalion factor 
in capacit ance bridge m e a s u re m c nts a nd 

whell the : bri ~ lge bnhuu.'C itse lf will Le· 
comc unstable. ~ HOII En'I' F. F IE l.J) 

, 
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G E NERAl RADIO EXPERIME NTER 6 

AN ANAlY SIS OF THE 
BRIDGE·CONTRO LLED OSCillATO R 

• THE BRIDGE · CDNTRDLLE D 
OS C III A TOR ·, par ti.:ularly as used 
\\ itll quart z bars in frt'(l"e ncy s lallll ll. rds. 
has a h igh degrt:e o f inhe ren t. sta bility of 
frequency . T he pr inciplil propc r lies o f 
this circuit can be anal )'7.,·tl ;IS fo llows : 

Heferrin l; to Figure J . Ihe illlpedallees 
im olved nrc t hose of lhe bridge. R. I. 
U.2, 1< .3, U- ~. a nd +jX~ (the c ffec t ive 
resistance and lhe ne t reacta nce of t he 
tpUtrl .., !.ar, opcra ting very near to series 
resona nce). l he resis laliCC of the sourl'e 
fl oG, ami lhe res i ~ t mH.:e U-5 of the hrid ge 
ou tput 101UI, 1\ ll ici . iS lissunl t!d to Le \"C ry 
high "olll par" r! "i th all of ti ll' prcrelling 
rI· 6 i ~ tn nccs . 

For IIIl' bridg.>_ t ilt' a n cll nation fac tor 
t ' IUl be IHittl.' n :t 

II here 

AU, - JEX. 
M R. + j N X ( 

_-I U ~(Ud<l - Ndl.) 
JJ = U 1 U ~U ~ 

(1) 

(2) 
(3) 

OJ . K . Cbt,.P. "II tJd d,,,,CoII,roIkot Ooc,Il. ,or." c." ... 1 
H • • I~. f;'J_j"'~MYT. A,,<il. 19 ·1·1. 

I t.. . i'. J.,.I 'n • ..., . "'Ih ,,,,,,;"';u,, C ;,~,,; . , f..., '1'01. "1..,,,;.-, 
';" "''''''ht".,,,,,,,'' w . 28 1--21\5. 

allli 

J11 = (HI + U!)(U3H( + RoRs) 
+ (1<3 + U.)(U1H! + Rr,Rs) 
+ (Rb + US)(H1R( + H2R,) (,I.) 
+ N~(U ! R3 + Rd<.) 
+ Re(J<!Uz + Ih Ut ) 

IV = Ut(J<1 + 1<3 + U.)(H~ + Ha) 
+ Urlhl. 1<3 + H.) (5) 

For t he s) s tem, the t'ond itiOIl for os· 
ci ll a lion is -~ 

J4l ~ 1 / 0. (6) 

If there is It phage-shi ft in t he ampli 
fif' r. \1,- ca n Ilrile· 

!I- = /-I ! + j !l- 2 (7) 

Ingertin g ( I) li nt! (7) in (6), II C obl a in : 

. A i« ~ j1iX, 
(!I-I + J/-I ~) \II< + ' VX- = l (8) 

I ( }1.· , 

lIml , ge parntiu g rl:a l ~ and im aginar ies: 

J-I! A R. + /-I~JJX, - !liNt = 0 (9) 
J-I2A U, - v.IlB + N ) X. = 0 ( 10) 

If there is no amplificr ... ) )ll a;;.e-slli ft . 

/-11 = 0 ,80 Iha t 
!l-I = M I A = /-I ~ ( I I) 

' r,. A. 1II , .ch. ",. ' ''rita u.;.r.e.S I ~ I ,ili..,d 0 .. ·;11 . " .... " 
, '"", . !.ICE .. Vo l. 2(0. N ... 10. p. ' t7H, 0<:. 01", • • 1<l1Il. 

F,,: l.«f. I. S"hematic circuit d iagnull or the hritige-colltroll ,·J oi;dllat or. 

V-I V-2 

X-4;",)-1I--, 

+ 
+ 
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J 

.,\. = 0 (12) 

where /Ja is the rnu gni tmlr o f lhe II mpl1-
finlliun of the 1I 111 1'lilier. frO Il1 hr itlgc 
uutput 10 brirl~c illput. The frC(l lIclIf,) 

is the n illde pcmlcnl of the ci rcuit except 
lhe "f,,61al and the cr~8 l al mus t opcrutc 
al (',a(' 1 series reSOIllIlH;t; . 

If iJ' il'! \'ery SII IIill, 811 I h ll\ 0, the pl1 :18<' 
angle of the arnpiifil'f . ill sm all , fro m (9) 
and ( 10) I.e o bl;lin 

JJ ~B + N 
(13) 

"i ll l'C (J is I> lIIall and IAII 11'" e, 
r For the t'r) s tat. ill til(" region no' M 

.;cries rCSOIllIlWC. "~I' "Uti express t.he fn -, 

quc n e'y d cvilliio ll (rHIlI rC80 n an CIl liS II 

fru('liOIl o f I l le re80nllnt fn: fjIlCIlI'): 

( II ) 

MAY , I!H 

"'mailling (,01181,1111 ): 

./11 ~ 
/ 0 ~" 

IJJl IOdJJ. o 

'lQ(/.' alJ + IV): 

Fur the o;;d lllllOr pre ,' ioll~ l) 

:.o.:r ibed. I.e! ha'I' : 

( 17) 

NI = ,100 ( 1 - K ) OIIiIiS = uti - h ) 
Id1('N' K = frlwtion , lla! 1( . iii IO"N 
II Hl I1 Il ~. 

U: ,.., H)O ohms"'" U 
Il , = fl . = 2ROO ohms 

= i ll (for 11 purlicu lar ;;O h 1,;lr) 
U& = 800 Oh lll8 = 2U (\l'ry n Cll rl } ) 

It !> = .1 meg" h.u = 2500 R 
Q ~ IOO,OI)() 
p.~ = 300 .lp. ~ = ±:JO (lor;) 
0= 0 flO = ± O. I rml ian. 

For the hritlg:" "011$ 131118 lit' g"1. In 

tcrm ;, of U = r" ,.i~la ll':C of the li\l" ,1 
ra I io arm : 

'f = 17:iOOU3K \dwrc U. = U( I - K) 
It = 17SooN' 
\I = 1 502 10U~ 

V = i02 17U' 

Inl'Crli ug these ill ( 16) ami ( Ii ), \\~ I,b · 
"he rc X 4 is thc IW' t:ryslal rC1H'l lHH'C, lain : 
IIUlI ito, Ihe dilTcn,Hwf' of tl lc illthll't i,,' 
and ,·apacitali ... c ",lIe lallces, all(1 Q so 
woL , N •. 

S ubsl ituling (13) 1Il ( H ) we oblain: 

1 - ]0 \/0 
~ 

Ie 2Q tJ. ~ n + V 

We {'all nu" find Ihe elTe" ls of dlangc8 
in lire a mplifier on the frcq ucncy. For 
cllIlIlgCS in phase o nl y (p. . rcmaini ng ("Ul1' 

Sllint ). 

./11 \1,10 
/ 0 , = 2Q(", . U + N ) (16) 

Fur ,·\ranges ill amplifil'lIliull only (pll ll !>C 

./1\ 
1 •• 

ro, 

1.29dO 

(J(. _ + 1.01 ) 

= + 1.5 X , I O '~ 

( I " ) 

~o = + 0.1 lIIlIl p. . = 300 - :\0 ~ :nu, 

111111 

~/ I 21 _ 1.296dp.~ 
10 .... Q(p.q + 1.01 l' 

( 19) 

=+ L7X IO·· 

fur all .. = -:~O 1111\1 0 = + 0.1: Ihi l'\ n· · 
,IIICCS 10 zern if 11",rc is nu IIl11plificr 
p lHlsc .s h ift (8 ,.. 0). 
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Thc..e r('"u htl i n~lil 'a l (' thai a dlangc 
1)£ ;u nplifil'lI lion of 101'; I'rOl IUt:4'~ onl~' 

2 p;.rl ., in II hillion I'h:mge in frelllH' Ilt') 
ill t he pn'Senn: of ;111 uI11plificr phase 
So hifl of 0,1 raflill ll (6 Ilcgrel's), I f ,I.e 
amplifier phnsc-shi ft ii mad., I; lU aller , 
Ihi .. dmnge ill corres pondingly rellulX'd, 
Ch:mges in phaBt! of Ihe amplifier will 
pr()(lure 2 parts in one hundrNI million 
change in fr('fl"ency, for II pha".,: vari a
t ion of 0, 1 rad ian (6 dt'grecs) , "ith till' 

gil ill ;11 its subnormal \ ' 01\11' of 270, 
The results al.",) show II.al for bcS I '"' 

performuncc the phase -shift o£lhe alllpli-
fie r should be kt'pl as 8111all 8 S posllibl." 
II.e gain liould he high, and the Q ofll K' 
cr) sial shoul(1 be high. The va lues given 
abo ve Me readily realizabll~ in practice; 
in facl. substantiall y higher gains and 
higher Q's ca n casily be obt ained , re
s ultin g ill lleller pcrformlllwc than Ihllt 
(l lIllinNI heft' , J, K, C I.API' 

COVE R PHOTOGRAPH 
• NUCLEAR DISINTEGRATION, 
or a l olU .o;. llI a~h in g, has bcell mu\I., pos
,.i l...lt, largel} h} the tlc \ clopmcnt of tl1l' 
C}ciolron. " hidl prOflut;es higl1-\elocil y 
pari ides " ilhon l the u!'!' of corrcs poml 
jngl} high volwgcs, The ael:f' lf'falion 
I WCf's.~lI.r} 10 producc Ihe desired \doc;· 
lie8 is ;lI1parll'(l 10 Ihe iOlls b) radio
frequency fi (' ld ~, The prod uc tion of the 
radio- frc(luenc) c llcrl;) !Iud its Irllns fer 
10 t he dees. or ac(''(' lerli ling d,'e lrooc". 
is mainl ) a radio engineering prol,lem, 

T he phol<'gnlph 0 11 lite front cover , 
take n II I the \I a;;saehusc lls InSlilllte of 
Tet'hnolog). :-11O"s Ih(' T YPE R2 1- f\ 

T \\i n_T ItnpedaTU..'C' \I easllring CirCliit 
IUlll the T YP E 605 -1l Sl lInrlard-Signnl 
Generllt or being tlscr! to measure the ad
miu ance of the trans mission lines which 
couple Ihe rarlio-frc (l'lcncy-oscilla lor to 
1 he dcCl', 

Rapid progress is being made in cyclo
Iron de \ (,Iopment in man} labora tories. 
nlld designs are chnnged frerluentl r , The 
lines shown in the cover photograph are 
pari of :UI olde r 1II000Ie i. An intc resting 
paper 0 11 thc prese nl \1. I. '1', t'yclolroll 
apjJears in the .Iullrlwl of A ppliCf/ 
Physics, \'o llln1t' 15. Nos, I a llli 2, Jan 
lIaryaml February, 19 1" 

Til f: r ;""crrrl /((111;0 /<.:.\I'/:.'I( 1M 1::"'1'1::1{ ;$ //Illi led ,vi I'//Ou' charge (!fIC" mOil'" 
In ('lI g ir' (' (' r ,":, srii'll' i~ ' ,f<. I cc' I,t! ic h"I .. ..:. r"l.{l 01 fl ers it. I crested in c o rn /II II ,Ii

('u I ;oll-frc(I"('/U ,), //I Pfl ,~U re llH'1I1 O/U/ con I ro l IJroblc lII s , If' fum scndilli! 
re.,I"·M,~ fu r subiH:ripliu,l s /Iud IHldress-cluU/g c lIolice'<l. IJlcfl se SUllfJly tlu> 

J o llo.cill l! ;1110"'1111;011: mlUlj'. COUlIXlflY l!Unl e, l 'om fxH1Y (1(lrJress , 'YIJf1J of 

bll ,~ifl (,,~S ( 'OUlfXUlY is e ug fl geri iff , '111(1 Ii/Ie of "fJ~il,i(m (If indil!idurli, 
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