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TELEPI-IONE TRANSMISSION MEASUREMENTS 

[IJ II E prohlem of IIIca~uring 

T transmission toss o\~er tele
phone linc!:' hns hee n grea t. 

~ 1) ;;;implificJ in re('cnt ) car;; 
b~ lhe ileHlojJltlcnt of inc' I>t: II!. ivc and 
simple inst rument s for the generation 
and Illcasurcmeut pf cit.'Clricli l power 
at the 118U81 tclcphOl'IC level .. HIllI fre_ 

~11 1 l' I WICS. 

\ 6 61:leCch i .. tran;; lUillcli O\C:r tell" 

phone linc!; the amOllnt of I)() ... er 8,ail
able for operating the reeei, cr of course 
de('rea8t!8 as the distance hc tweeo the 
Ira"smi ll er and the rccci\cr hecomes 
g- tCnlcr. Thi!'! (Iecrease of umplitude fo l
lows a more or less loga rithmic clin e 
... ilh distance, ',hieh has led 10 the 
adoption of a logaritlllilic IIIlil for .Ies
ignaling losses enooullll'red in tele
phone Irll ll smissiOil. 

The unil is the flcdbel. II is 11 11 out· 
g rowth of the originul " mile of s l 3ndard 
ca blc" ,,"icll was la ter changed " ith 
modifica lions in \' al" e 10 ,rQnsmission 
unit or Tl, and finally 10 the fieciJ,cI , 
db. 

/fiu j"dv/J<!fmj/<: 
Lill I' 1., /(NXI <:,'rI,~ 

'\ 0. 12 irol! .. ire (IIwl allie "ireuil ) 0.30 ,Ib 
'\n. I ~e.;)tl l' .. r .. ire ("'''lam("cir .. "i l) 0.068 .I I, 
"\n.2 1 1!IIugecahle 2. 10 tit. 
'\0.22 gall]!e ca"le 1.75 db 
'\ 0. 19 gauge eable 1.20 ,II , 

These losscs arc l:"i\ en fli 1000 cycles 
IWeansl' Ihis frcqu" nC) is ont! of tile 
llIost prom inent in IIII' \ni"c-frcq'lcucy 
hand uwl is gencn,lly userl wilen single. 
frc(I' I enc~' teSL5 urI" /'c illg malic. Of 
course. 11 11 telephonc 8)stems transmit. 
Ibe various frc(!lu'ncie" of the voice 

\\iI1l differenl amoun ts of attelillulioli . 
For Ihi ... reason. in o rde r 10 de termine 
the uctua l tra n"missiou cilarat:lerislic8 
of n gil en ,'oiee Irllllllmi;;sion s~'s l ellI . 

tests Illus t be made at scvera l frc
(llIClicies ill the a udio.fre~llIc llcy ba n,I , 
cX lcndi ng: froOi /t bollt 150 10 :\000 
(') eI('s, or fro lll perhaps 50 10 5000 
cycle~ for high q uuli ty circui ts over 
"Ilic h music ami broadcas t progra llls 
are 10 be trans-milled. 

_ The lows Ibat Ulay IJC cncountered 
in SOllH' of the uSIIll1 telephone lines are 
gin:n in thc chart'" followi ng. 

Li owc\er. the hUIII/t1i ear is lIIueh 
morc :.ensitil"c to frC(luelicies be tween 
800 and lOOO C} clclI Iha ll to any others, 
a lltl commcrciul te lephone transmill ers 
and rCI'c i,'cr8 ha\'c Ihe ir best response 
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2 THE GENERAL RADIO EXPERIMENTER 

at Ih t'S(' (rf'(IUf~ n('i c,". It is 1,1.'('IHlill' or 
1;111'11 (ul' lo rs ,hal 1000 I') ell' .. i/l chosen 
(o r li lt' 1I<-lIal rOlliine lllea"'llrCrnen l .. , 

F'GVlU~ I. ' I 'hi ~ cl,'ecru-mechanic.,1 u~ci1lalur 
Ol,cr"tcb gl ~ooo c)dc~ 011 IJoO\'o c r from () voh_, 
tli r«:t current, 1'hl' IIU'I)U' cirl'n i l i~ n 111111>1':.1 

In,,~ror"'l"r 

\ IIHI$.I ('(ul\cn ien l 11O\\('r ~lIrl'(' (ur 

~ 1I('h le"l", j" the General Hadiu T,,·t; 
2 13 ·11 \udio Oscillatnr illuSl raletl ill 
Figure I. This ins t r ulIle nt ha~ bcell 
dc,.('rilled ill lIe lail in a prc\,jou ~ i;o.;o IlC,* 

The ililporlll l1l cbaral' lcri sti!'!; thai 
1II0l..C it I'llrlicll lllr l) applif·ahlc 10 the 
IIl1es ,io ll Wider di;;t"lIssion nrc these: 

I. II is ;;; illlpic ami rugged. 
2. II ~ IlO\\!'r ou tpu t ;;0 !lllIlIle (,)r l lll )' 

or the usual Ics ls. 50 lIIill;"III1 .. or a l· 
mos t + 10 db be ing iH'u ilable. 

3. Its rreqlle ll c~ is 1000 C~ dL'fI 10 
"ililin \t'r} d~e limite. 

I. II 1Ia!' a 'cr.' s la hi" flU t I'ut 0 \ f'r II 

perk.,1 (If lime. making Ihe !'ulIlpnrison 
u f Ilj'\,('rnl rClu lin gs n simple 1l1U11t'r. 

5. Its 110wer sup pi) is Hr} simple. 
Four 1\0. 6 dr) cells arc 1llnple. Tile 
,Iircc t currcul requircli is uul) 130 
millinml)Crei'. 

Thrct' OU'llUI impedances a re ava il· 
a blc: 50. 500. or 5000 o il/ill'. Till' 500-
ohm ta p i the most suitable fur the 
Iisua llelephone lillc mCllsurement e. 

','I,· ' f I """ .. (1IICSIIOIl 0 10\\ to measure 
"Iesc llutiio. fre(luellc) po\\er levels hai' 
!'een lIlet \\ ilh I'ornple tc sa tisfaction 
\\itll Ihe nc\\ copper . .."ille rl."i:t ifier 
I } pc meier. 

The recl ify in g unit it self consisis of 
{nur coppcr-o~idc 10 copper june lions 
arru nged in the form of it hridge. 
Jlllle lions of this ;;Qr l conduct c urrent 
from ('opper -o'l: ifle 10 copper IIllIch 
be tt er than in t lU' rC\'crsc direc tion 
from COPI>er 10 t·ol'pcroO,idc. There
fore each unit has the prope rties of Ii 

half·wa\(~ rectifier. The fOHr IUlil S in 
the bridge arrn ngcllIl' r1t gi\ c full· wave 
rcc tifi"al iolJ wilh I'esultnut increa sed 
eflit·iell!·),. Alt crnating !·urren t. IIpplicll 

to th ... Ior idge resuh " in II proporlional 
(Iirecl clirreni in the lIIe l.' r eir!;u i(. 
Sueh a-c indica tors a re \'cr) scns iti\'c 
lind respond reallil} 10 the 101. I)()\\ crill 
1'!If'ounlerell ill telephone pract ice. 

\ special application of th is me lcr is 
the ,,('nera l Hadio '1'\ I' !:: 586 Po\\ er· 
LI'\'cI IfI(lica lor illu str lllcd in Figure 2. 
Thill ;n8t rlllllCllt is {'n li !Jrut CII direed y 
in flecihels in ordcr hi facilit ate m ea

SIJI'cm e lll S ill this ullil \\ ililo lil a ll y 

arit hme tieall'uleu lalionFo. 

• . ~~ .". '.~ ~ .. .: •..... ~ .•.. ",: . ,. 
, ....: ' .' It·. .." . • , • .0 • 

N '''~' ,.~ • 

~.;.:.;~;;.:=;;.~ N_.· • 

FIGLII£ 2. When IJri<lllc.t lU; ro ... Ihe line" ·uh. 
", .. ter (a~hio". Ihi. iu! lrnme nl imli<.~.lIel1 Ihe 
9111",,"1 of po ...... r 11111\ j, ltd,,!!: tI ... li\·ered to 110 1" 
5OO-ohUl liDe be)ond 110" bridlllin ll poinL I I i~ ~ 
direct-reading in decibel. for II uro len~ t or 

6 ",iIIi"'a lb 
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Since rile impeda nce of lim grea t 
majority of te lephone lines is in the 
neighhorhood of 500 ohms, the inslru 
IlIet)( is caii lJrltlcll to reall Ilirc(, ll r 
when used in cirCllil S of thiij impeda ru.:c. 
Six milli wa lls is the zero refere nce 
lcvcl. Tllcre is a correction factor which 
is ad(led or suLl.rtt(' lefi for lines of 
luwer or higher impedunce. I ts value 
i" given 0 11 a simple .. 1111 .. 1 ,u:compa ny
ing the in,; trulltcn l. In operal iull il is 
like an) \'o ltmeter: il is l'QllnccteJ 
ac .. oss the two·wire sys tem under tes t 
and tilt.' power hnd I'eall from tht: sc'a le. 

'1\\0 1lI00/els of the instrument s 11l'C 
available, tli ffering ollly in l'eliSiLi\'il Y 
or range. The T" I'E 5BG·A read s fro m 
- 10 J IJ to + 36 dL. '1'111' TYPE 586·C 
from -20 db to + 36 .. IL. Both a rc 
avai lable fur relu), .rul'k Illoli nting in 
Ilermallent instal lations. 

l\ la ny teleplwlle COI.lll la ll ics mainlnin 
a regular check.up on th e l .. a nsmission 
charac t,erist ics or their lines. In tl lis wily 
any lilles that are not .,'Itisfaclo"y for 
commercial Ira nsUlissiOiI are IIII IIIC_ 
Iliutely de tected a nd ca n he repa ired 
before scril)Us lrouble 1'l':slIlI s. 

Such tests are SO simple and ill
e:\ pcnsive 10 Iflakc Ih at the lime 
expeudell is l.'Crta inl y \\ell j us tified. 

The lOOO-eydc Olwillalor is con
IIcc ted to the pa ir limier test at a ny 
convCll icnl point. for instance, Ihe 
ma in tlistrihuting frame. or the "ire 
chiers desk. TIle po .... er levcl lit Ihis 
po int is relltl on the 1)0'\ er-Ieve l in
dicator. A second power-level indicator 
is counec tell across the. line at the 
remote poinl to "'hid, the te6l is Imillg 
(·umillcl,ed. The lliITcrencc in readiugs 
of the two inflil'lAti Tlg instrumcnt s in 
de('ihels gi\-cs thc transmi>lsion loss 
flircct ly. 

The Blune leSI ca ll be matle O CI cell-

: ,':' :, :: 

tra l ofli en e{Jllipmcnt to tletermine if all 
channels arc ope rHlin g projJcrly. Coni 
circuits li nd repcllt coils that becollw 
defcctive cu n be de tec' ted and IOl'a led 
Ly this IIl cam' beforc the IroulJle Lc. 
CII III CS 5u/li t'ic.tftly serious to inl ed crc 
wilh sat isfll c tor), operation. 

S OUIC of Ihe local ·circuit losses Illal 
IIIlIy be e:\ pcclet! from uorClla l cfluip
tllcn t arc gi\'ell be/oil' : 

Hcpcllti"g l .... il ~ f .. r " id" dN'"i l ~ .. 
Il cpe'lti Ol g e(.;I~ fhr 1.1",,,lo'u circuit;; 

( Iw .. c"il~ ). 

'\ Iag llc"''' cord ,.jrc"i l ~ 

C"mrno" J'H II ~ry (;onl circuits .... ,' 

t1.iU .11. 

0,25 ,H. 
1.2:> dh 
1.2.') ,It. 

~1I:=! -- , 
, .. ",..- ' ..... I ._,." : 

C<'r I ~ :=~~=n:J -:'';';'' /L..::::::::I -
.- . . .. ,-,- t , 

FIGt. fll! 3, A cO Ul'cnicnl mClh.)ti of mcaauring 
li"c loss from one elld when" dU ljlic"le ' '''ir 

or linc ~ is Iwuilnbk 

Figure 3 8110\\ 13 11 mc tholl for tlte 
IlIeaSIl .. e meli t of 10llg lincs when two 
mo .. e or lesa ;, imilar pa irs run be twcen 
111'0 ctistall t offices. ' !'Ile 1 WO I' ll irs IIll rler 
les t a .. e con nCt; tct! togc lilcr at thc 
,tis la nl end nlltt tlie les l C(luipllIcll l set 
up as shown, The po ..... e .. le \'c/ at. the 
t .. a nsmittin g c mt of tile lillc is mca· 
SlirCtl. then the .,wilch is lh rown to the 
.. ecei\Tin g eml and Ihe Ic \'ci Ihere mea
sured, The differcnce ill rCHllings is tluJ 
tolal loss of Ihe loop. Oue·h alf of Ih i" 
va lue is the loss for Ihe line in onc 
di rec lion only. 

The mllxilll um powcr level del ivere(1 
by the osci llll ior is aholli. + 10 ,t h II n t l 
Ihc lowest po .... ·cr tllllt ca n be relit/ on 
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4 THE GENERAL RADIO EXPERIMENTER 

FICUIlf. I. Thie lI~lnhly of II TH'!> 213-" ,\"dio Oocillalor, II l'YI'lt 586-C)\ 
I'o .. cr-Levd ImliCIIlvr. and a 1)() lentioluctcr in II ~;"g l e unit 'Hale. ~ COl1lpaCI 

leSl kit for liT ... U:~ I S. It call lie m~de "1) to order, l)fi e.· Oil r'-(IIICSI 

the more sensitive instrument is - 20 
db. Thus a total loss of about 30 db 
can be measured. corresponding 10 

about 25 miles of No. L9 gauge cable, 
or 100 miles of No. 12 gauge iron open
wire ci rcuit. 

JII order to lIIak e 8 check on the 
qua lil), of speech a nd Illusic trans-mis
sioll for broadcast lines, a \'ariable 
frccluency ro"cr source is substituted 
(or Ihe T\J'E 213· 11 Oscillator. A beal
frC(lucncy oscillulor 8uch 38 the T"I'E 
613-A* is particu lllrly rccolluHcndcd 
(or Lll is work . 

The l est frc{l lICIIC) is sel at a IItllnbcr 
of points frolll 60 10 6000 cycles and 
the loss at each frequency measured. 
\ properly operating high-<Iua lity linc 

should have a transmission loss that 
varics not morc than 2 db to 4 d b o\'er 
this frequency ra nge. 

For the correct adjustment of line 
equal izers a test such as this is ilil ' 
l:lCrali\'e. 

In Figure 3 a power.level indicator 
is shown (.'Qlllleetcd across the line a t 
sollie d istance from both ends of the 
line. T his is to indicate that the I>o\\'er 

'Ce_.1 H.clioT~P.I!613 . ~ 1k.' ·.·r<:q'''''''T 0..,11.,,,... f .... , ... "", n"le. 10·11.000 rId ••. o..'ru, pow ... 35 ... iII ..... ". 
(+1 5 db) . ......... UIO.OO. 
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ICI'e l 01 1I1l}' chosen Imint ou the lille 

!II ay be measured dirwtly. S lich tCij ts 
IIrc va ill able as a ll (Uljullet to the line 
men's 1I" .. a l tests. Ily such means n 
lineman ca n report to the olliet! the 
C!l:3C'l 1.10\\ cr bcillg tlclin!red int o II sui,· 
scriber's loop for a g in 'lI 1}OIIe r supplie. r 
the linc a t the central oflit:e. Thus an) 
fau llS in ei ther central office or suh · 
scrihers 1001' eq uipme llt eo n be im · 
,nedial el} UllcO\'cred by a much more 
precise nnd dCI>cud a hle lII eU Tl S thall by 
ordinar) la lk ing leslS. The construc
tion or the instrument is light alill 
rugged enough to lIIake it en tirel) 
suilahl .. for ~uch "ork. 

Cross tllik tesls ca ll also be couduclcil 
'J} apI"} ing the lone source to onc pllir 
through n I'ariabre poten tiometer that 
CUll be used to adj ust the IlO\\ e ... Ic \cl. 
Thc pO\\c .... le"eI indica tor iii lIscd to 
monitor this level du ... ing Ihe tes t. 
While l;s tell ing 011 all adjacent I)ai .... Ihe 
powe ... leyci ;s incrensed until the (;r08S ' 
talk heard ill the adjacen t pai ... unde ... 
lest bt.·t:omes a nnoy ing. This leye l ns 
read ou the p(m cr-Ie \'el ;mlkator gives 
the information llesired . 0 /1 lon~ re
l:;ea ter circlli lB le\'e ls frolll 0 db 10 +6 
.Ib are t:ousideret.l the maximulll fo ... safe 
tra ns.lIlissio u without crossl ulk. Of 
course, on ..... ell ha lauced lines this lel eJ 
ca ll IJe cons.idcra bl ) e,ceefl ed before 
trouble ... esults, aru l Oil short loops the 
limits ure e ve n higher. 

Tim oscilla tor itsel( b3", of coursc. 
lIlany uses hesides t.ho.se mcn liOlled 
uhol'e, It is widely used as : 

TYPE. "114 ' 6 
ZSOOA "TI.I'H'OMIET(JI 

=coo;;= \ 
\ 

TYPE 58" 
POWER LEVEL INDICATOR 

TYPE .:135· 8 
D.P.in.t; SWITCH 

rlCI \IF. 5. Wir;ug !Iia!(nm (or tho} I.'S I 8 C ' 

, ho""lI in Figurc I 

I. \ tone sou ... ce fo ... iii;.> as a n :tcou,,1 ie 
dril'cr for Icst;IIg telephone LfU IIS

mill ers un,1 si"Iilar e<luipme nt. 
2. \ lonc sou rce for itlcntif} ing 1'1I1,le 

pairs. 
3. A pOIH~r source for tile nlel".urc 

mCIlL o ( the gllin ill rCIH:a l.ers, public 
addrcss ius l3I1U lioIlS, lllld o ther a udio· 
frC(luc m:yamplifiers, 

Figure 4 shows a suggested arrange · 
ment (or lhe audio oscilla tor, l}Ower
level indica tor, and su;t nhle a,,~ilia r )' 

controls ntountc(1 in a \:a bine t (or COli · 
l'enience and prol ectioll . The batteries 
ror Ihe oscillator arc COlllainc(1 ;11 the 
box, a I}()lelltiomc ter is provid ell 10 
adj usl the power output or the oscil · 
lator 10 any .I e~ ired va lue. a nd It OPOT 

s\\ itc:!' is used to I. ... ansfer Ihe. irHli t'U lor 
from TIIAi.'I'S~ITT 10 IIECEt\'E as S/ IO\\11 in 
Figllre 3. A wiring dillgram or such an 
aJ';sc lllhly is given in Figure 5. 

- AIITIIU"lI E. THlt~~st~ ~ 
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6 THE GENERAL RADIO EXPERIMENTER 

FREQUENCY STABILITY WITH THE SCREEN-GRID TUBE 

Ii' tile d~· .. i~1I of ~o.;illaIOr$ for u.;e in 
fr;'; l uc lI(,~ IIICllsurcrncll ts. the prob

le lll Ilf frC(lIl1'u,'} "tahiti l} is c"l: lrcIIH:, i} 
illiportuili. \ cOII ;; iticrulJ lo1 UllIOHl ll of 

,"urk has hco.:n done d ircI ' lcd 101\lInl 
lilt' 11" ,. i1;" of o!O(;il h,l ors II IIOse frc' luclI
I') \\ould II .... ' chu ngI' apJlr('\' iahl} ,\jlh 

f'il llngc8 ill :<I UP!!'} lohagcs a/lll tu ki'. 
In ,.iuglc rrC(luc lIC) osci lla tor,. !:i l ll

biliza lion of the (requeue) i .. 110 1 .Iim· 
cull. l !lo uall) II pror1c r rhoicc of circuit 
irnpedlllll·l.'!I i .. alt that is nCCC;;i'ur}. It i" 
f'o llsidcrllbl, Iflore ,li lTicuJ I. ho\\ cler. 
Iv . 1 ('~j:;11 a ii lahlc osci llalor ,·overi ng II 

fre1lucIW) ru uge 0(50 to 1 " ilh a single 
luriu lJi,' eOlHlclli!Cr. 

II i .. general'> l,"Olicctled Ihal the 
prc,.('Ill''' of harmonic lollages in Ihe 
llllude ~i rcuil o f tbe osei llulor is 1101 
1,:omluciH! 10 fre(IIICnC) s iubilil ) IIml , 
furlilcr. Ihlll ,Ill IIscilia lor \\ill1 gOOtI 
\\II1cforl1l ii'. in general. " lOre s lu"lc 
Il lal1 one II illl h ighly rlis lorled plll ic 
a nd grid (" "TCII II>. \n C'l:1l 111illll lioll nf 
Ihc morc comm on I) pes o f osci ll ll ior 
~ircui..,. ind inll cS liia l the Colpi n ;. 
circui l should l!lI ve all IIJlll ll tllgC in 
Ihi& re~pcci oler ulher I~ pes. s.illl"c 11u
pIIllls bel"cf'n pi OI l'! 1111(1 calhode ,UlI I 
1 ..... 1 .... t.'C1I grid ami ealhorlc olTer 10 \\ 
impetlall l"c" 10 hllrIllOllif' ... Thi" elfec. 
litd} I> ltorl·cir~uits the harmonic IUIt· 
ll"ell "cnerlltcd 1)1' Ihe lu l,c. E.'I. · ... ·ri· " ., . ". 
111("111111 Ilo,'k ('uufir lllS thi", 3&81 1111 (>l i0I1 , 
hUI. II hilc it is ltcltcl' than 111081 olhers. 
the Colpiti s ~ir(' lIi t is no l inherenll) 
SllIl, le Cl10ll gll ol'er "illc frCfl llCIlCY 
runge .. to j llSlify il s usc in precision 
IIpparlllus ullle"" some furlher 8lahili· 
za li.)11 i8 u;wd. 

II lUI .. ltcell I}()in lell oul 1,) 01)" · 
Ihlll I.) prolJ{'rly prol){lrlioll ing Lhe 
,01 1111;es applied to the plat e and screen 

of II scree n.grid Ill he. Ihe oso.:illu lor 
(rellllell l:) CII II be lIl ade nearly inde· 
pendent o f changes in Sli P pi} " ul lage. 
Figure I sho,, !! thc I'Mili l io ns in fre· 
{ltI!.Hlcy resu lling fWl lI gril l. a nd pia Ie · 
I oli llge chlluges in sm·h u Illhe. Cun'e I 
is tI,C dlange ill fretluCIiCY " ilh screell 
, 'ol lage " Iu:.n lile I' la ll" l olla ge is (I ... ell 
111 1'1I1uc B; C Uri e II sho\\ s l ile fre
lluencr chunge resu lling fro m cha nges 
in pla te vul lage \I iii. Ihe screell I'ollage 
held a l A. Since Ihe 1\10 I'u rves ha"e 
slupes " hid . a rc a pproxim a tely eq ual 
in magllillld e ami opposilc ill sign. il is 
{'vident th a t, if the tu he iii fell frolJl a 
I'olt age d i"i der SO th ut 11 0 rlllllll y IIIf" 
I'olt uges on the sn ec n a nd platc a re A 
a l11l B respccl i\el}. II cill1 l1ge in lota l 
",uppl) \ollage 1,.'a ll have 110 lI ppreciable 
effeci on Ihe frC(llICnc). I\ ny lelillencr 
101' ard a change in frc(llIcnc} due to II 
lollage change " 11 o ne elec trode is ca n · 
('cllcr l L) a n o"I'o;;ile cha nge on t he 
n ther. 

~~O~[ _ ..... t 

FIGt. IIK L EIf'''!1 011 fr'''I"CIICY (o r changiug 
&Creen and IIIHlc "(oIiIl ![eI! i ll all HoCilllllOr. In 
Cll rH: I Ihe "b le \'oltage iii fi"ed at U IOlI il r· .......... 
II ... ".."r(~ n ,ullage ,'urie.,: in Cut\'e II the 
~reen ""lIa)!,' i~ h .. ld at A and tire 1.lale 

" .. ltll)!'· " uri .. _~ 
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" 
B. 

FICI..Rr. ~. On~ forll' of \(.h"It,- .t~bi l i1.efl 

~iUatO)r. T il .. ,."ret'" il LI~tl a~ the .""de 

\1: hell this 1<11I1,ilizillg feature , ~ 

81'1'Iic11 10 du:: Colpius ()8(: ill lll.>r, lhe 
result il> II S) slel1l o f unusua l frc'lueney 
sfabilil ). The crrce l ~ of 1118111 cl11 volt
ag:c 111141 IUl,c cha nges arc grcall) I'C

dUL-cII . u" I\ell II" thQSC tlue to plate 
lohllgc. Fi~ur{" ~ ;;ho\\ s II t' imple form 
of thi .. (- irl' lIil. Tlw illq,cdant.-el! 7. .. Z,.. 
ha\c sollie cfTce l on lhe stahilizaliull 
rlOilil. a;; .Ioc,. tllc grifl Ical.. U~. The 
ItI O~ 1 ~ I al. lc o l"lerating po int 1:3 fOund 
UIl I) h) n :perimc lIl. hut C1UI he IOl.:IlICd 

a ppro :l. ima l<· l ~ by IlIking t.:urvcs "i lllilllf 
tu rhOl'oc of Figu rt· I . Co"d ilion ~ ;lilTcr 

!'CI\I cc n differell l ' ,' pcs of lu be,., hul 
lultes of the 'j1unc I) I}C arc quit e ,.'"l ilar 
in OI.ICra lio ll . F'or opli lllUitl COlldili'l!I~ 
\1 ilh SOIllC luhcs, the p lalc is 1.11 a Imlcr 

Z, Zp 

'. ", 

8' 

FlelKK I. One fo .. " o ( I"It"!;,,, s l" l,it;u'! 
oKil1ator. The IlIHte i~ ,,~,I ,, ! Ihe gllode 

WIII ' lIlial I I III 11 tllC iwrCC I1. 11 ;;; ;; 11011 11 in 
Figure J. 

Eitl,er the plat e ( Figurc ~) or the 
screen ( Figllre :! ) IlI lt ." h,' 111' ... ,1 us 1111' 

ns,·il1 utor auo,le. WhCll thc screen i~ 

IISC'1. Ihe plat'> e ircuil I' lIr rcn l walc is 
hig lt!} di ;:ll)rl ed. \'OIJEj;: l in g' IIf 1'1I1M!s 1.11 
Ihe l1ii'cil1ator (rcllllc lI"). Pmll'r may he 
,Irall ll fru ll! ,h i" circuit 8 1 e ill,c r the 
fumlamclltal or a hanul)tlie frC{llIenc)" 

wil holl l IIl atcr i llll~ a ffcclillg' the usei/· 
la l or. parl ielilarl ) if IIll' pl" ,,' -sl' reell 

ea pa(;i ty is ne," rllli ;-;cri. 
Thf' s"I,crio l" d,aral ' leris li l's o f II,e 

IICW s talt il i;-;c(l os.' iliutor ,·in·lIil ha \'e 
hel!11 u!'!' liefl to it I1Il1l1hcr of l1el, Cell
c r il l H:'lI l io i" .'! lmlllelll " \I hi" h .. ill bc 
un ,mullec,1 lIi lhill till' I1C\ 1 fe ll "eek". 
\ lH't erOl I~ I1 t,.rrNlul' lI(·) lIIe lf' r "OI'I'r

ill g 1111 of the prc~ 1I1 "(IIlIlI1crl"ia l frc-
4111(~nl'ics has !Jc('n bui lt urll lllld Ihc ne'" 
l"irt'liit. This in51rllluCill .. ill he 1I1' lIil· 

Z, 

'. 
zp ab ll' in ho ll, all f' I"IHl ling and banny · 

') pcra led 1II0,1(' ls . Ihi' lutl,' r Iwiug po ... · 
lillie, 

B' 

"-ICUU: 3. (I" .. (orm o( loltage 8lalJilize<1 
olcillll lor. lI ere the !llnte p<>lenlilll L. lo .. ·.·r 

Ih~ 'l Ih ... Kreen !'olenl;:.1 

\Ilot !.c r appliclilioll of lite 11 *' \\ e ir· 
"lIil iii a lincar-iwul" hl'lIl.rre(l"cnc~· 

O>'("i lla tQr for trleai!uri ng IJeal ,. 1 j(' I\' ~1I 

., tsll/lurd barmonics allI l I1l1klll)\\ 11 rre · 

<Iuencie". Tbis ini'tnllue l1t pro ,·ides a 
meant' or inl efjw lu l iOIi Itcl\\f'ell stuml . 
IInl frequencies. 
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8 THE GENERAL RADIO EXPERIMENTER 

There has also bcen developed a 
com bined osci llator and harmonic gen
erator which is des.igned to take ad· 
vantage of lhe $.mcgacycle transmis-

SiOll8 of the U. S. Bureau of Sta ndards ~ 
by providing a number of ca libration 
frequencies bllsed 011 the 5.,ucgacycle 
s tandard . - C UAII LES E. WOIITU""" 

A PORTABL~ H~TERODYN~ FR~QU~NCY METER 

A ,'recision lWlero<l yne fre'I',cncy mcter tle5 igneu and tuanufaclUred by General Badia for the 
U. S. Coast Guard. This instrument c( .... ers a wide freqnency ranllt and etnploys a ,-ol'age,slal);. 

lized circuit like Ihose de&c:::ribed in the I)recedill!; a rticle 

THE GENERAL RADIO COltlPANY mail& the Experimenter, without charge, 
each month to engineer., &cientuu, and otlters interested in comntun· 

ication·frequency mea.urement and control problenu. Plea$e .end reque&ts 
for &ubllcripaoR.5 and addre&.-change notice. to the 

G~N~RAL RADIO COMPANY 

30 State Street Cambridge A, MauachuseUI 
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