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~L~CTRICAL COMMUNICATIONS TECHNIQU~ 
AND ITS APPLICATIONS IN ALLIm FIHDS 

NEW MEASURING INSTRUMENTS 

O i~l the folio,: ing pages of the E~~~~r ,ho ;"""""" ,., "e~,;he" 
E," I'lml\l~;l'iTE It. th ree are 

of spceilll interest 10 every-
OIne interested in ct)TIllnlmicalion·fre· 
{Iucney IlIcastlrClIlcnl6. Uolh open new 
fields for invee ligat ion . 

Sll eep circ ui t. This dev ice produces the 
necessa ry saw-toolh wavc, h s fre· 
(Iucney is cont rolled by thc I'oh age 
bci ng s tlltlied. he ncc the pattern reo 
mains Sluliollary . 

The output power llIelt!r wi ll, of 
('ourS!!, ) icld no 

The'lIellllln-luhe 
bridge. bera uS(' it i8 ea· 
pable of deterllli lling I he 
dynamic dUlracleri.~lic8 
of tulles (J\ er 80 wide II 

111 'This Iss u.e 
forma tion oot prcvi . 
ously o lna in ll ble wit h 
a dccou lc resista nce Lox, 
sensiti ve mc ter. a slid c 
ru le ami a fe w muments 
o f ca lculation. It docs, 
hO"·CI'cr. ;:'U I'C a con· 
;:. iderablc I.I lnml ll l o ft i me 
and C(lui plIlcn t, ami il 
makcs CllSy a mellsure
m e nt t hllt i s ofte n 
omitt ed !.ICCII IISC of Lhe 
laLor h e r eto fo r e in 

range. nOI oilly take~ 

!'are of a ll the rj'ceivi ng
t~ 1'Ie luhes nOlI in U$e, 

bul "ill provlIh ly DC 
11.1.11.' 10 hUllIlle all those 
Ilevclol:K'd {or SOIllC time 

10 "OllIe. Tilt: ltC" (·i r. 

Cllil milking possible Ih.:
III{'USU rCHlen l of u lle 

'''!
Vacuum·Tulle Urid,.;.e . 2 
OIll I'UI,PO""er Meter 4 
[kat.Fre'lueUC)' Oscil, 

lator . 
Vnlllme Conlroll 

6 , 
Sweep eir,·" il forCath, 

(>de-/(~)'O~til logrllph 9 
Standard, Signal Cen. 

ernlor II 
' l i M.., ll atJcou~ !teceDI 

DCI clO[ll1u:n\! ...... l '~ 

v!llved . 

dlara clcri"lic II ilholll dependi ng on 
o lher flH; lQrFo gi,'('s 11 lf' n ell hrid~f' a 
general Illilil~ "IH'r"'I.'.- IlICl l tlm tubes 
an' Usel!. 

This new C(luipment wi ll be on exhi
bition III the Trade Silo" o f the Hadio 
\ Ianufaet urer.s' Associat ion in Chicago, 
\hl)' 23 to 26. 

The Genera l Hlldio t'lithodc-ray os
cillograph is lIl ade il\'aila blc (or nblaill
ing the Ilaw' ~ha pc (amplit ude-lime 
cilaraet{"ris ti f') of a-(" "~I\'es Dy the nCII 

There ou r frie lld s ill the Chicll go 
distri, ·1. as "ell liS the ellgincers of 
the radio indus! ry, "ill hOI \ e t hc oppor
tunit y.,f illspeeling it. 
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THE GENERAL RADIO EXPERIMENTER 

A BRIDGE FOR VACUUM.TUBE MEASUREMENTS 

E' Ell since the introduction of the 
S(' rccll-griJ lulJC there II llS been a 

(Illite tlefinite need for lIJorc sal igfu( '· 
lor) llIel hod s of 'llensuring the d) na lllie 
cocfTi(-;CIII S o f \ucuum hiLes. \l ore 
recentl ) introduced IYI>es IHI\ e addcl l 
fregh difficullicl'. &0 tha I it is no\\ dc-

sirahle to lIIeasure not only vcr) high 
1I111plili('utioll fac tors aud high plate 
re .. islllllces but also vcry small and 
,'ery large ,alues of IrlillSCOllduc lance. 

" has seemed dC5irahie to de\·clop 
lue lhotls \\ hich could he IIpplicd II illl
oul UI()(lillcat ion to the measure ment 

\11 th r ,lynall1ie chura<; l er; s l iCll ur /llIlo ... _p.)\ ... ~r ,,,1. .... can I ... in,· .~tigal'·,1 (or ~ n (':<I remely 
.. i,l" range or \ Dhl~ h~ th" T, " I! 561. \ V&cII" ", .T"I>(' Brid j!:I' 
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of C~lr('IIW \aJues of IIle lul,e param
eleri'. II "a.'l felt (urlilerfllQl'"e that 
lhe IlC" clluip'UCIiI shou/II Ik' appli
ca ble 10 .lctCriliinillg: any olle of the 
three e.,cfliciC'nts direct!). 80 thai it 
s11Ol111l 1II'\('r lie IIf'('Ci,;w ry to 1II IIke 1110 

IIlCll ll llrcmClI l S It} u J/lain the flul!nli l ) 

of inlerc,,!. 

,In a llclIlpling 10 meet theM! ,;e.'cre 
re(luirclllt'1I11'i "e h;ne had 10 lIlake 
radical dlangcs (rom the old IIlf'lhods 
of meabllring lulle coenicienl '" \\ ilh the 
result Ihal Ihe lit'" c<luipmclll l.eanJ 
lillie rC l!ClIIl.lalll"i.' 10 the cOIl\-enl i.)nul 
le8t lIpraralll l!. 

The phnlograpJ, sluHls the IlIIlIel 
"rra ng-clt ll' lIl of lhe new Tn'~: :itll· j\ 
VU("IIIIIII-Tuhc IIri.lg{·. On the l(ll'd'r 

ualf of Ihe p;mcl. helOl1 Ille filament 
voltmeter, are located the con lrol!il or 
the measuring "in:uits, On the "PI.ler 
hal( are 1II01l1lied (our-. fivc·. 8 11.1 I;i". 
prong $OCJ..t'lii. a lrandormer "illl 
al>SOCilllcll ,'olllrol5 (or supplyillg II-C 

fila men I po" er, IIIIJ the nCf"l'SSll r) 
terminl.tl~ for hallery connection ... 

No elrorl 118" been made to iudmlc n 
complele lUlle cOlltrol panel "' itll 
meter .. (or lI1easuring elf'Ctrod{' voltllgell 
and currelllH. The requiremcnt s of 
dirrerenl lahuraturics var) 100 "itld} 
in lhi~ r""peel 10 pt"rmil Ihe ('ou .. lruc
lion o f a generally ac(:eplahle arrung"c, 
men!. On Ihe ollwr hand a COIl\ Cnil'nl 
means of controll ing ami reading Ihe 
filamt'ul \/)ling(' i", most ill1J'ortunt. ,\ 
doubl,,' .rllllge tl.crlnal \oltme tf'r il! ~ul'
plietl fur reading either a·c "r do,' fila· 
IIIcnl \ohages II!, to B \Oh 5. The po"cr 
Iran",fonucr "olllllllle,1 in the i" .. tru
lIlent i" pro\ided wilh a sufficienl 
number of laps SO that an)' a.e \'ohage 
iu thi .. ranSe mu) l,e olJlailied \\ithout 
ex ternal ('ollllei.'tions. 

It "ill he ken in th ,~ phoIOh'T'i.ph 

t hat there are terminnls for the suppl~' 
voltages (or the plate and for three 
grids. Provision is therefore maJe for 
the testi ng of the ne"' I>cnlodcs in 
wl.icll the s uppressor gri.1 ma~' be n t a 
dirrerent l)Ote lll ial from the cu thOlle. 

Specia l sockets lIIay he plu gged in 
\\ hen tubes ha ving unusual I,ascs or 
il l:Ie('ia l base connec tions nrc to he 
teijted. In o tbcr eal'oeil. ;ouch a" in testing 
IO"'I)()"'cf transmitting tuhes. it !IIay 
be (.'o.weuiellt 10 muke II.e mca!;ure
",cutil "hen the tube is ex terna lly 
mounted \"itb it s COilIrol apparatus. 
The ro\' of termina ls jus t IJlIt:k of the 
socke ts is pro\tilleel (or Ihis IUIrI)();;c· 

TI.c "lea,, 11 ri IIg -eirel! i I COl1tl'< ,Is Ot 'C " Pf 
the lower half of the !JuneJ. All three 
('ocfficicnt.s lire fl e tefmincd by pre· 
cise l ~' the sa llle procctlure. The three · 
IlOSitioll swit ch at the right of the 
nalllc plute is ttlmetl 10 \,hichever 
1.1uuntilr i5 desired. the multiplier 
s"'itches arc SCI at the appropriate 
value for the lube being tested , and 
bulum:e is obtained by uflj u,;t ing the 
thl't.'tHJecade sw itches li nd the "II pin'i t y. 
j,alnllcing cOlltie'IS4'r. At IJillance the 
dccnJes read tli re., t l)" to three signifi
,'a nt figures, the ' Iuall t it) hcinf! mea
sured . 

\1"'''1111;11;; the Fo"'W' at an 1I11j;;le mal..:. for 
..ae~ "'II,t;"g" "'11 workint: III II ta l ,l .. or at 

a I~bora.()rl !.l·lIeh 
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\'gati,'c "aluc~ or a ll three ... oeffi· 
ticnt s may be measured by the same 
process as readily ail positi ve \'alues. 
Tltt' 1105111011 of the "wit cll at. the left 
of the na meplat e tle lcrmincs wlte ther 
the (I"an,it), lllea~ured is positive ur 
ncgati,-e. 

Themul, iplying ano tli, idings\\ itches 
control independent allcnuutor8 in lllc 

" irellil.6 supplying till' {I-e ,'ol lagcs on 
which the IU('Ul$urCIIlI.l/Il ti dcpcllll . II 
'" as (ollml n l!('CSS3r) 1101 only 10 de· 
ll iS" these circuits allll their respec tive 
all t'llIl l1lors "jlh particula r care. bUI 

a lso to modify t he (und ll lllcnial st:hcmc 
of till' m easurcm Clll S 80 lilal the resuhs 
wou ltl he indcjJCndenl of the ratio he· 
"H'e ll the plu[,c resistallce and the 
r la lc.cir('uil illlpt.. ... lallcc. 

In a si milar ma nlier a new met hod o( 
Ioalunci ng capacil llllO'C t'urrents hail 
III'ell 11dnpied so Ihul lilt:: measuremenl s 
do 1101 (I{'pend 0 11 Ihe rlliio bc l" een Ihe 
"llI lc rC!lisltlnce lIIul I,he rCllc ta ilcc of 
t.he s tray capaci t allcc!', II has bcen 
(ollnd possi ble. tllcre(Orc, 10 make 
81'Cli rlI tC measurement s o! plat c rc
sisllI nce " hen tile rCat' l alice of I he 
plulc-filament ca pu(' ilallce is con · 
"illl'rub l) Icss tll1ll1 t ile tllIH> resistalwe. 

I t has Ilot yet !,cell j)OSiiihlc (or us to 

de termine "cr) d01'Cly I he ex t relllet
val ues which ca n he measurcd willi the 
ncw bridge. No difTinlllics lla ve h("'en 

cm;ou lll crcd in IIlcasu l'ing plill c rc
sislallces o( 20 megohmil and a mplifi. 
cal ion faClurs .)f $C l cral tho usa nd . In 
the o ther lliret: l ion mca"lIrcnH' IlI S of 
lIIulual ('olldll('I IIIIC(' llown 10 a frae· 
lion n( a lIlicro mho a nd of plal c re
S i ~lullccS dowlI 10 50 ohms arc readily 
o blUinc(1. The rungc of the multiplier 
{'~Iellds eon sillt'ruhl~ he)ond dIe limi ts 
giHIl in both diree liolLs IJUt specia l pre
CU tllio ns nl a} prOl e nCt-'Cssar.l' to avoid 
(,,,lerna I coupling I,e l" cen the QiIl' ilia lor 
lind the a mplifier if it is dcsirerl 10 

cs tcud fu rllwr tllC L1scfll! operating 
rlltlge of the instrumcnt. It is bcliM'ed, 
however.llllit the 'l" 'I'" 561.A Vacuurn _ 
Tuhc Bridge has a satisfactory margiu 
over Ihe present rCflu iremcnl s o f the 
v 3(;UII Ill-t1l be illll , lSI r)' , 

The net.'Cssury uu\i liary eq uipment, 
in 1It/llition 10 the SLJppl,Y ,ohages (or 
the plal e and {!ritl il, includes a I'ource 
o( lOoo-cps \ol lage. a surlicicntly 
scn.;;ili vc amplificr, ami a pair of head 
1eicl)iLolLes, Our '1'\ 1'1:: 2 13 _\udio 
O..ci llalor and 'I'l N ! ~1 4-A l\ IIL(llificr 
art' rceoILlllLcnll.",-1 (01' thi s use, 

- \V, N, TI' 'M'I,I·: 

A POWER METER WITH A WIDE IMPEDANCE RANGE 

DE1'Elnll 'H rlG Ille po" cr thal one 
ein'lIil ClI ll deli ver 10 (lIIother iii a 

mO!>1 imporl anl ('OIllIlHll1ictl lion mea· 
~urelllent. The I.It .E. lI roadcasl re
l'eher lests. for ins l1Lllce, requ ire Ihn l 
I he loud .speaker II(! replat.'Cd by a load 
circu it wi th a resista nce e((lLaI 10 111111 

recollllIlI'lIIlf'd for the OUlpUI tube Ily 
i ts L1Hllw(lIcturer. The rceeil'er is then 

IIHHle lO ddi\'er':;O lIlil/illans int o Ihut 
loal!. 

The illlr~ lllc l ion I,y General ltadio 
or Ihe OUlput Iuc ler Uliliz.ing a reC lifier_ 
I ~ pc voltme ler in t.,() lIjIlIlClio Ll "i tl! n 
('olls tant.iIllIJoedall t'e lILultiplier made 
~uch lJO" er Illcasur{,llIcnl S considerably 
l'Oi LlLplcr. 'rhe ou tpul meler IHl E! had a 
wi(le llC('el'l llllce ill Ihe ficld. in spit e of 
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<,-----------------------------------------------, 

The mclll(l;j of using Ih l' OIIIIIU I pow.,r meier can be ~n from an ingl>e<l lion of t he eng raved 
lICalel!. Full ·sca le .\eAcct io ll or meier oorre!! l'ond~ 10 50 m'lliwo t u for a mllllil,. icr IW:l ling of" \" 

the fac t tha t il s resistance was limited 
to a si ngle value: 4000 ohms at first . 
Lal.er output meters fo r 8000 and for 
20,000 ohms were made avai lable. 

No,,', Genera l Hadio has de \'clopccl 
a n ou t put. me ier o f rad ically new de
sign. i.n which the 10a(1 resista nce ca n 
be adj llslcd to cover a wide range, wi th 
the indica t ing c1emenl direct reading in 
m itl iwalt s. Figure L shows the new 
TnE 583-A Output. Power Meter. 

At the left a re the two swi tches whose 
scttinb"S determine the resist ance pre
sen ted 10 a circuit COll nected across Ihe 
two inpu t term inals. T he uPI>er switch 
1N!r1ni ts the selection of lcn va lues 
which are approxim atc ly eq ua lly 
spaced on a logarithmic sca le; the 
lower 8\o'itch is an impeda nce multi 
plier. li ence, the in11>edance range of 

the instrumcnt is from 2.5 ohms to 
20,000 ohm s. 

At the right of thc panel is a copper
ox ide-rcctifier voltmeter ca librated in 
milli watts. Below it is the metcr mulLi
plier, which, when adjus ted. makes the 
full· sca le reading of the meter take 
successi\'e va lues of 5,50,500, and 5000 
Illilli walls, respecti vc ly. 

Obviously, the power scale can also 
he calibra ted in decibe ls. This has heel! 
dOlle, and both the meter and il s 
llIultiplier carry auxiliary deciLeI scales 

-~ ..... , .. 

.. . 
So:h""'" lic ci rcuit d iagram for t he ')'vPI! 583·A 

OUllIlIt Pm.'e r M eter 
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The TYrl': (. 13.,\ Ik", . t"r«l'wnc), Oscillattlr i ~ oj>t:nt,·,j rrom "utl eri ~>;! illside the cal,illc' 

indi viduall y calibratell und the llial 
individually cngnlvell. 

Some fI"C(llICIICY drift is iuev ilable 
in a bea l oscillator of .my lypC. This 
arises from the fllt't Ihat tile outpUI of 
the oscillator is ohtailll!ll from the bcal 
notc lJetweclI two olwillaLOrs of super· 
audio frequency. '\ chauge in !lIe fre· 
qucne) of either oseillUlor \\ill make 11 

much larger percenlage t;ha nge in thc 
beal fre{lllcnc}. B('('au5e of Ihe prac· 
tical ill1possih ilil ~ (,f bui lding compo· 
nenl osci llators to he elllircly (r'ee frolll 
fre(luenc), (lrifl, sOllie simple IlIcans of 
correcting for drifts mllst be pro\' itled. 
III Ihc T " I'E 613-"- Beat-Frc(llIcl1('Y 
Ost' ilJ a lor a l.ero utlj us lmenl is fur
nished b) means of" hich the 1\\ 0 oS(·il 
lat()rs are sct to l.ero heat \Ihen Ihe 
main scale is set aL zero. \ milliammc
ter in the plul c ci rcu it scnes as a heal 
indi.-alor. 

The instr ument ca n be se t 10 zero 
Leat to \\ithin about a erde a nd thc 
sealc is (·heckctl to \\ilhiu II t')cle a t all 

calibrated Imi nt s so that IIle indicated 
frequene), "ith the zero properly sct is 
\\ithin two cycles at a ll settings of the 
Jia!. 

The OU lput bu s been carefully fil· 
tered eo Ihat spurious h igh freq uencies 
are 1I0t prescnt. The Olltpllt c1laracler· 
islics mny be s ummed up hriefly as 
folio,, ;;: Average vollagc, 15 volt s. The 
actual vol tage does 1101. depart from 
thc avcrage value by more than 20% 
over a range of 100 to 10,000 cycles. 
The h~u'lJ1olli(' cont ent of lhe omput is 
less than 2%. The range of calibration 
is 5 cyclcs to 10.000 cycles. The maxi
mUln pOlVer output occurs at a load of 

5000 oh ms ami is 10 lllilliwallS. 
The TYI'E 6 13·A Beat·J~re(ll1eney 

Oscillator requires Ihree 230·type and 
onc 231-1~'pe lubes. The baltery re
quircments lire t wo No.6 dry ce lls alill 
two 45-\'0It B blocks. 

The price of the Tl'i' E 613-;\ Beat
Frequency OseillUlor is S2 LO.OO. 

- C II ,\lU.ES T. B(]IIK E 
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6 THE GENERAL RADIO EXPERIMENTER 

IJlI!'C,1 on a zero rcff'ren('(' le \·eI o f one 
milli"lIlI. H ea~l;tlg8 1II1I } lit· e~prcs-Oo(', 1 

in termil o f a ll y o Ilie r r('(c r(' IU;C le"c l h) 
lidding the proper l;orrcc liUIi Icrlll . 

Tllc o;t,'rCI o f this 11111181131 in~ lrllll1C II I 

j,. the \aria l.le-ra lio I ran~forrner I;ho\\l1 
in tile H{TOlllpUn)in~ ..che mat ic Ilia
gt'IUll. This I ra n .;.(orlllcr 1II1I!'! 1 he II ~ood 

approacll to lin itlcu l Irull!',fr,nlll'r. It 
IIIl1 s t rf'spond o\er Ii {rcqul-IIey rauge 
of 20 to 10.000 ('ycle8 per second, and 
illllll '" Le socon .. lrU\'U'll,ha l lhe los5es 
are th. IIcarl) COIISla nt !IS possible for 
e'N) Olll' of t he raliu adjlll' IIIlCIII S. \ 

4'OIllI)(,II"'lI l ion Iwl\\ o rk o pera led b) ti,e 
ru I io f'lulli g ing 8" ' il ell ,·Ut re.'11; (or lI lII O II 
diffcrclI(,c", SO Ihal for 1111 urdinary pur-
1)(lSe ~ Ille tra nsformer hils a 1"0118 111 111 

loss. Tile iuslnllneol IIlways presell! " a 
nea rl) re"i;;.Livc illlpclianee 10 3n ex

It'rlllli ci rellil . 
The principal uppl il'a linn of th is in· 

f trumCIII wi ll. ufl,;oursc, be in the leS I· 

illg: of radio rcceil Cr$. I I "ill 1101 o nl y 
ser ve in the st ll ll tbln i se lceti vily . sensi
IiI il Y. uand _width , a nd 'illdily reS I!!>, 
IHII il ea n (ilso IIf' u~1 1 for mcasuring 
" illl fair act' l/ra(' ~ Ihc Ol/ Ipul of Ihe 
rC(.'t! ilcr for diffcrCIlI frcquc llI·ie;; "hen 
Olll 'e Ihe imped a noo t'illlraCI crist it' o f 
Ihc speaker ii; kilo" 11 . 

The output I>o"cr lI1e lcr is (llhO liS(!' 

fu l for lle lerrninin g Ilil';'I:I I), 1111" o u ll'lIl 
l)Ow("r charlle lerisl i(' o f nny circ uit 11 1:1 a 
fu nction o f loat l illipel ionce, " is useful 
"he ll making: lUea!'uremcnlS 0 11 Oi>Cilla
tors. amp li fi c r s. Irllll s fo rlll c r !'. e l l:. 
COli \ crscly. Illc itll crna l Oil ipu t iltl 
pet lHllcc o f ,hcrin'lIill/nder les t CII Il be 
measu rcli by Ilc lcr'lnining Ihe 10lld illl ' 
1)(!(la llrc for "hieh lII ux illlUIil 1}Q" cr 
Otllp/lt is secured . O lher uses \1 ill proh
ably "tlggcs i Ihe ll1 ~h es 10 thc reader. 

Thc pr ice of the '1\ '1'1-: 5B3-A Output 
I)olfer \l e ler i!J 8,:;.00. 

- JnIlN O. CtIAIH(JU I) 

A NEW BEAT- FREQUENCY OSCILLATOR 

1/\ ,lcsiA"lli ng the Tl'I'1> u 13·A IJmil· 
Frequem')' Osei lllllOr. ou r O"jN· t ha ... 

been to int'orpora lc ill a batle~' -ojler-
3tc(1 I ) lie of Instru mcnl thc d e!O- irahle 
features of g()(kl \131('(01"111 , frcqu~nq 
s tal,ilil ). and 11 11 opt.'" lOCa le \\ hidl arc 
c:ontuincd in tllc Tl l'E 513·U Beat
Fr(!(lnell t:y Osci llator (3-C opcrll lceJ ) 
hroll~h t Ollt last ~(·(lr. 

T llc Ilis ling:ui::hing dlaraf'leristic" uf 
a ht'II I-(re<luene.\ o:.(· illlllOr are abil i l ~ 

to IlI l1 inlliin II ('OIl~ I t1ll t Oll t put ,'oll.llgt, 
0' er a \I ill I" frcq' lcn(') r:llIg(' a nt.! abilil) 
10 ('over a II ;,lc ra nge of fre(l lIcllcy II it II 
a >I; IIglc conlrl)l. ' 1\\0 o~i llalors arc 

"~fl. unc o f fi xl, ,1 fl'e(IIl C ll c~' , the tll hel' 
of I'arillhlc fre(llI c , I('~. Thc ileal note 
hct\\cCIl Ihe 1\1t) n.wi lialUrs is pa..sed 
Iltrough a delel'lOr allI l a mplifier alld 
I)('('olllcs the OU'l1ll1 of thc oscil hHor. 

The (acl Ih al a wi, Ie frC(I'IClicy I"(lI1ge 
is covered L)' ( I sillg le \'onl rol IIc('eSSII -
ril ) present s diflieull y in olJl a ini ng lIil 

0ll{:n (IIHI ea"il ~ noml sca le, In the Tn'E 
613 . • \ Hea l-Frcqucllt·~ Oscillator. II 

s lraiglll.line-frefjllcl1('f c:ollllcn:oer ha .. 
her!) used. whith re~ul1 8 in a prael icat!) 
10b'(I/·itlllll ie 5t'alr spread MUIIiUI 2700 

_ 

o f tile Ililll . Tllis sca le iii open allli cllsil ), 
r(,(1I1 al a ll pnilll s. ElIl'll instnllllenl iii 
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A 200,OOO-OHM GAIN CONTROL 

IN" lHallY ,'oice amplifier circuit s a 
higll. impedancc gai ll-rollirol polen

tiOIlll"Lcr in tile .grid circuit is esscn
,ia l. The T\' I'E 6~2-1) \' olulIl c Cuntrol 
is primarily designed as 11 high <Jualil) 
unil (or the ya rioue I) pes of amplifiers 
of this !'Ort. It ma y i)C used in an~ 

li landartl \oice amplifier circuit. CQII

ncc ttd across the secondary of the 
input or ililersiage coupling unit s. 

The 10lal resislan<'"e is 200,000 Oh1ll8. 
tli vidcd inlD leu Nluul steps of :\ 
tlecibels. provi~lillg II IDtal allenualiou 
of 30 decibels. Eacb resiil la nce unit is 
adjusted tu all IUTuracy of + I %. 
"hiel! gives attenuation rat ios 11.1 ... ith· 
ill approximately 0. 1 tlccibcL Beca use 
of its high impedance, III'c uracy of ca li · 
bration. and compac tness. it s use as 8 
multiplier for vacuum·lube \'Oll ,ueler" 
is a lso recommended . Although normal· 

OEC'B~LS 

" 

100,000 ... 1-----1 
HIGH 

o 

OUT 

Th" n tremeiy high i,u/,ctbllce o( th;~ 
,·ulumeoontrol onak('8 il ;1 .. al (or II~ :lr~ 

•. he grid circuit of Mil Ilmplifier 

E ... d, ~h'l' f ill Ih .. '1'\ "., 6-12. D \701uno .. Con trol 
l't ..... O,I>on, l" 10 Ill' IIU"II"a l;on of.3 .ledl.dJ> 

J} used in cin'uils ,Irawing no t'urrellL, 
a ctlrrent of 4 milliamperes will l1I)t 
ca use a te ,upcrll iure rise sufficient 1.0 
(' ''8I1ge Ihe rated aecurary of calihra · 
lion. 

The frcqucnc} characteristic of any 
real'Onably Ilon·i nduc ti\·c I>otentiom . 
eter con nct· ted to the grid of a 
VtH : L1 11 111 lube del>cndil almost entirely 
L1pon the capacilaru:e of this circuit . 
The TYI'E 6-~2 Volume Control call 

be "'o'Orked into a t·apac.ilance of 40 
micromicrofarads with an error IIf 110t 
Illore than 0.1 decihel a L 10,000 cycles 
per second . Since the capaci!y of Ihe 
uliual vacuum Ill he and its socke t at 
the grid terminal is less 111311 20 
lIlicromicrofaralls. a negligible error 
II ill resull al 10,000 cycles ller second 
a nd Ihe rated accuracy of 0.1 docibel 
will hold 10 approximate lr 20.000 
cordes I>cr second . 

The "mOllnt of Ihis error is "Iso 
I"rgel) del>cmlelll IIpon the I>osi lion 
of the contact arm and the figures 
menlioned abole are for the \Iorst 
(,'OnliiLiOrls: Ihal is. for a ll enualioll8 
o f :1 or 6 tlct:ibcl ... The error is \'cry 
lilLII' ll less at Ihe higher va lues of a l · 
Illilualion . 
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The sw itch arm is constructed of 
four-leaf spring phosphor bronze, which 
provides for long wear and exce ption
a lly low electrical contac t noise. The 
coostruc Lioli is ailnilar LO tlla 1 em ployed 
in the precision 'I'YI'£ 602 Decade
Hcsistancc Boxes. A cam· type de tent 
is prov ided. This may be rClIlovCll 

easily jf !O lIlooth action is required. 

The over-alt dimensions a f C 3,!{6 
inches diameter and 3J,i illches depth 
hehind the panel. 

The price is 825.00. 
Modifications of the s tandard unit 

for different impedances and attenua
tions per step elm be arranged on 
special order. 

- A IITIl U It E. TIilESS E'\' 

A LINEAR TIME AXIS FOR THE CATHODE-RAY 
OSCILLOGRAPH 

IN the pasl, use of the cathode-ray 
oscillograph has been considerabl y 

restric ted due to the lack of an ade
quate mea ns for obtaining the linear 
time axis that is necessary if wave 
shapes arc to be observed_ Although 
Lissajous fi gures arc convenient in mak
ing frequency comparisons. they are in 
many cases entirely useless for examin
ing the actual form of 11 wave. 

Rotating mirrors and mo vi ng-film 
cameras ha ve bccn used with varying 
degrees of success. The fOrlner, how
ever, a re limi ted to rather slow mirror 
speeds and the lall er to photographic 
records. 

The olher common method for ob
taining a linear timc axis is the so-ca lled 
sweep cireuil. This consists of a means 
fo r generating a "saw-too th" wave 

The (:enerul Hadio cathooe-ray O!!Ciliogral.h. A I the righ t is t he 8..-« 1' cireuit li nd hchi".! it t he 
!'.o..-er_!U!'I.ly unil for the o.>cillogruph tube 
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10 THE GENERAL RADIO EXPERIMENTER 

A B 

II ...... i~ Wlll.l Ih~ i>'H'~ I' c ircuit .IOM. \It:-rtlllling ' -OI!IIJ:;e;! ~n a l' Io" (t 1'1,li,~ 1 HI II,,! vertica l 
.1 .. l1r~I"''I 1,luh's ( II" '" A ) M 10 II ... Il(>rlT. ... n1111 "laiC!! ( a ;; III I ). 1'II 11.I'rIl C rH ull! ,,'h en 
t:~ lIlIll ".~ un' iI.(>plird ~; ,n"hllnoou~lr. the fr~lu"l)cie!! f~ a"'l/~ l.ei,,;; til ., U Il1P. If f.. 
i" " ' · ... a .. ··lot,>lh .. -11 .... d...,.;.,,.,1 from II . .. ·ee" circuit lind Er IS on aUrrnll .iug Cll rr,·,,1 

..... " .. 1(0 10(' .. umint'd. II.e .. 'ave ~h .I'" o f ,.;~ 81'1"(>8111 in " a Ur rn 0 

"llid .. II lu~n upplicJ to Olle lut ir of liI(' 
08f'i llo~ru fih cieilet'l in g 1,la les, prod uces 
a linear lime 11'1:;8. Comlllercial 'YI)es of 
sweep l' irnlil i! hal'c. I.o" e"cr. beell 
reS lric l i'11 10 ope ra t ion o\'er narrow 
rangesof freq'lc lw) and amplil utiI' . fur
Ihermore. the problem of controlli ng 
, h .. 8\\ l'f'P l'ireu; ' 10 kee l' in SICI) wi lh 
Ih~ \\81dorlll ,-*ing obserVf>ll, I'rmid
ing a 8lalio llar) I'all em 011 Ihe o"-cil
lograph st.'recn. IUI8 ra use~ 1 cOllsiderahlc 
trouhle. 

In order 10 men'ollie thia limilatiOIl 
ill II~e " !o.~' IJf tlte ca thode.ray flj; cillo
grllph Ilnd pr<Hitic u l' Olll~'lIic lll 

melln~ r~)r \\aleforill examination. tllc 
C('nera! Ihdio Company hs); .Iel'd
OIH!11 tlU' 11(' \\ Tn· .. ; 506 51\1'('1' C irelli .. 
\~ hile it i~ irllenilell primaril }' for II IK' 
\\ilh Ille (:em'ral H;ldio cU III<){le-ra} 
",,{'jllo~ral}h. i, can ul;;o he u!'ed \\ith 
similar o!lf' illllgra phs of olher ma ili/
fac lure. It pr(I\ifles a pl'uct it'lI l1 ) li ncu r 
lillll;' uxis S(' that the wUl'l'f.)rm I.ei ll~ 

ob6('n cd is ~t' ll dil'cel ly II pon t ill' 11110-
relwellt IwreCII of t he usciHogrul'h. 

\ Arl'a t Il.hu lltage of Ihi .3 111' \\ ,, \\ cep 
~'in: uil i., 111111 il s action lila) Le c/isily 
conlrollc,!. Ihll l is. Ihe periodic IIIOI'e· 
UU' nt of the lIuurescellt spo t 1II11~ be 
nlRde 10 ,'oinei,le exac tly \\iLh the frt· . 
'1IICIIt'}, or some suhmultiple of Ihe fre · 

'Iucney. of Ihe I"we I.(:ing oilscrved . 
thereby ca uI' ing Ihe pullem on Ihe 
/luorescenl screen 10 rculUin sIa tionary. 
T h is mak es carefu l exu lllilialioll of re
"urrcnl "al'eforJllS possible. li nd if de 
sired. pholographs III II~' ' "' laken of the 
pa ll crns as ther appear ul)()n Ihe 
screen. 

The TY" I:: 506 S"cep Circu il ha .. 
been carefu lly dCl; igncfl Iu prol' iJe II 
I'cry h igh degree o f cOlilrol over t he 
8\\,f.'t!ping aCliOll , Sepnrlth~ .. djllsllllcn is 
arc provided for j"uU1ging Illc sweep 
fre(luc.lcy :lml lcngth of !'weep. II .. II ell 
" s for regu la t illg Ihe BIIIOlillt of cOlllrol 
voltagc appl ied 111111 :lflj"Sling tllC p08i
lion of the !,:l lIerli 011 the fluOteScenL 
Iltreen. 

E~Ircllle care lias 1.IC1: 11 laken ill the 
design of I he 1'0111 rol ii} StCIiI so that no 
illledcr('llee is Irall$lIIilt ed from the 
",,'cep {'il'cllil ilse lf hal·1.. Illroligh the 
('Olli ro l circuit s. T hercfore. il is possible 
10 o l,ll.Iill IIII~ "olllr(l1 I'olIIl I;C frOIl! tile 
~R "I(' source as II.e oiJ8Cr\'Cll 11'1.1 I'e wit 11 -
uut Inn·illg the s"ccp cire uil itself 
"frel't Ihe form of the obserl'ed wal'e 8S 
fO('c n "llOlI Ihe II110rl' ~Cf' lIl l>t' reen_ 

The 6We('P cirellil ('onlrols 1>0 readily 
that it ma) he II sed for examina tion of 
man}' lypeS of trunsienl phenomena. 
If a ,oice or IlIlisic \\ave is impressed 
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..) upon II. il willl(h-k into control at some 
low frcffllCnC) or it,s submultiple in the 
"oil'I! or nIusic \\'U\'C. It is, acconlingly. 
possihle [0 study the wa\'c(orm of any 
slis ta ined nolC or sound. as well as to 
!lee mallY of the transient s invohTcd. 

The prineiple of operat ion of the 
General Hadio sweep {'in:uit is ,'cry 
simple, hill I'onsiucrnblc ca re was re
q uired ill cons tructing suit a ble C(luip' 
men I to earf}' 0 111 Ihis principle satis
factoril),. The ci rcuit is. in effec t. a 
modified form of rclllxutiou osci llal or. 
A condenser is charged at a conSlunt 

Clirreflt IIlItil the ,'olr agc across its ler· 
lIl inals reaches a cert a in prct'le tcflnill Cll 
,'a lue. A t tllis point , a spec·iu lrncrcury. 
"8por tube breaks down ami tlischarges 
I he ('o lJdenscr pract icall r inst u n tune
ousl)'. T he \'oltage a(;.·oss the terminals 
o f the ("ondenser is a pplied to the hori· 
zonta l dl.'fiect ing I'Iat e5 in the ('ut holle
ra), oscillograph , thlls clI lIsing the fluo
resccnt spo t to trl.,·e] in one di "ct'l ion 

at a p" ac tica tly COUSla!!! ,elocit)' and 
thell re tllrn allll os t immediatel r to it s 
original position. 

The voltage Ht whjeh the discharge 
t uLe operat es is contro lled by a grid in 
the lnbe. This COli trois the ulIlplitlldt 
of the sweep. The n.t e at wl.iel. I he can· 
(Iellscr charges is COli trolled O)' the eur
relit limiting tube. This CO li trois the 
veloeit ), of the swee p. nr iOlro<lucing a 
sma ll alternati llg volt age in !'cries lI'i th 
thc dircct IJia s on the grid of the dis
charge lube. the sweep cireuil IIHI)' be 
malic to lock in s te p wilh lin a lt ernuting 
voltage ncar its nat,ur!.1 f.'efluency_ 

The Genera l Hadio TYP E 506 Swee p 
Circuit is completel }' a-c orle rnled a nd 
ea rcfull.r shieilled , II is mounted in a 
SUl a ll wa lnut ca bine t of the same size 
a nd sha pe as the T",,~; 496-B Vower 
Supply Unit for the cathodc-ray oscil· 
lograph. 

The price of the Tl'I' ~~ 506 Sweep 
Cireuil is 160.00.- 11. I/. SCOTl' 

A STANDARD-SIGNAL GENERATOR FOR THE 
MEDIUM PRICE FIELD 

Til E devf'loplllC'Jl t of rad io receivcrs 
fOf operation at high rre(luCnc ics li as 

IHld i,!, corolla .'}' in a ~ I em a ncl for a sut
isfactor) 6lunJard-signa l gellerator to 
go 10 "cry high fre{llJent:ies, .\ 4'3rt'ful 
s tu. ly uf the prnhlem has indiclJted I.hat 
ge rll' raturs sin.ilar ill gencra l 4'OIl3U' IIC' 
l ioll to those now employed can he uscll 
"ith S' lilllble .Iesign 1Il0,lifiea tioli at 
frequc lleics as h igh as l5 megaeyelcs. 
I t is ireliC'vcll \'Iork al higher frc(luell
cies I, ill r('(luire u rather ll ifTcrent de
siglJ uf sigllal gelJt!rl.lLor allli allenmllor 
system from thut IlOW used, 

Tile Ceneral H~uliu Cml1pall }' has 
hall under devc lo plHent for the la st 
year a lIew signa l gCllera tor designed to 
lHeet tile need for dCI>Cllll a lJle beha vior 
at I.i~h fre(lucllcies. Tire TYPE 603·A 
S tandard -Signal Generut or " hid. will 
hc !'ho'\l1 at th e Chicago Trade Sho\\ 
is th(' result o f Ihis ll e,'c lopllleni. Thi s 
sig ll al ge ncra tor lII ay he IIsc.1 Ol'el' a 
{re(luclley range ex te nding {rom 100 
I"iloeyd cs to 15 Jll eglH')'de!'. 

Over this range its performance is 
" e ll Ili tilin th e limit s of aeellfl. cy 
wllich lIe hale Ilccomc accusto llied to 
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12 THE GENERAL RADIO EXPERIMENTER 

T he main luning control ror IluI Tn'l!: 603.A Standard.Signal G ~nerBlor Cll rri~ II d ia l ,,-itll 600 
di,·ijjioniJ. T he microi!COfle II it! 1"1,;111 ill I II a id in m aking clOo!Ie ~lI i"gs, 110" Iri .. n" ,,!.!.r ind",,, 

III the leh;8 ror ,,~e "jth calibru iolill fi ll ed in wid. Ileneil hy the ,,~ .... 

expec t from signal gCllcralors ill the 
hroalicas l. frc(IUenc}" rHnge. II is capa
ble of modula tion up to 90% at hroad
caS L and higher frequencies. totemal 
modula tion a t 400 cycles is prov ided 
and provision is made (or external mod· 
ula tion as wcll . 

The ne w standard .signal generator 
"' ill be Ilse!1 (or the uSlial fid elity. sensi
Ii , it)". a nd SClccli vil y tes ts on receivers 
throughout the vcr} .... ide frc(lucllcy 
ra nge (ur ,,'hid. it is 8(l a pl ed. I t is a lso 
suit a ble for field-s trength measure
lIlents throughout IIlis \\ ide range. since 
it is se mi -port able and ean ea;; il) IJe 
t ransferred ill an aulOillobi le. 

Tile II C \\ standard-signal generator 
ha;;; a num Ocr of interes ting design 
fea ture .... The shield has been so modi
fied without increase of leakage tlmt it 
is lIo t neccssar~' 10 remove any screws 
ill order to change l.'Oil ... Imilledia te 
aC(.'eSB 10 the coil cOlllpartment is ob
tained hy raising the lill on the cabinet . 

Spacc for the ext ension coi ls is also pro· 
\' ided inside of the cabine t . Leakage 
around the lid ill o\'oided br a refrigera
tor·door Iype of construc tion in Ihe 
shielding. 

All intercs ting lie" tfl)C of all enl!
alor and shield has been evolved. The 
IIsliul resistance typc of nll CllltalOr haa 
heen used wi,h a modiflcd construction 
as made necessary hy the much higher 
fre(ltlCncies involved. The attenuat or 
is endoscJ ill II sectioniZCfl shield which 
lIIakes possilJle vcry large ntt ctluntions 
even at frequencies at 15 rnegacyd es 
\\ ithoul serious error". 

The cOiltrols a re sllo\\l1 011 the frOlll 
of the panel. Those at the right go\'ern 
tlte r:u lio.fre{lucncy circuit , those a l 
the Icft the modulalion circuit. The 
I'urrier rre<luency is con trolled by II 

large dial \\'ilh slow-motion adj ust 
ment. This dial carries an accurately -
engru \'ed scale or 600 divisions. spread 
arou nd 270 degrees of il 8 c ireurnfer_ 
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enet'. The use of Ihis {lial in conjunc
Lion wilh a coi l spreal' of approximately 
2 10 L ill (re'Iucncy makes possihle (Ii 
rc,"' clllihration of the main frequency 
Ii<:a le for lise in selectivit y and band· 
\\ ill t II ,I e term i nat io ns. ea I i bra I ion 
dlart ;;; are provided and they are of 
such size as to he read 10 Ihe same 
accurac)' as the di ll] scale. 

T wo all(iilionul COllven ience fea tures 
.... iIIIJC noted on this dia l: The magnify. 
in g g lass over th e main ilillex greatly 
assis ts in selting and reading the sca le. 
The secondary index, logelher wit,h the 
space on the dial rim for extra scales, 
permits ca librat ion of the instrument 
at specia l point s LO suit the user's 
rC<luire melits. 

The carrier.(requency oul put volt age 
is CO il trolled by the Ibrcc Illijusllllcn ts 
ill Lhc lower r igh I seCI ion o f I hc pllllCI. 
Thc ca rricr a mpliLUlle is adjustcd, by 
mellllS of thc mithllc COli t rol. 10 a refer
ence line 0 11 tllC r igill-hund meter. 
.\ Ia illtainiu g this lIdjllst lllcnt ,·ons"'nt , 
the output is 'ldjus tcd by mellllS of the 
s litle wire la hcJed microrohs and the 

multiplier. Continuo us \'arialioll frolll 
o ne volt to Y2 microvol t is provi dc/I. 
The ou tput is takCIl ofT from the shield 
ed plll g tcrminals in thc lower riglll 
cdge of thc cabine t. 

The mod ulat ion·cont rol systcm is 
shown a L Ihe lc fl. The me ter indicalcs 
Lhe modula t ion volt age anti is se l by 
/Ilea ns o f I he Il lod lila I ion alii plit udecon 
trol to a re fcrencc line. Wi lh t he pe r 
cen t. lIlodulation dial seL at t he desired 
Illoduhtlion percentage. ext.ernal mod
u lat ion In ay be cOllllectetl al the tcr
lIlinuls indicutcd ami con trolled in the 
Slime manner. 

In condcnsed form the performancc 
characteris tics, in the new Fiigllal gencr
ator, a re as follows: 

"'rCCjl lency range: 100 k ilocycles 
10 15 II1cgal·ydcs. 

Aceurllcy of t.he ou tput voltage 
lit I microvolt: 3% in the broad
cas t r,u tge a nd bc low, 10% a t 10 
mcgacycles, and 12% at 15 lIIega
cycles . 

The o utput vol tage range l)Cr
mit s continuous adjustmen t. from 

Th,' at te"'''I . ;Oll sy~ . em for the new ~ 1 1 .. " llI rd _sig naJ genera.ur \'iewl'd from Ihe t,al'k. The 
ClI ~. ;nJ! at th" Jeft eon l(';lIs the slit.le wi r e; .h e one at th e righ t is the" mo,.~e-trap-t YI' ''··~ t ep

Ly·n"t' allenulltor 
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14 THE GENERAL RADIO EXPERIMENTER 

12 microvolt 10 OIiC \Tollo f Qu r 

Ilundre(l-cycle inte rllllJ modula
tion is prO\, i1Icll allli Ihe apparatu" 
ca ll I.e rnotiullll cl j wi ll. eilher in 
Il) rlia l or c~ l crna l l11 oo:l ulaliOIl uI' 

10 900'" at orOllllcaSI and hight' .· 
frC(IIICncies. 

The freq uenc), modulation to tal 
swing docs nOI exceed 200 eycle~ 
IInder the worSI condition" in the 
Lroadcaf;1 halLll. At tile I{ \1 A leel 
(rc(Jllc lic ics it IUIIOUllt s I n a !,OtU 50 
cycles. 

The relICt ion of tile IIl1cnualOl' 
On the ca rrier f.'cqucllcy is les;; 
t hall 150 1'~'clc;; muler a ll r undi
liol1:1. 

Return the Card 
• 

Please don ' t forget to 
return the card that was 
clipp ed 10 pa ge 1 of 
your copy of the EXPERI. 
l\IENTEH.· 

It's the ouly way we 
Imve of keeping our mail

ing Ii.st con'eel and lip to 
dale. 

*To di r;. l rihulC th e 10ll d 0 11 our 
Illai I ing depa rtm e nt , so me cards 
were !'cut Wi lh t he A pril issue 
aud sOllie wi th this (Alar) issue. 
elml s h:lVc hcen SCllt to C\'crr
ollcexcc pt thosewhom we a{hl ed 
to th lJ list after April 1. 1932. 

The inpul illll.IClllIllCC at Ihe ex- L 
ternal Ulodulatiolt term inals IS 

appro.\il1latcJ y 5000 0) 111115 II IllI .. 

power of ahout 100 milli wat ts i ~ 

ncces.mry to mod ula te lhe insl ru -
IJle nl 103070 throughout il s range. 

The radio-rrequ cllc~ {)utpul. illl 
I)cllancc is 10 ollln s up 10 10.000 
micro vOlt se tti llg. 

The price of the Tyl'~: 603 S l:tndanl· 
Signa l Genera tor is 5600.00. This in
cludes the t\\ O I"/{ Iibrate,l in.luc tors 
neecssary for ("overing II fre(lue ncy 
runge of '~2U to l()oo ki llwydcs. whid. 
includes the bnull icast baml. 

- C. T . BUluo;;, 

MISCELLANEOUS RECENT 
DEVELOPMENTS 

The instruments illuslrol.ed 0 11 pages 

15 lind 16 are all reeclI l de velopments. 

All except Ihe new Tnt=: 65 1- ,\ 

\Tohage Di vider ha ve been described 

in some of the previous issues of the 

Ex I'EIII'\! E NT£tt. 

The T"I'E 65 '~- 1\ Voltuge Di vider is 

u cOlllbillation of two se ts o f decllile 

resistance units connec ted in ser ies 

wi lh the Olltput voltage takcn ofT across 

one set. When Ihe resistance of the 

"outPUI" unil ;s iucrcaseti . lhe re

sistance of the o lher uni t is simul 

ta neously decreased to ltI ainluin con

stant to lal seric!! resis tance. This 

vol lage di vider pe rforms Ihe same 

func tion as the oi,ier Tyt>~: .';5 1. Vol tage 

Di vider it slIperiOl·l les. 
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This prc(:;;;;on \ ol tage di\ iller yields 
ratios of 0.001 to 1.000 in J eca ll e 
sleps of 0.001. The 10lal resistance 
presented by the input terminals al. 
wall> remai ns fix c (l al 10,000 0 111118. 

r" This eq uipmellt measures dis tortion 
faclor. Left 10 right: TWE S36.A Ois
tort ion-rael or \I c ler. 5 110.00: THE 

since the resistance take n from uny 
one unit is simultaneously adtlct] to 
il s mal e. 

The price of the TTPE 65-1·/\ Dec
ade Vollagc Oi\,idcr is 585.00 

5 14·A Ge neral.Purpo se Amp lifi er. 
570.00; and TY PE ·1 88- 1 1~1 Galvanolll
e ter, $30.00 
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16 THE GENERAL RADIO EXPERIMENTER 

T\'I'E 601·A Standard·Signa l Gener
ator is (Icsigncd for produ('lion testing 
and uirplane-receivcr se rvi{'C work . 
Prit'c 5210.00 

Thi s s taud a rd-s ignal generator is 
recollllllended for lahorlltories where 
speed as \\cll as prcd sion IIfC inll>or
tant fll clors. Tn'E 600-A Slall(lard· 
SigillI I Generator, 5885.00 

Freedom from 
noi se, uniform 
a tte nuation, and 
low price afC fea
turesof thcTYI'E 
652 Volu lucColI
trol. Price$ 12.50 

TYI'E 602 DCCllde- Hesi81· 
allce 00;\C6 have suhlllount
cd s\\ itches and II f C shielded 
ag .. inst siray fie ld s 

Till:: GENt:UAL RADIO COMPANY mails lhe uperimellter, willi"mt charge, 
each monlh to engineer., IJcientisu, and olhers inlerested in commlUl

ication-frelfllellcy measurement and control problema. Please send requests 
for subscriptioru and addreu-change notices to the 

GENERAL RADIO COMPANY 
30 State Street Cambridge A, Massachuseth ... ~:"" 

' " 
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