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UNIT R-C OSCILL ATOR-20 CYCLES TO 500 KC 

:;;inee Van del' Pol's piorlCt'ring work 
on H-C o.'willator ein'lIits.1 ('om men'iul 
im;! rumcnts uf'inp: vnriOIlS ('in'uit ('011-
figurations Iwxc found lI'idc>:lprcud use. 
To Iht' many standard fcn1l!1'Cs t hat 
hIH'(' made tiu.' R-C oscillator so gen
emily lteN'PICd, Ihe llf'\\" TYPE 121O-B 
l'llit H -C' Osrilln tor adds t \\'0 nel\' ones 
- squflrC-\\,[I\'C output and swC(;pabil-

".... ity. T akell il! conjllilction \\' jih t hose 
all'cad," inherent in H-C' ('in'uits, these 
fenlures make thi.'i ,'('rsalile instrument. 
fully ('apah](' of meeting todllY's eX[let
ing Mandan!.". 

The' fir!':! (If th ('~r 11('\" fClltur('S ma kes 
po:-:,.:ihle both ]O\\'-frcqucll{'Y and high -

, \'~n ,10" Pol. fl.hl." "Hplt"sli,'lriliinK"" ", Tijd""kr . 
•. A. S,d. e"d. G,~ .. \ '01.:1. 1(t:Y" 10, ,,~. \",," 'k' .\[,,'~, 
J. Hlld n," d~, j"JL IWolth., .. Th,· 1"O,j""I;on cr :';"" .... ;dRI 
o.,-iIIH!iu". "'i!l. " Ti",~ 1',.,;,.[ DNN"lHin,,[ lo.," s 11('-
1~'Mi,," Ti",,·", /'hy,i,OI, 1. .\I"lI. 1934. 1'1'. ~37_HS. 

frequcncy sq uUI"c-wave tes ts of tmn
f';icnL bchavior, and the sccond permits 
t he recording of frequency cham.etcr
islies, either on level I'l'corders 01' on 
ca thode-my osci Hogmphs. Bot h of these 
Il:>cs relied the modern need fOt" reduc
ing time in obtaining dl\ta, the first 
l)(l('(\use one measlirement .vidds in
fo rmation about both amplitude and 
phase eha l"acleristi('s, and the fK'CQlHi 
becallsc nutomatic data-Ink ing elimi
nates Inborious poilll-by-point mefu>urc
mcnls. 

The T YI'E 1210-13 l" n it H-C' OS('illntor 
is t he In test addilioll to the General 
Badio line of l"nit [Il !itn llnent~. (;C1l
cr:\titl~ fl"cquelwic.~ from ~O eydcs to 
;300 ki\oeyc:\es. it cxtends I hc ('O\'cragc 
of t he I"nit OS('il lalOf:; to the unhroken 

Flgu.e 1. Panel ~iew of , .. . Typ. 1'l 10.8 Unit R,C O.dlla'a . and Ih ' Ty p . 1203- ,1, Po we. S .. pply. T .. . 
oldlh. lo< p lug . in lo Ih e power t u pp ly on d can b, u c .. , . d la i' wit h a ba h ond b ..... ,fly n .. 1 1o ' o<ln a 

.igid o ... m bly . 
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~ GENERAL RAO I O E X P ERI M ENT ER , 
fr('qur.ne'Y range' from 20 cyclos to 2000 
!>.!t'. ~ 

As ill other l'nit fnslrulllt'llts, stand
ardized ('pbiut,t d!'.~ig:1I h;11I led to ('('011-
omy, simpli('ity of construdioll, small 
size :1l1d ('flit'k'HI sp:we util ir.:llion, T he 
Tn!:; 1210-U Fuit H-C Q:will:nor IS , 

OWI'dOl'C, incxpensiv(', c('onomiclll of 
1:lhoratory [)em'h SP:H,."C. :1nd hUlldy to 
lise. 

Frequency-Determining Circuit 

Fip;ul'C' 2 I:; a "irn plilil'd .""hematic 
diu~nlm. The henl't of t:ll' IIS('i I I:, 1 III' il< 
all N-(' \'ollagr'-{lividCI' Helll'nrk lI'ith 
it:; OUlput amplified nnd n'lunwd 10 its 
ill ]Jill , Tlw I II'n (0(11111] vu !'iahl\! en paeil flI~ 
((') arc moulltcd Oil th(' "nl11(' sh:lft :wd 
Ill'(' t'onlrollt'd hy a -.!-indl dinl \\'hi{·h 
spans a little mOre Ihftl! a detart" ill 
ft'('{IHcney , Tho dppmitcd-curh()1\-film
lype "('"is lOI'.':' (Ii) [Ire ('qual , and drcade 
fI'CqIlCIl{',Y mn;!t's nrc obtained hy 
switdlillg lhem ill pairs. t\1 the opera\.
illg: frcqucney, I hI' phafle shift, thz'ough 
t he N-{' uet work is Z('I"O, t hL' 0111 put, 
v()ll~\gr' (I'~) is olw .. third the input \'olL
age (eil, u1I(]111(' iuput impedanec of the 
network is slightly more thftn \wi('u til(' 
vnlue of R. At ft'C'qlH'tlcics cilll('r "id(, of 
ihc operuting frequency, tllf' phtls(' 
shift in the R-f' Il('tll'ork depfl.1't;i f!"Om 
:tero, and Ihe lIttClH l1Iti on im'rNlseli. 
Whell Iho nmplific.r h[ls :1 gain of tlm'l" 

l Ftt ... (;'''<NI I H..,Jio Kr,II,'i,,,,"',, r.:o. ~b)", 1l.::.!I, Jnm,n,.I', 
ln~: Sct'Ito",!,.. •. Ht1'>3, .... ,! l'eL,,"ry. IIIJ'-" 

a nd introduces 11 0 phase shi ft, t he ('i .. -
cuit oscillat.es aL a frequency illYerscly 
proportional to the U-C product, 

I 
f = 2rr /W 

Level Co ntrol 

To illsure lh:~t the O&'i\l[llion le\'el is 
held constallt in ,~ pitc 01' charl!!;f'.'; in 
frequency Hud in line ,"ollage, an {H·· C 

S)'liti.'Hl is tlspd. The speed alld n!llu1'e of 

its I"('>;POII;<(' iF! V('I'Y impOI"I:t llt ulld, ill 
the TYI' ~: 1210-13 O~i('ill:lto .. , this re
:-;powil' has becn ml1de both rnpid aud 
(, .. ilit'nll,v dnmped. To pl'Odu(:c the a-v-c 
\'(I\t:lge, the output from a cathode
fQ11011'C I' ('in'uiL is rectified a nd com
pared I,·jth 11 slnbil izcd I"cfe t'cl! ce volt ... 
age, The resul tant d·e e rro r l'ollU!(C is 
thcn a.pplied 10 t he gZ'id of the a mplificr 
syste m. 

Output 

The IW'ill3.1 or provides I h rec difT('l'(mt 
outputs that. con(riillll c to ils versntility 
alltl u.o;I,flllnC1iIi .. \ t h l"c(. ... posilion switch 
sell'els a lly OIIC of lh!.' fn\lowing: 

I. 11 low-illlprdflll(;(> IfllIH'o/l(l{fC olt/l)Ul 
!ront (I cotlw"e-!Q/{fl(!',.I'/YW of ulIlpliji.rr, 
T hi>! OlllPlll h:\8 ~of)d WII vcf01'l11 o\'cr 
it~ l'ntire I"lll lgt' of 0 - 7 \'Vlls for lond 
iml>cdut1t·os of ,;00 oh ms :Uld highcr and 
hu s nn e ffl'(·li\'(' fUtl put impeda!1ec of 
[lppI'OXim:lll'ly GO ohms. The Oul pill 
1I'l'l11in:d" ['WIIlt','1 dit'(,('jly to the ,-1000· 
!lhm Olltput ('ont 1'01. II' hi \,h i:-i (':lii]JI':It.cd 
in d(,dbl'1;o;. This I":l lihr:lli{)il is u,«eflll 

FIg ur . 2. Simplilied $Chemal;c diagra m of T.,pe 1210·8 Un;1 R· C O. cll iala. , The Ih .ee O"lpUI canne . lian. 
are s hown a . " po.o" circuilS ,A, clo , lIy , bUI a r. a clu a U., UI u p b ., ,wit c hi n g • .. 
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, MAY , 1955 ~ 

with high-impedance loads lwd is 1"C

liable e ven at the lowest. vo[t:l1,re levels, 
sillce the output. is lci:is Lhan 3 milli
volts when the eontrol is 111 ilJl extreme 
(,Quntcr-elo('kwisc posi t ion. Distortion 
s Ics:; than l% over most of the fr<-'
quel1e,,' range. 

2. A lu'yh-illtpcrfancc high-voltage 01//

Pllt fl'()/I/ a cfllh(ldc-/n/lowf'r-riril'M /riotil' 
(/II1l)lijirr. This Olltp Ut. dL'li\'cris It p to 45 
volts opcll-cil'Uuit behind an im pedance 
of 12.5 kilohms. Output impcdullcc is 
con:;t:l.nt , rcgal'dl('!;.~ of :lttcnuiltor set
t.ing. Distortion call be S\.-; much tL-i 5% 
on open circuit. but dccrCU:;Cl; t o ahout. 
2.5% as the output is shulltcd dO\\'11 
by the load. 

3. A sq'lurc-wflvc ou tput from a 
Sclnllifl 3 circuit This output furnis hes 
square WU\'CS of 30-volt. peak-t.o- peak 
amplitude (open Gin'u it) beh ind 2.;00 
ohms with 0.2.5 J,lSCC ri:;e-ti mc und I.l' it h 
roughly 1% overshout. T he rise ti me 
C:H! be reduced to aoouL 0. 1.:; ,uSCI' by 
landing tlOWH thc output with a l·c"is1.
uncc of 1000 oh ml>_ 

OlltPIII HIIII di stortion cham cteristiC$ 
un: ShOll'll i ll F'igure 3, 

Powe r Supply 

III Figtll'C I, the oseilln tor is shown ill 

• Sohrn;u , 0, tl, . '. ,\ 'rb"r",i~"i~ TrilU«lr." Jo~ ... Sd. 
I ~.l._. xv. I •. I"nu.ry. 11I3S. 1>1', ~~-20. 

eom uillaliOH with Ihe TYI' ~ 1203-A 
L' nil Powcr Supply, T his combiHt\tion 
is s31isfadory fo[' an but, thc moot 
exaf'lillJ!; uses, sit[("c the :I-V-l' sysle m 
illCol'llomted in the o:wiliutor mni llbins 
{'onstant Ot tt,put utHlcr {'ollditions of 
flUt l lwtillg line voltHge. Frequency 
(·h:lIlgcs up 10 ~ O.2.'j~ for "'" 10% 
clmnges of line voltag(.' calt OI'NII' n t. 
high frcqucncic:s, howc"er, nnd . if these 
arc bot he rsome, the TYI'~: 1201-A II nit 
Ilegulated PaWN Supply 4 eMI he 1>uir 
st itu ted for the TYPE 1203-A \\,it h an 
im pl'o"cmCII I to "=0. 1% or bet tN. 
Whcll the o:;('illalor i" to be used in the 
field , lhc Tnt: 1202-A l 'llit, \ -ibrntor 
Power Rupp!'y ~ can he used to su pply 
power from n (i-vall, or 12-volt s to r:t!!:c 
bat tery or. in the Jabomtory, from 115 
volt..; a~c, 

Re la y-Ra t k Mou nting 

When t he olic-illntor is to he per
!llanellI I." mounted in t he lubomtor.v, i t 
bc<'omcs n I'nek-monnting ins trument, in 
combinutiOIl with the TnE ·180~P-l U3 

Hl'lay- llack Panc1.e 

''I'" I ... "",10<,,,,,,,,, i" .. 1,..1100""';"0: .. I;t;"" "I the Gr.~"T.,d 
11.14;0 Er. ,...ri_~" •. • &""',""t. A. (; .• " T h~ l'n\ ~ Vll> .... \.or f'ow~r };UiI"ly ", 
OeM'" I(Mia /·:rpffO'"" MI",. \ ',,1. XXIX. Xo. li. Fd,."s,),. 
W;.o . 
• n .. I,lwin. S. I' .. .. n~br.)',n...,k M,,"m,na 1M 1.:"" 1''''1.", 
"""" ... . .. Gon,,~1 /(",Uo A·r,...ri"" . ,". \'01. X;l.1X. :-1 0. II, 
FdJnlllr~' I O;;~ .. , i ., 

II _ .. ,,.. •• ,, .. I 
, 

1\ " ................ • I I , 
" ...... "" , . .. -LO.o.o R£$IS1',wc.[ ·Ql-NS 

Fi ll ur. 3 . O~lpuI o n el hor m o n;c d islo rtio n cho, ,,clllr;. ti .. 01 t h. Un;I R ~C OuillalD' a " " ,"cl;on" DI 
fre que nc y a nel load, 
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~ GENERAL RAD IO E X PERIMENTER 4 

USE WITH OTHER UNIT INSTRUMENTS 

1. High-Power Output 

T lu' versal ilily of Geneml Badio trill\" 
Instnllut'llts ill making fL\':]ilahlc useful 
cQrnhinalion,; is well illw;trutcd by the 
.assembly of the TYI't: 1~IO--B l'nit R-C 
Oscillntm and TYI'~: 1206-B ellit .\rn
plificl'7 .shown in Figure -I. The frc
(ll1('IWY l'illl,L,'t' /If th(' rill\" Amplifier was 
eSlahlished with this application in 
mind. and t ill' ('ombinulion const itutes 
tl high-power H-C oscillator allow cost. 
The frcqu{'u(",v chaructcl' istic. as indi-

t HIllI. !l~n'" P.," ,\ I.,.hono'ory Arnplifi," fot Audio Rnd 
UItrM?'!i~ Fn.~I"~"ci~·'. a,",,,,! !!'U/.Q 8.(I~r;_nJ". 
Vol. XX, III . :"0. 6, :."o,·~",h"r. lIl.:.:I. 

figure 5. OIC;Uogrom. ,hDwlnV II •• Iquo .. -w"ve 
outpull 01 e xl. e m .. of the ."ng' of 'he Typ. 
1210_8 Un!! R_C Olein"I". "nd Type 1:206-8 
Un it Amplifi e r . AI th e 1. 11 , the lowor I.au II Ihe 
I quo •• _w"ve oUlpul f.om Ihe o l cill"t ... 01 200 
kilocycl .. per .. cond, and th . upper Irace II the 
correlpondlng output I.om !he amplifie r . AI Ihe 
'Iehl, th e low., " .... II th e 2e , cycle I qua.e _wa ve 
outpul /,om th e oocilial'" lInd Ihe co" .. pondlng 
output from the amplifl e . obo ve. Nole p"dlc ula.l y 
Ihe fa i t ,I .. lime of Ihe outpul of the Unit R-C 

Olcillator. 

calcd by the os{"illo~mms of Figure -\ i;; 
ad(,{[Il A1C' not only for sille-wav(> out ... 
put.~ on:- r the C'l1lire fn:'querll·.\· range of 
[he Tnf: 121O-S l'nit H-C O"dllator 
but for most sqU:lr('-\\'a\'C' liSCS :Hi well. 
.\ t £rNlllcnrics up to .'i0 ke, the full 
3-W:llt output of the TYPE !20G-B eat! 
be> obtaillcd wit h low distorli()ll. and. at 
.300 kr. the a\'ailnble powcr is still mOl'C 
than 0.1 \\"lItt. Within thC' nvnilnhle
power limit.~ lhc frC(IUCIICY (·hanH'tcris
iic is flnt wit hin 2 db over the entire 
frequency range from 20 cycles to 500 
kc. 

2. Square-Wave Modulator 

T he nmplitude of the squ arc-wave 
oUtP11t of this oscillator is su fficient to 
modulate the TYI'E 121 8-A Cnit O~dl
lator 1'('(;enlly announced. s 

• Kn'I'I".. Ed"a,.,l. •• A 
Il00-2000 -'Ie l·,," 00<:;1-
Isr."'··. G'"rlYJllI",li~ 1fT
ptT .... ~~,,,. \'0:>1. XXIX, 
No:>. 9. F~-bru"ry. 19.:>5. 

Flgu.e 4. P"ne l vi e w 
of Type 1210_8 Unit 
R-C Olcill"I". and 
Type 1206_8 Un it Am_ 
plifie , with Typ. 1:203 · 
A Unit Power SuppJiu, 
Th. combination of 
the .. inil.Umenli d e_ 
liv . .. up 10 l walll of 
p .. w e . with good 

wa".f~'m . 
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• 
3. Pulle Trigger 

The high-lf'vcl outpu t is sufficient to 
tl"ig~t']· tht' Tn'E 121 i -A l'niL Pu1:wr l 
cOIltilllLo!lsly O\'er n frC'qucl1cy range ex· 
tC'lldill!!, from the lower limit of tht., 
{l.<I('illutor (20 t:'l(,](,8) to t he upper limi!. 
of Ill{' PUIS(,f ( 100 kc), 

4 . Bridge Generator 

TI'II' \\'ide frequency range of th is 
Ql'll'illntor make!! it p:Hti('lll:u'ly useful noS 
a bridKt' w'nerator ill ('ol1julirtion lI"ith 
the Tnt; 1212-.\ r lli! XliII Detectorl' 
!LS tht· huium'(' illdil'ntor. 

SWEEP A ND RECORDING 

APPLI CATIONS 

T he frt·quell (·Y range from 20 CyeiCf; 
to 200 kc is co\'ered in four continUOIIS 

d('{'ndC' bands. A fifth de("adc band fro m 
50 kc to .>00 kc com pl('tcs the range. 

~AY. 19S!i ~ 

T he usc of the TWE !Xli-LA P I"('ei!:ioli 
Dial for the frequcll")' control not on ly 
provid eR high-rf'!iolI11 1011 manual I Ullil l);: 

wilh n ~low-rn l) tiOl\ {'!)tlil'o). hut Il l!;o the 
udditionnl f('utlll'Pi! that make po:o:sible 
the cOIl\'e~ioll of thl' ~imple o~ciJIator 
to tI s\\,C<'p-lYIX' il!~tnmlt'nt. 

T h(' dial is p;e;lr-dril'('Il, with n l'mnll 
pinion 1ll0untN] 011 til(' knoh !:lhnft en
gap;ing 1111 illl(>l'11111 anJllllnr gear a l..
lat!ted to the tuning shaft. T he knoh is 
('asil .... detaduv], with it~ "haft alld Io\"l'ilr, 

by the 11'IllI)I'ul of 1\\'0 1ll01llltilig 1<('rCWR, 
and rcplu('(>{1 hy Il l(> T YPE oo8- P I or 
T YI'E 008-1'2 HYIl{'hrollou" Dill! 1)l'i\'('. II 

These driWIj nrc pOII'('rcd h" RllIll11 
s .... nrhronous moto..$ t hat alltoll~atiriltly 
,'('\'crs(' whcll t hcir motion in on\! tlit·c('
lion is stop ped Illc('hallieully. 1n {'Olll
lIill:llion with m('('haniC'tli stops they 
l h('r(>fore make simple, inexpcn:<i"c 
SWt'Cp d rivcs to tover pre-set angulu r 

"l.lnl.·j"lln. II C'" .. ~I"tor nr;,· ... f". 1'" ... iti"D Dt.Lo". 
C'M",I HmI.o j,'z~ri .... ~I", 1'01. X XIX. Nu. O. N".e,u_ 
'11'" 1051. 

Flgllr. 6 . hlilp for ... ordlng th. f •• qll .... y ... po .... of ° s moll 'olld.p.ok • • . Th . Typ. 1210_8 Unit 
R_C OHUlalor It ' ..... pl O .... r th. fTOqll .... Y r .... g. 01 2. h 10 20 h by Ih. Typ. 9O'-PI Dial Drl ..... Th. 
o"lp,,1 of Ih . o.<illo.o. Is .mpllfl. d ~y "Typ. 1206_8 U .. II "mplifl . ..... hl.h d.I ..... tho lo"d.p.alto • . Th . 
lo"d.p."k. r il "'o .... t. d In On. wall 01 a . ... all a .... holc .ha",b. r . With Ih. cha",b. r .0",pl". ly .Io .. d , 
Ik. o"'p"t 01 Ih •• p ... k • • 11 p lck.d lip ~Y" cond ...... ",Icrophon., .ho .... n h. , . .. s il ls b.l .. g put I .. plac. 
by th. op • • olor . Thl. mlctopho .. . 10 parlol Ih . Typ. 1551 _Pl Cond . ..... Mlcropho .. . SYlt.m . Th • • lg .. ol 
"om th o m;croph"n. 10 o ... plifl.d ~y Ihe Sanb"rn Mod •• 150-1400 Log ""dlo Pr.ampllfl.r , I k"wn In th o 

"pp. r righI , .. nd r • • o,d.d 0 ... h . S"n~o.n Mod. 1 151_ 100" R.cord • • " ... ",bly. rlgh' f,o .. ,. 
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GENERAL RAD I O E X PERIMENTER 
, 

Fig ur . 7, The r .. o. d in ll,lake n wllh th e n tup of fi ll ure 6, I howinlllh e ,.e quency r .. pon .. of Ih e I mall 
loud l pea k .. , The cha rt I p u d WO I 5 mm/ n c , 8alh law .. and hi g h e r I peed s 0 .. ovoi lab le on Ih i. ty pe 

of recorde. , 

mnl!;Cs of 11ll' tuning diul at ('Oll,~lnnL 

s pccds dl'tennin£'d br till' IiiI(' frcquclu'y 
nnd lhcil' particular gear I'llt ios, 

Pen Recorde r5 

F"t'(jllellcy cimnlet('l'i!;tics ol.l:\ined 
with ~\W'('P ge!lCmtol'8 tUI1 be dis played 
('itiwI' 011 pclL-type recorde rs 01' 011 

{'uthodf.'-r[LY o>:'I'illoscopcs, the method 
of deri ving t he horizontal deflertiotl dif
fer ing for thC' two t:qx';; of de\'icc. 

Pell-type 1'C'('ordcrs arc generally 
driWIl horizontally by cOllstant.-specd 
mot ors, so that information is recorded 
as a fUIl/'lion of time, A mcehanieal tic 
from thi ... motor 10 the sWN'p-gencl'alol' 
tunilJ~ i;hnft ,~ lIppli('.s "'YJwhronizatioll, 
so I h:tl th£' rc('ord bl'l'omes, ill e!Tcet, 
plolted :"'1 tl flln!'lion uf fl't'quelley. 

With the TYPE nOS-PI Synr'hnll1011s 
Dial D rin', whi(,h ha.'! un nppropl'iut(' 
SIX'C(I fOl' :l. PCIl-type I'(>('ordel' , the 
met,ll:lni('f\l lillk h('tll'el'll "('t'Ordl'r !111d 
ge'lt'mtor ('li n he cl imill[ltC'd hy bkill.l!; 

ud\'allta~e of t he ('olls tnnt.-spccd fea
tures of the respective d rive 1:Iy:;t<:ms, 
T heSnnborn :\ l odcl l ,Jl~IOOA Hceo]'(.Ier 
A~scmbly/2 fo r instn1l{'e, has II syn
<'Ilr01l0118 mot.or drive. Figlltc 6 shows 
the THE 121 0-13 L'nit H-C o.o;cillator 
lind T\'I' ~; aOS- Pl SYJ1('hronous Dial 
Drivc scI up wil h this recorder t o take 
thc frequcncy chanl.cte l' is tic of a small 
loudspeaker. 

The gniu of the system is first, ad
justed so t hat the deflecl.ion is adeqlla te 
nnd lhe signal level corresponding to 
the deflcetion jibes with the vertical 
coordinate ma rkings on Ihe rccord ing 
paper, The recordcr is then set in mo
tion and the Tnt) 90S- P I SynthrOIlOus: 
Dial D rive slnded at the desired fre
quenC'y . :\ la l'ks nrc made on t he /'('col'd
jill!: pa pcl' a t appropriate frcCjllcll('ics by 
operation of a pushbutton provided 011 
the recorder for ihat pll rpose, tiS lhe 
dinl pas:;cs I he:,e frcqueneics , The black 

Fillll •• B, A l etup for reco, din ll the 
frequ e ncy . u ponn of th . T~p. 

15S0_A Oclove_80nd No ise Analyu . 
on the 8 rll " & klo" Model 8 l _2304 
l e y e r Recarde . with 'he Type 1210_8 
Uni' R_C O sd llolo. opplylng Ihe . llInal 
to th e onolY2 " , The ,.co,de . and o ~ _ 

dilator are m echanically caupled by 
t he fl e xible I holt ond couple , s o !hal 
th e molar In Ihe ,.card .. d.iy .. Ih . 
chort paper ond th . f"q .. e n<y canl,ol 
of Ihe oscillotor l imuUone o .. sly . The 
Type 1210-8 Un ;1 R-C Oscillolo. il 
shown mounted on a s mall re lay rack 
with a Type 480·P4U3 Re iDy_Rack 

I'one l. 
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, 
Flgu •• 9 . 1I •• 0rd !oko" ... th . &<". 1 & Kia" rO_ 
eord.r, .... ltk th, "!up of Fill"" e, "I ,I., ... ponn 
of one 01 II •• 1111 • • , In th e O<lo",.8 .... d ""olyu •. 
A 50. 0110 ••• ord .. '''"110 .... " ... u d I. 1100 .... the 
flit •• ",kif"", If a do,,,il,d •••• rd 011100 .lIpon.o 
In the 1' .... 10" .. 01 .... e •• d .. I.,d, a .maUer ..... rd •• 
,an"o could h .. ". b ...... ud. Tho ..... ,01 he .. b .... 
111"0 " fr eque ncy marki"", by tho m,, 'Io .. d 1"0,,1 01 001 
I" II •• 'U"rd ... Sin .. Ihe r . ... rd .' and 'h" .... Ulalo. 
0 •• mo<h"" , ... lIy <oupled 'o,elh. r, only on. Or 

" 

" 

MAY , 1955 ~ 

""','.""',' , 
"I- ' 4 ~~.., , 

I I 
I / , I I 

, \ I I 
./2ke I 

two o f Ihe .. " •• 01 bo ro .ord,d. 01100 ... 0 .. b" put {} 
In accordin ll '0 tho IU.t •• n tho frequo .. c, oiled .. I \ ' 

I 
I 

tho 0.<111010', or II •• ch ... 1 pop •• can bo 1',1",.01 
with .. Hal, '''''lIpondl"lIlo th . 01101 mo.kln!!,. 

dot;,! priut('(1 hy this mC'tlllS nrc vi8ihle al 
the hottom of the rt'{-ord of Fij.,rurc 7, 
whjdl hn s hnu hoth horizonlnl tlud vcr
tir-nl ('oonli nutcs iukl'd in for J'larity, 
This syst,'m pro\'idcs rnaxinllllll flexihil
il~ .. lx-f'ftuS(' the generator and r('('ordcr 
!I(oed h:ll'c no partir-ulnl' physical pb{'('
mcnt \\"ith rl'l'pect to (':I('h othcl' IUld 
mny, in fUd, Ix- widely i'K'pnnttcd, 

,\ nlOl'1' ('ommon tlrrangcment is the 
(/il'('(,1 Illl'l'h(lniC-:l1 liuk illustl'lllcd in 
Fi~U1'(' R, T hin pic-LuI'C' shows the Ul'uei 
flild h:jlll'1' :\ Iodcl 131..-2304 1..('\,(>1 HC'· 
l'onler,II wit h the :\ I odel B 1.·300':> 
COlipiC'r fliid :\ [odd BI.-300:3 Flt'xiblc 
('abl(' l't'('l.'llt Iy dc\"elnl}1'(1 by Bl'liei and 
I":jon to dril'l' ~\ (:ellcnll Hadit! Tnt: 
007 or THE 008 PI'('('i"ioll Diul. 

The ('ompl('l(' {'omhirrnt iOll with the 
l ' uit R-C O",l('iIlMol' i:-l sct up 10 l'eC'ol'd 
the frcquelll'Y chtU1\ t'tl..'ri"tie of one of 

• nn .. " EI"",lmniCll C""'I>IIny, {'I~,d ... nd, 010 ... , 

" \I I 
' \ 

\ " 
• \. 

• • • • • • • • • • ~o~ 

the fillNS in the T\'I't~ 1,);,0-.\ Ot't ilVe
Bnnd ..\nalyz(' I' , The I'('('ord iti'!c1f is 
SIHlWIl in Figurc 9. Thi ... systeTll rc
Iluircs ph,I':;il'lll proximit,v of the g('llI'ra
tor !llld l'c{'ordC' I', but ('omp('lIsatC'ij for 
thi>! Ilwk of flexibility hy Tllnkin,l!; po!'si
ble Lhc sta rting and >!topping of the 
I'ccord \\ilhout IQ'<,; of >!yuchroni:STll be
tWl'('1I p:cllt:'rator ond ref'ol'dur, 

Cathade-Ray Oscillograph 

ProbalJl," t()(luy's mu .. t ('ommon de-
\'i(.,<, for di:o:pl:1:\'illl( f I'l'llu('I\('y-(le]ll.'lldC'llt 
phl'lIornclla i ... Ill1' ('athodt:'-m,v o>ieillo
graph, Lorll,::~p crl)i/o\tclIl'(, phoi!pho\'~ 

m:lk" ihl' cathode-my ol~dl1ograph ell
tir<>\Y praf'tiffll for UI'(' with th(> THE 

FIII".e 10, Co",blnalion of Type 1210_1'1 Oel.elo. 0 .. 01 DI ... ,,,,i .. ola, witlo Typ' 1210-6 U .. il R_C 01_ 
elll"la" Tloe Type 1210_1'1 eo .. b, "1I,,eh , d 10 110, ,ill"'_hand , .. 01 of Ihe o.elliolo, by .1",110, mea ... 10 
110", ",,01 10 0110.10 '''' Typ' 1203_,1, Unl! I'ow .. Supply 10 110, le ll_hond , .. 01 of tI ...... 111010. 10 fo,,,, a 
.o",pl ... ' ;lIid a ue mbly, Wh . .. it i. du, .. d 10 ",o"nllhil ca",binolio .. In a .. loy .ac~ 110, olclllala, 0 .. 01 
po ..... I "pply mo" .. 1 in ° Type <4,0_,,,U3 R.lay_Rac. 'o .. e l, ond lloe 01,1" '0' unll 1 .. ° " po.ole Typ' 

<410·'<4Ul Relay.Rock 1'0 ... 1, 
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GENERAl RADIO EXPERIMENTER • 

FlglI,e II. A n '"p fa. ob ... vlng and reco.dinglhe ,,"ponn of Ihe oclove _bond anolya .. on a DuMont 
Co'hode_Ray Oscillograph. The Type 1210_8 Uni, R-C O H ill .. ,o" which II drive n by 'he 908_'2 Di .. 1 
O,ive, I lIppli .. the I lgnal' .. the .. n .. lyu. , .. nd 'he Type 1210_" Delecla ... nd Dlu.imin .. tor, . hown 

.. " .. ched t .. the .... illata. , . .. pplies 'he defl ecllng v .. ltag .. ta Ihe oldll .. g ... ph. 

1210-B l'nit H-C Osci!lntor and l hc 
TYPE 008-1'2 Synchronous Dial Drive, 
whi('h i" faster than the T n'!:: 008- P I 
and, Iherefore, bettcr adaptcd to 
tulhodc-m.\' work. 

With this combination, n diSl'rimin[l.
tor I'i r("uit is used to produC'e a hori
zontal-dellcc·tion \'o![1lgc proportion:) l 
to frequenc·y. The THE 121 0- P l De
Icctor and Di:;Cl"iminntor, .-shown ill 

Figu re 12. The olci llag ... m t .. ken wllh the .. " .. ng ' _ 
menl of Figu re " , I howlng the resp .. n .. of .. ne 
Wt .. .. I the .. d .... e _b .. nd .. n .. ly~ '" The .. ' <tic .. 1 
de fl ection I. p . .. p ... li .. n .. 1 ta 'he allll'ul .. 1 the flU .. , 
.. nd the ho.i10nlal defl ection il p.oportional to 
f" qll ency. The behav'o. af 'he .upon .. In the 
pall bond II d ea.ly . hawn. The . .. p .. n .. in Ihi . 
Inllance chang .. 10 rapidly with f"q .. e ncy 'ho' 
t he .. il on opp .. ciable e lfec' on Ihe I.au comp" .. d 
la Ihe I teady-lla .. ,,"pon .. a l indl ..... d In th e 
, ig hl _hand pletu .. , which I how. the t.oces fa. 
both di . ... ' ion. al , w .. p. Thll e ffe .. can readily 
be la ke n inlo occollnt if mea l llr e men' " I ... " num _ 
ber al lns t, "me nts a re ta be m"de on the t.ace, by 
fi rs t eh , . ki ng the ,upan .. ""he critical pa int . for 

a ne . ampl . cu.ve. 

Figu re 10, incorporatcs both this dis
criminator circuit fo r the horizontal 
;,;wccp and u detector unit to fumish 
\'criicul d rive fo r the oscillogm ph. 

Figu re 11 ShO\\"il u selup using Ihe 
combination of TYPE 1210- 13 L·llit. B-C 
Oscillat.or, a T nE 908- P2 Sync hronous 
Dial Drive, and a TnE IZIO- P I Detcc
tor· and Discriminator to d isplay a frc
qucncy chanwt<'t"istic on a cathode-ray 
oscillograph . Figurc IZ is u photograph 
of the o:;cillogmph truce for the ;,;ame 
filter as tha~ shown in the r'ccord of 
F igu rc 9. The d itTCl'cncc in shape is 
aLu'ibutable 1.0 thc fact that the \'crtical 
Figu re 13. pholog.aphs 01 a ca,hode_foy o ' elllo_ 
gr .. ph di'ploy fa. 'he re.ponlo of" Illned i_lllog, 
a' 45$ kc m .. d . ... i,h a let llp limila. t .. th .. t of 
FiIilU •• 12. The plctllre CIt 'he .ight .howl b .. th 
I,ae" and III .. u ..... . h"w clo u ly 'he two t.a. n 
c"n be b.ought ln'o coincide nce by 'he odlll l 'me n' 
p.a .. id , d In Ihe Typ' 1210_1'1. a ' eauu th .. e lou. 
o . cillog.aml wer' phot .. g.ophed Ih.ough" mirro., 

f •• quency Ine •• a .u Irom .ight 10 le ft . 
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• 
dcflc('tioll ill Figure!l is logarit hm ic, in 
Fi~urc 12 li nea r. 

Figure 13 shows R similar ('un'c for a 
I.j,j kc i-f t nlllAfor n1L'I', Wit h na no\\'· 
bnnd Flw(..'C ping" of this type, the rate of 
!iw('P!l and fen'r,;.:11 is fa.st enough to 
m:lk{' pOI'.'<iblc adju~tlllcllts wit hout il'
ril1l1in~ delay in presentation of tht' 
rt'SlIhant changes in chnractcristi(..'S of 
lSh1U'p\y tUlIpd (·ircuill!. 

DETECTO R AND DISCRIMINATOR UNIT 

T 'I,t: 12 10-PI Diserim inutor lind 
D(,t('eior ioS hOIlS('(1 in a small unit
illstrulllcnt cabinet, iurnt icui ill si?!! 
with lhe Cllii Power SU I>ply. as showlI 
III Figure 10. No power l:iupply is 
rclJuired. 

T he (' ircui!. tim! provides the hOl'i zoll
t31 8WCCp is shOln) in the 10\\'cr part of 
the dcmcnl:HY stlWlllfi l ic di:lgnull of 
Figure 14 and ('01l8is1S of a baianecd 
lliod(' limi te r, a resiSIIU1('(H'npacitant'c 
di"eriminnior, whieh IlIIs 5Cvell di fferent 
Hnw <,onSI:] lIt s selected by the 10 ll'er 
pHlle] !\will'h, a dCIt.'l·tOI' , :1IId 3 11 3£1-

justable filter at 011' output. T hese cle
ments (·ombinc to gin' II d-e ouiput 
\'olw.g<' thuL in (' rca8('~ wiih incI"Cll:>ing 
frequency of the a pplied sigllal. 

, 

o · • 
i 

• 

MA Y , 1955 ~ 

';r T>t 
DE¥'(! 

1Ur JooDtG 

~ .Vrlc.oL 
VO" ..... f Tf61 ,.. 

~fU: 

l 
... :O~IAL 

Fill .... 14. EI. m. n , ... y Uh. mol;e ci ,e" i, d J"II ,o m 
o f 'h. Type 171 0 · Pl O. lecro, " .. d DI, crl ml .. .. ,o, . 

T he IW:lrt of thi.'! "('I' liol1 i;:; the H-C 
di ,~(·rimillfl.tor, who,,(' :\.-e outpuL ill
(·rcn.scs as till' rrvqul'lIc'Y of the flpplit:d 
8igutll in ('rt.ll\:;t',s T hi" {lutput mll$lt then 
b<- rcetificd to suppl~' fl. d·l' .~ i,l!;lInl to 
drim 1 he (w:illogm ph. He!LSOnllbly gOl){1 
lillell l'ity is obtuined 0\' ('1' a 10:1 fn ..... 
quency ra nge by ul;ing a german ium
jUlletioli diode as the rec· ti'iel' .. \ 1 Ihe 
high-frcquelley end of the rttll,l!;(' the 
rt'etifiealion is impro\'cd IhrouJ'h the 
US!' of a point-coillilct 11'.' 1.'1 ifier ill S('ri('S 
with the j UIl{'lioll t'{'difier. When the 
diSt.: l' iminulor ill Ol>f'r:tlcd at fl'C'quc rlt'it,S 
above the vahLl's t'() \'ered in the normal 
linear range, the output pr<x:llI('c!l nn 
:lpproximntely I~i\ rithmi t' fn'ftut'llcy 
seale for n nwgc of 3 to I in fn'qu(,II('Y. 
This ehlLnlcieris li(' is obtained \\'hell the .. 

I 
/' I .. ~. 

FIll " '. 15 . Ty pi.olploh Zi 
01 th e U .. e " , (I. ft) and ~ 
' ollo, lI hmlc l.j IlM) , • . 9· 
' po n .. ''' ''II. ' of Ih . ' 
d l • • ,lmln" Ia ' 0 .. 11' .. 1. ~ 

V • 
S 

! • 
~ 
l, 
i 

• 
1/ 

• 

· / 
~ I • .2.:_ ......... L""_ 

4_'''O"' ~'' "'~L( .. '. • • • 

• ~ 

~ 
~ 
I 
~ 

• " 

.. 
.. 

l • 

'" ..,..-. .. ~U .... '.Y' --I 
'.'. , .. ,,,,,, .. t 

• I I I 
• • • • • • N 
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~ GENERAL RADIO E X PERIMENTER ,. 
sclf'ctor ,"wit('h on the ptlllri is SCI, to the 
fr·('quellt.'!' 1':l11ge lI('xl lower than lhat of 
the o:ldllntor. Typical chnractcl'isti('s 
[Ilr hOlh till' linrar and the log:nithmit· 
l'!H1gcs nrl' shf)wll in Figure 15. 

The limil,PI' 1u'tfl to rCdlWf' the C'lff'ct. 
of the sudd\.'11 1'('1'1.'1',.::\1 at the cuds of the 
!'iwecp Oil lh,· hori1.Qntal tirfl('('lion 
voltage. 

Th(' fihN, whir h i", JlC('CAAa ]'Y to 1'0-
(hh'C til(' [H' 1'C)mp(lnl'llt in the dl'>tc('tcd 

di.';(· l' iml11:\10I' voltage. is dcsigHCd to 
\\IW).; dllwn to 200 cps. This 100n:-!' limit 
is bt)ijt'd 011 prOl'iding a filtc[' I hat.. docs 
not ~1'iOll5<ly nfTef't the "IW:('P voltage 
but fit lilt' S~IIJlC time ('on:m. il!mo.~t the 
rnlire 1':lt1~(' of tho oscillator. 

The upper' ])1\1'1 fir Figure 14 !>hows 
tht' detel'H,r for the out.put of the nct
wlHk llllder !est. Jt provides n d-4' volL
age th:lt I:; p!'oPQl'tiollui to tht, !H' 
OUlpul, :"Iud a filter is also induded to 
l'I:dul:c Lilt' a-{' componcnt of the red i
li('(1 ontput. Thi~ det cc't.or is essentiully 
liw.'!u' for npplit'd "ullnge:'! j!r'cnlcr than 
2 volt$, rms, :tnd square ia,,' for applied 
n)IItl){l'S I(·.~" IIULII O.!) ,'olt, rms. 

Both tiltt'r network:; afTett Ihe signals 
fr·d 10 Ill!' o"l'illo,:;r:1ph, bc('allsc the 
);iglI1lis al'e 110\ renl1r dircf'l.·-CllrrcIlL 
V:lIllI'I'!. Tire sweep voltage, for l!.,\fllllplc, 
iii basicnll.v n tr·jallgularl.v slraped \\'~l.\'~', 

nlt)(lifiC'd hy til(' fiJtcl" to haw' rounded 
('or·ncr,.;. The filter Ull:Hl [leIs, to tL lin;1 
ll))pruxim:ltion, to (h'lay the sign~l1. so 
I h:~1 lhL' ,·ol1agl.' at till" o,.;r· illuj!raph 
t)1"('un~ al 11 slightly Inter linw thnn the 
f'fHTI'''; l mllrlirl~ voltngf' pnK.lll{'{ld [II lhe 
tli>l('rimilHltnr. 

A !:=irnilur efT!'I" (/1'('llrs in 1 hI' d('tl'('lor 
:'io::etiorl. '!'he 1 iUll' eOllstallls of Illes(> 111"1) 
"il'('(lils mll~t hl' ran'fully bnlall('(.'(/ 
nK!!ill>;!. orl{' another:'io thol. ,h(, go and 
l'<'WI'tl tro.·('s will li(, as :\("('ura(c{v as 
plIs:.:iblc upon path olhl'r aw! will liot, 
lrlg OJ' lend 10 prodHl'(' II dOlLble I.]"[I('C. 

B y lll!Jking I Ill' 11\'0 cltbys t.he same, 

one c[ln lIsllll.11y bring' Ire. two patterns 
inlo goot.! COilll·idcllCC, Since this deby 
is depcndent 011 t..hc oS('iliograph lo:uling 
rlf the fill(·l"sy ... l«m, fill adjustmerll. is in

eluded so Ihal. thc deb.\' call he set to 
the opti mum vHlue fo]" a /!i,'c n test. 

All ndditioulil effed, ell('ounl.('I'cd in 
till sweep systems. is irnportorll. The in
stlllll!l lleOtlS responsc of u lIetwork 10 a 
sweeping signal as it SW(''f'p.'! through a 
givcn f]"Cf] llCIlCY i~ not the &'I.mc as for II. 
stctL d.Y-~t.fl.te sign:l ! of that freqllcne ..... " 
For many of t he systems t hrit one 
wis hes to display, lhis effect is, forlu
na I.ely, cit he l' s mall or cnll 1)(1 I lIkell into 
aCI.'Qunt. II is most serious when t he 
response uf the system under measu re
ment v:ll"it's rapidly with frequency, and 
iI, ("an he dcscribed as f\. dclny and n. 
modifi('al.ion of t..he respollsc. _\ s tlrcsu!t 
of this bclllldor, lhe rcsponsc may also 
!)(' diifcrent. for t he two dire4~ li ollS of 
sweep, 

The hori wlIlal-fl.xis nmplifier in t he 
oscillogm ph used wi lh this swecp sys
l.cm should have sufiil-ient scnsili l'ity so 
that an inpu t.. () f O.:! volt, produces at 
ICl1 St, I r m deil('d.ion of the s pot" T his 
s(.' llsiti"ity is nCl·es.~a l"'y fO I" di.';piay:'l that 
(>ow~r :1 reln.t.ively !In.!'ro\\' fI'C('JU C1 WY 

rouge, fl.S for c.:"fl.mple, recei\'cr i-f 
systems. 

Both t he horiwnlal :llld vertir'nl-fl.xis 
amplificrsshonld be ullifQI'm in r('spO(lSC 
f1'om d e lip to at. least t.ho lowe r audio
freque nt' .\' mn~e. There arc man.\' 
enthode-r'ny mwillogmphs 011 the mSrkf't, 
lhnllUc('! hOlh Illi .'< 1"('ljllirCllIclit am! Ih(' 
:sensit ivi ty requi rement. given abO\'c. 

- A. G. ]10 USQUE1' 

- ...\. P. C. P ~:n:Ttso~ 

- D_ B. SIl'\.: L ,\llt 

";-' I$rl'l',e. J .• "TIt~ n""l.....,I~ <If HL(' HtooOnrtn, C,",,,,U 
III K\lf M !In,,w<>U. \'Itr)~n): ~''''<tU(''~'"''. 1'~o".J.~u. 
Inlll;I~I' QJ 1l<u1,~ "'nl/i~." .... "I. ~O. No. 8, ,\,,~\ .. t. 1Il,;Z, 
11p.1I1 ... ~'.>O. 
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SPECIFICA TlONS 

Fr.queno.,. 1I"" g,,, 20 to 500,()()() ry,·It:!! in liv!' 
rnng('!, 2().200 c',' cll'iI, 200-2000 rrrlf!S, 2-20 
kil()('Y<'II'~, 20-200 kil{)('YclCll /HHI 00-500 Idh,.. 
l'nll'l!. 
f. eque ncl' Con"ol., A r.\II):t'-8I.'1<'Clion 1,,';11'1\ 
Dlld II !-inrl, p~l.ioli ~r...:lrivl'n di:<1. Thl! 
r""I' '' '"~Y Ilial h:LIIlwO !,('ll.lt'!i, 2-2Q lll~d ,:.,,)..!',{'(). 
Thu di:,1 i~ driven lov (I "10)"·111 .. 1;011 klloh Ihnt 
,',)\'(',-,; (>:14'11 '\(>e:ld" ii, flll~l'Q.'(im.a'('lr -t 1 ~ turn". 
fuqu.",'1 ... «: .......... ' * :~' (. 
Oulpul Conlrol : Lol(llritlunil', rulil)rnt('li 0-.">0 (II.. 
Oulpul 5.,.,,_ ... : A ;~-po;ciliolll':Ull'l 8wil l'h l!I'i""\iI 
"'lll'lff'-\\<lv,' output, ~iU!··\l'flW lo\\-imr,,~lllnt-e 
I)Ulput or ~iW'-WIlVI' hil'h-imr~dlllh"" ouqm1. 
low·lmpedonc . Oulp .. I , O-i vol1,.: ('(In~I:1Il1 
witllin .. I .110 Ull to 200 kiIOO:'\'(' IN! : <)utput 
imp('(llllu-(', 50 ohll1~; di810rtinu )''!'" than til\!· 

1
>t:1X'C1i1 from 200 t"I dr·g h. 20 kilo(·'·f'It,~. ,,~ 
Illld; I('!'~ rlmn Uj', ( ovt.:r ,'ulil'l' (n'quO',"') 
Tans!', With MO-ohm 1011(1. at I IdIOo",'l'Il'. ,IiJl
lurtlQU i~ II'!':!! Ih:m l.5' c. H ulU i~ 11\ !(,"..u!t liO 
till bt,!ow output v(>h~g(' It.:\·d 
Hl,h_lmp. doIl H Ou'pu" 0-15 \'oh~ : l'<)u ~lanl "i. hi" '" I ' Ib 1rolll 200 <'.Vcl'·B to 200 kilo
.'.Id(·~. Diatortkm. I!'~~ than 5 P"f~ 11 1 f!'l,m 
200 r,n'lt'@ to 200 " i loryd('~ at no load !luJ i5 
Il'tJUC('{lllIuh'r 10::\11. Oulput impNIiIlH'I', 12,5OCl 
olull~. II l11n ill !It 11'9~ ,j() db 1X'lol\' nm:dmllm 
OU I/JIIL \·Oltl1b"" 

1',,,~ 

1210· 8 Un;' R_C Ou1ll010r 
1203· A Unit 'owe. S"ppl , 
1210_'" D. , .. to ....... D;u:,lmlno lo. 

Squor._Wa". Oul,u" U-:{I ) volt" /X'tlk-IG-I)('ak; 
"!I'lm~imi.t('I.\'I I·m icl'O$.'\'!lnd ri!!>· lilllf'; nbollL 
I ' r' (w,'~h\)(ot ; hum i~ lit If'aBI (i(! oIh Iw[ow out,.. 
put l'ollHge 1",1'<'1: output illltJl'<.hlll,\'. 2.jt)() 
ohms. 
o"'p .. t ' .'m l .... I.: Two {·lwk.I<)p 271·1~ IX' hhld· 
in/; Il():iIl". om' J.:rDund ... 101,:1,,,,1. 
T" bu : On" 1;1«17- '\ . two 12Ar7 iLlld Olm OB2; 
,Ill tul,,'~ :11'1' ~ur»)lli!ld "jlh thl' ill~trll nl,·nt. 
Po ... .. S .. ppl" TIll' Tn'.; l2fl:i-.\ ( 'uil I'nwt'r 
8uI'III" ill rt..-omm(,II,I,'<! rnr of'l'l'llli"u rrom R 
I I5-volt , ''>O-OO-''~'I'I" lJ'I\\'O'r lim'. Th .. T ,·I'.] 
12O!-1i 1,; lIil rurhl,l,' Pm,,·!, :0:111 11,1.1' ('IUI "I~o 1">(1 
11&:<.1 . T ht' '1'1' 1'1: 1202-A L'uil rthrnl of 1'0",l'f 
Sup]ll~· ill! aVrlil'lbl(· [!lr Ol)('rulioll ir'l!1l \·itlll'r II 
fo-v.,l1 IIr " 12-\, .. 1t II.lo..,.jC" hllUl'n' or [rom fI 
II;j..vvll. :,o...U() /'\'1'11' I",",'r lilll·.' \ m:tll'l,illK 
Iliulti-I"lint COllnl"'I"r i~ ~lIJ1llli('d fo,' ,·"III\(\('li'lli 
tu (III." IIlll("r n(h'qllato' &1111111,\" PO""r N'<IUil'<'" 
nl!'nt8 11M' ~t3 vol18 III' or ( /' li t OJlI' II m l)l'l'I' anti 
:~tJ() vulu tit· nt .10 m:J., 
A ... n o,ln S .. ppl1. d : :'> l llhipoilll I·"n"' ~'tor. 
Mo .. nti n IlS ' BIa,·k· .. r:lCkl('-/illil'h n)llmilmm p.'IIit'1 
(I"d \!idel!: ni limillilm l~I\'"'' liui.\ll",d in ('il'nr 
liw'1uf'r. A("",s(lrr panl'l 1.\1 !I\·niltl],l\· ' ,)r rela.\'· 
mck nl(}lInti,,~ . .'II,' prit'1' li:nl,oPlo ... 
Dlm.onloon , ("i. llh l 1012 X (height) 5J. X 
«I"pl h) 7 il1('h,'", "\'I'r-tili. 
N t! We ight : Ii 1 I llOlIInlB. 

('111/" Ward rrkti 

AIIAP,), $ 1.0.00 
H.I \'& "0.00 

1'lt'l',\U 75.00 
"ao·'.U3 hlo, .Ro.~ 'an.1 ......... '-"II'A "CAIn' 12.50 
"IO. '.UI R .la, _Ra.~ '0 ... 1 . . . . . . . . . "!IIII'"" \11(;11 12. 50 
1206_8 Unit Ampllll . , ........ ... . ,[,11011 15 .00 
901_PI Synchrono" . 0101 Drl ... lOn,UII 21 • .50 
901-' 2. 5y .. chronous 0101 0,1" . ... , '. ISY"KA 27 .50 

RECORDER COUPLING FOR PRE CISION D!ALS 

111 !lIt' pl'cvillUl! lUI iclt,. tnl'lltillH i.'l 
m:\(I(" of n IIl1'all ~ fM ('ol1plitl)!: II" , Hnll'1 
(tlld l\j :lI'r ;\ Iodd B L-2~O I l..(·wl H ~

('on.lt·r If. ( ; I~ [H'I'III Hadio ']'\"1' .; 1)07 and 
TYI'.; flO.~ r :t'tu' Dl'iv(' I'rl ·,·i",i.)11 Dial". 
The :\/0(1.,1 BL-.'300,) Cuupler [lnt! thl' 
),/0<11'1 BL-300:J FIl'xibll' Cable I h:wc 
hel'n d{'\' l'lnpr'l/ h.v I3 l'ud und l\ jlll'l' for 
11~1' wi ll! (~('nl'ntl H:ldio ill.slrUIll('IIt.'l 

tlt:!1 nrc C'(I"il'l)l~ 1 \\'ilh tlw!5C di fll~. 

Figllre 1 sh,)lni I hia ~'ot1plin~ S,YIiI\'m 111 -

'Th~ ......,..t., &0)<) ./.r a'lad",,,,nt ..... ",·.,If.IJf frorn 
,I, .. H,..",. £I .. t",ai ... (" .... ,,/16ol'. 310~ I'rr!.:i.", \...,"u~, 
<.1",,,,,""" I I. Ohi'~ 

IIH'Itt'd tn Ihe G('l1cr:tI Hlldi o Tn.; 
l~()I - B Bcal-Fn'qu{'lwy .\udio Ucn
(·ralrJI'.: 

Wit II thl' .~I'I IIP shown, t ill' "p<'cd of 
dril·illJ.:' t he f "l'qUI'!II'Y-l'Ul1lwl of I Ill' 0,0;
{,illtttor i~ $('I('(,lc(/ by 0Il('.s{'\ .,f J.:'l':tr::; ill 
thl.' I~'('nrdl.'r. ami tlil' SIX'('d (,f Ihl' 1'\'

cording P:lppr i" ";1·ptU'atC'],V :<I'II'I'It'li by 
the J.:'l'ar-",hift nl('('hnni sm Oil l ilt' ,.(.
('order. By ,,,.,It'l·ting a Sh:lfl SIX,!,t! "f 
7.,j 1']l1lI :Ul d a Pfll}('1' :;IWt,:1 or I mmj 

• \\''''~I''~''l. (' A. "11", 1',',_. 1~I)I_tI tlo ... I-.·".I" ..... )' 
,\".tI" ,;~" .. ",liI" . (;".,,~I /{,><I .. BIlK"""!'" \'(01, 
.'(X IX ....... I, J.,,,,, 1)' .\1. " ••. I '1, 
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