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HECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATIONS IN ALLIED FIHDS 

FR~QU~NCY CHARACTERISTICS 

! A; lbO, ;, <0"'"""," 0' ;n-0
DECAD~_ IlES I STANC I.: 

di\'id 118 1 decades connected 
in serics 10 the box ICrllli­

nnls. The ir arrungement und inter­
cOrl ncctions are fi hown ill Figure 2. 
The result iii 1101 the [lure resista nce for 
v. hieh each separate r.·si~ lor is adjusletl 
L) means of 11 (lirCCI-currcnl I,ri<!ge 
and \\hich is iilllkli lcd hy t he .Iinl se t· 
ling. In ,1I1, li ' ;ol1 Ibe resistors and 
their "iring have induc tance and 

capaciliUlce which mar be cOllven ien tly 
represented b) lhe ne lv. ork of Figure 
3. These cause the box to IlIl\' (', lit any 
frequency. a reactance and a ph ase 
lingle. T he rcsiSla llCC "ill 'llry wil h 
frctluClicy. bo th bCClI lISC o f the fre­
({uelll'y characteristic o f the ne twork 
alill 1}f!('SUSC of skin effect or cro,,'d ing 
of current to the surfal'e of a IIOli(1 con­
dlldor. The existel1l'e of react ance a nd 
the increasc in elTec ti ve rcsist am'e wit h 
frc<lucnc)' ca n be minimized Ii}' Cll rcfu l 

FIGliRIK 1. Four of tbe uine atock .iu. or TYPB 602 Dec.de-Reaiatance BO!I:ee. Their frequency 
cblracteristice are dillCUNoed in the leeompanyins ar lieie 
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2 THE GENERAL RADIO EXPERIMENTER 

F'U::LJU : 1. Interior of a TV!'I> 602-J Deeade-Reliilitancc Bo.:. The decadCl! arc. frolll right 10 
J"fl, '''''UI, l,·ns. h"",lreds. ami thousands of ulune. A 6CpSrale win ding is " sel l for uch ste!' 

design, but they can lIever be d imi . 
l1a l ('fl. TIH' ohjcct of a ll ill1prOvCmcnl,s 

in Ihe high. frc(llIclicy beha vior of reo 
sis lallt'c hoses is Ihe rninilll i7.i ng o f 
Ihesc IWo e ffects. 

For frclluclWics !.c1ow 50 kilocycles 
the skin crreet is IIcgti g; ill JC and the 
C(I" i\ alent imlut' lance is CQrlfH a nl. ' 

V' ClORt: 3. 1':(111;\ ... 1 .. ", ne twork of a re3;~ I"r 

T his equi valen t. induc ta ncc L of Ihe 
IIc l work is lli ways sllwllcr than the 
series induclancc L beeause of ",e 
sh llllling action of rhe parli llci ca· 
pacitance c: L = L - 1l2C (1) 

For "mall va lues of resistance the 
c(lui va lcnl ilJ(lucla uee is posit ive. while 
for larSer val ues it is negat ive. The 
transition usually occurs ill the hlln· 
,Ireds of ohms. 

Fis ure 4 shows the va lues of Land 
L measured at a fre<lueney of 1. k ilo­
l')'cle for each of lite 8i" '!'Yl'E 510 
Decade·HesiSlance Un it s. The com· 
plete bOil:es of Figll m I are, essenlia lly, 
asscmlJl ics of Ilwse unit s_ 

The para llel cu pucitnncc C, (':t lcu· 

lThe NJuivlIlent 
cyclea i8 Ihell X 

I,clow 50 kilo· 

lated lJ)' llIeansof 1~ (lualjon (I) isa l,ou l 
6 f.lf.I f anll is itHlepemlcnl of (Iinl se l lins. 

The lIlultiplicity of sca les needed in 
Figure " ill ord er to covcr the wide 
ra nge of "alues of equ i"lIlent indue· 
la nce of the variOliS decades ma y be 
reduced by using the ra tio i l U of the 
ellui,'aicnt inductancc 10 Ih e series 
resistanec. This ratio has lhe d imen· 
sious of t imc ami is ca lico! the tilll c 
constant.. When the equil'lIlent in­
,Iuctance is !legllti"c. Ihc l ime ,·oml.ant 
is still taken as positi "e, since Ihe ne t­
'Iork is CHllllcil; "C. JII plotliug it IS 
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FtGOll£ 'l. E'lu;vaient itltl " etanee lind "!lerid! 
ind"ct"nee" u a fuucl ion of di,,1 set ling (or 
the Tn'" 510 J) ec~lfl e- ll elili8ta rH:e UDiU! wi tl , 

their ehielde remo\'(:d 
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F .. ;UII B 5. Time COllMan! iii plott ,.,1 ail II 

funcl ion .. r dial @(lu i,,/; for T n' " 5 10 Op(;a tl c_ 
H O'>ist4'H.-e Uni lil 

cou\'enienllo ex tend the t ime cons tan t 
scale below the zero axis in order thaL 
the curvcs may be cont ill\lous, 

The time COIlSl.al1 ts for the T YPE 
510 D ccade·Hesistauee Units are 
plou ed ill Figure 5, both with the shield 
removed and with it in placc hut. not 
cOllnected, i.e., floa t ing. T he add it ion 
of a shield increases d ie parallel ca· 
pacita nce aud thus affects the equ iva . 
lent ind uctance and time cons tan t of 
the larger dccadcs by increasing the 
terlll fFC. Whcli the shield is con­
nec ted to a term ina l of the de<:ade this 
ca pacitance is still fu rther increased 
and is 110 longer consta nt for thc \'a riOIiS 
dial settings. 

Values of these ca pacitances for the 
larger decades under the various coU(li · 
tiolls of shielding arc given in T able L 
Tbe lime consta nt for these condit ious 
may he found by addiug algebra ically 
to the time constants givell in Figure 5 
tha t or the addcd capacitauce. 

Whcn a lJumber orl'YI' E 510 Decade· 
Hesistanee Units are assembled Oil a 
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Fl(aJH~ 6. Ti",,, CU" SI .. UI fu r I I" , , li IT"rr-nl 
,loca,lt"!) "r four·,ji al T\"I' ~ 6()2 Dt"'t;1111 ,,· 

Bcsisl""ce UO)<l"EI 

panel to form a TVI'" 602 Oeca(lc· 
Hesisla ncc Box, !.he I·esistancc and ill­
u uctalwc of thc lI'i l"ing connecting thl! 
va rious decades lI ud the IIdditional 
ca pacitanecs of the decades increase 
the e(1 uiva len t resist a nee and '·cactli llee 
o\'er that of the separat e un its. The 
rcsi;;t anee :11,,1 inductance a t Zf! ro set ­
t in g o f t woo, t II ree-_ four-, and Ii \'(~·dia 1 
boxes arc given in Table I L These zero 
resis ta nccs are 1I0t incl uded in the 
resis ta nccs of LI .e various units. which 

' .)"1"" <o f 
U,, ; , 

5 10-11 
5 l0- E 
5 10- 1-" 

1i02.J 

TABL E: [ 

Paralicl Capacitallce iu 1'1'/ of 
~arf" U~." iSlor,. 

S It I ~ I "l;u""",· ' ;O" · 
!)"M.le 

0 1"" It ,,_ f'h'H' ~ 1')" 0 .. 
",,",'c.1 i"" Z"''' S .. ,1td, 

1--;:;- - --- - - -
'''' ''''''' '-, 1_7 3 1· 17 !J- Hi 

111.000 '-, 10_10 ~J _2 1 1'2:, ' 8 
----- ---, 

'" ' 00 18_1, 21_1'J ·11 -35 5.\--5.1 
,~, 17_ 12 I'l-l I 27_~ 1>3-6.1 

• Fin . I; ~ u r" i . fur 1., ,,, ..., lI i UIl", ,""c," " d ti " ... " i_ 
ror ".u lo"" ", _ 1110," " r ,h., .. """,1" in " .. .".. i .. " . 
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TA RLE II 
Zt-Ill RI!3 ;UIIIIU and I IIJ"Cf(I1I00 of 

TVt,1t 602 {)«wle.nni"rm~ Burel 

"' ... o( Hh ... " " , 1I.00l ol,,, . O.2,.b ,. O.or. .. 0.3 ... .. , 0.010 .. 
0 ..... " , 0.01% 0..5 " h 

: : 

are adjus ted LO IJI· correct at their own 
terminals. They also have a large skill 
errect, hcca use the wiring is cOPIJer. 

The lime (':OllstaulS for four·dial 
Tl"PE 602 DecBde· Hcsisl9l1ce Boxes 
measured at a frC(lllcncy of J kitocyclt! 
are shown in Figure 6 (or the shield 
both removed and lIouli ng. The pur. 
a llel j'llpaCilunces ill'e considerably 
larger for suel, II 110"': than for H siuglc 
declHle and ArC given ill T aJ, le I. They 
depend hOlh on the 1I11.111"er of deca des 
ill the 1.0"': /:I nd on tile posi tion of the 

decade in (IUCSl ioll "ilh reference 10 
t he other (Iccatlcs. 

The effect on llle parallel capaci tance 
of the largest decade of connect ing the 
shield to a tcrmiual of the box i .. leaSI 
when lh al terminal leads direcll) to 
the smalles t (Iccalle. This colllh:c tion 
ho\\ever increases the resistanct' of thc 
smallest (Ieelule beco usc the resisl oll('"es 
uf the higher llN'odcs ON' place(1 in 
series II itll t Ileir eopoi'i I unci'S to sl.iel(l . 

TABLE III 

"'·.r .. ..,,"'''iJ'' Error;n UtOj;s'ulle" 
j VI' 'I'y .. ~ 510 rk'f;tJII.:.U'·J;.~" Wtt Lui,,, 

. - ......... ,, "-',," In ~u 
Tn .... tI"." T-'---'-.,- "---"'---­

Oh ... :;(1 100 200 !IOO 1000 2lIOO:;ooII 11I.00lI -- ~-- ----
510.." 0.1 11 0 .1 0.2 1.5 5 15 
SIIJ..II "~II 0.1 0.3 ~ !5 
Slo.. II II 0 11.1 11.5 2 II 
o51().. 1000 0 Ii 0.1 O.S 0.11 .. 15 
5 10.. 0 II II - 0 - I - l - lO 
Slo...llI. 0 - 0.2 - 2 1_6 _ II> 

·I'~"~" ..... fo .. ",.,1,,"'01 ... Uln. ur """b ....... ~ 

TABLE I V 
,Percenlfl!;e Error in ImpNIIUICf> 

jf)#" rl'l'lK 510 D«ude./(f!$;$fom::f' UIt;ls 

Ohm 50 100 ZOO :;00 1000 2G005000 10.00II 
----------,--~----
SIIJ..A 0.1 0.2 0.: 2. 15 
Slo.. l! I 0.1 0.2 I .5 W 
51~ 10 II 0 0. 1 0.2 2. 10 
SI IJ..O 100 0 0 0 0. 1 0.3 5 15 
51(1... £ 1000 Ii 0. 1 0.5 2. /; :!tI 
5 10.. .. 10.000 5 20 

· 1·"...,.."la" .... are r". ",..-1",,,,,, ..... . .. .,; of H",h ......,. ,. ... 
This effect has been (Iiscusscd by Joncs.! 

For freq uencies above 50 kilocycles 
sk in eITecl is the dominant fac tor in 
lle termining resistance except for the 
largest decades. l\pproxi mate va lucs 
of the ratio (ex prcssed as perccnta ge 
error) of high-frequency rcsistanec 10 

d·c resistam.'e of cach of the '('''J' E 510 
D~cade. H e;;i;; lors are given in Tobie 1I J. 

When a sillgle deca(le or a nUlli Ler of 
dct:adcs are used as a vohage divider, 
Ihe impedance of the Ilifferent \lUi LS is 
the factor determining thc accuracy of 
the ,'oltage di vision. Values of the 
ra tio (e., presse.J as perce ntage errur) of 
high-frC<luclicy impedance to llo(: re· 
sisLam'c of each of the T\'I' p. 5 1 0 Deeade· 
Hesistam.:c Units are gil'en in Table I'· , 

For the Tl PI> 602 Oecade· ll esiSlllnce 
Boxes the values of resis taru:e and im. 
~da nce aL higll frequencies a n~ greater 
than for the corrcspondin g T\'I'~~ ;) 10 
Oecadc·Hesiill ance Unit s 11) tl lllO llll 1i! 

determ ined II)' the "ollilec t ilig II il'cs tl ~ 

show u in Table II. When used ill sub · 
stituliolJ llleLh~ls wllere tlte ('!lange ill 
resistance ra ther Ihan its absolut e 
\'alue is sign ificanl , Table J II still RP' 
plies_ except for moderate cha nges in 
the highest decatles. 

- HOBEIIT F. FIELD 

~JOI.letl anJ .J~hH, J oornol vj l~ A tneriOOIl 
CJoenlloal Societ)', Vol. 50, 1928, p. 10-19 . 
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A DUPL~X SIPI-ION R~CORDER 

IN tile Septem lJcr, 193 1, ;S£!ue o f t he 
Experimenter, \'oC a nnoullced a high-

81)eeJ " h ronograpil . Tilll e· in te r va l 
measurements 10 he made \Ii th a pre­
dsioll of something helter thun 0.00 1 
second. 

The presen t article 4J cIK.'r ilJcs a n­
other (orm of t:h rollograph fo r use in 
problems req mrlllg a less-accura te 
measurement of lillie iOler\'u18. the 
Ill ilx;mulll precision being of the order 
of 0.01 seconrl. This is the '1'\'1' " ·~56·A 
Duplex Siphon Hecorder, sho\\ II he low. 

T he siphon recordl" is a Ilell -known 
device "hich, !l lIIong oLher thin gs. has 
found extells ive usc in tile u ulOmulic 
recording of telegraphic code signals. 
Some form of "riling s l ) lu ~. pen or 
l)ellcil. is mal ic to 11IOI-e a short dis tance 
to a nll fro b) t he Shifting: a mi s topping 
of currcnt Ihrough an a ppropriale 
e leNromagncl S)l! le m. This sty lus 
traces a line "l}On a s trip of pape r 1110 \ ­

ing wilh a su ita hle 1>1:M.'Cti pe rpe nd ieula r 
to the 1II0 lion uf the st} lus. 

'If rhe (Iesign of Ihe cllergizi .. g elec­
trolllagnet is such Iha l Ihe defl ccting 
fort'e increase&. in gcnerul. \\ illl 'he dis_ 
placemcnt , a .. ,1 if Ihe movi ng IIIc ml..e r 
c'arr}ing Ihe II t} lus ope ra lell IWI\\ een 
fixed " hack" anci " front" s tops. then 
the fa mil iar block fo rm of Irac'e II ill I)t! 
prOtIIl(.:ed II h i.·11 gi\ ell prlic l ka ll ~' no 
il1lli('al ion of Ihe IIllleform of t he 
cllcrgizing current, hu l "hidl a fTonl s 
dellc(' lion illl l' l' la ls proportioll ull O Ille 
dura lion of the curre nL. At. slo\\' pa rlCr 

speeds. the8e Ira('es are rect il incar in 
a ppeara nce. '\ t the higher speells. the 
lo-uml·fro motion traces a c un ell linc, 
the ('s te nt of IIhich (a long Ihc time 
Ilx iil) depe nds IIl.IOn II ... inertia a n,1 re· 
!!lori ng force of Ihe IlIo \' ing member. 
T he insta nt a l which the Illo lion of the 

81ylus is stopped ; Ih a t is, Oil Il tri k.illg 
t he front cont act 011 ooing energi7.cd . 
or Ihe rear contact on be ing releascll, 
ca n, ho\\c\'cr, he .Ie lermined " ith a 
su/Ti eie nl precision to permit mensure · 
ments to 0.01 second at t he higher 
paper "I:teeds. l'he;:,e a re the fund a· 
me ntal ope ra ling cond itions for Ihe 
1' , " !-; 156 Duplex Siphon Hecorders. 

As lhe na me impl ies, this inSlrumen t 
carries IlI'u separa t.e a mi inuil'id ua l 
):tens which ma ke atljaccnt traces ul.K)n 
Ihe 12·ineh sirip of " ticker ' pa per. 
This paper. obl aine.1 in 5-inch d iam ­
e lel' rolls. IS mounted on II ree l 
housed ill a dI'H\\'cr in Ihe cabine t hase 
of tile ilLS tnlluc nt. The pa lM' r I" 
threaded up through Ihe pa nel a nd . 
8 I1 hscqut~ lIL1y. o\e r a ruhber· faced 
.Irum \,hieh is dri\ c n hy II 11 0·volt 
unil crsa l.Lype InOlor. Dri ving rric tion 

is produced II)' a grolwed Icnsioll roller 
pressing the pa p.!r aga inst the (IrUIII . 

T n-..: ..sO-A Duplex S ilhou Hc.:ord.: r '" ;11, IIII' 
protecting oover remo ... ·d . Tapc ill fed from 

• reel in the base 
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\\hilc ,.tlssing: tHel' IIIC luI' o(the ,l r uIII . 

Ih l"' pu, ocr i,; llIarkell "j ill the '\\ 0 
Ira ees b~ tile pc II!'!.. \,lIid l. ,) ( /'flll r"'t: . 
1I1UIt,' p ~,r;i l lel to the drum a\is. 

The IJe Il arms an' t·ncrgizetl 10) I WII 

separate "I~ll c!cl·,ro magm· , 11..st'1II ­
blic~ . IIle "intlingi! of" hiI' ll terminal! ' 
in h, o pair", of l('rllli IlHII)c) .. t~ . The 1\\1) 
IU llg .. c l and Ilf'n a 8~e llll,lie8 lII ay eal-Ii 
Ill' rui ;o.e,1 a lllll o\\I~r'('11 hy thumh Sf' rI'W i!" 

10 aJjlli' t ,IU" 'OIlI :U:1 of tile pen!> UPo!! 
the parler. '1''' 0 C;1I11 arms are likf'l,iw 
"ro\idcd (or ra i.;;ing Ihe I)C IIS a nd holtl· 
illg 1IIt' IIl all ay from t he paper \I illlou l 
rli i lurlJing ,II I.' IIl lju;:IIIIcnl of t hese 
rhllllllJ !;lTew!;. The 'rUl e l of etleb 1'11' 11 
arm IIUl) Lc l'onlnl lic rl It) ti ll a,ljust,a ble 
.. bad .. ·· sere". The ,'csltwing force of 
Cllrll :lrlll ilia) he a dj us icli to bf"s t 

IIIl..-' upcrllt iug \· .... I1 ,Ii t ioll;o. Increasing 
Ihis r(,,,lOring fc}rc:::t' int; reaSCil t he sveed 
of tllf' BIOI·ing III l'uli Jcr 81 a s:lc ri fitc. 

o f eOllr~c. of thc !W II ~ ilil' il y. 

The PCIlS cons is t mcrely of two fi nc 
sih I'r tu lJes 1\ hi.·11 lire m Olllllell 011 t he 

a rlnS h) suita ble spring clamps. Till' 
(1)"cr emf of thl' pen tral'd s o \ cr Ille 
pa ller. "hilc thl' uPI:ler eud is su,,· 
1](,II"cll frcc frOlllt 'uTll 3e l ill lUi ink Clip 

wll ich is 1II0 UUWU .... n tin.: lII agnci lI S· 

-"Clllhly. Inks of .IiITer.:-n l color,;, a 8, 
for e\(lIlIple. rell a nd blue, ilia} t..e llsell 
fur J'adl o( Ille II"l traces. The 1101\ of 
inl. i.!l p rOlI Ilf'c,1 b) "iphonie action . 
\ ,. lIIa ll suet ion nozzle is pro\ ided for 

61al'lillg I he "ipl.nn~. r\ Isu. tIl n mCl fi cinc 
!Hopper;o for fIlt ing the illl.. I·UpS. 

For ma.\ illllllll "CII ;oilivity. the lo"cr 
(' rld ~ of the pCIlS IIcc.1 no t actu al!) 
touc·l. rhe lla ller. the fl ow of rhe siphon 
hci ng lIIa intain('l l II) I·a pillary a ttrac · 
tion. Suilahlc inl.s are prol iJ ed whil·h 
cnahlc li lt' Je vici' to he kt! pt i.lle in 
rcadi lll'ss (or ol'erli lion for at Ica H 
I" enl\ .fow· houI'S. The ink cups arc 

relttlily empticd 8nd thc (lCns cleulled 
I.) siphoning wa ler tllfOUgb thelli . 

The sha ft of thc llt'i\' ing 1I10 l llr is 
cOil/lcetc,1 to the drulII shaft throll :;h a 
bui lt·in red uc tion geur sys tcm. "hit·h 
i" Ull integral part o f the motor. H} till' 
II~ o f different motors, pap,er IS IJecll .. 
frol1 l 0.1 ineh 10 7 inches l:ler S(WOIlI l 

"1\11 iJe o iJtuil1cll. A rhCOSltlt is fll'O l' idcd 
",hidl elluhles the papcr specil "ilh 
all y Olle motor 1,0 he vl1 rted Ol' cr .. rll· 
tio of aLou t 1: 1. 

Thc stalldard furlll of l>ell lII agllels 
is cach wOllnd 10 a resistance or tt p· 
proxi matdy 2 100 011 111" which cnuhlcs 
thc pens tv be o pera te ll by a minimum 
('tlrrelll of 2 l1Iilliul1q}Cres (5 I'oh,s 
a('r068 the " inding) . A special higher 
rCl!iSl.a ncc wimling "'ou l(1 rlCfmil oper· 
at ion by minimulli t u rrents het"et' ll 
0.;:; and I millia nlj>cre. 

The stanfillf!1 1II0 IOr used has a Sellf 
rclhH'tion 111 :1 utili by mca ns or Illc 
rheosta t gives r)l1pcr spt.-eds froll1 O.H 
inch to 3.5 inchcs r)er second . Other 
1I1010r8 luning genr reduc lions 72: 1. 
:195: I. a nd 11 20: I arc a ,-ailahle for suh· 
8t itut iug 10 ol'l:I ill prt)port io na l clllmgcs 
ill pupe r SI:H.'Cd . 

In I1IlIking tilll (' illll;r \, .. 1 mcasure· 
ment s lIidl this chrollogrttph il is eus­
tulllt" ) to en;'rgize one l:len at kilO" II 
tilllc ililerva is stich as 0.1 S4'!(:ollfl . 1.0 
secol1ll or a ny ol her desired vutuc. 
\\ hill' the 01 her l)ell responds to elec­
trica l currenl S IIssoc ia tc,1 " iltl the 
phcnomcuon to hc limcd . An eXll mpll) 
of such a ICdlll illue was J escri hell in 
conjunction " ith the ca rdiotachOII1' 
c ' er in the Jul y. 1930, issue of the 
Exper;lIIe"t~r. Il er'C the time int e r va l:! 
Ilere onc second a l)art IIml the sccond 
I~n recorricli I'ach hellrt lJea!. In this 
IlI l1 nllCr a cOl1tinuous and perm a ncn t 
ret'ord of the hea rt r llte was obtai nerl. 
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Thill sa llie I)roccdure may I.te adapl c~1 

108 wide \' uriety of pro" 'cIII8 im 'olvi llg 
Liming opera tiolls as, (or exa mple. Ihe 
liming ,.,f chemica l phenomena. of IIlh­
let ic 1'\'cn I8. of \'ch iclc speeds, of truffi c 
,Iislribu lion. of t he /10\\ of liquids lI"d 
of the ra il of hll 1l8 il) \,;,.(:0115 mCl lia, c it', 

'1'111' 1111'111011 II i'CJ (or !'Ccll ring the 
reference l illie inlcnu ls IICpCIIlls II IHl II 
the p3rli l' lI l:lr prolJlcllI al ha nd. One­
~cnl1 d and Ollc·m inule jlll,en ' a ls can 
read ily be oLl nincd from suitable dock 
mCChAnil' '' ' , " hi re ollc·sec()Iul and 0.1 -
secollfl inten'a ls call be obta ined frOl Il 

,'onluelS o l lCnllc ll hy s) IlChrorlo lls 

IIlll l ors tlri ... c n II)' 60.cps O1 r l illy o lJ w r 

I"C/;IIIUII' ,1 l I1I c rnHting.,'urrcnt BOllrt 'CS. 

If Ihe rl'gulat ion of stwh current i ~ 1101 

811fliciell tl) precise ror the I'rol.,lcllI . i l 
is quilc reasihlf' 10 ii lll>criml>OSe one­
S4'con,1 in len'uls fro m a n accurate 
dOl·k 111"1011 II ~ric;;I (l r o.l ·seconri inl " r­
"al~ from Ihe S) nchronous COIIIIIIU ­

lalor. Ihe lu tter scn ' ing mere l) I() 
fl e,' imult' fhe IIcc urate one-second in­
tervn ls. T he sp(.-ed o r the paper I I ill I.e 
s lll1i"i (' nll ~ 'Illirorm to cnnhlc () ,j(' 10 
in ler lJu lulc 10 O.OJ iSC"on,lll{: l wccn Ihe 
IIlArket! O. I·second iLllen ' a ls. 

The pr;('C {lr t he 1'\'1'1'; 456- \ Duplex 
Siphon Uceorder, described ahme a mi 
sho"' l1 ill thc ill us lra tion, is $190.00. 

In !()Ine lillcs of work. il becomes 
dl'"ira hle 10 pro\' jde a remOle a llli in · 

tCrlniUent contro l ror lilis !iipho n re­
corder so tha t sample rec()rtis ma), he 
ohta ineLI al .s la led inl erval il ins lNul or 
II conlinuous rpconl ovcr a long run . 
For Ihis PUrj}<,)sc. the rcconlcr lIIay he 

filt c,1 ""illl t wo solcnl)i,l s ... llid,. Il hen 
110 1 e nerg ized , releasc Ihe pens rmlll 

I'onln el wilh Illc !,:l ller. /l lld tlllll< in­
terrupt t.he (10\1 o r Ihe ink , The dr'iv­
illg motor mil). or l 'OIl I'SC, 00 SIOPI>cd 
a l sllch limes, IlllIs minillli ziug' Ihe 
a mou nt o r pllJ.lCr lI~d . T he 1'\'1' £ 
·156· 0 Duplex Si phon Hccordpr. which 
is tilted wilh Ihese solenoit18, is priced 
tll $225.00. 

It willl,e evi,lenl Il ullllte to· llnd-fro 
motion of the pen arm , "lIcrgizcll hy 
511Ch fee ble curren Is, (;ould simull!lJIC­
ollsl) he usc(1 In< a seilSili vc relar to 
COill rol a considera lol r great er allloun t 
o r ciecl ri,'a l cncrg~ Iha n Ih ut rCtluirCfI 
10 dri\ e III(' IIrlll . For ,, 'It:" I ' purpose. it 
is qll ile reasi ble 1(1 fi l one o r Ihe I>C II 
urlilS " itll suil a l,le rela~' conl acls. In 
Ihe "a flli ot ael IOIIlClc r equipnlcnl . for 
inSla nce. Ihe pc n arlll cIlI'rgizc.1 hy Ille 
heurl pu lses ill. pru viJ('" "i ll, such 
contac ts I hrou~h " 'hiell lUI ill.ptrlse 
counler is dri \e ll. Ihns a ffordi ng a 
COllnt o f the 10 la l IIlIml.ICr of hea rt 
heliis in a ny given i'lIcr\ a l, in uddilion 
10 the variat ion ill henri ra te rrolll time 
hl limc as sho""11 by the In 1)1; records. 

- 1I0 1t ,\ T IO W . L\\lso ..... 

10 0 % MODULATION "OR TI-ll:: AMATI::UR PI-lONI:: 

TH g C I:l8& 11 \l od"III[o)r , usin g IrallS' 
forlU"r coupling to 'uc rudio· frt' · 

(Ilicney u"Ipli fit' r. "lill1ina le8 Ihe h igh 
II Illla~C llI!,e", " ith the high pla le 
\ullages uscil ill t he Class _\ modulator 
5)8Ic m. (Ilid permit!! lOO~ic modula tion 
... illt rciat ive!) 10" 1}O .... er. A mod ula tor 
and a speech a m plifier as sho .... n in the 

IIceolllpuny ing tlill gra ,n . lI ~ illg nnl) 1 wo 
2 1O.t)'j1C tube!! in push pu ll l lil Ihe 
rn OO' lula tors. II ill clt .. il )' lIIodul :l lC 100£"0 
sollie 50 w allS pla te inpul 10 It Cla ,~s C 
ral lio ·rreque ncy a mplifi f' r , 

In !.he diagra m t he microphone and 
slx:ech a mpli fie.r circ uit s l I re I} pi!!a l o f 
IhQ8(l ill use in amaleur U]ntl"la liolJ 
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8 THE GENERAL RADIO EXPERIMENTER 
==========================~ 

: .. -
~ , , 

. ." 

"'~6 ICm!i at the prcscut Lime. The nee· 
cf:lSnr) additions are the input and out ­
put Iran"formcrs of the modulator. 
General Iladia TypE 292 -A and T\'I'~~ 
292·0 Transformers hUl'C heen ,Ie· 
signed and Iwilt to fulfilJ the needs of 

1..#/1: TYPE 29l-A TranaJormer 
Right: TYPE 292·1) TrDDsfonnu 

1 ... 1 
i.. ..,) " . " . .. , .. 

'. _. 
""""Tr .... 

. : .... -
i ~ -- " : 
i : , 
L. . .. ... -

---~ 

the amateur Ilesiring Ii} cha nge hi ,.. 
modulalor sy8lcIIl to Class B. 

- .\1. C. lI ou \HT 

'LECENIJ 
H,-Tl"E 3111 1'()1(' lllil)llll'l rr. 200~ 51.00 
It t-Tn-", 471 POh·nl;'JIf,rl<-r. 

IOO.OOO ~. 11.00 
H.-TVI'E 437 Vnl<-'r.TIl I' lI ",! i;slor .50 
1.,-1' ..... '" 379-1' H-F Choh 1.25 
'1',-'1',',-" 585·.\, Tra,,~rornwr (for 

~ingl e. l>Utlo" rnicrollholle) 10.00 
Tn'E 535· \f 2 Tra ,, ~rormer (for 

,Ionhl,,·lmllon IIl;crol)hone) 10.00 
'1' . Tn'R 5~ I 'f\ Tran~f(}rl1u'r 7.50 
'rl-T,· ,·~ 292_'\ Tra"sformer 7.00 
T . T,·,'r. 292_H Tra ll.l! r~'r",er 10.00 
'r i · TH· r. 565· B F"tI. " lI , e TrllAs-

former 
1',- Tn'" slS·n 'I'r. ns.r<)l'"n ... r . 

Tnr. 527-'" IIrclifier Filt er 

13.50 
10.00 
17.50 

TilE GENERAL RADIO COMPANY lIIaib tile Experimef.ter, withou t charge, 
ead. month to engi"eers, scimlli.8u, (md olhertl irtterested in CO IIWUIfI­

icafioll-/reqllellcy mea.urement alld coutrol problems. Plcnse selld reqllC$t.fJ 
Jor JmbscrjptiOlI6 allli addrcu·c/umge IIolicru to tir e 

GENERAL RADIO COM PAN Y 

30 State Street Cambridge A, Manachusetts 
" .;'; .. 
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