
An.ti<o. 6act.t - D.t.n6.t 193,

{I

Eaen il tlis radio control offet.irtg sounds ,,oaer. your. heado, don't miss
reatling it! Autlor Gerald Hcrzog git:es you an insight into the symm..,ry
detector.. . smoll uet cells... excn W\V-II missiles,., ds Irc tlescribes -
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I ao my way ;l thinkine, Dr, walt
c@d's duql lrolortionql control !$tcm
(sc€ WAG-TTPW Jaluary and Mdrch
t957 An i@n Mo.1.1..> comca as closc
to siwins tr!. sc.l. control o! a model
plane as qny 3'.t.m y.t devis€d. Ar a
radio laD but a model plane ty'o, this
3ystcn appcslcd to m€ at oncc when
demonstrat.d by lvor Winby. u'fortu
natcly, my Trixter B.am th€! urd€r
cotutruction r..m.d r littl€ shall to
cdrry tlE .quipment lor thir rFt.m ii
th€ wing loadina wa3 io b. l.pt vithin

My solution to thc p.oblem wa! !o re
plac. mort of dE tu6c with traruistors
which .ut the battcry w.ight by s sub-
rtantial tactor. My t.atui3tor v€6ion
nos ai.. in hy Bcam with a total planc
w.isht ol 2%roun&. Brttery lilc i3 up
to r0 hour. on tn.22xvorts B lattery,
6 to 10 hours on th€ lirgle pcn €cll Ned
lor the A bstt€.y, .nd practicsUy rhelf
liL on th. 3iz. AAA c.lL ur.d lor rn.
41i vort tr.nristor supply.

Altliough thc cncuit m.y .pp.ar morc
complicatcd thsn tnc tule vc.rion, it
i3 actuarly quit. 3ibpl.. D.ri.ing hich
r.liability ald fr€edom of ditical arl-
justmentr, th. ci.eit w.! coft.rvaiiv.ly
d.3isn€d with a wid. edn m..sin, h.n .

thc sreatc' 'umb.r ol &dlirtoB. The
rup.r-.€s.f, !€ction war l.tt . tub. stagc
b.cau. ol inruftci.nt tih. to work out
, r€alty r.liabl. tra$i*or supc.-r€g€n

Circuit ur.d is non-criti.al; any 1AG4
works in it circ€ ii... is a i!.plus oI
sain lollowins it. Th. 2mmf lrom grid
to 6lam$t decr.a3.! th. l€€dback and
i!.rus€ the tub. conduction to approx-
imately 0.5 ma. Thir r.duc.! th.
t.nd.n.y to o6load .ca. ihc tra's
bnr.r nnd ell.wr . h.nd laun.h with
the control box in on. hand .nd the

A 3up.r-r.g6 d.teior is intc.catins
itr tbat *h.n op..ating at loe plate
voltsad and ld{ plat. cldcntr, a w.ry
lt.ong 3ignd can cdu!€ En incr.Ne in
plate .u...nt if,stead oI a decrcalc, thus
r.v.6. th. .dion ot th. cl.vator wnich
d.pd& on thc pha$ ol th. incomirg
lisnal (Down El.vqtd Club mcmb.rs
take rot.!) Th€ 2mml .apacity !.om
grid to filahent tog.th.r with the 2mmf
adoss th. t,nlr coil frak th. riauit
ldr critical of thc ru6. u*d. Frcquency
do$ ,ot lhift egprcciqtrly wh.n chan8-
ins tub6 snd thcy all olcillatc about
th. sam., Th. LSM coil lom (rcd dot
.ore) w vomd with 2s tlmr ol #33
vn€ for opdation at 2t mc. A Nonh
Hill Coil 102E, 3 to 5.5 fth wo.l$ sood

FiBt tr.tubtor T,, dir.ct-coupl.d to
thc tub. cncuit, rrordc. ceuah gain
to d.iv. th. Go.d tr.mi3td T' trcm
cut-oF to laturatjor, givins . .1.{
curped a% volt p..k-to-p..k rqua.e

wav., B.caus. of th. high gain, 001
byp3$ capscitos arc n.(eersry to 3.t
rid ot thc quench frequ.ncy Saeral
capacitoG ot tbe ..mc aize arc !t.d dt
difier.nt poi.ts rathlr th,n jurt one
la.Re onc to give . 3hatper fr.quency
cut-ofl. ahis eff€ctiv€ly s.ts .id of th.
qu€nch f..qu€ncy without appt..iabl€
lrequency distonion ol the d.sir.d signal

Filtercd signar ir I.d to thc lr.quen v
dd rymm.t'y d.t4to. stag.r bY a
unique combiDation of a PNP and ,
NPN tranritor complcmentuy sym_
mctry .mitt.r ro[ow.r tei. (like a

The NPN can b. t.placd by a 500
ohm re,istor from thc .mitt.r ol Ti to
.rolnd 'l derrcd, but thi3 incr.d$a thc
arain on thc ara volt batt..y Itom tr,
ma to about 6 m,. Output imp.ddnc€ oI
rh. PNP-NPN pai. i! 50 ohmr and do.s
q v€ry gsd job oI d.iving th. rclstively
low imp.dan.. fr.qucncy and rymmetry
d.tectoG. Baaus. th... dctetoE ar.
low imp.dance, in.tp.nsiv€ diod.. such
a3 th. lN29s (arc) can b. u!.d sithout
lear oI tcmperaturc protrlemr. Other
diodes ruch a3 th. tN34, rN54, ctc, may

Fliah& in fr..ring t.6pdatu.4 havc
6c€n madc witholr ro!bl.! t.3tr ir an
oven at r40'F, s3 w.ll a3 .rmm.r dyire
have shown high tcmperatlr.! to b. no
probl.n. Th. symm.try d.t.cror, or
puls. vidrh d.t.ctor r! Dr. Cood h!3
.all€d it, ir bas.d on th. rahc principlc
as lri, but i! lowcr imp.dahc.. It
op.rat€r i.liably oD . 60-40, 40-60 wavc'

A3 in th. tubc v.Fio!, voltag. ttom
th. symm.try d.telor i ur.d to Lcep
th. motor control r.l.y d.-.n.raiz.d as
lona a tone ir pr.$nt. Lols ol th€
ton€ sllo$ bi.s lrdm the 4L wolt supply
to caur. Ti to c6du.t and .lor4 tfi.
..Iay, Although th. motor coltrol ci.cuit
*a3 not used in my 8..m, it har b.en
thororghly b.nch t.tt.d and p.rlom3

Fr.qucncy dct..tor i3 a pultc .ount..
circrn baknced .g6inst a r.le.e.c.
counter circuit, Thir arra.scm.nt pro-
vides a smau politiv. output lor fr.-
q!cBi..6.loe 250 cycl.s,.nd 6 ne8ativ.
outplt lumciedt ro driv. th. output
transntor to ftrll co'dudion lo. frc-
qu€ncics .bove 300 cycl.!. A huch
simpl€r frcquency d.tector rrrareement
uring o.ly ore diodc i3 rdsiblc but it5
tempdatur. 3t.bility ald rol.ranc. to
battery variatioN arc qu€stionabb. ah.
more complicdt.d circrit 3..mcd worth,

,3

output transistott .re limit.d in thcrr
condlction by th. €oil i4p.dan.. of thc
r.laE and the .xtra circun rcti3rancc
whiih w6t ,dded to r.d c. ba(.ry dr.in
Tlre 2 ma. conduction nas aiv.n v..v
r€liabl. action, Th. 5.1 K in rcri* virh
rh. r.l6v mav b. rcdd..d ot .liminat.d

'r 
hiRhc; cur;rt ,s d.sir.d Curent rall.

to '€ro 
for th€ opporit. .oomand signal

Gm '.loF w€.€ $.d as thcy csme and
no adjustnentr wcrc n.cd3a.y.

Tfin 3ct r.quir.s only a quicl distancc
.h€ck fo' sal.ty'3 sake and a*sy shc
ioe. No llatc m.t.r or oth.r .quitm.tt
i! nc.d.d ror iunins. Just t!n. lo. th.
cen!.r ot rcsponk to th€ pulrina 3ignal
a3 ob..rv.d by th. n!tt.. of th€ rudd.r'

Acru6tor supply co'3isB of r batt.ry
ot 4 p.n c.ll3 to sivc !l$ an.t minu!
3 vol&. To rcduc. th. d.aiD oD th.&
..u3 .nd prolon3 thcir lif., a t.gulato.
i'Ttem ir ur.d wirh..ch Mi3hiy Mids.t
moto., ThE conristr of rwo *22,2 n.!h-
liaht bulb. in sc.i€r with .ach dotor.
Thc l..t that thc 6l!m.nt rcristanc. oi
a light bulb go.3 up vcry lhdply d it
is hcat.d by curr.nt iowila th.oush it
h$ bc.n use.t to control th. cus6t to
the motoB. when the cell. arc freh.
larg. .u..c.ts tcnd to flow, but thil
heatr th. filam.nb ot th€ bulbr. i.cr€as-
ina th.i eillanc€ .nd limitirs th.
cur'.nt. For veak c.lli, thc bulbr do rot
h€at up a3 much, r.sultins in a lower
.csistancc in seri.s wnh th. hotor. Thc
rcqulalory eli6t Faintainr thc stall.d

bctw.€n 160 m. .nd r20
ha lor b.tt..y variatio$ f.oh 3 volt3 to
Iti volt! or only 1.3 to I, wh€r.at
withort thi! systcm th. curr.nt solld
va.y 2 to I and would b. mo'c thrn
twic. ar ilish (a2o) td !..rh c.ll!,
rlnninA th. batt.ri.tr down much la3t.r.

Sinc. the ramc celk 3rpply both
moto6, they last for only about 30
minutd of dyine time, but tlEn rrc
rcch.rs.d .nd !s.d *veral timc!, Silv..
c.lb lor a r)i volt batt.ry .omplehcnt
witholt the .eAllator bulbr would vcigh
about thc arm€ ar th€ lour p€n c€lh
.nd .rc.pt lo. th. co3t. ar. dci.abl..
A 3 volt batt€ry ol Silv€rc.l3 would b.
6n. lor a littl€ l.rg.. ship or heavier

Miniatu.e 2 vok Iead acid c.lls nov
rold fo. cisarctt. liShtcrs havc b...
r.3t.d .hd vhen n.w. a.. .:c.ll.rt for
$. on th€ moto6. Unfo.tun.tcly, lil.
t€*3 und.r chare. and dirhargc cycline
haw. bccn di$ppointing. Som€ unit3
.tand u! 6n€ und.r rcpeat.{t ch.rge s.d
dirch..g., blt too na.y f.il.d att.r
on. or teo chaiging cy.le. to rlst th.m

(contiou.d on paE sr,
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whfr rctirbility rally .o6t. an.
l.ilurc. w@ all tr.cld to thc intd.l
.6.cd@ of thc t€misl l4d! to th.
lcr.lt lion th. pLtd, Di.charg. rction
ud.r hevy ldd conditidr tddr to
..t .w.y thi. .dncction and Gnarg.
d.pait. th. l.rd at .on otncr .pot,
v.ry quictly r.lultint in rn op.n ciruit
to d. of thc pl.t.r .v.n thouah tn.
..u hey b. fulli ch.rscd. sine thi!
onnetion i. rt th. bottom ol th. c.[,
imDrottd UL sisnt b. obt.incd by
old.tirs th. c.llt inv..tcd rc lhrt thc
rcid i n6t in mtrct eith th. tmin.l
l..d cdtr.ctid durins ih*ba.g€. A cot-
troll.d lil. t rt d ..v. 1 c€|lt opd6t.d
in tni. farhion ir now b.ing n.& od th.
6tr1t. ol thi. md oth.r lif. tcst! on
tn.!c ..Ur will bc r.port tL

Mdy djoy.bl. sd luccatful dightt
havc 6.d floM with tti! tr nii.tdi,.d
v€nim of th. Cood tccaGi I l€.1
deply i.d.bt d to hid fd dMlopits

It i. int@rting to kmw tltat dlring
Wodd Wd U th€ Ccmrs u@il a
.y!ta omcsh.t rimilar to thir auid.
. srouid to .ir mi$iI.. Th.y cal€d it
th. 'iBurrud Guidanc. Sj5td"; it
.mplorrd two !.t! ol tonc. which cN$d
th. rudd.r and .l.vator to nltt.r b6cL
.nd forth rEtw..n .*r€m. pGition:,
tbc ds€U tim6 d.t€minins th€ cdtrol
action. Th. control sticL or KDlppel
a. th.y eu.d it, opdat d bruhd 6
t*o dnm! to vary the dwen dm.!, mu.n
.. tu now u..d lor 3ne tod. of pro-
portional .udde. cont61. I w.rt to tfianL
Mi lvor Winby fo. fEt bnnsing Dr,
Good! .r{td to my attention dd
ddon*ratirr it! op.ration.

Nor: Th. Lr dll t! obhi hL 
'loi 
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