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I Purh thc rticL jutt a littl. forward
and bold that nolc down irto t6. wind.
No ur. l.ttins that Lvoritc RC rldp
ga[op up to nign .ltitud. ehen you'vc
got propo.tional €lcvrtor. Now a little
I.It rudd.r for r tud. Thc n6. it
dropDins, ..!. bac! on th. stick 6nd
hold it up. The.e'! a sFooth l.w.l tud
that doesn't l@L lik. . rpiral div.,
Inw..t.d ffisht is ca3y t@ wh.n you can
stee. with th. rudd.r whilc holdins jwt
aough down .laator to Lccp h.r a.t

Du.l proportional De.m a propo.-
tional rudd€. .nd a proportional .l.vr-
tor which rrc !imult.n@$ s thrt aly
d€sr.c ol ruddd .an !. commandcd
alonE with sny amount of .l.wato., Let
so ot th€ 3tick, it rf,.pr b.cl< to ccnter
a3 do th. rudd.. .nd .ldrtor. Tn. rys
t€m dd.ri!.d h... rls D.rmib .nginc
conkol and a lail 3.1. connfttion whicn
cefltdr ii. ruddd .nd .l.v.to. i! csrc
of trentoitt.. t ilu.. o. . j.mming
tign.l. Probrblv tb. c.ricat w.y to 06-
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ttin tn. t'-F ol r.tultr mdtioncd .bove
wotrld b. to u.. thr.c rcpar.tc rcc.iv€.s
o tnrc. dif.r€nt L.qucncici. R6civ.r
No. r could b. pul..d lor prcponiola!
rudd.., re.ivcr No. 2 coul<l !. lulicrllor proportional .lcv.tor and rec€iv.r
No. 3 courd trkc crrc oI tn. .ngin. ond
laiLaL op.ntion. Alt"oDsh this would
b. a Lasibl. m€thod it would bc h.awy
end cum!€$om€ with thr.. r.ceive.! iD
tne Dl.n. and thr.. trao.mntes on the
g.ound, Thc T{o Aonc Pul* Width
Slst€m d$crib.d h.rc is a way to obtain
aU of th.* lcaturct with on. r.c.iver
.nd or. tra..mittd.

Th. l.y p8f ot thc syst.n war {ound
in a QST articlc (Feb 1952) by H, w.
La*.on, Jr. wlo d66ibcd . rinsl. FG
po.tion.l control, for s toat rudder, u3ing
th. puLe width modulatior ol an ardio
ton€. bsted o{ r.nding . nicc cvcn
rudio tone vavc, it i3 possiblc to disro.t
the tone end lcnd an unev.n wav.. Fig.
lA !how3 s 100 cp3 wave with th. n,!,
row plni up. Figu.€ lB 3how3 thc aam€
r00 cpr Fith the broad parts up. Th.*
ar€ th. un.v.n waw$, We .all Fis. rA
. 20130 ton. and Fislre lB is s 30/20
toD.. It is not dioicult to hat. a diode
brjds. cir.uit v/hich can rcll the dif-
L!.nce b€tw.c' thc narrow plls.r and
thc lrord puL$. This circuit i3 call.d
a Pllic Widrh D€t.€tor and is 3hown
in th. upper right hand side of Fisur. 2.
It hd the propc.ty oI aivirg out a pori,
tive volt.gc at point "A' wfier broad
puk.! ar. lFd and a neAdtive voltag.
wh€r larow pulser €rc !s.d. This volt-
'ge ir lcd to the grid ol thc r.idy tibc,
Thu!, lor brord pulr!, th. r!b. co'dud3
and thc r€lay puis in (3 ma); ror n..-
row pul,es th. tub. n cut ofi a.d thc
reby droF olt (0 fta). Now imeginc
the transmitr.r tonc b.ins switched back
and forth lrom broad to nanow at four
cyclca ps *codd. A3 a rdult, tn. r€-
c.iv€. r.lay viU allo .witch tacl .nd
forth at lour cyclca per second an<l w.
hlwe our .levator control lsins the puL.
widtn detecto.. Thc lour .p3 switchirg
ca! b. va.i.d in dwcll time to give r.gu,
lsr proportionrl action.

Ti. wav.r $oM in Fisurc lC enri
lD a.. th. s.mc a! lA and rB .rc.pt
they are 500 cps instead of t00 cps.
Fo.tun.telyi the tulle vidth dct.ctor
dc!'t .ar. about tbc difr.r.nce i! fr.-
quer.y as lona es thc narrow snd b.oad
pul3$ have th. riAht shapci that i!,
2ol30 Io. A and C and 30/20 loi B and
D, 30 th. €l.vator k.cps nsht on switch-
ine lo. both 100 cF .nd 500 cpr, Noe
il wc could 6nd anoth€! circuit th;r ii
se8itiv. to ton. lr.qu.n y but not to
th€ ton. width w. would hev. . s...nd
indepcnd.nt control. Tht is cxactly whdt
th. Pulse Ratc Dctccto. doc in thc
l6w.r right h.nd sid. ol Figure 2, !r fi.t
th. property of siving out a ncsativ.
volragc at poinr !ic" whcn a high ton. i3
rft.iv.d and little or no wltaqc lor .
Iorth b€tw.cr iOO .pr ald 5oo cpr .t 6
cps th. lelay ll .l3o 3witci .t 6 cpt.nd
v. h.vc a rudder cont.ol.

Wc havc .rlitrarily select.d 100 cpt
Ior Right .nd 500 cpJ Ior L.lt; r.rrow
puk.r tor Down .nd 6road pul!.t t6

Whilc th. .l.v.tor and .!dd.r arc
!€ins op€.at.d, thcr. is always . tone
p.elcnt as ir Figur.r 1A, B, C, D- Now

a third rclay tu6c to a
neg.tiv. diodc .nd ke€9 thc .elay op6
ar lona N a tohe is r.ceiwed, v..y 3imilr
to th. WAG thr.c-tube ton. ft..iver.
Thir i3 .adly ddnc by tapping into rh.
n4.tiv. cnd of thc Pw b.idsc ($ving
r dio<tc!) aDd add,rs tb. lailstc tu6€
and rclay qi .hoM iD th. riqht jd. of
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Fisu.e 2. Whcn no 1o'e is sent, su.h a3

.arri€. oi no si{nal. all three relaF pull
in. Tnis would rorm.Uy result in a full
Right and full Down cx.ept that the
ba.k conbd oI dc lailsafe .elay is
con'sted to thc a.ruator htte.y and
rcmoves the vohage lrom the .udder and
elevator acluato.s alloving llem to r€
turn to neubal due to th€ rublJer band
cent.rins- ?hc oth€. contact on the lail
sale rclay is h.okcd to ar €ngire cortrol
actuator, €scapcmcnt or motor, as shown
ir !'isur€ 3, Thus, a 0.1 second blip ol
carrier momenta.ily c€nt€n the controls
and steDs the e.sine t. its next speed,
A long siege ol ca..i€r o. transmittc.
tailure caus€s immedGte centerios of
iuddcr and €levator and could ako ctrt
the ensnrc il dcsned,

Iit: s€e whal somc ol the sisnals look
like fo. warions comDiratiors oI the
co.r.ols. R€fe. to Figure lF and notice
the chsnge in tonc fr.quen.y in €ven
s€ements at .1 cps. This is ncuhal rudder,
Since only ra.row pulses ar€ sl,own,
this is also full dovn el€vator. Tlre cleva-
to. is not beins switch€d in Fi,{ur. lF,
In Fieu.e lG th€ .ight segd€nts are
longe! than thc lclt segments indicating
appro*. onc hal( rtel't rudder, Figures
Itl and lI show the cases lor ncutral
clcvator and one-tulf dovn elevator. ln
lolh cases, the fudder is in full risbt.

Whe! both sismls a.e combined lor
r.ulral rudd€r and neutral elcwator,
Figur€ lJ shows the r€s,lt. This is a
tylical sisnat €mitled from the trats-
mitter durirs achul flieht, Note now the
elevator .an switch in lbe middle of s
Rudder segmcnt wirl'out .ffecting th€
Rudder. This €xplains why the controls
sre simultaneous- Il thcs€ signals 3.€
llay€d into a sp€aLer you will h€ar a
solnd likc dec-da, dee-da, dee-da or as
some observers say, tapockib, kapd

The a.tuators are Mishty MidAet
Motors vith rulLer band cente.ing on
the moto. shalt and a torqu. rod con-
nccted to the counter shaft. In both the
WA(; snd the o.iginal Ruddcr Bug the
Mighty Midsets were us€d out ol ihe
box" with 11iv latt€ries in each leg.
Ov€r 150 dusl prolortional flights w€.e
put on these two ships b.iorc they
joined th€ Dowr El€vsto. Club. The
cont.ol vas adequate. tut we5k, especi-
ally on the elcvalor, OD the new Multi
Bug an extra gear (a'other Migbty
Midget pinion and eea.) was added
ard 3V w€re used in each lec as shown
in Fieure 3, This deliwers about 3 inch
ounces ol to.que which really holds
down €levator lor "tuck under" dives
and outsidc loops, tncidentally thc Multi
Bug hss 120 tights with the 3V arratge-

The battery .omplement is 45V lor
the plst€ supply, lrl to. filament and
two scts of 3V lor the a.tuators. We ue
rhe K-45 size ol B L,attery with one
sia.L .emowed- lhis cuts it f.om 67rlv
down to 45V and 5 oz. Tne B d.ain is
sbout 4 ma aw€.age ard rtts to I0 ma
Ior th. fallsal€ conditi.n, Silver c€lts
are the ljsht€st choice lor filament qnd
actuatoB. Five (about 6 oz-) oI the one
smpeie hour type (Yaidney LR-l) will
give over thr€e hou.s of flying oq one
chs's€. O'y Larteries may br uscd but
w'll w€iqh svmcsh.t mort. rl\ nlr-
Dent drain is 200 ma while the av€tase
drain from ea.h l€g ol the a.tuator

The photographs 3nd Figures 4 and 5

show the russediz€d constructiot of the
receive.. o;e hbftelass board (1/16"
d,ick) holds th€ comronents, th€ sccotd-
board holds the th.ee Gem relays. Thc
fiwe $bminiat!.e tuhes ar. sandwich€d
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Arc,i.d, ,Aoe.I.t - t6n6ry lr5,
b€twecn thc two boards which are
3€pa.st.d by I k.ne ot 3/16' t %"
bassw@d. Th. ehole rcc.iwer llips into
an aluminum .an 2' x 2 " x 4" wirh
oDly tle tuning 3crew exposed. We !:.d
thc National RO rhield can which i. !n
lortunately oit ol prcductio! but a re,
plac€nr€nt ir rwailable lrm National.
Th. only difi€r€rce i3 a lcw small holes
ir the can, lhe can prot€cF the r€lays
r.d compoicnt lrom .!nt, nvirq ob
ject and cr.asy finse.s. O.c€ adjut.d
we l€ve flovn ds msny as 50 flights
witfiotrt rcmovina th€ r.cdve. lrom the
plsne. Even the sFaight dowb demise
oI the old Rudd€r Bug did ,ot damsae
the rcceiver. It,s the on. :n the thoro!
The rcceiver weighs 7 oz. comtl€tc .nd
.ven thou8h the can and hounting
boards ac.ount for 3 oz. of this, we tlinL
its wo'th it, Thc rotal weieht ol the
installation is 24 oz. conside.ina r€
ceiver 7 oz., Il batc.y s oz., ilamcnr and
actlaro. battedd! 6 oz,, two Mighty
MidBcls 3 or., .*ap€m€nt I oz. and
:witch6 ..d wi.ina 2 oz.

Tne receive. circuit in Fiaure 2 is lor
hoth 2711 mc and 52 mc. The o,ly dif-
lcren.c is thc coil- The 66t 1AG4 3raA.
ir thc aupcrresen.ratiwe detector vhich
is fairly conventional. C.Dacitor 7 and
resGtor 12 lorm a dccourlins nlter which
Drevents rmoto.boatins" wnh worn B
battcries- R.sistor 3 .rd .apacitor 9 are
th€ quench 6lter and attentuat. mosr of
th€10 KC qu$ch lr.nquen y beforc it
scts ro the erid o{ the ,udio stase. The
rAHa aDpli6ei thc aldio qnd distributes

't 
to thc thr.. r.l6y circuits, as describ.d

carlie.. The filter3 22, 23 sad 24,25 .c-
move ary ton. b.lor€ r.achinr the .clay

Conrtruction ot th. rc..iv.r is straigit
Iorward but we wodd b€ kiddins ou.-
*lv€, iI wc said it wss ss rimple ae a
3as{!ber or s tr,rce,tubs. It imr. Do a
car.lul no rush job and you'll €nd !p
sith 6 reliable unit. In lact aDy .lcva
tor ship d.msnd! rh€ utm6t in pcrf.c
tion, c€t sloppy a'd it will Iet you
down-traisht down!

Drilt di€ nbersla$ hoardr according
to th. patt.rns in Ficurc 5. ThE fom
pon€n( bo6rd is dR onc wiu, rhe inct
hol€s and borh th. top and b.rloo vicws
are shovn in Figure 4, Note how the
compon€nt wires drop th.ouch th. hol€s
.nd .r. bent dush on rhe revcBe 3ide
and .oldered to th€ apDropriate junc-
tions. No ryelds s.e Ecd. Try to L.ep
rhe wning on th. tube sid. as nat as

Thc or y c;tic.l area .ontaiN tb. coil,
pa.tr l, ,, 3 and 4 and th. supcrre,
generativ. tube. Be suic to srosd the
coil basc to the mebl f.ont pa'el and
hen.e to thc A ninus, Also wind th.
coil ncar thc o!€n end ot the lorm with
about 1/16'separati.n betw.e. the coil
and cnd .lips. II you rearrange th*.

your own! Tne r€,t ol
rhe .i'cuit i3 nnaff€cted by layout ar-
ranaem€nt and will allo{ variatiors in
rejstor and capacitor brands blt not in
.omponent lalue .xcept item 9 may b.
€ither 200 MMF or 220 MMF. -

Thc old Rudder Bug was tstc! to rh€
1954 Chicato Natiorah i! hopca oa show
ing otr thc duel proportional control. Onc
nisht w., tiniehed,n rhe mornrnC and
rhinsr lool.d sood. In rh€ h.si ol carly
,lternoon the second an{i rhid attemDrs
ground looped 6adly in spit. o, lul
opposhe rtick. A quick run to a 3hsdy
t$t 3pot l0 miles awdy rcveal.d no
houbl.. B6.k to rhe hot runway, anorher
s.ound loop, You'vc p.obably {u€ss€d the
trouble. Th. now-discarded germanium
diod* wer. .ficcted by tl:. hiAh t.m
'r.-.1.,-.- -- r$. h^r n,no,.-.ni v.ntnn'r

ptrlorm properly, Since th.n vc have
Iound only one low-coct (1.$ than $t)
diod. vhich ir in;trbl.. Ir ir ih. F.d.r'l
No. t215 3elenium unit. Anoth€r good
o.e i3 illc jDn.tion typ. silico! diode
slch as th. tNl37 or rNl33 but th.y ar.
morc costly, abour $6. we u3e thc No.
1215. Whcn $ld.ri!g..laop th. wirc
b.tw.en thc diod. and th. point ol sold
€riog with a pair of pliers to pr.v€nt
heat lron rcachiry th. diod€. Oth.rvis.
tne diode may br damaged.

wlrE you hawe finished wiring th€
conpondt board therc will b. a numtr€.
ol wires .miftins from it. One iJ thc
ant.nna, three arc the A plus, A mirus-B
minus, and B Dlus ,nd thc remaininc
fotr rur to the relay coils on thc r€lay
board. It i3 vis€, et dis ti c, to havc
a critical lriod inspect your winng job
Io. omisrions, u$old€red corn.ctiolr

The relay3 rr€ mourr.d and wircd ac-
cording to the diaaram in Fisur. 3,
Tlir will brirc out sev.n wirca f.om th.
r.lay contacts. W. us€ onc plla for th6.
sev.n wtcs .nd anothcr rlug lor the 3

Thc p'climina'y ch.ckout oI th. .€-
ceivcr may b€ made with any ro0 per
.€nt modulated t.ansmitter that put' out
a tone 6etw.e! 100 3nd 500 cycl.r, Thc
li.al checkout will require the complete
transmitt€r $!ich will b€ dcscibed in a

The 6rst t8t is to che.L the s!perr.-
gen$ativ. 3tagc. Plug in only thc 1AG4
in tbii 3rage. Lcav. th. other $ctet!
empty. Apply 1.5V on the filament, 45V

mitt.r. Wc Nc a arid dipp.r modulated
with an 6udio o!cil6t6r. Il you ule a
tFnhitt.r set it for low pow.r. Place a
VTVM (3uch a3 H€athkit v 7) o! th.
1.5V ac sc.l€ ,nd clip to point "D" in
Fiaure 2 and 4. Ture thc r6civc. coil to
giwc a peqk metcr .eadi!g. It lholld rcad
0-5 volt rms o. hisher, II it doern't, try
a@thc. tub.. ah€ oth.r te3t ! to loye.
rhc B 3upply to 36V in r%v 3r.pr and
5€e if the d.t.ct6 rtrys in op.ration,
Youll fi.d tfiat . t!b. shicfi Aiw6 hiah
oltput at 45V may die b.lor€ r.a.hing
36V or a low output tube may go down
bctow 30V b€for. stopping. Usually at
least on€ of the lour lAC4 s will give thc
0,5V at 45V and also work at 36V. Il it
docan't it eil b. n€cesary to jugglc th.
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srid cond.$er No. 3. For hore output,
lowc. th. walu€ ol No. 3 by s.v€lal
mi.romics, Fo. opcration on lov B wolt,
agc .atu. th€ epacity. A radse Lom 10
MMF to 27 MMF lhould cover moet
rituadon.. For a rcal pesly !fc€iv.. you
m.y ne.d to low€r rcsistor No, 6 from
32K t6 47K to obtain the los B voltaec
op.ration, On . you.. in busine3, mark
th. tub. so it won't gct mir.d wiih th.

N€it plus in th. 1AH4 a.d b. sur.
to insulate :t with . pen bladder sack 6r
tapc b€.ause it har 6 around.d metal
coarins ehich could shon to th€ rcc€ivcr
wirins. Sct th. VTVM on thc 50V ac
*al. a.d .lip to point "E" dd a.ound,
Th. met.r should ..ad rov rms o. hiefi€r

Belo.. checking the rel.y stascs a.l-
jurt aU the r.laF with a batr.ry snd
pot to a "pull in' current ot Do ror.
tian 2,0 ma and a "drop out' ol no 1...
than r,5 ma, Plug in tn. Iailsafe tubc
and pl.ce a curr€nt het€r (10 na sale)
i! the B plui lin.. With tone.of, thc
laiLaf€ relay rhould be op€n and thc
mcter 3hould rrad only thc currcnt from
tbc 6rst rso stases, .bout 0.5 ma. wirh
caricr, the frcte. should increas€ about
3 ma and the lelay Dull in smsrrly, With
no signrl thc drr.nt will 6. about
2,5 ha and th. relay !trllcd in. If thir
lattcr .a3e is not ftct, try another lAO4.
Wh€n satisfi.d mark thc tube and rc-
move it. Plug in the 

'udder 
.elay tDbc

and hy a 500 cps tone. Thc relay should
op.n and th. currert stand f,ear zelo.
with r00 cps tone dre cu.re,r should
in.reas€ over 3 m, .nd pull ifl thc relay.
Thi3 complet* the pr€Iimin.ry tetire
ol th€ ,cceiwcr. In particular, w. hav.
omitted the .l.wtor sectio, vhich rc-
quircs rrte usc or rh. eo/to ai4 zo/ao
tone. Later thc compl€te r€€€iv.r chect-
our precdur€ $itrg thc nral t.$.miitcr

The author would like to acLnowle4.
th. valuabl. a$istance h. hat r.cei!.d
in the developmeDt of thir 3ystch t.om
the DCIRC m.mb€rs as vcll a from RC
fri.nds ov€. thc count.y. Th.y l'.ve con
tributed many improv€m.nts and have
spent m6ny hours as lisuinea pigt' lElp
ing d.bus thc .arty Dodels,

The rcftai.in( diaqrcm3 alon{ with
h.lplut photos oI th. eeuipment vill b.
p..*nt.d in the next isse.
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