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> This control system wrs dcvelopcd
hy the aulhors to oblaid nraximum per-
formancc sithin the lntermediare"
c{legory of the AMA rules. An ir-
plane equippcd wirh it won fi61 phcc
in Class II at rh€ 1962 Nationah.

Operalion is sinilar to muy olhcr
pulse-widlh. pulsejate schemcs exc€pl
that closed loop fcedbnck se.vos rnd
much higher pulse rales r.e used. Thc
transmiller is modulaled wilh r nonlinrl
1.500 cps udio Ionc. Elcvrlor js

obtained by switching thc audio tone on
nnd off !t r .ate thrt is variuble {ronl
about 30 to 50 cps. Nculrrl elelxtor
corresponds lo xhout 40 cps. full up 1o

48 cps. and ,r,ll down Io -]? cp\. Rudder
is obtai.ed by varying lhe puhe widlh
rati. lr.tio ol ihe ron. on ro 10ne off
lime during a pulse cycl€) from 30/70
to 70130. Neutral ruddcr corresponds
1o 50% io.c o.. lcfi lo 309; ro.e on-
nnd righr 1o 70% tone on. Ncutral rrinr
lor rudd€r and elevator is accomplisbed
by el€ckically varying rhe puhe width
.atio and pulse rate corlespondinS 1o

the conlrol stick mechinical neurrrl.
Fast cngine speed is had by scnding r
\leady lone: slow by sendinS unmoduh-
led carrier. Durint ih.orlle command,
rudder and elelator conkol rre suF
r€ndered. and the su.faccs movc loward
nculral. This has very litlle efiecl on
rhc fli8hr of the rirpl.ne since rhe
lhrottlc reacls with no discernable timc
delay. Most lypes of syslcm lilu.es re
sult in lhe rhroltle moving to low speed
and thc conlrol surfaces to nerlral:
rherefore, rhe syslem is predominateh

Thus. two simultaneous proporlidnrl
cha.n€ls wilh f.im plus a trimnr blc
non{imulta.eous ch.nnel 
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COMPONENi LAYOUT l

wilh coupled uilcrons lnd ruddcr rr)d
a modeh rirpla.e. pe.foflnance t.
proximales lhrl of ny rlailahlc pnl
po ional or rccd syslem xnd al cof'
sidcrabl) lc\\ cosl. And. nlthoDgh ir
hasn l been uscd lbr il. lhi{ sydcn,
shoukl he a hltorxl tor pylon racing

'rhcrc is virtually no interrction h.
lween lhc rudder lnd clevalor conlrol\
cxccpt lor r \mall lrnnsient displdcc-
ment ol lbe clcvalor which occurs'whcn
lhe rudder is ope.atcd hy fupidly \nrp
ping rhc conr(t stick fronr sidc to sido.
This phenomena has no observrblc
efi4r on Ihe llight ol the model: ho$
cver, it is $n intcruclion rhich pcr-
mits lhis systcm to fy in Clxss ll. AN'lA
.ules changes lo climinrlc lhe fulhcr
illosicil _interlction conccpl honr rhc
Class ll calc8ory dclinition rre likely
lo hc promulS.ted in the nc.r lulur..

Thesc changes are nor lilcly to llcct
thc lbili\ of rbis system ro rcmain
top conlender in Class Ili they *''ill
mcrely crertc more compelition.

Thc grerresr advanrage of rhis systcm
ovcr rhosc using dirber, or "wigglc.'
typc servos is thut conrrol surface
"blowblck" is not a prohiem. The rccd-
back servos have ample power and prc
cision to pui thc surfaces in rny dcsircd
position and keep lhem lhc.e lhrouSh
our thc specd range ol modern compcri-

'Ihe throrllc servo is simply r
''Mighty Midgef wkh simple modi-
ficalions for longer life nd grcate.
strength. All Ihe servos will be lully
described in rhe lhird anicle of lhis
*rics- They rre nor difficuh ro build
and cost a rotal of abour S44. For
rhosc who do not wirh l. buikl rh€ i.c(l-

bnck servos. Spacc Conlrol servos will

The second innrllment will dcsc.ibe
thc pulseFmodulator nick box and thc
sif,gl€ lubc anplifie. requircd io couple
ir to thc RF seclion of:rny Eround
hlscd MOPA typc Iransmilter such as
Lorenz. wAC. and T-|PW. The P/M
makes use of a comme.cillly available
stick asembly and no machining is re'
quired. xltboush a fcw holes must be
drilled aod ! bit ot nlc work perfonncd.
Cosr to build is hout $32.

This projcct is nol recommended for
beginners. for those withoul al lea{ rn
elcmentary knowlcdgc of electro.ics.
or for lhose who lre not c.pablc of
neal wor*manship. AlthouSh nor ex-
Ircmely diincult. building does requirc
care, plticnce, and ritenlion to direc'

fioDEr. arrPL/rNE xEurt . M.rrh, tr63
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addilion, access to an audio siSnal
generator, and oscilloscope, xnd d mul-
timet€r or VTVM is necessary for initial
adjustm€nr nnd fo. lrouble shooling. if
r€quired.

Sohe of lhe lfunsislors ,u/r, ts
selecred ror sain, namely Q2, Ql3. and
Ql4. The transistor checker shown
scheniutically in lhe drawings will ac-
complish this very simply and inex'
pensively. No construction delails lre
Siven because the parls layour is not
crilicll. and most builders \r;ll wnnt ro
us€ whalever parls lhey can resurrecr
rrom the junk box.

To use lhe Iranshlor checker. simply
place rhe PNP-NPN sel€ctor swilch in
the appropriale position, plug lhe tran-
sislor inlo rhe socket, af,d plug thc pin
plug into J2. J3, or J4. Next, closc Sl
and then SL and read the meter. The
DC cunent gain, or Bela. is lhe mele!
readin8 ia milliamperes times lhe appro
priale multiplyinS fnctor shoen under
the jacks on the schcmatic. Delermine
open b se leakage hy unplugging thc
pin pluS and read'ng the meter wilh Sl
closed. This value will ranSe from a few
micro-amps Io .6 na. or so fo. normal
8€rmanium lrrnsisrors. Read lc.k.8c
wilh base shorled ro cmilter by pluggin!
the pin plug into Jl and closing 53.
This v0luc normally falh between four
rnd rwcnty micro-amps for germanium
t.ansislors, and is ju\l cnough lo hrrc-
ly nudge lhe necdle ol O-l mr nreler.
If no relding can bc obtained during
lny of the abole lcsls. the tansistor is
open. If uf,iformly hiSh readings ol up
to 6 ma. wirh Sl closed a.d up io 60
ma. wirh Sl nlso closed are obs€rv€d.
the transisror is shorred. DhcuKI tran-
sislors wilh tse1as much in excess of
?0O. such abno.ntally high guin is
oflen xssociaied sirh cxcesirc leak-

Q2 should hrvc a Betr ol 1.10 or
bigher wilh tbc pin plug in J2. QI3.hd
Ql4 should halc Bctas in excess ol
l0O wirh rhe pin plug in J,{. The rotll
quanrity of radsisrors required fo. lhis
syslem is llmost ce.tain to yield
enough transktors wilh sufrcienlly high
gain for lhese posilions. (The sewos
and P,/M require a toial of len 2Nl30l
or 2N1305 and six 2N1302 or 2N1304

Thc receiver components co\l rbout
$40.00. when ordering parts, plea$
srick to rhe parts list as the.e is nolhing
Io be gai.ed by subsriturions cxcepl
rrouble. The l0o ohm Gem relay and
rhe rhree elched circuit boards rcquired
for the entire syst€m nre nvailublc froin
Ace Radio ConIrols. Consult thcir Ads

Preparc thc circuir hoa.d hy rriin-
mins and s.luarinB ro 2% by 3 iflches

^nd 
djillin9 rcontin e.r on paee 54)
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Proportionol Conlrol
\Co tnt"cd hant pqe 31)

ar €rch poinl indicrred. Usc a no. 68 drill
and feed slowly to preve.t crazins of the
circun board. l! ordinarily isnl necessary
to use a cenrer lunchi rh€ holes in the
conducloG and rhe liltle copper 'doush-
nulJ a.e sufficienr to guide the drill. Now
d.ill the larsd holes uscd fo. mounling
lugs. sc.ews, power cablcs, ctc. Cb.ct lhe
board againsl rho d.rwinss lor location,
and rgainst &e aclual parts !o. ,ize.
SliShtly counrersink the hDles lhrough
which lhe leads of the elecfolytic caprci-
1oG pass so that lhese pans will fil flll
asainst rhe board. Remove *h!r b left of
the copler 'doughnut' and any other
bur6. Scub lhe boa.d thorouehly wnh
household cleanser .nd d.y. the board
is now ready lor the mounling oi com-

Wind the luning coil vith thc numbcr
of lu.ns and lhe size wire speciiied on the
drawinss. The coil is close wound lrd
the firs1 turn shrts aboul 1/16 i.ch fron
thc base ot the form.

Prior 10 mounrine any componenls,
check them lor continlity. proper resis
hnce. and/o. proper color codidg as ap-
pliclble. The hiehesr resistanc. windins of
fte nansformcr h the primary, or 20K im-
pedance, sidc. Wben chcctine elcct.olylic
calacilo.s ior sho.rs or opins sith an
ohmeter, observe lroper polxiily .nd bear
in mind that elect.ohtics normallv ex
hibit some lelkase. Check aU diodes for
sho(s a.d ope.s. and for a nordal rario
of forward to back resistance.

Examine rle relay to derernine lhat i1)
the scew loldiru the lerminal board to
the relay fraDe is tisht. (21 the novins
contacts bear asainst the N.o. contacts
wnh nearly equal pressure, (3) rhat the.e
is a aap equal lo 1wo or three thicknesses
of bond paper beLween the armaLlre and
pole Diece wlen rle NO. @nr3crs are
closed manlally with lery liAht force,(4) lhal witi the relay enersized at 4.8
volh, the arnature bears againsl Ilt Dole
piece and both moving contacts bear firn-
ly againsl the N.O. contacts, and (5) rhat
tle relay pllls ir somewhere between 3

(Continued on pase 56)
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Proporlionol Conlrol
G. ln Ed lrcnt pase 5a)

.rJ I voll5 unrl Jroos out .,bo!c l 2 \olr\
Achieve Nu. 5 b\ .ilibr na ro n! tenirun
onlyt donl r.mpcr wnh conl&t spncins
unless necesslry ro achieve ? md .1. No
3 h achieved by bcnding the movins oon

by bendtng the lired con

Locate all corponents with lixed lcrd
or Lu! spacrnA on rhe ho'rLl ro Jetrrmin!
Lhar lhe hole' rre properl) sprcell (or
recL minor €.rors b! enlJrains rhe hol.'
sli!hLl\ rnJ/or bv bendins le'Lls : biL

Nore thJt rhe relJJ mo\inu conrr\t Lrr!
nearcn C8 nrui be benr sharpl' trp$ tu|

to avoid inlefercnce wiih C8
The LomDonenL\ mrv nuw h. -\cmblcJ

,o rhe bolj n th6 ord{. ( I , Jll ielrror\
ex!eDt Rl7 rnJ Rl0, (2) Jlt (ap.\iior.
eace;L c2. rl) thc tunrna @rl, RFC, .'nJ
ihe;rrn'rorjnd. l4r Jll JroJe\, (5).,11
fansistors. (6) rhe relav and R30, (7) lhe
jumpcr srre(, to$er Labe Jnd pl'r!. rnJ
l8r Lhe Lube. Pl.Lce rri inch rhtrk \ponlc
ru6ber !Jd und(r rhe ruhe Jntl I'ulJ ,lo"n
wirh i;!'1,,..1 si'e r\ \hown in Lhr
Dholo. \!ork w h are.t eJrr 'fti LloL bl<
;h".k ..,.h nen rs n A oerfoinreLl Oh
5erve clecr.ul\iic !Jp,cror .LnJ JioJL
mllr\- an.l rn,erL rhe emrlrer. h'{, 'nJiollecro. leads ot rhe lr'rn!.ror. rhLU"!h

Use ! smrll, cleu iron of about 17 5
vxus and r good srade of sDnll dinmeler
r dio soldcr such !s Ersin Mullico.e-tbr
all solderrnr.j. Don I bcn.t tonrponcnr leJds
6\er on the conductor \ide oi rhe ho iLl
erccDL $be.s rndrcrteJ br rhe .!n,hr! linc'
It is;l ne\essJrv JnJ mdl<5 lomponenr
rem,,, tarrr.metv drficutr in e\cnt vf
an etror. Nlerely ;oke rhe wnes throuEh.
solder, Jnd 5niP oE (ose ro thc ho'rd
Ir ',nr ndlEs:rr\ to use heJr sinl'i on Lhe

Lkni{o. rnd diui-le lrr,l\ rf rhr lea,l\ Jre
rnr,l.rdl Llprn .,nrl frst Atrer .oUer'nr
ir cumpler..l, remove rhe \old!rrn! n \
s h l.coucr Lhinner .Lid c\''mrne lhe
h.rr.l foi Jn\ evrJencc ol cold sulLler

'^inis ri.sn d<; .'nv rhrt lo.k {rrDr(ious' sd the receiler iside rnd bend up the
al(ninnn cxse. lhe circuit borrd is f s!
ened to 1bc cnse snh bur 2'56 mrchinc
screws rnd is supporl€d 3/16 inch rbov€
rbe case boltom wirh ubulai spuccrs cot
from lrlz LD. br.b\ or Jluninunr rubine
Da NOI ur ion-nerJlic sorcersi rnJ do
not make them lcss rhan 3 /16 jnches lon-t.

The receivcr is now readv for eledrical
chechout. but before power is rlplied, n
is rccotumended thrt the entire lecciler
be check€d reainsr lhc sche,natic io
f,milirri2e rhe builder wilh lhe circuir rnd
ro J'sclose Jnv mrsuLc\ rn wirnjr Durins
ch.,ko,,i rh. r€!Ei\er i\ not muunleJ in

Cho lhe lcads ol !2 ro I in(h ,nU
,embdrril\ souer in Dlrle Noq (onnelt
* hi.dseL rn selies w h rn 0 MFD
caDictror berqecn !ro'rnd JnJ rhe (ollcc'
r.; of ()2. rWe b.rna J ledd oul lhroush
rhe pu$ar cJb e trom rhe collecror of Q2
in.!'h!.llt fo. chelk out use ) A lou ,

iuse. iu,t',"e noisc (super rcleo<r,
rive hira ' \h.;ld be head with rhe r€

""'u", ."nnectea to Dower A 05 md
meter rnseded in rhe B p ur b.,lre^ le,d
should indicale l-5 ro 2,0 na.

ln rhe.resence of Rf of lhe (oircct
frearen.! 

-frcm a rrJnsm er or , lrid
dio;er. rorate the tunin! <lue \ith a

ll;Lic trndc wcnd. A no$Lion w Ll be
io,nd where the h6r JisrppeJ$ .'n.l is
reblaced $irh silcn(e. lr lhc laF is lurned
od. tbe hn5 sill rerurn The rcleiler i\
now llned If the tlnin:r slus exlends mo.€
rhrn 1/12 inch from lhc coil form al the

trned posirion, tmove it and cul oll
aboul onerhird wirh ! .!zor saw. replrce.
dd retirne. lf the slug tils loo t;sely,
place a piece oI Sdan Wrap or orher
very rhin plnnrc oler lhe open cn.l ol Lhe

torm.,eDlrcc lhe slug, rcrune. and trm
lrvay rny excess plasrrc tha! squcezes lrom
bqtween the slus and the form.

No* lower Lhc B.plus 'n 1.5 voh incrc_
m<nrs b) plb(ing 1,5 voll cell\ rn !erre\
*trh Lhe -B bJlrerv wnh uDposi'e polarro
ro lowcr lhe olerrll voltaae ulil the hiss
disapperrs, lt superregeneration ceases,
b(l\een lb rnd l9 vohs, ope'arun F
normdl. nnd c: can be oernr''nenrl! in
slulled. li it ccases aboui 19 volls, in_
.rerse C2i it ir continle! below lb volb.
rft1'r? .) llruillv ( 2 wnl be eilher
22mnf. 2tmmf, 61 3ldnf. lf an in
cease iil c2 is indicaled, ltd capacity !s
hilh rs 39 mml stili isnl suftcient. reduce
R: o 22l^. rf a hnsmtrLer cJpcblc ol
lou!, moJulJrron al 1200 ro l7o0 cp\ i>

hrndy, t mJy be tuned in,nd thc oll
DtrL ot 02 checked wilh Jn o(ilioscopc
l"ruurea ror rhe headscr JnLl rhe Ul
c.paciror. The outplt shotrld be a slighllv
clipped sine wave of aboul 38 to 40 loLts
pe-,l' io penk amlliru,le.

The brck end of the rcLer!<r m,t
nos he bflLiallv lhecLed out. lr(k in J
12 ( res;ror io; Rl7 (onnect lhe oulDut
oI an ludio si:rnal senerato. throuAh a
l00K resistor lo the base oi Ol and thc
rommon ro recei!er sround ConneLl rn
o\crllo\cope heueon the !o lecLor of Q4
trnJ lround Wnh rll oower e\(<Pr a'
Dl'^ iorne.Led to rh€ ;e!eiler anJ thc
si[Dal lenerator sel lo zero volls output
rr , bouL a0 !!e vne or squ re rlve srJJ
uJlly rn!rea\e output untjl ,, (lo 

'n !u 'rcs,v..f .1.6 voll\ ro ocrl' amDlnuJe ,n
oeJrs on Lhe \cope The relat, qhich
abould have oulled in \olitll! upon.pplicL
i,on nr Doqe; should no$ be de enerlized
Nuw pirce VTVM or n lnK P.r \or
\cn!rli\il! or hicher DC vollmcrcr berqeen
rhc .' nxi to Lhe elcvator servo rnd the
2 r voli brtlcrv lao. The merer $ill rc Ld

'^-".h-" h";v.e; nl'^ inll minus 24
rolts. Va the frequ;ncy rntil thc deter
reads zero voks. Il lhis occurs belween
38 and 42 cps, Rl7 may be lermanenlly
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irslalled. r n occurs above 42 cps, in-
crcasc R1?. il below 38 cps, dec.ease Rl7.
The co.ied value wiU likely be 10K, l2K,
or 15K, When the irequenct is varied llus
or minus 7 or 8 cycles aboul lhe specific
frcquency, wlich gives zero rolrs ourpu!
rhe voluge sholld vary minus or plus .5

Now rcduce Lhc frequency until lhe
pulse omission deleclor relay begins to
chaner, 11 should besin ro chatter some-
where helow 25 cps. Whencv.r pul\ins is
inretrupred bj openins rhe sirnJl t€nerabr
ourprr ledil, Lhe reldy shoulJ enerqize im-
mediately. In the unlikely event that rle
relar chltten above 25 cps or has ! dis-
cernable lime delay betwcen interuption
of puhing nd pull in. cor.ecl by incrcas-
ing or decreasins R22 respecthely.

The remainins olectrical checkort r€-
quires rhe use of ihe lulse. modulalor
and will be covered in lhe nexr irshllment,

Some explalation of lhe poqer schena
lic is in o.de., The circuit as shown is io.
a 22.5 volt B' balt€ly- lf a 30 voh bat-
tery is !sed, connecr "B-minus to ground
instead of ro 4,8 lolts, A power conlerler
would p.obably be O.K. bu1 we haveDt

The selaraie 1,5 volt nlanenr ceu is
optjondl. Jf it is used, omil Rll hn,l thc
jumper $ire beLqeen Rli and 

'he 
plus 2.4

loll (onneerion on Lhe rel.'y Lermin.l
board and inclde a sepa.rle ihfrenr lead
in the power cable, we iap the nlament
vollase oit rhe servo baueries and hav€
had no lrouble, but we have been usinr
1.2 amp/hr. nicads. lr is not lnown it
this technique will cause diliicully wh.n
usins maller calacily cells wilh higher
inlcrnal .csisluce. h .Dy elent, DO NOI
simply tap oli 1.2 volls for filament; this
does not allow an adequate naryin of
safety. lilanert drain is 40 ma. The !ur-
p6e of Rl2 is to equalie the drain on rhe
se.vo cells when ! separale filanenr supply
is not used. Rl2 ie obrionrl.

SrntereJ plal€ ntrldl cJdmium celk ot
450 ma/hr capacny or e.ealcr are..-
qui.ed tor the 4,8 !ol! servo rnd Eceivc.
supply. Other lypes of cells probably will
be satisfactory. Drah on ihe servo celh is
a steady 50 fta. excluding nlamenl drain
except durirg command when the draio i!
hiSher. 450 MA/HR ceils should sive at
least lhre€ hours flyins dme betw..n
charc€\ even wllh rhe nlamenr oower
rrk.n fr.n 

'hrmSwilch 52 m.y be a single 4PST ryFe o.
two 2PST switches hechanicdlv connecr.d
such ftat bolh are operared ai once. DO
NOI us€ scpararely actual€d s{ilches fo.
52 unle$ control rurface linkases are a-
.aued to lermil 360 desree roralion of
lhe se o ortpur shais-

No, the relay does not Dulse. ft rc-
nains dropled out excepr during thrortlc
(ommJnd. IL\ purpose is lo rcrurn rhe
servo inpuLs ro the plus 2..1 roll referen(e
durine throtde comma.d rnd ro disable
the throitle servo ampUlier du.ins normal
pulsins. The receiver weighs 4 oz. with
case, cable, anal plus.

COMPONENT NOTES
All resislors Ohmile ya,wiu (Alied,
Cl, C2-Cenrralab rype TCZ (AllieJ)
Cl-spraAue rype Dt0 (Allied )
C4, CJ, C8. Cll-IEl elecrolJrLc, !rinred

C6-Soraaue LvDe D50 lAllied,
C7 Slrasle lype 5C11 (Alied)
C9-Sp.asue type 5C9 (Allied)
C10, Cl2-Texls InstruDent ryDe 475F-
POI0A4 (Ailied) Thn is a tartalum cala

Cll-Atrt disc cerrmic ca.r.n6r
S2 4PSi Swrch. Slide tvbe snh Knife
Conracrs (Acer

NEWI . M.,.h, Iti



R!c-10 mioo henry RCA for 50 mc.
(Ace) 20 dicro-henry Miller 6152 for 27

coil Form-r/" LD. plper phenolic for 27
mc (Ace) CTC lype SPlll2L cefunlic
for 50 frc- (Newark Eledroni$l
Diodes-IN34A (Allied)
Relay-Gem. DPDT. ltro ohms (Acc)
Tube IAG4 (Allied )
Transformer- .sTI I, IEl02T, CR60 (Ace)
Tbe CR60 can aho be obl.iled irom
Burnstein-Applebee under Pln # l?0659

Prinred Circuil Board-(Ace)
Transisio6-(Auied)
NOTE: Componenr v!l'res Ii\tcd in rhe

AU Allied pads rre lkled in their indunrial
catalogue, alaihble free upon requesl.

At Alljed Elecrronics Corp., 100 N. West-
ern Ave., chicaso,IU.


