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RADIO.TV EXPESIMENTER

r The 8 instruction nonuols ore experlly
writ len,- cleorly i l luslrofed - excil ing,
interesting.

a Without previous experien€e you ron
complete every project ond goin o com-
prehensive science bockground.

CHATI.EI{GING . STII,IUI.ATING . REWARDING

RADIO RECEIVER
Thr..  Iub.5hoi l  w6y. l80 M.r.4 oid
Srondord  Broodco i l  l .< . i y . r .  S . . r i r i v .
1 .9 !n . ro l i v .  C i ( ! i t  u r . r  r .gu to .  t t5
vo l t  AC-  Conp l . t .  w i rh  H.od  S. ' .

,::i:',,::1|: :,::::riiCicifH6ile.,' :" .,
: r,'ii;iiirGl!E'�i;il8;. :;,;;.
.:i!rjii:.::iriir liiioiii::e;tqriihi :;;;!i:

ii:f !ii,l!fr ;f,i.:;;ii:*5lJ*"Y,:
STROBE IIGHT

A  v o r i o b l .  p u l s .  n . o n  t o n p ,
'  

F r e . z e r "  h o r i o n  o f  . o p i d l y  v i b r o r -
i n g  o r  r o t . t i n g  o b i . d !  t o r . t o l e
t u d y  o . d . h e c t i . 9  k . q ! . n c i . s ,  R p M ,

4*i; iar4m;.: ;azlpirs!..:tbd,i$*i..:
:Y6il.bt! t;.quen<r :d!(iliald;;tl
l a r a h c ' . ;  l t d .  r r t ; t n .  t . ! i i t . :

5TIDE PROJECTOR
I o r . t  I 6 F n  . . d  3 5 6 6  , l i d . r ,  ! h o . p
r q u t i . s ,  c o n Y . . r i o n  . o o t . d ,  G . E .
P r 6 i . . r i o n  t o n p  i n . l u d . d -  A t r o  o d
. p l o b l .  o r .  f . o i . d i o n  M i . r o k o e . .

*f,gnn r*graiqtr txrr,{.
'l: *-4 nt Fqivt, da Sbir ::
t}ttus dd iqs$Ye Fear;(@:l
.&"b vi(i."f .i4&crhe ua..:i
.f1l gi 'li, li+1l :'r ;^uJ*:,:

jit#+

Senss t iono ,  LOW COSI
S G I E N C E  L A B

-$r.]i,t'l$r

PHOTOEIECTRIC EYE
P f r o r o . l . < h i c  C . t l ,  E r . i r . r  t o n F  _

. . d  E l . ( k o n i .  l . l o y .  t y . r t t h i n g  y o s
n . . d  r o . o . r o l  6 o t o 6 ,  b . i l r ,  o t d r h , ,
q n d  d o  o t h . r  l i g h r  b . o f r . x p . r i n . n k ,

lt.:,litr,'15
:rsalyt qot:ffi#, rh t.qi'ldi!

.:t.i ild.nA iri:,a g:.,q":.1r19ii1

RADIO SERVICE EQUIPMENT
 ll rh. p6dr to buitd yd. ovn
Iod io  5 igno l  I ' . ( . r  ond o  h6b.
l igh t  Con l ine i t  l . i l . r .  & th  p i . . . ,
o . .  invo luobr .  in  rod io  r .dk ing .

,,:,,:i;i:,?ftfOCf,AfgY lrS:'
'::!44f4l :i':lk.I *'.::: aqudllt
t-idSl+ liktryii - ituielii. :?i;;i
:-,::irt+,'rtd!t j! t.-keig ipy::
9tP::lYt#rDt: BtEri iia i!;dKrttj:

_ SPECIR9ICOPE
r o & r n o n . g  o p t r c o t  i n i l r v n c n t  u r . d
l o  i d . h t i t y  o n d  o ^ a i t r .  r ! b r o n . . l
by cbr.tui.g rh. tp.Gren ot !h.n
floh.. Sr.Gnui Ghod! or. i..tcd.d. i o ! r . o r n i c  r o y r  i i o d  o u t c r  ! p a < .

iij:!i:::r::itt;:i:tt:;tt:tinltl::i:i:::,r::.r:l : i . : i : : : :  HEATEXPERIMENTS
! ! 6 : : :  s t o d y  l h .  M o l . c u l o r  l h . o r y  o l  h . o l

FNEE
SOtDETING

four Satisfaction ot yout tlloney hack,,.AllD
y^u ndy cnncel at nny tihe without obludtion,

flese "no ilsko assunnces because we know you will be,,,
SURPRISED' AITAZEDI DHTAHIEDI

I I I  Ai I IRI(AI{  8A5IC$CIT}ICE(I ,UB r I  I
r  SI E. Crockctt ,  Son Antonio 6, tcx6 I

i::il ;1"'iil-,i:"1 l,?:l;i ;iT:,Iliffi ,'il*'i,f'f*"yi:,:H I
i r  fn r  immedi r t .  n t r rnd .  r l  choo+ r ldn  ,hF, I .cd . )  Iffill i ii*'f#rliLff[:i$Ji-r,:'rr,-. *.".'' I

i i.;li!gt1 , , i'.ilii*-lr,iuT1. rur pa;menr, p.oro6e paid.", "' u uu.. I
\ . .  _4:. \a I  mry cgn"ei  ,n1 r , , -  onj  sr fui l  ref ind "" "" . i , ; """1 i l i .: .  / /  \ t  I  mrr rsn.r t  rnr r in- and gl  ful l  refund on un.hi t t"d t i r . .
< , " n t ' | o * l V  

" "  " " ' - l

t'liifr1i]j*i.i'.,..! ilAME"""-..'...'.. ....... I

ggJ9EE i::',i:,..:Pq!!i rtldr jrqch *(.. :Ydraui6i:Iirj:ai
r..iit,ai b!d: 2o.iq ::;8,::.4;dt#;
!lb, 6nt;;i:: e;;i;ir::,ilhjii(:11{U
h p( .o,itrtrdjti. tF*liiaii Sfsjiu:i

EI.ECTRONIC EXPERIMENTS
E i p r o r .  t u ^ d i o n r  o l  y d ( u ! i  t u b l r
o n d  o l h . .  . l . . h o n i c  . o F p o r . n t ! .
B u i l d  o n  E l . . r o . i c  S w i r c h - A h o t l
1 i . . ,  d i d  o r h . r  . r D . r i m . n r o t  c L . u i h .

TEIESCOPE
r .ounr.c-iliiiiiliii rctcrcopc.
H i g h  g u d l i t y  g r o u n d  l . h t  . n o b t . .
you to .romin. d.tdib ot th.
m o o n !  r r i l o c .  o i d  d L t o i l  o b i . d r .

,,,:.:::'..' .: , ,:,: ntCEgtCOrE::,:: i ::i:,il::i:,,::ii
r+igtt::'.ir{Fil+liEll;l;iii#::l
:dbris Gt!,.:rl&riiii:.:rtiti::t:iii*i:::
Pd!td*. :Acrirft H. tei iii{iit;iiiiidr::l::
i;pty' k whrib$#ij +H}:::l!ei*:ltii$:.:::

:': : r'':':.':::::':::j:::''' ':':':::::::

AIOMIC CTOUD CHAMBEI
s . .  i r run inor .d  ho( l r  o l  rp . .d inq
nur l .o i  po i l i c l . !  .mdnot i .g  t .od  ro -
diooc?iY. Alpho 3o!k. dnd nyil.L

l',xffirry.# ffi $2 o*fi n$I4,1,:l ;:.#,:"',.J i:iT:,

!  w ish  I  cou ld  p ror ide  och  o f  mr  Ph)s i (
t tud lns  s i rh  a l l  o f  rour  cn ioyab le  k i r r
You rrc doing a "o,ia*r,t jn6.

Allrn T. Ar?r,
Physir  Depr.
Jamcro*n High School
,am.(own, N.w York Ilff.t rh"r" 6 Auxitiory lertboots I

IRON
wilh se<ond

Kir

Ci(lik ac low volt.g.

3!rrli.d by i.lotion

Des ign ins  and o f fe l ine  th is  com-
p ie te  labora tory  to  the  pgb l ic  a tp rere  tabora tory  to  the  p !b l i c  a t
such a  low pr ice  is  a  no tab le
service to oDr soci€ty.

R.  M.  He lm
Pro fesso.  o f  Phys ics
East  Cnro l ina  Co l leac
C.eenv i l le .  N .  C-

I I I  M A t r  c o u p o N  T o D A y  E l t r l
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NADIO.III EI(PERIMENTEB

ON REAI,
Motors-Generators

-Switchboards-
rii Controls-Modern
$ Appl iances-

Automatic
Electronic

Control Units

RADIO ETECTRONICS
ON REAI.

TV Receivers-
Black and White

and Color
AM-FM and
Auto Radios
Transistors

Printed Circuits
Test Equipment

in Chicago-prepare for today's TOP OPPOR-
TUNITY FI ELD. Train on real full-size equip-
ment at COYNE where thousands of successfirl
men have trained for over 6O years-largest,
oldest, best equipped school of ite kind. Profes-
sional and experienced instructors show vou
how, then do practical jobs yourself. No ire-
vious experience or advanced education needed.
Employinent Service to Graduates.
START NOW-PAY LATER-Liberal Fimnce and Pav-
ment Plam, Part-time employment help for studenti.
GET FREE EOOK-"Guide to Carers" which dreribe
all training offered in ELECTRICITY and TELE-
VISION-RADIO ELECTRONICS-no obligation;
NO SALESMAN WILL CALL.

Coyne El€ctrical School, L501W, Conoress Parkway
Chartered Not For Prolit o Chioago7, Dept. 60-9C

ELECTRONICS

lti

I
I
I
l z

coYNE EtECTR|CAT SCHOO|

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Dept. 60-9C-New Coyne Building
l50l W. Congress Pkwy.. Chicogo 7, l l l ,
Send BIG FREE book snd detoils of qll the trolning
you offer. However, I om especiolly inlercstcd in:

fl Eleclri€iry I Television E Borh Fi.tdr

Send Coupon or uilleto eddrcss belon

Coyne brings you MODERN-QUALITY Television Home Tlain'
ing; training designed to meet Coyne standards at truly lowest cost
-you pay for training only-ao eostly "pul logeffier kit3." Not an
old Radio Course with Television "tacked on." Here is MODERN
TELEVISION TRAINING including Rqdio, UHF ond Color TV.
No Radio background or previous experience needed. Personal
suidance bv Coyne Staff. Prqcticol Job Guides to show vou how toto show you how toguidance by Coyne Staff. Prqcticol Job
do actual servicing jobs-moke mone!do actual servicing jobs-moke money early in course. Free Life'
time Employment Service to Graduates. ffi . i

ffi
CIIAR|EREDAS AI{ EDUCATIONAT II{SflTUflOII

l50l W. Congr6s Parkwry - Chicago 7, Dept.60-Hg

,$$$'-
8,flCmn ri, Fdht
Cogre-hc l$tiautim &hint thia lrain-
dry . . . *c brgeta, oAeL b6t ryiwd
Gid.ut*tl eh@I otiib hifit. gtuadrd I w.

I
t

F

rlt(tilils

The future is YOURS in TELEVISION!
A fabulous field-good pay-fascinating work-a
prosperous future in a good job, or independence in
vour own business!

lotFrceBooh
and firll details,
including easy
Payment Plan.
No obligotion, no
solesmqn will coll.

! Send Free Book and details on horq I can get
I b-ovni Quatitv Television Home TYaining ot
I Lou mst and eaw term.
l
i;\-ane
l- Addo""
I

i C lrt ------------$are -



IRA] IS ISIORIZED POCKEI  I IU I I
R A D I O  A I I D  C O I I U E R T O R  K I I

Fun for the youngster or the veteran in the electronie field . . .
A 3-way translstorized pocket FM radio and tuner which tunes
tho^co_mpletB FM band from 88 to 108.6 megacycles plus air_
craft band from 109 to 145 megacycles. This-fairtastic,;1;;;
be used in your^car, !ome, or pock-et, and needs no awenna or
g'round wlres. Llompletely non-directional, this compact FM
radro and tuner will play where all other radios halie failed.
b€t has been demonstrated under an X-ray beam and near
oth.er electrical devices without any static ol aistortion. Fea-
turing a two-stage circ.uit, this FM radio and iunu" *ltt p"o-
duce music of .top qyility from stations located many niiles
rrom the recerver. Kit comes complete with easy_to_build
instructions.

KlTr |ionplele with
$pecial Hi.Fi Earpiece wifh earmold, cord, and pfug, $29,95 postpaid.

( less Earpiece, 926.9b)

TWO.STAGE TRANSISTOR
AMPLIFIER

OR PRE.AMP KIT
You.can bu-ild a powerful two-stag.e- amplif ier or pre-amp which
SL"  b -u-y" :d  as  a  phonogr^aph ampl i f ie r . i ra imp in" - ,  io i  a  c rys ta tser ,  and as  a  p re-amp fo r  c rys ta l  o r  magnet ic  p ick_un. -  K i t; ;; ;.. ; * p I t!' "*ii ri" #; ; il;'"il#i","'i:ii",:]: "":'"1;:? #r'fswitch, attractive plastic case. with t ";up ;; l-;;;,- i"a i" po*_
e led  u i th  a .s ing le  pen i igh t  ce^ l t . .w i rh  ; ;  - i ipur  ; i ; ; i i i v  t /a 'o t  arva t t ,  Comple te  w i th  easy- to - fo l low ins t ruc t ion" .  gd .S8 '  po" ipu ia ,

Crystct.Sef Kit  91.25 p p
f leodphones (doub le)  $2 .25-o  o

Boll  Becring Tuning Condenser wifh ULfl t  Oiol qnd
Knob $ t .50  p  p

(Free Cryslol wi lh each $10.00 order)
H:^*ill:l: *! Ware K.it.Two Srage Circuit with Transistor, Ilighrtr-e-qruency. lubq Dril led Chassis and all Clips .rU 1yi".__gZ.-5

;i:,="1iT"i',".";oi'i"1"uxx"Jli',i,i.1If.Hi?'t*.rrs'J?.td8";r"y.1":

WORID'S SMAI.TEST TWO BAND RADIO
TUNE IN THE WORLD OF EXCITEMENT WITH THE WORLD'S FIRST THREE STAGE TRAN.

E K E R A D I O
Dept. E . 650 North Fair Oaks Avenue o pasadena, California
In Gallf' add state Tax-No c.o.D. U. s. orders onty

RADIO KIT FOR ONLY $5.00 FULL PRICE_READ CAREFUI.LY
This  se t  tunes  the  broadcas t  band and a  c r ick  on  the  band swi tch  le ts  vou en iovexc i l ing  po l i ce  ca . l l s ,  sh ip . to  sho^re .  -a i rc la f t .  Uot t  co- - " * iu i  " ia " - l t i i " " r i i ,
amaleur  pnone s ta t rons ,  code and fo re ign  s ta t ions  - [ rom a l l  over  the  wor td .  ( I t r i
the  bes t  e lec t ron ic  buy  ever  o f fe red , )  Tunes as  many s ta l ions  as  se ts  cos i inc
up to  9100.0O.  K i t  inc ludes  the  fo l low ing  par ts :  M in_Tub. ,  M i "_ f " [ "  S" " tE . - i
spec ia l  de tecL_or ,  p r in ted  c i rcu i t  p la1e.  a  Eand swi tch ,  a  La t te r r - i "  i i . ; , ; i ; ; l ; ;
knob.  a  two band co i l ,  an  (Eker .ad io )  e lec l r .on ic  -unO, - - iour :  ; ; " i ; ;1 " ; " ; :  ; ; ;
re .s is to rs .  t vo  phone c l iT ,s ,  an tenna_ t r immer ,  four  rubber 'mo" i , f  i , ,e  i " . t , - i .1 " [ ;J
w i r e ,  a  c o i l  m o u n t i n g  c l i p .  a n d  a  s h e e t  o f  e a s y - r o - f o l l o w  i n s t r u c t i o n s .  A i Z Z  " ' ,
a  10? t rans is to r  can  be  used fo r_ the  th i rd  s tage (Not  fu rn ished l .  a "v  r l t  &" "
w j l l  work  rv i th  th is  se t .  Two smal l  ba t te r ies  fumish  the  power  (Not  f " " " i J .a i .
Th is -can-be mounted on  {o -u{  smal l -boa ld  o r  smal l  p las t i i  box .  S ; "d ; ; i t ' b ; ,06 ;
a  se l f -addressed gummed labe l  to  fac i r i ta te  sh ipp ing  o f  th is  fan tmt i ,  

" t i i ,  - . * i

ten cents in stamps to the address below. rf the ibove instructions are not
fo l lowed,  your  o rder  may be  de layed severa l  months ,  so  read care fu t l v .  

- - - -  - - - -

E L E C T R O N I C  D E V E L O P M E N T S

RADIO-TV EXPERIMENTEN

I

i

RADIO.TV SERYICING AID
SPECIAI SECTION for RADTO BEGTNNERS

\ power magni-
! d  f  y i n g  g l a s s

mounted on 3/,
tweezers, Ex--'''rll!efu. 
cellent tool for

gett ing into di f f icul t  and hard-to-seegetting into diff icult and hard-to-see
places. Ideal for radio kit builders,
mode l  c ra - f tsmen and fo r  the  Rad io ]
TV serv ice  techn ic ian .  Spec ia l  low
pr ice ,  $2 .25  pos tpa id  .  .  A  REAL
SERVICE AID BARGAIN!

I
I

L

t l

r l
I
t
I

I

SISTORIZED TWO BAND



NADIO-TV EXPERIIITNTER

One of
foday's
BRTGHTEST
}pporlunity fiefii 

\
fodoy's greot lleclronics field ofiers you o chcnce of c
lifetime fo prepore for highly inleresling work ond c
wonderlully l ionising fufure! Wifh 30 nony new
devclopmerifs-coming up in Heclronics, opportunil ie3
lor troined nen were never brighler. Send coupon
for deloils.
night in your own home you noy now get otte ol
toiiov'r rno:t interertins . . . PRA(TICAI WAYS lo
prepire lor o good iob or your own businets in [lec'
irori icr. No previous'lechnicil erperience or odvonced
cducalion ore needed! DeYry Tech brings you o unique
3-WAY CoMBll{ATloN of feitt. home novies ond recl
equipnent-the same lype of bosic equipmenl os found
in our well-equipped Chicogo ond foronfo lolorolories.

ElrlPt0YMEt{T SERVICE EARN WHIIE YOU tEAR}l
. . . helps you gel sforfed DeVry Tech's pructical pro.
lowqrd a.good iob, or grom helps you lo edtn
loword odYoncenent rn
ffi"';"d;;1il"'"# EXTRA MoNEY in Your
wo* lor. tnti fo oll spore lime, servicing
groduolee. Rodio ond fV s€ts.

"One ol Notth Amefi.o's lorcmo', f,re.lrot;cs frcining Cen ets"

BUIID Al{D KCEP A
BIG 2l-11{CH rY SET

For odded procticol experience' you
cqn clso build cnd keep this qudlity
2I.inch TV sET lhot provides TV re'
ception ot its f inest (Devry Tech olso
ofiers qnother home lrqining withoul
rhe TV set).

DeVRY IECHNIGAL lNslltUrE
4I4l Bclmont Awnue, Chicogo 41, l l t., D.Fr' - nTE4'O

Pleose give me your FREE booklet, "Electronics in Spoce Trovel,"
qnd tel l  me how I noy prepore lo ehler one or more broncher of El*

l ronics.

Ac.i.dilcd trl.nbcr of
Nal ionql Hom!

A9c-

Apl.-

A
l t ,

rHcTmilrcs
From RADIO .  TELEVISION .  RADAR
To GUIDED MISSILE GONTRQtr  ETG'

300 ExPERltflEl{Tg
Eui ld  over  3OO prqc t icq l  p ro iec ts
f rom mony sh ipments  o f  Rod io-
Electronic pcrts. You build ond oper-
o t e  T V - R o d i o  c i r c u i l s . . .  w i r e l e s s
microphone . . ond mony olher
moior proiecls-all designed to pro-
v ide  ou ts tqnd ing  proc l i co l  exper i -
ence ot home.

HOltlE ItlOVlEg
Thcnks to this exclusive home lrqin-
ing oid, mcny impo*onl fundomen-
lols quickly become "movie cleor."
Now you con octuclly see elecfrons
on the morch dnd other "hidden oc-
lions"-o wonderful odvontoge lhot
is qlmost l ike hoving q fescher st
your side.

BUII.D YOUR OWil
TEST EQUIPIIE]IT

As port of Your home loborolory
proilcts, you-BUllD ond KEEP q fine
irudlitv 5.inch cotoR osCll 'LOSCOPE
ond q Jewel Beoring VACUUM TUBE
VOITMETER. You wil l ffnd rhis equip'
ment ideol for helPing You eorn in
Your spore time while q sludent-
lnd loier when working full t ime in
the fteld.Your Guide

to PR0FITABLE l0B 0PP0RTUNITIES
See frow YOU nay gel reaily for Jols cs:

TV-Rodio Broodcosi Technicion
Color Television Speciolist

Rodor 0perotor . laborolory Technicion
Airline Rodio Mon o Computer Speciolist

0uoliry Control llilonoger
Your lhn Sales & Senice S[op...PII|S l'lllll 0IlltRS

5ludy Counci l

Ci ly.

2w
Conod ion  re . identsoddrcss :  DeVry tcchof  Conddo. [ ld .

970 lowrenae Avenle West, to.onlo, Ontotio



years-ahead money-savln9

!<night-k_it5.

KITS FOR
ANY NEED

Hi.Fi

/Jutrn's
e:s llr-Pase 1961

ELECTRONICS
CATALOG

bvild-your-own.,
il's eosy.,it's fvn

sAvE uP TO 5( '%
See the exci t ing 1961 l ine of
KNTcHT-Krrs-avai lable only
from ,llr-rpo. They're lowest in
cost, convenience-engineered for
easiest assembly, outstanding
for performance-the only kits
offered with Free Inspection
Privilege. Send today ior the
1961,c.Lr , rno Catalog-select
your KNTcHT-Krrs-and...

Hobby
Inilrunenl

Amqleut

G .a : " ' I ' '

W P / l!{i'*'#i!!':':i{ilr!,.!!i:
money inr Slereo hi-f i 3yrlems qnd
componenf i  .  Recotder t  ond lope .

menlr o EleclroniG partr, tube!, fron-
sirtor3r tools . 5end todoy for your
FREE 444-pose I 961 A[llED Cctologl

:,;;.,:,.A.l-E,l 4 D R1E},lCI,,,,,,,,
Alt lED RADIO, Depl .  64- l
lO0 N. Weslern Ave. ,  Chicogo 8O, l l l .

E Rush FREE 1961 ALLIED Catalog.
woRtD's
BIGGEST!

Address

G e t  m o r e  f o r  y o u r

RADIO.TV EXPENIMENTEN

Experimentersl
fqke Your Pick

OFFER!
sPEc IAL 

tlfd;'^tt.u{t
FIVE FOR
oNLY $2.50

Th€se back issues ot the
R A D I O . T V  E X P E R I M E N T E R

a r e  s t ; l l  a v a i l a b l e :

551 rn.run",  sun-cel l  TRx, re-
ceiver,  Dlans for experimenter '8
test b€nch, decade ohm box. el€c-
tronic t ic- tac-toe, spi t-powered
osci l lator,  Dhotoelect l ic controls,
signal t race!,  portable hl- f l  lecotd
plavi l , rr ; ingle-tuue organ. single

t
tr
l

562 conauin, 5B make-i t -youls€tf
projects:  t ransistor ized intercom,
Cit izens Band 2-way radio, ?-tube
n ' l l  t u n c r . 6 - m e t e r  h a m  r i g ,  s u n -
cel led motor,  stereo Bu6ic center.
S i D g l e  c o p y , 7 5 d

-l

ot; l
8,?

I
I
I
I
I
r
t
I
I
T
I

J
STITU .
I I I I I I I I I I I I I I I I I

I
I
I
I
t
t
I
t
I
I
I
I

Two for $1.00
?

Also ayai lable, thes6

S C I E N C E  E X P E R I M E N T E R S

557 ptnn, fo!  4t l  projects
includiDg Yan de craafr
generator,  TesIa coi l ,  Winls-
Lurst stat ic machiDe, cloud
ahamllers,  l ight ray tracer,
satel l i te 'scoDe, solar fur-
Dace. Single coDy, 50d

5 6 3  c o n t  "  i  n ,  o v e r  B  o
sclence Drojects including

i lepulsion coi l ,  satel l i t€ caE-
I era, tone generator, atmos-
i phelic aoltmeter, infrared
:t detecto!. Single copy, 75d
: l

S C I E N C E  a n d  M E C H A T { | C S ,  D e p t .  3 5 2
45O East Ohlo St. ,  Chicago t  1 '  l l l inoie

E n c l o s e d  l s  $ . . . . . . . . . .  P l e a s e  s e n d  o ! :

E All FM o! the llxperimenters fo! $2.50.
El lhe T\YO RADIO-TV ]lxDeriilente$ circled for $1.00,

55r 559 5c.2
D Both SCIENCE Expel inentcrs lor $1.00.

B The circ led issues at s ingle-copy pr ices:

551 559 562 557 563
N A M E  . .

lDDEEBA

C I T Y . . . .  . . . . . .  Z O ^ - 8 . , . . . . . .



ToNTHEsfl:
RADIO.nI EXPENIMENTEE

;; 7l.0lr,/90vert
(lP ^l(,.^:'"':"li':;t# :"T",T.:i,:

technicion, ossures you of more money, foster progress ond
greoicr success. This procticol step-by-step troining mokes

everything inferesting ond eosy, mokes leorning fun.

You don't hove lo leove home or quit your iob to leorn this

simple, eosy woy. A few hours of your spore lime eoch week

soon prepqres you for eorning while leorning ond loter for o

big-poy iob or profifoble business of your own in this fobulous,

fost-growing new industry.

3 new books contoin complete informotion. Describe the course

ond mony opporlunities in this fqntostic new field' Send for

your 3 free books todoy!

C.T.S.'s Complete Course!
C.T.S. training coyers eyery phase of lhis fasclnal'

ing new subiecf. You gef this comprehensive lrair

ing slarl ing wilh your first lesson. You learn Radar,

Sonar, Television, Radio and Electronics in C.T,S"s

Complete course. This broader knowledge and
greater understanding means more iobs and higher
pay lor you. Why be satis{ied with les:? You learn

lasler and befter with Christy Shop'Melhod Home

Training. lt giYes you all the training you need in

a clear, simple, easy-lo-undersiand way.

Big pay, interesling work, immediate succes:, awail

lhose thoroughly lrained in all branches of elec'

lronics. And the C.LS. Masler Shop-Mefhod Home

Training Course is the only complete course in

Radar, 5onar, Telavision, Radio and Electroniq.

I9 TRAINING
INSTRUMENTS

INCTUDED
ln a few months you learn what
uscd lo take years of hard work
lo marter, reach your goal
toonet and are betler prepared
lo maka maximum progrest.
Scnd for complete informalion
today!

CHRISTY TRADES SOHOOL
D.pt. T-3lI

32la W. Lowrence Ave.
Ghlcogo 25, lll.

I cHRrsrY TRADES ScHooL --
; oefi. fott, 3214 w. Lowrence Ave.. Chiccqo 25. lll.
I  Gent l€men:
I Fii"i i- l6l me, vithout cost 0r oblication, tvo FREE- L6s0ns and
I ih:,i- i i* 'c--oi"i i i iui i""teu b0ok tell i-nc all about th-e c.T.s. Master
I Sh-ro:-li*ii,a-x-i.ii'iiiinii'c coriisi tn fraoar, sonar, Telerisim, Radio

I i io-eiirciinnic;, inl ttre m;nv opportuniti€s this nev n€ld ofiem'



It|Br'tNtD

Runabout Plans 0nly $1.00
0et PlansCatalogFRET !

qenq u! a single dollar bill and we wtll send you
Craftprlnt No. 32 (size 21 x 33',) whlch gives detailed
clrawings and instructions for building Btzz. an \Ll
hydroplaning runabout (usual price of plans; 91,00),
PLUS our iuustrated catalog of 196 alo-it-yourseu
Craftprint plans (usual price, 20C),

Send your 91.00 for No. 32C to:
SC IENCE ond  MECHANICS,  Dep f .  248

450 Eost  Ohio St . ,  Chicogo l l ,  l t l inoi r

PARTIAI GONTENTS:

6hsftihg
ShiItiry CosB
ShieldB

SiItinB
Sisnrls
S lides
Sl inss

Spr inss
Startings

Swivels
St.iking

A B00K with
of Mechanical Movements,

, I f  you  uork  w i th  maeh jnery  o f  any  k ind ,  you  Inay  be
._a l lFd  uDon to  dev ise  or  improve some Job or  no t ion .  To
do th is ,  you  c i ther  have to  re ly  on  memory ,  exper ien .e  o r
ing€t ru i ty .  He le  in  th is  new book-THE ENcINEERS,
THESAURUS by  Herben Herk imer -vou w i l l  f ind  over
qOOO TDEAS and SUCCESTTONS lo r  acconrp l i sh inq  any
kind oI motion, force or workt It is a compilation of thi)
contrivances, pqrts, details, tools, machin€s, devices and
meanHev ised and deve loped by  coun( lebs  eng ineers ,  ma-
cnrnrs ls  a_no 'nventors  over  the  yeafs - to  e f lec t  any  mor ion
or  ras* .  rDe mater la l  has  been pa ins tak ing ly  assembled
anq .c rassrhedt  t ronr  many sources_research  books ,  engL
r^ reer ins  b rochurcs . -J 'a tenL dra$ ings ,  cara logs ,  e rc .  I r  i \ ,  i j y
ra r ,  rne  rd rges '  co l l?c r ron  ever  gn lhereu in  one book_and
t n e  o n r y  o n e  $ n i . h  s h o s s ,  s i d e  h y  s r d e ,  t h e  n ' a n y  d i t r e r e n t
means_ anu metnous  Io r  accompt ' ! l r ing  any  pad icu la r  rask !

f ,acn  rLem.  each devrce ,  ea .h  merhd is  i l l us ( ra (ed_
lhere  are  aOOO such i l lus l ra l ious-and each car r les  a  per .
t inen(  de .c r in ( ion  o f  i rs  makcuD and lunc t ion .  1HE EN-
q INEERS THESAURUS j "  a  n ronumenla l  work .  tL  i s
5 r 2 " r 8 1 2 ' : .  J a O  p a g e s ,  p r i n r e d  o n  c o a l e d  p a p e r r  

e r i *c lo tn -D ' )uno,

, " : : "1 . : l ' " "31  lGr i f f in  pubt ish inq  Co. ,  Dept .  n r - ro  S-s i i i s

i . " ' "p - ra" i i " i r -  131 
wcs t  47 th  s t . ,  New York  36 ,  N.  y .  

I
i u . t  o n e  m a y : q f l t d  ] n q  a  c o p y  o f  T s r :  - e N C r x e u R s , lsave You a  loc  ITHESAIJ I I I IS  hv  Hr;T ; ih;a Ja ;;h; ; ! ;;i;;U. 

"aJ 
;;,,i;.il B'.:'u'i 3'.*l!]llolr'"t l

;"ilj8li"i; l: ljj,.'",.^.^,*';1": *-nd ry_ol p*cet post.l
l;il e.oii:r 

" 
itr 

",BiS, F3iI,"i,.".;"#I".*r.n" erus 62ci

A copy bcloncq h evcry rcre,enuc ,*-J l l i l l | :L:Ti"i ioou*"" ... 
i

il1",i;""'i;1i.'tE,fJ:"l",1ii'.T,1llll,'J: ili,1f:Ji:ilt."'i9L*-.-.:-.-g"lg.+sst=s.j



R^IDIO.TV EXPERIMENTER

tUW ! IhrGrow-Hill's low-Cost Home Course Shows

At tASl.t Amazing fOW COSI-
o Cornplefe TV-Rodio lePoir
Course. TlttS ond SHOWS How to

do Every Job Quickfy ond
Etsily-Make GOOD /llONEY,
Full or Spore fime, in fhe
sOOrllrNG Repoir Susiness

fi$$i,5,'ffi gd*"]ffi | grt'*ffi ffinew 6-iolume Course, you "r'."o"i cover ANY job on.EVI

starteit right awayt This "l"FJl l-"!,: tl*:Ji""uit", I iuitomiiJ'iioq!rtry-iiq"p'n'g]:': S'$ .-, :":J .,
rii"gJvo-o uvudyrnrr.r_il,o"i :t."t!"r:,-.1:.y..-"9/"{i; lq.:*,",xi!+]lI: .:'.*::"* ffjfi :::J,J,
mJ"ll"n:1"1%""**#X;[:3* lTii"Tfl;ilitl:n".i* | a:r.lr'-.*-:yJr::Hff:..":'+',; ]r :::"i-,,:,'ij,:i
money-making ideas antt techn'iiiri; -'!Pt-:o, "!::.s:^tT^,"Y!- | *-*i',?il'Tii'jtl[i":"'oilii;i: Bir r'- i "' 'i -'' :

tl"f,Xj;a:"J:"iaa,*iia'*.t,6"; 
',\L:li how to 'et cue' 

IiF.:"r;"'.lHlt.tAt$t*i:.:i: 13 .,n ,,,,,.r ,:t ron ics  exper ts .  TWO
TROUBLESHOOTERSte l lexac t ly  AgeqndEducot ion  I  ARerc i r inc  Record  (honcer : -  I ' i
WI{ERE to besin. WHAT tools to No Borrier I l3f stip-uv--step plcturel and l.!W H E R E t o b e g i n , W H A T t o o l s t o  N o 8 o r r i e r  I  E r s t e p - b y - s t e p p l c t u r e s a n d  J r

uii-frxfJP,r,",'fJ"l,*T*.it ".*m*::*s*,f*;f** | *-{.lt33[;:!i:;f';f:"'i*:ll FFIX troubles the essa.uaa, "polish gysl 40 MTLLIoN Tv I iirriolrfiil"iiiiii"ii l,-iri.l'ii,i* |
ifl;?"31,i.'It+;fi#"n'?,S,d"#"1,""T l"*:'"t?9"*"t"L".LLo"T:?d*: I at 4!r:-!4i-.c^.."':: 9^:'.1$ Ii,"u.lr""f"Tit,n""*,?,:,f,i:di"""I?: ;,1*j*:i[:"*ru,i1":* I g";".iJgTf,$?ffi#js#iii I c o1c yoruil$
Hiii'1,fi",16"'lb'f-#t?bi1""* * i::;,ll;,!i:t".ll*n;l I fl*rii$I ""*"$'u"'+l"i* | 'ro'"'di',ll$'b1u'n,'

;;; ;";;;; bi'rfiiili! I rohn Merk6' I sho*s lreqto.oet
EARN Whire l -ouLedtn DUSTnSS. -

rHrs coupoN SAvEs You $l.0f"":i**i1!!lfJ"i:""?"'"1"i:",3# r"" clET.? itou$9$iL.,*" 1-@-1
-Coursevolumearesimpleenough pay shipping!) If you.don't agree I i lcGRAW.HlfL Book Co., Dept. RAD61 |
for besinners, amaze_"pros" with it qa.n get you _started in a money- ! 327 Wertltst S|-, New iork-36, N. Y. !

XR''*;"1ffi:--SlYI """""""*;$'#i,iic,;;F) !

-Uoursevolumsareaimpleenough pay ahlpplngl, lt yog-don't agree I i lcGRAW.HllL BoOk GO., Depl. RAD61 |
for besinners, amaze "pros" with it c-a-n get yo-u _started in a money- ! 927 Wertltst St, New iork-36, N. Y. I

nr:-*rqg'*ffii.9;* g$-T++3"*"tr:l,:*lf i mt+l*$*;:nt;$s$n*l'r'x+llfr imoney-atter JU hours (Or l*s) Of earn Wnrle yOU learn; and pay On I  and Cnanger $ervrcrng Uouse.- l r-oE4v,,*.u I

m3:xtt',"::ti'";i:1"**",.1"1T; ie":-t*i-.-!:*#ii"ilg?lr.^il8.iu, i iiT'{"$1,fft'";,il i{,'t"""?::"'"ii1'*}":,ld{ ijobs a "snap." 32? 1v. 4lst St., New York 36, N.Y. I $iip,'.,',il"lbin!!;isel'r'iiiiiurf?onr-s-e iirlo I

Frec|Vo|uobleRepohA|dr:Tv,RADto,,,",u,,4;;ffi;tn#ltffgar+**r-*;;u,'.;,l.l
ond TRANSIST0I Detect-o-s(opes lTotol Yolue $f.ool(ffe"'*nqqllf" J i;di:t;!G$?-'00-.'--------' I

6iiJii"r"o"riilbprrct-o-scops I ^.. 
t*e&serrurvrea'r' 

I
Charts.  TV and RADIO Scopes en- i  Aqoress""" '  " """" '  i
able vou to sDot tube troubles ln a I zone No' I
J i f iy . -CI I iCUIT anat  TRANSISTOR I  c l tv"" . " . . . . . " . . '  ( i f  anv)." 's lat€"""  I
Scopes spot clrcuit and tra,nslstor ! LI cHEcK-H-EiE lr vou prerer tq enclose lb.t I

i;:yl"':ii*'li f*-;:,':3:*."i;l ! ii{fi:*"*'"'1""eil'it'reio'J}i"i'1?3 ?it:F !
POUR (wortb $4.00) yourg FREE' L--- - - - - r r - r  r r {



New Guide Gives Terms,
Def in i r ions,  Formulos,
Ghoris ond Diogrolns. . .
A quick Gary way to put ncedod inlormation
at your t ingert ipr.  Examinq this New Pract ical
Dlst ionary of Electr ic i ty and Electronlcs FREE
lor l0 days at our r lsk.

THE ,WORKING VOCABUI.ARY YOU MUST
HAVE. Jom-packed with both staDdard elec-
t4c&l -t9rms. ald lhe latest developments tD
the neld, wrltten clearly aud simply tor besln-
ner aDd veteran al ike. TermB esent lal  lu TV.
Radlo, X-Ray, Radar, Automation and ali
lDdwtrlal eDDllcations are covered.

PAC|(ED WtH DESCRIPTIVE PICTURES. Scoreg
ol photos, dmwlDgs, sketcheB so clear you can't
gg-wrong. I le lp make terms l ike "ampl ldyne,"
"khes@pe," "dyuamotor" easy tograsD. Many
tables, clrarts, grapbs, most-used symbols.

SEND NO MONEY. JUST 9END NAllE. Ftll ln
ooupon below aud get The Pr&ctical DlctloBary
ol Electrlclty end Electronics lor FREE lodet
trlal exemlnatlon. Psy nothlng trow. P&y noth-
Ing to postman on dellvery.

AtEnlCtil IICHlll(Al SOCIETY, Depf.Uoz
t{t t. 5Erh Sfteet-Chitogo 37, lllinois

lf You Ke.p lt

Only$$95
others Cost up

to S20.00

fict|,0ts flfi0to|}x
Partial ConteBts:
.  Fotmulat

Eletrical
Eleclronics
Inductance
Capacitance

. Tables
Measurgmgnt
Letter Symbols
Color Coding

. Diagrams
. Graphical Symbols

Ai lERICAN TECHNICAL SOCIETY, Dopt.  Uoz
8|8 E,58lh gttoet,  Chlcaso 3?, l l l lnols
Slnd ms THE PRACTICAL DICTI0NARY 0F ELICTRICITY AND ILECTRot{tCS
lor to-day FREE EXAMlNATlot l .  l f  I  keep the book I  wi l l  send you $5.95 Dtus
$i0plng within l0 days,othei l iso, I  wi l l  return i t  and owe you nothins.
tilY l{AilE

TARM
TETEPHO]IE
CABIIIETS

Slightly used craDk style CABINETS
(once used everwhere) lor Ilome

Hobby Shops. Cohlrlete wil.h tlaas-
mitter, aeceiver, bells. crank atrd
shelf  (Less Generetor).  Ha6 al l  ot
the outlide part3. Make beautiful.
unique Radlo Cabinets, Liquor
Chests, Slrice Cabinets, Flower
Plantera, etc.  Immediate del iver ies
ssued. S7.OO, F.O.B. Chicago.

T E T E P H O N E S
TALK

ROOM TO ROOM
to the house across the
roed, etc. Enjoy you!
own private telephone
Eystem!
R e c o n d i t i o n e d  c r a d l e
phones Guaranteedl

o,.? l3loo $3.0J.
We can supply every-
lbrng you need.

WRITE FOR ILLUSTRATED BULLETIN BB.5

lllCROPHOllE, Dept. BB-5, 'ii%lh ?# fi,:

RADIO-TV ETPENIMENTER

SO gASy ,7rS SltOCKfi i lG. tF

. . . SAYE MONEY! rr-vgu or4er two or more crqtt
r.egutsr pflce or.erch prlnr. ,n"3,"tfrtf'r#js;'rt r3ldu"tj,i# #i?Enree prtn-ts, ?sC, etc. Use handy coupon below. SaflststtoDguaranteed or money back.

I I I I T I I I I I T I I I I I I I I

SCIENCE qnd MECHANIGS, Dept. 2ae
450 Eqst Ohio S+,. Chicogo ll. l l l inols

Enclosed is $.--. Please send me lhe circled plans.

These plans are 91.00 each

l9t 227 258 254 265

These plans are $1.50 each

243

NAME

ctTY & zoN

STATE._-----

fl Her-e'a 2Od. -Plea3e sdd me your lllustr.ted cstrtog of 196
LJ craft prlil Dlanr.



RADIO-TV EXPERIMENTEN

LET R,CA TR,AIN YOII
IN ELECTRONICS
RCA Institutes, one ol the world's largest electrontc
technical schools, offers a Home Stud,y Course xn . . .

ELECTRONICS FOR AUTOMATION
". . Now you have lour comptehensive courses for your
electronic training. . . from basic electronic theory to the more
advanced principles of color TV and Automation.

Send for our
64 page Home
Study Catalog

FREE!
R€SIDENT SCHOOI ofrerr T..h-

ni.ol lnstitute ond Vocolionol

Schol Courses in Electronicr. Doy

ond Evcning clo3ser ston 4 timct

coch y.or. Resident School Cota-

lo9 sent ftoe on r€qu.st

Practical work with the very first lesson. Pay-as-you-learn.
You need pay for only one study group at a time.

RCA INSTITUTEST InC. Hone study schoot,oept. Rx-so
A Service of Rodio Corporot ion of Ameriao

350 West Fourlh SfreeL New York 14, N. Y.
Without obligotion, rend me the FREE coiolog o, Hom6 Study Courtol No
rlermon wi l l  col l .

N o n c , . .  . . . A g c . . , . . . . . . . . . . . . .

Addrc$ . , .

C i r y  . . . , . . . , .  , z o n . . . .  . . S t o t . . , .

Vai{qnlr Entor ditchorgo dolr .

CANADIANS - lolc odvqntog. of the.. .oma RCA cos,tca ot nc
odditionol cort. No porrog.. no .c!lomr, no deloy. tcnd .oupcn lo:

RCA Victor Company, Ltd.,  5581 Royalmount Ave.,  Montreal 9,  Quebec
To roye time, posls cgupon oo potlco.d
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B E C O M E  A

Hffi
* HOW TO BECOME A RADIO A|'IA?EUR

* THE RADIO AMATEUR'S IICENSE MANUAL

* LEARNING THE RADIOTETEGRAPH CODE

* OPERATING AN AMATEUR RADIO STATION

o'+ir $1.50 *, AIr Four
I Porrpoia Booklets

All you need to know to get your fiam license is con-
loined in these four booklets, writlen by smoleurs,
for  omoteurs,  ond publ ished by lhe omoteurs '  own
orgonizoi ion.  Eosy lo underslond,  yet  thorough, these
ARRL publicolions ore iruly your GATEWAY TO
AMATEUR RADIO.

tilERl0Atl RADIO RETAY IEAGUE, lnc.
Wetl Hqrlford 7, Conneclicut

t - - r - - - r - r - - -

Nome. . . . . . . . . . . . . . . | . | . . . . . . . . . . . . . . . . . . . . . . . f

L - - - - - E r r i  . g f t : l

I ] l  2oo'ooo VOLTS. This model shown
-t at  ]€f i )  is 1?" hish and has a 6%,, diam-
Itl €te! spheroidal chalge collector. 

-ODerstes

I [  o n  I l 0  r o l t  A C .  F u l l ]  a s s e m b l e d ,  p o s i p a l d

I l  S 3 . 9 . . 5 O :  l i i t  r o r m  $ 2 4 . 5 0 .  t l t n e r
-t  models to 1,000,000 V.

- l  Vacuum Equipment,  I lech. pumps for pr€s-
It sule }ange I Atmosphere dowtr to 150 f,Ii-

E sigt',?"3.2i*9'"?l'H:19fr ?li8i'fft8l;i;
-  $ 2 5 . O O .  J l c l c o c i  s a u g e s  f o r  r a n s e  i
-  Micron to 1000 Nicrons tS |  4.OO.-
I High Vacuum Equipment

. r l re  r in r i r  ' . ^oh t ly  lh is  f ie ld  was Dr iced  ou t  o f. . !  : i r : ! ] m  : - ' ' _ _ _ - " '' '  . .  .+ j iw  thc  a le rasp  exper impnter 's  rcach.  We ha\o
ri ::::::.,i:.i$W. :l;-;^-;;i"l, , , , , .  , , , ,  , h p  S  I  O . O O  m e c h a n i a l  p u m D ,

i j , l i i : ], 
" iTt S.|.4.OO. rtcl.md sause ald .$ | 6.00

ffi ', .i Si'Trt'13i"'l'k-JJif'"*!,'"lJ,jlo;.l',,'"'#?f"i::;
@i:: : . r i l  rhan sFo.oo i f  you fol low the direc-f f i t  : ; : - : - v
ff i  r lon5 ln olrr booklets. I laking A vacuum
Wr, .,, l  lYT9 ,f 'rgnl i . r 'sed Ref risemror lom-
IwwHI:: :.. , presJor" $2.OO. (t 'omprr'sjorr alallable,; i;"H-l*** r :rr Etr u"u, fi }:{tii" E x p e r i m e n t s  i n  H i g h  V a c u u m . ,  g  | , O O ,qescrloes I  numDer or e:periments that can be performed only ln hiqh

vacuum, Included are direr l ions for maklng raLl iometers, 'gas di"s:
chorge tubes, evaporated ulms. and simole .xnerimenrs " i , .h- ; - ; . -

rof  rnaKlng radlomeIeIs,  gas dis-
chorge tubes, evaporated ulms. and simple FxperimenB "uci  asi i -
t lmathg tbe eass of the electron. Alsr low pr iced Stroboscope_
lt€lescopes-Components for all equipmetrt eenlioned above. jCna
for Free Catalocue.

Elecfrosfqfic
Generqfors

(Yan de craaff  Type)

SOO,OOO VOLTS. Tlr is model sval l -
able in ki t  form is ov€r 3 feet tal l  and has
a 1i"  diameter spherical  charge rol lector.
I i l t  i n c l u , i e s  l i "  h e m i s p h e r e s ,  p l a s t i c  r u b r ,
pul leys, bearings, bel t .  f tame. and ags€e-
bIy direct ions.

g3 LsO PostDaid

MORRIS & LEE, 294 Elm, Buffato 3, N. y.
1 Ou ls ide  U.  5 .  and Canada,  add 91 .00  fo r  every  12  issues l
l r r r r r - r r r r r r r r r r r r l

RADIO-TV EXPERIMENTER

The ilogozine Thct Shows You How

'  l f  you're o mqn (or womon) inlerested
in news of science . . .

. l f you're s workshop or olher hobby
q f i c i o n q d o . . .

. l f you're o do-it-yourselfer (by choice
o r o f h e r w i s e ) . . .

. l f you're oll or ony of fhese, yourll
wont to subscribe now to Science snd
/Vlechqnics. Alwoys o leoder in its field,
5&M (now q Dovis Publicqtion) is ber-
fer, ond bigger lhon ever.

. The S&l\{ Features section regularly contains
one or more car performance test reports, new
product information of interest to every house-
holder or hobbyist, and entertaining, authorita-
tive writeups of everything new and exciting
under the sun from space satellites to talking
goif balls, radar to rat traps, jet aircraft to
self-sealing rivets.

. The S&M How-to-Do-It section has-every
issue-boat-building plans, home improvement
and workshop projects, electrical and electron-
ic projects, and articles on hobby-craft, auto
maintenance, patents, and inventions. You're
told and shown how to do it the quickest, easi-
est, thriftiest rvay, because S&M's how-to-do-it
articles are written by craftsmen who have
done and, built the things they write about.

For your convenience, a handy coupon is at-
tached.

\ r r r r l I I t I I - I I r I r r r l

I Science ond Mechonics, Dept, 622 I
1450 Eost  Ohio St . ,  Chicogo l l ,  l l l .  r

i 
Pleose enter my subscripiion for: 

i
| ! 12 issues, $4.fl) f 24 issues,97.00 [ 36 issues, $10.00 I
| ! (osh enrlosed ! Plecse bill me I
t . . . . . _  I
I  N A M E  

I
- l

I 4 9 p p g g 5  
' ' ' - " ' -  '  " " '  

,
I
I clTY I

-ZONE-STATE-- I

I

I
I

.



RADIO.TV EXPERIMENTER

. How lo test sll electricolleokoge o How lo lest s

l 3

Superior'

Superior's New Model TO UTILITY TESTER@

rOR NEPANIrc Atl EtECTRrcT[ MPINilCES
f f i  e,nd ful0t i lOBllE CIRCUIIS

As on efeclricsl nouble shooter the Model 7O:
. Will test Tooslers, lrons, Broilers, leoting Pods, Clocks, Fons, Vccuum Cleoners'

Refrigerqtors, [qmps, Fluorescent3, Switchee, Ttermoslols' elc'
. i irJit""i"t A.t. qnd o'C' vJtr-"s;' h.C. ona o'c' currenl, Resistqnces' Leqkqge:' etc'

i*l,n:*g;"ru:l''*itllililx**,*f,*T@."-n"od*i*i'*ifi *"ffi:iff i
iesistqnce. commonly used in electricql opplionces, totoJ!;o"5;., 

to 5 megohmso teokoge detecling circuit wil l indicote continuity from
(5,000,000 ohms).

As an Aulomotive fesler the Model 7O will tes]:
r Both 6 Volt qnd 12 Volt Storoge Botteries o Generolots o slqrlers o Distribulors

r ignition Coils . Regulqtors . RJloys o Circuit Breokers--o Cigorelle Lighters o-Stop

l igh- ts  c  Condensers  o  D i rec l ionot3 igno lSys tems o  A l l tqmPsqndBulbs^r  Fuses

o ieEting Syslems o Horns o Also wiit locoie poor grounds, breoks in wiring' poor

conn€clions, ctc.

s New Model
'8tE 

Atrruly do- l1-you rse lf rY Pe

TUBE TESTER
TEST ANY TUBE IN IO SECONDS FLAT!

Iserl lt lnto a Dun'
b€rcit sockel as ileslg'
nat€al otr our chart
(over  600 tyDes lD '
clualeit).

o*i*i",.":}lTfnx"t 6 @,"in',*nthc 
suar'

THAT'S AlL! necd emission quolily direcl on bod'good metet sco'e'

N0 ltt0NEY- -

trt ctt cf lb. cbov.
l n r t a u d a r l l  f c t  l 0
drtt bcfo.. Yoe buy'
lf.cnDletclt r.tbflcd

!!9! rGnd down PoY.
franl ond tl, bolonco
.t indicbfcd cn acupon.

Sr| 'mtg! ! " - :9
Cfrorg . r  Add.d !  I t  no l

a a 6 ! l c t r l t  3 a l i s l i c d

rclutn unil to ua, nC

c:tlco!flan n$ctrery.

F F -  
- - - - - -  - - 1

I  Moss EtEcrRoNlc. lNc. -- r
t 

'J""i. 
o"tt itir t"nrr a'"., New York 34, N' Y' Nme " -"'-'--- |

ilmnmt"ns":BiH,lll'dl%1-",XJ-lerxli:-Ji&ie-"T Add'�es ""."--' - I
with no lnterest o, nn"t-"e "to,giitiaiii"6trieiwtse' . I
i iuireii i i i ,  i i tter.a 10 d&y trtal posltivelv cancelung City........ . . Zone ...€tate.....-
iri'iiiriLer ijtteitton. "'" 

;ii;;r"*;;i. ro.s, N.v.c. I

/ ittCtUOgO FREE fl;r 64.page boo&-prooicolly o condensed course in electricity, leatn bv daing.

\ Just reod the lollowing pstrisl t ist opplionces ond molors using o sim- Only
lri- l '""r"-tri, Whqt is i ldcrricitv? o plif ied trouble'shoofing technique' 

i lodel 70 ccS impl i f ied  vers ion  o f  Ohms lqw '

*i'f,l&#ilJ'itirrtllp,1,! ;,Li-.1,".,1i,:.".:1j"1,"",,T ll""",l;;: zi,:I#f ,!ii$l585volloge, c.urrenl, ..esislqnce.ond ii irUit"i l-, iJirri l i .

FEAIURES:

WTil ORDER-NO C.O.D.

I o ,*r*'*?rtr,i;' ';o' i';frltt'iilt? sil83 t 
#H'ilf"**'*' 

''i';I'l'$"TI11"" s33:38 
I

I iuonthlv for 3 months' 
E rnclude Modet 82A picture Tube Adaeier at $5.5:J

L - - -  - - - - - -  i - - - - -
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COIhPIETE SERVICT
. . . wrillen so you cq,n

rRAt t  I  t c
understand it!

OnlY $17
for lhc completc
2.voluns coune

fil any It| or Radio
EASIER- BEttER - FASTER I

$" g*plle!"-a tleory or mathematics! I'hese tamous chirardi
p99tf  gS! r lght dom to brass racks in " t"wi. i . - -"o t i i r* ' i "randle _all types of AM, -FM and fi se;ic; N;;E t6" .o'ir-..i""aprof.alor.t metho-ds, Almost _lb0O pus.i-al.I ;i,J"" Sdd "'f"."rllurtrationa rhgw l-ro1v to handle eyery phase of troubleshootingand aewicing. Each book is co_author;d'bt A. ;. bhi"-;;i';"h;.huuals have helped-tnin more servicemei tnao "nv-ott.i [oJ[.oI couses of their kiadt

l-Rndio and Television Reeiver
TROUB]ISIIOOTIIIG IilD RTPAIR

.-4_9l"Dlgt gulde to profltable professional methods. For the

ii_3:i'":1i1"'i.-?.:fr ",Ti:11i"1'T;Tj1?qef ff $,l.s.jl,"S;1"",A;
l""Hi,l?.i?Hl:3'�#3;,J;1.*f*ii'""r'.Ts."li,iffl *:1";l;y_.,1:ie
ud "$i:"":il? i,ll*?"ll'#" : lgi" tnff . 6B i" o,. r"" i- J " *l'Ji"-

2-Rldio ond lelevision Receiver
CIRCUITRY ATD OPERAIIOII

dH:i.:l*p*-".iJiHr;'#l;lgiila'$f "'".t""1T#.*"ji"t+s
receivers " t ick" and why. Cives a 

-co;t ieG 
; ;-J; ; ; i " ; ; ' i ; ' . i

basic circui ts and circui t  vdiat ions; how to -recognize them_at 'a
Slece; bow to el iminate cuess\
iciog trem. {r? illus. p.:." "$"ulX,Hf 

lsel"* testias iE sew'

Speciol low prire . . . lou srye $2.00
.- It brcken lnb lesEons and sentE@-lwo.sreat books as a o*.","to,,"o$'id6 3"';i""",:i""' 

vou'd resard

*":1"3:o3!1X"#"X","t |:$tl5g"l"'h 
books ror onlt gr? oo . vou

you u;e them! Nij td;nfii-io'liirlr8il'1".,1'r33i{ i::fljTf'liltl!',.

l  - - -STUDY l0 DAYS IREE!- --z

I *g'*giliiL:+ fitlitfl'""1,*'nsroN, ,xc., 
I

I 4"t"iu*?ir'5i,n:"?"x-rr9'";*3il" $PE ExAMrNArroN' rn 10 |
r Dexs rsrpard and owe you "iu,iilit"': 

.-oi; 
a'";;;';' ;:i"H I

I  O E44io _& fr  Receiver TROUBLESHOOTTNG & REPATR (hice Ir  $lO.OO separately)
I  I  maio & Tv ctRcurTRy & opERATtON rhice $9.oo) I

I fl :iTi"+S"$r.t36. %?Xot1.sf"'|c coMBrNArroN orr:n I
- p!!e or o!!v-qri.oo r.,.n" ,J"1.",fi!&Ii."b'S.P"T{"'BLeo:"|,! I
I #l"Tii.lig3*.T3"f"11. i:#* or s"e tiuiboiu-eJa-rL; id I
r uur the tokl of gr?.oo nr" *""fT"P"? 

a monlh foi 3 monlhs I
r SAYEI Send cash wlth order and we pay postage. Sare I
I 

Etrn prtvttete wtth rey prompdy .iiinb.a.---- 
--"'- 

;
I  

N a m c  "  "  ' .  . . . . ' . . . . ' . . . . .  
I

I  ^ d d r . r  , .  , . . . , . . . , . . . , .  
I

I  c i t v ' . z o e  _ s b t e  . . . . . . . . . . . . .  r

i",#ffi ,f i:.lsyri##"tt',f\3ifi:#1,s;*,y#,,t,,1::"i,"!;i
I I I I I I I I I I I I I I I I I I I

Everil|ade

NADIO.TV EXPEBIMENTER

.iiil#i'iiii*

Buying q lVew or Used Car?
Prolecf Yourself
wifh o Checklist
l\{ake sure you know what
you're get t ing-and what
y o u ' r e  p a y i n g - c o m p a r e
deals, break down optional
equipment costs, new and
used car charges and financ-
ing terms with the Car Buy-
er's Checklist. A packet of
8 four-page, money-saving
Checklists for 91.00.

-  SCIEI ICE AND i IECHANTCS
455555O E6t Ohlo St. Dept.7t4 ahtcaso tt, i l t.

il{::iiqblil.$Tl="x11','$!f lii'i'fu iir?l?"'ll'lri"ili%'/ i, "',1"r,iJ.",{ i:j #1?'flim*#.f 'f_, 
t lfr *?J,l!:#t'"'j$t#_.rr";

_ .  -

t : :  = _ � : =-  
i : : - .  : : :

::-;-- :::
= - r :  = = =

WiIh l{EW PATEI{T SATES AGREEMETT
IigyVou can sell your patent and be SURE you ar€ Dm-tecting your interests 100 percent. preparea -'Ui "tie
Dean of a leading law scho6l, this S&M'puteni"Surii
99_ltll"! will help you protect yoursetf anO-mitelu*ii

ffiH f il.* 
"+filt'Jo""$i3:ks^no deta'' xot e bl&nk'

gur*t-*i*ui:t3r;!"1 $;g o,r $l00
Agreemenr .  t  

a -
SOLD EXCLUSIVELY BY 

-

SGIENCE & MECHANICS MAG'IZITE
!fO_:g:t Ohio Street. DepL 4t91 Chlcogc ll. ll[;b
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BEITIR...moRE (0mPLEIE...LowtR (0sT.. i
WITH NATIONAI. s(HOOIs SHOP.MEIHOD

HOMT TRAINING !

BADIO-nI EXPERIMENTEB

to investigate I

Gfi Tlll B:xltlls ot ouR oYER
50 YEARS TXPERIEIICT

t5

NOtl/!
el e Pttce

NAI IOT{AI  S(HOOTS SHOP.METHOD HOME
IRAl t l lNG,  w i th  newly  added. lessons
and equ ipment .  t ra rns  )ou  ln  )our
spare rimi at home, Jor- these unlim'
i t e d  o D D o r t u n r t t c S ,  I n c l u d l n g  m a n y
techn i ia i  iobs  lead ing  to  supen isory
positions.

YOU TEARI I  BY EUI tDIXG EQUIPIT IEI {T  WI IH
( l IS  AND PARTS wE sEt {D YoU.  Your
N a t i o n a l  S c h o o l s  c o u r s e  i n c l u d c s
i h o r o u e h  P r a c l  i c a l  t r a i n i n g - Y O U
fEARN BY Do lNCl  wc  scnd ;ou
comole te  s tandard  equ ipment  o f  p ro '
fess ibna l  qua l i t y - fo r  bu i ld ing- 'a r ious
ixper imcn ia l  and rcs t  -un i rs .  You ad-
uahce sc"p by stcp, perform more thrn
1 0 0  e x p i r i r i r e n i s ,  a n d  Y o u  b u i l d  a
comoleic TV set from the ground uP'
rha t ' i s  vours  to  keep!  A  b ig '  new TV
o ic tu re ' tube is  inc ludcd a t  no  cx t ra
iharge.
EARII AS You LEARN. We'l l shoq' ]ou
how to earn €xtra money right from
the s ta r r .  Many o f  our  s rudcnrs  PaY
for  rhe i r  cour ie -and morc-$h i le

>

ffiORE (OfilPltft'..You learn ALL PHASES of
T el eti sion'Rad io'El ecrronics '

t0WtR (OtT.'. Orher schools make sevcral c

BI IT IR, , .T ra in ins  tha t  i s  p rored  rnd  tcs ted
in  Rcr id -en t  Schoo l  shoP '  , lnd
labora tor ies .  b1  a  Schoo l  tha t  i s
the  OLDEST ind  LARGEST o f
i t s  k ind  in  thc  sor ld '

Orher schools make sevcral courscs
out  o f  rhc  mrrc r ia l  in  our  ONE
I\{ASi'En to0nSr . . . and vou I
Dav mote  fo r  less  t r r in ing  than
yoir get i, l  out (outse rt ONE ***
LOW TUITION:

TOP PAY... UillIMIilD OPPORTU}IIflES
TITEIIME SICURITY CAII BE YOURS!

You are needed in the Television, Radio, and Electronics industry !

i;r;e technicians are in grosjing demand at excelle-nt P.aY- iq

ai i  FgaSfS, inc luding Ser i ic ing,  Manufactur ing,  Broadcast ing and

Communications, Automation, Radar"Government Missile Proiects

LE'sONS AND I t { ' IRU(TIOX MATERIAI  ARE
U P . I O . D A I E ,  P R A C T I ( A I ,  I I I T E R E S I  I I { G .
lveri Natibnal Schools Shop'Mcrhod
lcsson is  madc er :1  ro  undcr -s t . tnd  by
n u m e r o u t  i l l u : t r r t i o n s  J n d  d ! . t t r d m s .
A l l  ins t ruc t ion  mater ia l  has  bcen de '
ie toocd and res tcd  in  our  os 'n  Rcs i '
den i  Schoo l  Shops,  Labora tor ics  and
Studios.
SEt lo  tOR INFORMAI IoN ToDAY .  .  i (  c in
meao the  d i f ie rence be t *cen SUCCESS
and fa i lu re  fo r  you  !  Send fo r  Your
F I { E E  B O O K  

" Y o u r  I u t u r e  t n
T e l e v i s i o n - R a d i o - E l e c t r o n  i c s "  a n d
FREI  Sample  Lesson '  Do i t  TODAY'
white you- arc rhinking about 1'our
fu t r re , ' I t  doesn ' t  cos t  1ou an l th ing

Y^a qil...
o 19 Bis Xits-YOURS TO KEEP!
.  Fr iend ly . lns t ruc t ion  and Gu idanc€
. lob Placement Service
. unlimited Consullation
. DiDloma-Recognized by IndustrY
. EVERYTHIilG YOU TIEED fOR

succEss!
SHOP.METHOD HOME TRAINING
COVERS ALL PHASES OF INDUSTRY

1.. Telerision, including Color TV
2. Radio AM & FM
3. Electronics for Guided Missiles
4. Sound Recording and Hi'Fidelity
5. FCC License
6. Automation and Computers
7. Radar & Micro-Waves

Trtrr'
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POWERFUL IIETT INVETITI(IN, ()iIIY 2' I(ING
SHO(}TS THRU IOO I
PAGES.THIS B00K! r

OSTATIC GENERATORS

y-opr'B_B_$hof and fire against this magazine. Notice that it
drives BB's through more than_t00 pigei. ttrbultiL', i ir ' j ;
Iong x l ' l  in diameter. this pocket-si2e-device hals amaiinspower and accuracy. Use it for targets. pests and huntingi
Scientif ically designed for high poiler, operating ease an?
saietv.

FREE!Sl"'iif Ff#,;;,"-HEg1.'l;'Juf ,13_";f f J;'"f i:Ipenser^. all for only sl.go ppd. 3 loi Ss,oo 
-ppa.-Ivtoiiiv

EacE Guarantee, Not sotd to N. y. c. residenLs';i ;G;GEack -cuar!}4tee. Not sold to N.-V. C. resid;;ts-;i m];;r;.GRAYS0N PR0p., tNC., 0epr. 8.12,210rim livi., n J. iii,'ii.i.

Effilr-.tLt:'EE
irOW-3 Models-t50,000
250,000 qnd 400,000 yO[fS

Bulld you om Laboratory Model electrostatic
generab descr ibed tn  Sc ience & Mshan ics .
rnese qenera tors  have be€n sc ien( i f f ca t ty
bs ted  and produ.e  charEes up  to  l5O,OOO,
2 5 O . O O O .  o r  4 O O . O O O  v o t l s  d e p e n d i n g  o n  r h e
xr r .  More  power fu l  than un i ts  many i tmes
la rger .  t tea l  fo r  Schoots .  Labora@r iea ,  phys-
lcs and ScieDce prcjects and aU experimental
puposes using static electricity. Usd by
many leading companies and coileges,
K l t ,  comple te  and ready  fo r  easy  assembly ,
a l I  p i l t s  ma.h ined and dr i l ted .  Inc ludes  base,
@lumn.  sphere .  motor ,  puneys ,  be l t  and a i i
e rec l r rca t  par ts  and hardware .  (For  in foma-
t ron  ,on-4OO.OOO vot !  k i r .  wr i te  fo r  c i rcu tar . l
r5 -g ,9gO vg l t  k tL$22.9b  pos tpa id .  250,ooo
vo l t  k i r$32.95  pos tpa ld ,  Send U.  S .  pos ta l
Money Order  o r  check .  p tease,  No COD.s .

FOREST PRODUCTS. I I IC,
Dqf. RT4 l3l porfland Sheet

Powerlul coDtlnual
thrust for models:
boats, cars, planes.b_oats, cars, planes. -----------l- -

i-L:ilil: "ff H;,"1i:"#,::': . :y. :: ::: .i:":i. $ t,o 0
po$liEfr F r.iL""E fE'dThTi Et i dHXTo n
O.nera tes  Up To 1OO Vot ts ,  I
Ue to  qenerde e lec t r i c i t v .
t o  r i n g  b e l l s ,  l i g h t  u p  l i s h t s ,  ,
a6  a  mdica l  ba t te rv .  de t iver  :
te r r r f i c  e lec t r i c  shock  a3  joke .
many e lec t r ia l  exper iments ,

{flatP_"AtlNID
TAP

lfordwsre Jobbers aad Oeolets 
V..A11

Top-A-line Mfg. Co. 
--

GGt U. S. Gov't tS2O,OOt Whtle ttey Last Onty g3,95

P. O. Box 553
Pompono Beoch. t lc.

Gasoline!

LINE
Elecrricify

NADTO-TV EXPERIMENTEN

THE I95O EDITION
Everyone interested in uving money on his car.s running
costs wril want a copy of Car Repair Eandbooh. In it, lg
easy-to-follow servicing articles show you how to do it your_
selt-tune up the engine, service the distriburor, f ix a balky
choke. repair faulty brakes, etc. In addition, there are ri-
:,n,'T 

t::1 rep.orts on rhe Big 3 compacts, the Italian Fiat,
the t nglish Hil lman, and the diesel Mercedes_Benz. pLUS
a oetarled, tear-out blueprint for a paking_lot speed cart.
ror. your_copy send 75f for Handbook No. 566 to Sri?zre
and Mechailics, Dcpt. 349, 450 E. Ohio St., Chicago 11.

SEND TODAY
F O R  Y O U R  C O P Y

Toys qnd Gqmes
You Con Mqke

a..If the high cost oI giving is Eetting you down,get-q copy oI ?oys ond Gc-mes ?ou io;-M;i":;
Dooa-conrcintngi delciled plcns cnd buildinc in_s_Eucuons tor over 80 diflerent toys, gdmes cnd ilav-things. Idect lor gitrs ro cUitdien'_cfriiail" iiri"
rwo to rwenty-lbe conslrucuon proiecls in this book
wul . sqve you money while you enioy youraelt
m_qarng thrl6m. 'l oys and Games you Cqi Mdke
{No._556) is cvcilcble in c deluxe, i"qE.t"p""i"j
hcrdbound edition lor your shop reteirince ifurcrv
trom Dept. 5I2. SCIENCE AND MECHANICS, eSO
Ecst Ohio Streer. Chiccgo ll, nlinois. $tJt5. 

- ---

IHE HANOIEST THING

rRom 6 rNcHEs
IO tO fEEI IONG

in lomp or oppl ionce sfores -
provides multiple tops from o single

power source. Sqfe - conceoled conduclors -
l igh-f-posi l ive conlqcls -  eosy to instol l  in ony posit ion.

Sold by Clecrr icot,  Ele.rrohic ond

The
Hcrndiest

Thing
Since



RADIO.TV EXPERIMENTEN

'zff'
I to [nowledge ol Radlo llecessatY

* School Inquiries Invited

* Sold ln 19 Gounit ies

SERVICINg

#siilF.ufiffi
tr*{**$*{:H*;1*+i**i

MILD 20 RADIO
CIRGUITS AT HOME

with the
PROGRESSIYE

l{ow Includes
*  T 2  R E C E I V E R S

t SJlfl;Yt'."iEio'o"
* srctral TRAcER
*  A M P L I F I E R
+ s rcn l t  l xJEcroR
* coor osclLLAtoR

prunreo clRculrRY

- 'ftig#;
Thls  revo lu t loErY f tw  rwnnr

.:iii. ' i i,ii i i iti6 i3 now b*onrns
;:;;"t-';;;;;tciat radio and. Tv eets'
""f,';'.i;i;;'6i."ult ts a speclal lnsu'

trlh*:il+;irlrl,"i:t'i'inii':it'";lilii
t" 

l?illtffE*"l.rv ls the basis ol mod'
J',i;i;;;ii; 'fieetronlcs. A knowl-

i:l;" "*"-: "'*r.:J3"" ffi ""fiJ:il:3fJ

* llo Additional Paris or Tools Needed

* EXCELLEIIT BACKGROUIID FOR TY

n send ,,Edu.Kit,, postpaid. I enclose futl pavment of $26'95'

E i i i i  , , i i "- i ip b.o.o. I  vi l l  Dav $26.e5 elus p.staro'.- . . . .

E i.io t.-inee additional information doscribinc "Edu'Klt"'

PROGRESSIYE' 'EDU.KITS' '  INC.

I 1186 Broodwov' Dept' 507NN' Hewletl' n' 
I-----iL- - - - - -

FREE EXTRAS
@

VOU OON'T HAVE TO SPEND _.
HUNDRE;t OF DOLTARS FOR 4 !4!lo couRsE

rdck-bo t tom Pr ice .  our  Kr t  rs  des

tn'1,::t, j:":L j" s:Ji:, Tf."il"' g
Yoi r  wr l t  learn  how to  bur rd .  ra r

in  a  t ro fess iona l  manner i  how to  !
pullched metar .cias 

"*1"-, y.ili, ::, Ji:tft"-ir:*l'iFi;i:i*i{:ii'n'ii:!::i.ti1e:l{fl:fr''.l",:ftlii"'ir.ixiir'*'+,*it
i&;tktlii*ff$l*l*:ti*i::ti""'"'.x{fr*a3fi:iF{'"".":'*t"i:mr.;*:k;""'wi"".
''"9:'""'i''ii'J::l;;'tliining ro'.tn'-1"r'l-'-',.T^'-'h+i'-':l-iLl-'9'J.iill"cw*" cenerator' u@e

;Hfrt
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Englewood Cti f ts,  N. J.

HOW-Get this expert SELF-TRAIIilNG in

RADIO SERVICING
by ABRAHAM MARCUS

r l - - - - -  - - - - - - - - 1
I  PRENTTCE-HALL, l rc. ,  Dept.5Z4Z_XI ;

L______ j '- 
_:. ::": l: ' : :::

ff 1,1*-r",ry;!;+iJf.-$il""r{il,i."#s,tifu "u:r
Address .

C i t y  . . .v r u J  . . .  . . . . . S t a t e .
(  )  SAVE!  S€nd $? .95  MTrr  Co i lpoN*95 1\ ITH COUPON{e pry no.tog.,  I

_ _ _ _ _ _ J

,st-][_[ul|_ItB:S__0|l.|_D-E_
i ;g+::l ;"': trt*::l ,'; ,],*i 

- - 
l

g1ft$*fil;s$inqffisri.l'l:".'"*�ill;jffi iN A M E  . .
ADDRESS

c r T Y  . . . , . . . . . . .  z o N E . . . . . . . .
STATE . . .

F",,.i$"t' rij,Tiiii* tpj",;d lirii,t*\# ; ti" ;H;r'

WHERE 7() FIND

t- _ : : _ _ :'1"::"j _TT _ _ _ _ _l

BADIO.TV EXPERIMENTER

ensationalClearance !

EACH

LIMITED QUANTITY HOW.TO-DO.ITS
5-:"S'" 1 Clearance Sale with a capital S for savinss!While they tasr, the fotrowins SOC rro*_t6_a-o_iilrii.?"-
books are beins ofiered at ju-st 3'3f "i"n- i-siiiy"'rl-
duction. For 92.00 you can get all seven_arii'"ave
$r.Ju, a savlngs ot over 40qal So ACT NOW!
s26 CRAFTWORT( Vot.  3

i:"*eF",l1_*lfli, jj]" j""';,?,'"?'1,?*l#*loil,fl?ult*;*Ll.';rr**""":,.l,gi*,;,:TS:lk{{-i#d"ih3?.it*,yJf ;
5-2A PHOTO GRAFTSMA,{
Ho_w_ to make your own photographic
.guns, boom ljght, enlarsers. Lrmef sruli:,in[lrl#"li:*J't'''?il?i:'3t'""11?iliff l-$?31:
52O SPORTS CRAFT
How to  se lec t ,  make.  imDr(

!i.*srutL;ig""i "i;1 T"ii. :ff ii# 3l ilio l""i,l o8iii
5 3 3  M O D E L  C R A F T  H A N D B O O K

$"ftJlu" -, iri l[ri:]"tr*r#$ ffi -"ffi i;,ii" "ti
541 CRAFTWORK Vo l ,  4

iii#il�:'J**txFr"ls*{:.i,.r".,x,""*,P"",'Jfi i",?t$
s42 H9ME ELECTRICAL HANDBOOK

|ii$j"*'t"i, L"ffl i*,'{'"f}} J,t"?Si "; ",i,X,!lEi "Bti",ffd
543 SPORTSMAN'S HANDBOOK
How to repair sports
f r a n s  t o r  h u n t i n s . r .

rrs equipment, make ne
C I o S s b o w -  a o r a b l a b a a  h ,l:tt'*',"*,li;hlT":;H:llf,Jg$gh,"i,l"fr :ii4'#,"t!action-tested

ilon course.
six

camp craft, basic naviga_

. . . t , r r . r . t
:  SCIENCE and MEGHANTCS,  Dept .  355 i
:  45O East  Oh io  S t . ,  Ch icago l t ,  l l t i no is  !
:  L  Enc losed. is  $ .  . .  . .  . .  p lease send me the  how. to_do. l t  I: books whose numbers I have circled: 

' -- -- '- 
:

i  526  s2a s2g s33 s4r  s42 "n"  i
! ! Enclosea is g2,Oo. Send m6 all seven books. a

ilyJ5"Y"oI"f"Yt,*"!1:60.'T"Si3"""fl,i"&"1*|:'"'
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UUtrorEYGrantham training is the easy way to learn more
qu i ck l y - t o  p repa re  mo- re  t ho rough l y - ro r  r ' u . 'w '

""i.-i"""ti"i..-etid vour first class license is the qui95

i-ast;;t to prove to your employer that you are wortn

more money.

This correspondence course is directed torryard.two

m":o"'iui!"ii"6"-(rl to tedch you a sreat deal about

eleitronici, and (2) to prepare- vou to .pd'ss tl] 9r--11"
F. C. C. eximinations required for a tirst class commer-
"iri "oli"io.'. license. We teach vou step.by step and

have iou practice with FCC-type tests-vr'hrcn you seno

to tfre .ctt6ot for grading and comment' You prepare tor

i;il R C. c. u**illtiti*t under the watchful direc-tion
6f an instructor who is especially qualif,ed in this field'

-$#em;X

Grantham resid'ent schools are located in four
-a ii.".l ii. t - Hottvw ood, S eattl e, K-a! sas.C ity'

and Washington, D' C' Regularly scheduled,classes
in F. C. C. license preparation are ofiereo ar arr
i6. i i i " ' t . .  NL* a"v i lass"s begin .everv three
months, and new evening classes begtn lourrlmes
a year.'The day classes meet 5 days-a-week anc
i . t " " t " -uou f6 r  a  f i rs t  c lass  F .C 'C '  l i cense in
ii;;"k":iti; eve"i"g classes meet 3 nights a week
and preDare  you fo r  a  f i rs t  c lass  l l cense ln  zu
**.ifi. i"i" -dre information about the Grantham
;;".;a;;t 

-."ti""t., 
indicate in the coupon the ci,tv

o f  vour  cho ice  and then mai l  the  coupon. lo - tne
3. f ioo f *  no-e  o f f i ce  in  Ho l lvwood,  Ca l i f '  F ree
detai ls wi l l  be mailed to you promptty'

ffi:#*ffEIECTR0]{ICS. . .
G E T  y o u r  l l r s t  c l a s s  c o m m e r c i a l

F.C.C, LIGENSE
o

To set ahead in electronics-first, you need the proper train'
ir"1-tn".n. u* n..Jl;pioot" of your'knowledge. Your first class

colmmerciai F. C. C. license is a "diploma" in communlcatlons
electronics, awarded by the U. S' Government when you pass

.riiiin eiilnin.tions. T'his diploma is recognized by employers'

Grantham School of Electronics specializes in preparlng you

to earn this diPloma.
Grantham triining is offered in resident classes or by- cor-

"*onitn.t. Ou, fiee booklet gives complete details' lf. you

are interested in preparing for your F' C' C' l icense' mall .me

ii"rt'i-iiii- tt the'scno6t's home ofiice at 1505 N' Western
nurl-Hoffv"ooU 27, California-the address given in the coupin
-and ou i  f ree  book le t  w i l l  be  mai led  to  you prompt ty '  no

charge-no ob l iga t ion .

F .C.C.  L icense bY t ra in ing  a t

i@
Pleqse :end mc your free booklet tell ing how I con- gel

-r i i .."t. i"t F. C. C. l i ."nt" quickty. t enderrtond thcra

ir no obligotion ond no sqlermqn wil l cqll '

I Addrcr:-

I crv----=...--.=.--.-----srqle-=--- I
I I qm interccted in: E Home Study, E Kansas City classes, E'oP t

| 6 Hotlywood classes, tl Seattle classes' E Washington tlryt 
-:

s I -  - -

IO: GRANTHAM SCH()()T (lF ETECTR|}I{ICSI
I

l5O5 N. Western Ave., Hollywood 27, Calif.

This frec booklet
g ivc r  dc tc i l l  o f
ou t  t ro in ing
ond cxPlsins
whot  on  F .C.C.
liccnrc ccn do fol
your  fu tu t r .
Scnd fo r  Your
copy lodoy.

'',g*d,u
siiyL
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lbultoFindaBuyer
forhur Invdiltidi'

Manufacturers !
Are You look tne
tor iet! prodsci
roeas ,  tmproved
Frocesses ,  Xew

Invenf ions?

I f  so .  wr i teus  ro r  fu l t
r n r o r m a t t o n  t e i l i n s

ii3[i:]'tHfi'-:"1f.'
D r r n d  -  n e w  i D v e n _
t - o r ' s  s u i d 6 .  y o o r
nrE_name wi l t  be  iD-
c i u d e d j n  a  s u D D l e -
menkt  t r t t  o f  hanu-
rac tu le rs .  ava i tab l .
oDon requost  to  a I  I
D u t c h s s e r s  o f  t h 6
c u r l e b t  e d i t i o n .



Electric }|YPl{OTIC
R T C O R D
XIT WITH FASCINATIIIG \
ECHO.CHAMBER BACKGROUND
AND FREE EYE FIXATION SPOIS1|lAC}|I}IE

Plug in - put this efrec'
t ive machine to work lor
you. The 10" HyPnotic W
Spiral disc reYolves at 59
i6m.  caus ins  t remendous eye- f i xa t ion  and hypnot ic  mot ion
r i ra t ' seems 

- to  
b r ing  your  sub jec ts - in to  a .  "deep.  we l l  o f

\it' Ir,u.
Play side one to help you hypnotize others. Record passes
hvonotic control to vbu! Ends l ike this: "the next voice you

itl, ir Jirl take compiete control of your hypnotic sleep . . ."
then YOU take over!
Side Two is for Self-Hypnosis. The hypnotist weaves l l is
comDellins sussestions tround the unique echo-chamber
metrcnome beat. Gives you a suggestion for re-hypnotizing
yourself at wil l, then awakens you.
Srudv  th is  record ,  se t  vour  own hypnot ic  techn ique.  Learn
how-a  rea l  hypnot i i t  sounds.  Im i ta te  h is  words ,  t im ing  and
susses t ions .
tutihe of unbreakabie vinyl, this is a quality ?8 rpm Ex'
tended Play recording - complete with simple instructions

ii."o';. 
- i i lulutJd 

b"y 
-Professional 

Hvpnotists and serious
s tud-ents  a l i ke ,  i t  i s  e f fec t i ve  v isua l l y  and c rea tes  pres l ige

ihat is so very important. Use it for Self-Hvpnosis and t^q
t r ipnot ize  o thers  -  in  g roups  or  ind iv idur l l v .  Has  an-  8 '
eieitric cord, on-ofi su:itch. carrying handle and a fine
qua l i t y  110V AC motor .  Comple te  w i th  d isc  and s imp lc
instructions,

I|YP}IOTIS]YI

#CX.3 . . .  $18.95 ppd.

E L E C T R ( l N I C
M E T R ( } N { ) M E

Combines 2 trance stimulating
ef fec ts :  F lash ing  l igh t  ( f ramed
b y  a  h y p n o t i c  d i s c )  a n d  a
M e t r o n o m e  b e r t ,  C o m p l e t e l Y
ad ius tab le  -  sPeeds f rom 40 to
208 beats  per  minu te .  Sound
and tone from a loud click to
a low hollow taP. Completely
automatic - a Precision instru'
ment 4Vt" wide x 57:" high.

MECHANICAT HYPNOTIST
A fascinatins device that folds
uo and can be carried in Your
oocket. There is a design Print-
ed on the front acetate window
and another on the rear "out

of focus" disc. BY revolving
the disc you create a Yariety of
trance stimula!ing. FYe-arrest-
ing  pa t te rns .  ComPle ie  w i th  an
in fo rmat ive  book  o f  ins t rue
tions and revealing secrets.

# C x ' 5 . . $ 1 . 9 5 P P d .

srzt ll,|l|tl,|Ilol,| I|H.PS
HYPNOIIZE
YO|JRSETF Or OIt|ERS

IN MINUTES!
MUST W()RK ()R M()I{EY BACI(!

#cx-2 .. . $4.95 ppd.

oRlcNtrhypNoflgllr
Written in Calcutta, India with the co-
operation of Sadhu Satish Kumar. . .
this astonishing manuscript reveals the
secret Oriental techniques for inducing
,i a hypnotic trance even in the most
:ir difficult of subjects. Crammed full

of easy to understand, easy to fol-
$-] low methods that have proven so
"tif i  successful in India - now avail-

able to you. CX-4 . . . 91.95 ppd.

HANDB(|OK
Of SEtF-HYPN(}SIS

by Hatry Atons
One of the few books writ-
ten  abouf  Se l f -Hypnos is ,
This volume has clear easy
to follow instructions and
induc t ion  techn iques  you
can use for many varied
and specific purposes.

#cx-7 . . .$4 .00ppd.

Send order to: HYPNoIIC-AIDS SUPPLY C0., Dept.XP-39'
1 I 33 BroadwaY, N. Y. C. 1 0, N. Y.

Send me the following items in a plain, unmarked package.

tr  cx-1 @ $13,s5, E CX.2 @ $4.s5, E CX-3 @ $18'ss'
tr cx-4 @ $1.e5, n cx-5 @ $l.ss, tr cx-7 @ $4.00'
nxB-g @ $2.e5, trCX.8 @ $1.00, -trFREs.

I am enclosing $----- ( ) check, ( ) cash'

( ) Money Order - You PaY Postage!

Send to :

Name. . . . . . . . . . , , . . . . , . .

Address , . . . . . , . . . . , . . , .

#Cx- l  . . .$13 .95PPd.and FREE Eye-Fixation spots,

POCKIT

Hold the aYPNO_COIN in fronl  ol  the pet '

son you want to hynnol ize. Centtv ! ibrate the plast ic len-\e This
i i i ! ' i " t t i i t ing hyphot ic pattcrn into mo(ion lhat is so Ir 'c inal 'i i is 'a rhiaing hypnol ic prt tcrn into mo(ion lhat is so l r 'c inal_
in!.  i t  . inLu, i .  i i ra.holas vour subject 's ga7e.-.Now gi!e !our

Hotd  the  sYPNo-co tN in  f ron t  o f  the

h v i n o t i c . s u c g e s t i o n s !  C e t  l h i s  a m a z i n g  h y n n o l i c  a r d  c o m p l e l e
q i i h  a  F R E E  r e t e a l i n E  b o o k l e t  o [  \ e c l e l s  r n d  r n s t r u c t r o n s  l h c l
tei i lou *trar to say aid do ho* to commi,n. l  rnd re-hvnnot i /e
*.- i - t t t ' i t 'e snup of i  f inger.  how lo lhl i l l  anLl !mi/e them with
trvi t i . . i i i i  s i" ; r . .  etc.  cet the colN' Booklet rn, l  Strnd for Self
i iv lnot is -  only $1.00 npd. Sen! in a Pldin srrpper.  Monev
back i f  not dcl i8hted! ,#CX-8  . . .  $1 .00  PPd .

FREE! li?"rffilfir,fli?I

1(l DAY MONEY BACK GUARANTEE!
Al l  the ahove i tems are sold on an UNOoN0lTloNAL
MoNEY BACK GUARANTEE! You may return any item
with in 10 days for  a prompt and fu l l  refund.

o HYPll0TlC.AloS . Dept XP'39,1133 Broadway, N.Y.C' l0
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SjPfl$Uil : New Eye on The Universe
SATELLITE

\ \ \

Jlof",*yige built by Bendix Radio for the
unrred Dtates government.

Such an important new system should in-
volve some sweeping new discovery_but that
doesn't happen to be the case. SPASUR
makes.use of two very well known principles
or radro reception, proving again that what
man does rvith his discoveries is even more
important than the discoveries themselves.

-First part of the SPASUR system consists
of a VHF transmitter fed into a non-direc-
tional antenna. VHF signals are not normallv
reflected back to Earth unless they happen t"o
strike a solid object. This is pretisely'what
happens when the SPASUR (SpAce SUR_
veillance) transmission strikes an object in
space. Once the r.eflected signal is picked up
by a properly equipped receiving station. poi-
sition and attitude are determined.

Each SPASUR chain consists of a transmit-
ter and _two receiving locations, 250 miles
either side of the transmitter. Thus the chain
i:. sp^rea{-out along a 500 mile strip (see
Fig. 2). There are presently a pair of^chiins
operating,, centered on Jordan Lake, Ala-
barna, and Gila River, Arizona. A satellite
orbiting the Earth musi eventually pass with-
in range of at least one of these chains.

At a receiving station, the bearing is first
taken and then the angle between signal and
Earth is measuled. From the latter. i-t is sirn-

\ \

/' ,/ r,?

2 5 0  M I L E S

E
A  T Y P I C A L

S P A S U R  O P E R A T I O N

THE TRANSi ,4 ITTER SENDS OUT !coNTrNUous wave oi nabro Euiacv.
WHEN THJS ENERGY STRIKES AN
O B J E C T  l N  S P A C E  t T  T S R E F L E C T -
E D  A N D  R E C E I V E D  B Y  T H E

RECEIVING STATIONS

2 5 0  M t  L E S

should have remained undetected, but didn,t.
Why not? The reason is SPASUR,'a new elec-

ply a matter of mathematics to calculate the
a-ltitude. The angle of arrival is indi;;ted b;
the phase difference between two parallel
antennas. Again this method is nothing new,
n s Deen used tor many years in short_wave
research.,However, when applied to SpASUR
it is much more accurate since signals arrive
via.only one path while on short-irave multi-
path reception is common.

The received data is fed into a computer
and _after three sightings both "ou"r" ,r,d
speed are revealed. Working with MINI_
TRACK_. another Bendix systet which keeps
tabs on broadcasting satellites, SpASUR pr^o-
:rde:.a complete picture of ,,nearby" (near
.Eiarth) space activities.-C. M. SraNsuny II

The opproximote positions of the six stotions of the
U. 5, Novy Spoce Surveil lonce deiection net. The
sldlions ore divided inlo fwo complexes (eostern ond
weslern). eoch consisfing of o tronsmiit ing sfqtion
ond two receiver stulions. The stotions arJ locoted
olong o greol circle trock between Forl Stewdrr,
Georgio, ond fhe Novol Air Stotion, Brown Field,

iust south of Son Diego, Cqliforniq.

RECEJ VER

i:ffixi;:. %s
4.  G: -A  RIVER,  ARZ.  

U U5, BROWN FIELD, CALIF,

6, ELEPHANT BUTTE, N.M, Z SpAsuR STAtrcNs
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HowTo
Geton

Accrcdlled by lhc Nqtlord
Home Sludy Gouncil

good lrclnlag
d o e s ' f c o s f . . -

ft payrt

We guarantee
to train you until you receiYe

Get
Your FeC License All 3

-or your money back FREE
The Master Course In Electronics will provide you with the

itL*-"l.]*-t?ilHt":#nil"?;;;;i
I eet ahead ln Electronics and a free copy or You! I
I nPocket Electronlcs Dat& Gulde." I have had l
I traintng.or experience ln Electronlcs as indl- 

II cated below:
I ;;;';;;; tr Broadcastins !
I 6 naaio-tv servlcltxg E Home ExperiDentlrg I
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Get Your fCC
ficense Gluickly

mental tools of the electronics technician and prepare you for
a First Class FCC License (Commercial) with a radar endorss-
ment. when you successfully complete the Master Course, lf
you fail to pass the FCC examination, you will receive a full
refund of all tuition payments.

GET THIS HANDY POCKET
ELECTRONICS DATA GUIDE
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Puts all the commonly
used conversion fae-
tors, formulas, tables,
and  co lo r  codes  a t
you.r fingertlps. Yours
absolutely free if you
mail the coupon in 30
days. No further obli-
gation!
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Gleveland Institute of Electronics
4100 Euclld Ave. Dresk sM-6 Clevelsnd 3' Ohlo

Clevelqnd lnstitute Announces qn EXCIUSIYE
Technicicn Troining Progrcm in Computers,

Servo Mechanisms, Magnetic Amplifiers and others
other advaneed fields covered include Basic Math. A. C, Circuit
Analysis, Pulse Gircuitry, C0l0r Tv, Radar, Advanced Measuring
lechniql|es, lrdustrial Electronics, Instrumentation, Aut0mati0n,
nadio Telemetry, Send for information today.
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RADIO-W EXPERIMENTEN

I N 1915, David Sarnoff was Assistant Traffic
I Manager of the Mar-coni Wireless Tele-
I graph Company of America. In September
of that year he sent to the Vice President and
General Manager of the company the fotlow-
ing memorandum:

"I have in mind a plan of development
which would make radio a 'household utitity'
in the same sense as the piano or phonograpir.
The idea is to bring muiic into the houseby
wlreless.

"While this has been tried in the past bv
wires, it has been a failure because wir"s dL
not lend themselves to this scheme. With
radio, however, it would seem to be entirelv
feasible. For example-a radio telephonL
transmitter having a range of, say, 25-to 50
miles can be installed at a fixed point where
instrumental or vocal music or both are pro-
duced. The problem of transmitting music
has a_lready been solved in principle and
therefore all the receivers attuned to the
transmitting wave length should be capable
of receiving such music. The receiver cin be
designed in the form of a simple 'Radio Music
Box' and arranged for several different wave
lengths, which should be changeable with the
throwing of a single switch oi pressing of a
single button.

"The 'Radio Music Box' can be supplied
with amplifying tubes and a loud .p"ukine
telephone, all of which can be neatly mounted
in one box. The box can be placed-on a table
in the parlor or living room, the switch set

accordingly and the transmitted music re-
ceived. There should be no difficulty in re-
ceiving music perfectly when transmitted
within a radius of 25 to 50 miles. Within such
a radius there reside hundreds of thousands
o f  f a m i l i e s . . .

"The manufacture of the ,Radio Music Box'
including antenna, in large quantities, would
make possible their sale it a-moderate figure
of perhaps $75.00 per outfit. The main r-eve-
nue to be derived will be from the sale of'Radio Music Boxes' . . ."

Hindsight tells us Marconi Wireless should
have seized opportunity by the antenna. In-
stead, they ignored the memo. Five vears
later, after the Radio Corporation of Arnerica
was organized, Sarnoff pulled his copy of the
memo out of his files and revived his recom-
mendation of 1915 in a report to Owen D.
Young, Chairman of the Bloard of the new
company.

Four weeks later, on March 3. 1920. Sarnofi
was asked for an estimate of prospective
radio business. He repl ied:"The 'Radio Music Box' proposition . . .
lequires considerable experimentation and
development; but, having given the matter
much thought, I feel confident in expressing
the opinionlhat the problems i""ot"ui """ UE
met. With reasonable speed in design and
development, a commercial product can be
placed on the market within i yeat or so."Should this plan materialize it would seem
reasonable to expect sales of one million
(1,000,000) 'Radio Music Boxes' within a
qeriod_ of three years. Roughly estimating,
the selling price at $75 per set, $75,000,000 can
be expected. _ This may be divided approxi-
mately as follows:
First Year

100,000 Radio Music Boxes. . .  .$ 2,500,000
Second Year

300,000 Radio Music Boxes... .  22.500.000
Third Year

600,000 Radio Music Boxes. . . . 45,000,000

RCA's actual sales of "Radio Music Boxes"
during the first three years of its activities in
this field. were:
1s t  year .  . . .1922.  . .911" ,000,000
2nd year .  . .1923.  . .  22 ,500,000
3rd year. . .  .7924. .  .  50,000,000

T o t a l . .  . . . . . . . $ 8 3 . b 0 0 . 0 0 0
Broadcasting had been born.

The serious young iunior execufive qbove is David
Scrnoff os he looked 40 yeors ogo; fodoy he is
RCA's Chqirmon of rhe Board of Direoors qnd Chief

Executive Offcer.
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ST QUA1ITY
INSIST ON RAD.TEI. FOR EVERY

TETEVISION AND RADIO TUBE NEED

Up To 75/o OFF on BRAND NEV/ TUBES
Not Used - Nol Pul led Out Of Old Sefs . Eoch Tube lndividuol ly ond Attroct ively Boxed!
olt, Tt!! Prlcc | ott, Ttp. ?tlc. I ett. Ttpr Prlca I Qtt, Typr Pric. | 0l!. Iyp! Price | oty. Tyte Pricc | oty. Trpe pric.
-024M .79 l-4827 .96 | -6AvB .40 l-60t5 .s8 I-12AE6 .43 | -12cRG .s4 | -1704 .69
-1Ax2 .62 l-4CS6 .61 I -6Av{8 .89 l-60G6 .s9 l_r2AF3 .73 | -12CUs .s8 | -17006 1.06
-1830T .79 | _4088 .62 | _6AX4 .65 l_6006 1.10 l_t2AF6 .4s |  _12CU6 1.06 | _1716 .s8
-10N5 .55 | _40K6 .60 | _6AX7 .64 l_J0r5 .66 | _12At5 .46 | _12Cx5 .54 | 17w6 .70
-1c3 .73 | -40T6 .ss |  -68A6 .49 l-60T6 .S3 l_12ArS .4s |  - l2DB5 .ss I lslul .s3
_1r3 .73 | _sAMs .79 | _68C5 .54 l_6ru8 .19 I _12ALs .9s I _l2Dt8 .7s I r9Bc6. 1.39
_tK3 .73 | _5AN8 .86 | _68C7 .94 l_6EA8 .7s l_12A0s .s2 |  _l2Dt8 .8s |  _tsr8 .80
_116 1.05 | _sA05 .52 | _68C8 .e? l_6H6GL58 I_rzlrs .43 I _t2DM7 .67 | _2lEx6 1.49
_r t !5  .s9  |  _5Ar8  .80  I  _6806 .5s  l_6J5GT .51  l_12Ar7  .76  |  _120A6 r .04  l_2s806 l .1 l
=iRs- si l--Siiiir :6t I 

-6tr6 :;; l-61;-' :6; l-itlub :s0 | 
-ito(; ':;d 

I :z5c;- 
':ii

-1S5 .51 | _s807 .97 | _68F5 .44 l_6K6 .63 l_12AU7 .so I _.IZOZO .56 I _25CA5 .59r v ,  I  - v v r  e  . t r  |  - v r r e  ' v e  |  _ t . A s ,  . 0 u  I  _ l . u t c  . J s  I  - - v v ^ s

-1T4 .sB l-58R8 .79 I -68c5 1.66 l-654 .48 l-12Avs .s7 |  -12t16 .50 | -2sC06 1.44
-tU4 .s7 I -SCG8 .76 | _68H6 .65 l_6SA7GT .76 l_r2Av6 .41 | _t2EG6 .54 | 2scUB 1.l l
-1U5 .50 | -s0t8 .76 | -6BHO .87 l-65l(7 .741_j2[u7 .7s |  -12t26 .s3 l-250NG 1.42
_tX2B .BZ | - !qA8 .80 | -68J0 .52 l-6St7 .80 I -12Ax4 .57 | - l2rs .66 | -2stH5 .ss

=,tt i:l=ilt' ,iil-]ifi',li l=ilr ,iil=iilfl [il=iir-l, ,ff1=il!] fir ; l i ;  : ; f  l j l i  :3l l - [BI i  : i l  l - t l t  
'ggr-t is l  5ir-12xs '6sr-2szs '66

-ryq .1r t-ryq .ql | -+!q! _ qq | -q{ecT :3il=;Bi8 jB | 
-;ffilii :9! | r:iii :ii

-9qNq .!! l-!vq .s6 | -6B06cT r.0s I -5w4 .s? I =i;t; .5i | _rzsnr .67 | -3s\ry4 .sz
-3BCs .54 | -5xB .78 | -6807 .9s I -6w6 .59 | rzrrs .oa I _rzSolN .73 | ---JszsCT .60
-3BEb .52 | -5Y3 .46 | -Q!8! .?q | -614 .3s | _r2Bnz .73 I _r2U7 .62 I _s08s .60
-38il6 .?6 | -6A84 .46 | -68u8 .70 I -6x5cl53 | _j2BL6 .56 | 

-iZt6cT 
.53 I -50c5 .53

-38U8 .78 I _6AC7 ,96 | -68Y6 .s4 | rX8 .77 | 12806 1.06 I _12w6 .69 | -s0DC4 .37
-38Y6 .55 l-6AF3 .73 | -JBz6 .54 | - l lur .6r l-128y7 .t4l -12x4 .38 | -s0EH5 .s5
-3826 .55 | -6AF4 .97 | -6827 .97 | _ila .68 l_l2Bz7 .?5 | -17AX4 .67 | -50r.6 .61
-3C86 .54  l -6AC5 .65  l -qq4 .43  |  -786 .69  l -12C5 .56  |  -178A6 1 .09  l -11723 .61
-3cFG .so I jrtts aa | -GcBo .54 | 

-ril 
.ti l-ticls .ii | 

-ucs 
.sB

-3cs6 .52 | -6AK5 .95 | -6c06 r.42 | -sAus .83 l-r2cNs .s6 I - l7cA5 .62
-3cr5 .7r |  _6A15 .47 l_6CF6 .64 l_8AW8 ..93 -
_30K6 .60 | _6AMB .70 | _6cc7 .60 | _BBos .60 I
-30T6 .50 I -64N4 .95 | _6c08 .77 | _8CC7 .62 I Use This As Your Moil  r
-305 .80 I -6At{8 .85 I -scur ,66 I -scM7 .68
_3S4 .61 I _6A05 .s0 | _6Cr{7 .65 | _8Cr{7 .97
-3V4 .58 I FAR5 ,55 | _6CR6 .5t | _8CX8 .93-3v4 .58 I nml ,55 | -6cR6 .51 l-gcx6 .93
_48C5 .56 | _6A55 .60 I _6CS6 .57 | _8E88 .94
_48C8 .96 | _slrs .43 | _6cu5 .s8 l_roDA7 .11
_48N6 .75 | _6AT8 .79 | _6CU6 1.08 l _ilCy7 .75
-4807 .96 | _6AU4 .82 | _6Cy5 .70 l_12A4 .60_4807 .96 | _64U4 .82 | _6Cy5 .70 l_12A4 .60
_4858 .98 | 6AU6 .50 | _6Cy7 .71 l_12A85 .5s
_48U8 .71 | _6AU7 .61 | _60A4 .68 l_12AC6 .49
_4826 .58 I _6AU8 .87 | _608s .69 l_12A06 .57

Use This As Your Moil Order Form

N o m e  . .

Address
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U.S. AIR FORCE
There's a p/ace for tznxzrrlus /eaders on the Aerospace Team-;;-*il;;ffi,*;l- --l

Airman Information, Dept. MRT09, Box 7608, Washington 4, D. C. I
Please send me more information on my opportunities in the U.S. Air Force. I am between the I

ages of 17-34 and reside in U.S.A. or posses'sions, I
I
I

Address l

city-Zone-County-state-- |

Y(lU MAY HANDLE A SITUATI(IN LIKE THIS...
If you measure ap to tle Aerospace Team

A man in this situation requires cool judge.
ment and an aptitude for advanced technical
training. This is the kind of man who can
measure up to the qualifications of the U. S.
Air Force. He is the kind of man who can
build a career in the Aerospace Age that will
be meaningful and rewarding.

Are you that man? As a trained and ex-
perienced Air Force technical specialist, you

will have the opportunity to work with the
intricate equipment of the Aerospace Age-the
age of air and space travel. You will enjoy
steady advancement and solid security: And
you will be superbly prepared for the future.

If you would like to learn more about the
many unique advantages that  go wi th a
career in Air Force blue. fill in and mail this
coupon today.



TWO.I'IETER
Amateur Sfation

(omputl ond eosy to build, this two-
meler stolion uses stondord ports ond
tubes throughoul, provides bolh voite
and moduloled code communi(olion dnd
moy be used for portoble operotion

You ccn build rhis lrdnsceiver

for less lhon holf of whot any

similor, presently ovoilqble

commerciql rig sells for.

by (. F. R0CKEY,
w9s(tr/wgEDC

}\PEN to holders of all classes of ama-
[ | teur license, the 144-megacycle, two-
V meter amateur band offers interesting
possibilities to the experimentally inclined
ham. This little rig provides an excellent
starting setup, or a nice little extra i'ig.

Begin construction by drilling and punch-
ing the major holes in the front panel and
chassis (Figs. 2 and 3). Mount the panel tem-
porarily upon the chassis while drilling the
holes for the two potentiometers and the Re-
ceive-Transmit switch. With all major holes
drilled, mount the power transformer, then
the rectifier tube socket and the Jones barrier
terminal strip. Temporarily mount the re-
generation control potentiometer upon the
panel; it includes the On-Off power-line
switch, which is wired-in immediately.

Now complete the power supply wiring
(see Fig. 7) first connecting the transformer
leads to the rectifier tube socket, then wiring
in the 120-o primary leads. The electrolytic
capacitors are held in place by their mount-
ing brackets, as are the positive "hot" leads
which are supported by a two-lug, insulated
tie-point strip. Last of all, install and connect
the filter choke. Ground one side of the 6.3-u
heater winding and bring the other end out
to one of the unused rectifier socket lugs,
rvhich will serve as a tie-point for connection
to the heater of each of the tubes (except
the recti f ier, oI coulse).

After you've wired and carefully checked
the power supply, measure the resistance be-
tween the positive high-voltage terminal and
ground. There should be more than 10,000
ohms. Less indicates a wrong connection, ot
short. When the high-voltage circuit has been
checked out, connect the line cord to its
terminals on the terminal strip and insert the
rectifiel tube in its socket. When the switch
is tulned on, the rectifier tube filaments
should glow dull red and a dc voltage of at
least 250 o (more won't hurt) should be
observed from the positive terminal of the
last filter capacitor to ground.

Audio Secfion. When the power supply is
operational, remove the rectifier tube and
line cord and fasten in the sockets for the
audio frequency section, including the 12AT7,
half of which is used for an AF amplifier.
(The other half is the crystal oscillator, which
is wired-in later.) The AF section includes
one and one-half 12AT7's, and the 6V6GT.
The 12AT7 sockets are mounted with 4-36 x
r/a-in. rh machine-screws and nuts. Be sure
to put a soldering-lug under one of the mount-
ing screws for each socket to provide a
ground point for that part of the circuit. Pin
No. 9 on each 12AT7 socket, and pin No. 7 on
the 6V6GT are connected to the 6.3-o heater'
winding (ungrounded green lead) of the
power: transfolmer. Ground pins 4 and 5 on
each 12AT7 socket, as well as the metal tube

2tNADIO-TV EXPERIMENTER
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SOUND HOLES FOR SPEAKER

;  
HoLEs ON_2 I  C IRCLE

POWER XFMR
DI fu IENSION S
FROM UNIT

TUNING EYE
HOLE

RECEI  VER
S U B . U N I T
( F r G . i l )
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RECEIVER
FEGENERAT ION

CONTROL
A N O

LINE SWITCH
V E R N I E R  D I A L

FOR RECEIVER TUNING

pl ,*or, ,o*r.- .orr*o. .oro'

in the center. On the 6V6 socket, ground pins
1 and 2.

Work backwards from the output trans-
former through the 6V6 (see Fig. 6). Ground
the "common" terminal on tfre output trans-
former secondary; leave the other secondary
terminal alone for the moment. The output
transformer is mounted with 6-32 rh ira-
chine screws and nuts. When the 6V6 has
been wired, temporarilg connect the loud-
speaker (between unused secondary lead and
ground), insert the 6V6 and rectifier tube,
plug in line cord and turn on power. Both
tubes should light and, when warm, a screw-
driver touched to pin No. 5 (control grid) of
the 6V6 should produce a characteristic clicky
bvzz in loudspeaker.

With the audio output stage connected and
operating, unhook external connections, re-
move tubes, and wire the 12AT? stage that
feeds the signal to the 6V6. Use 2- and 4-
point insulated tie-lugs as needed to hold
small parts firmly in place by their leads.

After you've wired and checked this next
stage, put in tubes, re-connect speaker and
plug in line. When all tubes are warm, care-
fully touch a screwdriver to the control grid,
terminal (pin No. 7) of the 72LT7. A much
louder clicky buzz should be heard.

To complete further AF circuit wiring,
you'll have to temporarily install both the

Receive-Transmit switch and the volume con-
trol potentiometer. Figure 8 shows connec-
tions for the non-shorting type R-T switch.
Continue wiring by completing the 12AT7
amplifier stage that serves the receiver (see
Fig. 9). Make all ground leads short.

To test this stage, set up as previously de-
scribed, throw the R-T switch to "Receive."

and check for the characteristic buzz at the
grid. Advance the volume control, of course.
Because of the relatively high amplification
involved here, it should be possible to hear a
faint hiss of tube noise when the volume con-
trol is fully advanced.

[tG.
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Finish the AF section by wiring the 12AT7,
"speech-amplifier" stage. This circuit con-
tains the SPST toggie switch that converts it
into an oscillating multivibrator for mod-
ulated CW work. When the switch is open
the circuit acts as a multivibrator, or tone

THESE ARE NECt9SAF/  q - r
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\  6405
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generator. When closed, the stage becomes
a grounded-grid amplifier for the mike.

Connect external connections, as previously
described for testing, and insert ail tubes in-
volved. Connect a 220K resistor temporarily
across the Mike-Key terminals on the termi-
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nal strip. When the toggle switch is in the open
position, a loud, clean musical tone should
emerge from the speaker. (Note that the vol-
ume control, since it is associated with the
r_eceiver only, does not affect the strength of
the tone.)

llhrow the togggle switch into the closed
position and connect a single-button carbon
microphone (Type "F-1," from Telephone En-
gine_ering Company, Simpson, Penn., or other
similar single-button carbon mike) to the mi-
crophone terminals. Now, the system should

(1
\ =

5000

+3^i,'# L i,i},s5T l,'5-
P O I N T  A  I N  A U O I O
AMPLJFIER SECTION

. .  MATERIALS L IST_2.METER STATION
flo. Req'd Description
L 2  x  7  x  10 'a luminum chass is
|  7  x  1O,  a lun inum oane l
3 knobs for rhtt shati
I l iational tvie BM dial
I tuning eye assembly for 6E5 tuhe (includes bracket. sockel

and bezel)
I PM loudspeaker, 4,, size Jensen
! 2Ull3.r/t/ aluminun sheet, for detector (see text)
5 octal 0lastic tube sockets, Amphenol
4 9.pin miniature sockets, high freqrency plastic insulation,

AmDheno l
I 7-pin miniature socket. Amnhenol
I 6-terminal Cinch-Jones barrier terminal strip
1  SPST tosg le  swi tch ,  H&n
I 100K linear.taper potentiometer & switch (Mallorv)
I  500K aud io . taper  po ten t iometer  (Ma i lo ry ) '
+ pgyer transformer, Chicago.Standard Type pM.640g
r fittef choke, Chicago-Standard. Type C.I70g
* gltput transformer, Chicago.Standard, Type A.3B23
z -l.0.. 'afd. electrolytic f i l ter capacitors, 450 working volt.

Ma l lo rv
2 9.5..mfd. paper capacitors, 200 working volt, Cornell

Dub i l ie r
3  ohn i te  type  2 .144,z -meter  RF chokes
3 Nationa-l type XR-50 coil forms, with iron slugs
f' four.pole, double-throw, non-shorting wafer sri itch,

Centralab No. 1409
I  l !  mmf  var iab le  tun ing  capac i to r ,  Hammar lund HF. ls
r  15  nmf  BUD var iah le  tun ing  canac i to r  type  MG. IB50,  w i th

. one 0late removed (see text)
| 47 ohm, one.watt carbon resistor
6 100K one.watt carbon resistors
2 47K, one-watt carbon resistort
4 22K, one.watt carbon resistors
2 ?.2K, one-watt carbon resistors
5 220K, one.watt carbon resistors (includes one €xtra for

new operation)
| 220 ohm, on€.watt carbon resistor
I 470K, one-watt carbon resistor
I IK, one.watt carbon resisror
X I m€g., one-watt carbon resistor
I lQ-qtf 600 W.V. disk.type ceramic capacitors
q $00 mmf. 600 W.V. disk-type ceramic dapacitors
I !-! ' !nf, 600 W.V. disk-type ceranic capaiitors
? 1000 '!rmJ., 600 W.V. disk-type ceramii capacitors
I bfass shaft coupling U4n lo tt6ti shaft (femaie to female)
I lypg 48, 2-volt, 60-ma dial lamp butb (for tuning)
I 1N34 crystal diode, Svlvanra
I "overtone'' crystal approximately 35 me0acycles, Texas

Crystal Co., River Grove. t l l . 
-

lf you are a General i lass operator, you may select a
crystal anywhere betw€en 36 lo 36.975 riegacyclis, Novicel
and Technicians must select one between t6,25 and 36.75
Ma. lf you wish a ceftain frequency within the 144-mega.
cycle band, divide that frequendy by-four to get your crysii l
frequ€ncy. Ask for the adapteri td adaot th-e nin diarietei
to fit octal sockets pins. Texas Crysial Co. wil l suonlv
these gratis when requested in ofder.

1  l ine  cord  and p lug
! pc plastic rod t/at, dia., 3,t long
1 5U4cB vacuuin tuhe
I 6V6GT vacuum tube
3 l2AT7 vacuum tuhe
L 5A05 vacuum tuhe
I 12BH 7 vacuum tube
I 6E5 vacuun tube
I m.icrophone. car6on. type F-I (Telephone Engineering Co.,

S impson,  Penna. )
I  te legraph key  (op t iona l )  Johnson Mode l  t l4 - I00
I  d i rec t iona l  an tenna fo r  144.Mc.  amateur  hand,  ( the  S e le .

ment  "H i .Ga in , "  o r  s im i la r  type  is  recornmdnded. )  Wi th
Go-axial transmission l ine and rotator
wire, rosin-cote solder, screws, nuts, t ie.points, etc.

L I N E
TERM INALS
( O N  S T R I P )

POINT D
A U D I O
FREOUENCY
SECTION
(6V6 PLATE)

TO ALL
HEATERS

POWER SUPPLY
S CHEMATI  C

T O  S P E A K E R  V C .
P O I N T  F

$'
COAX. CABLE

TO TRANS.
P O I N T  Z

P O I N T  E
I N  T R A N S ,

T O  R E C E I V E R
S E C T  I O N ,  E T C "

P O I N T  C

a"
COAX. CABLE

TO ANT. TERMS.
P O I N T  X

COAX. CABLE
T O  R E C E I V E R

P O I N T  Y

I

I
n
D

EJ 949,f lEg-9l-8E!-ryq:Tl4ltiNrrr swrrcHrer, pHiTitf.l1.v}+u ?.,??!E',.^?JA?ts *'

behave exactly like a good, low-power public-
address amqlifier. (Do not use i crystil or a
dynamic mike.) Make sure the srvitch is in
l'transmit" position, before making these lat-
ter tests.

The unit as so-far constructed will serve
very well as a code-practice oscillator with
the toggle switch open, or as a small pA am-
plifier, with the switch closed. If it's too loud
for you, connect a 50,000-ohm variable re-
sistor from the grid of the last 12ATT to
ground (see Fig. 6). Varying this control will
vary volume, but it may also have some effect
rlpon the tone of the oscillation.

To use the audio system so-far constructed
for a code practice oscillator, connect an ordi-
nary telegraph key, in series with a 220K.
one-watt carbon resistor to tJrre Milce-KeA ter-
minals. The frame of the key should bJ con-
nected directly to the grounded side, the 220K
resistor in series with the other side. At full
outpu-t,,the signal is strong enough to serve a
loomfql of ,students; the volume may be re-
duced by the temporary volume control de-
sclibed above. Be sure the toggle switch is in
the open position, and the R-T switch in the
Transmit position, of course"

Receiver Secfion. Start by connecting the
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regeneration control, 100K potentiometer and
47K voltage-dropping resistor, along with the
100K detector plate load resistor (see Fig. 9).
These parts are installed beneath'the chassis
-using insulated tie-lugs where appropriate
to hold the resistors firmly in place.

With this under-chassis receiver wiring
done. drill and assemble the receiver sub-unit
(Figs. 10 and 11). Since this receiver operates
at the high frequency of 144-million cycles
per second, short and direct leads are of para-
mount importance. This applies especially to
grid, plate and bypass-capacitor leads. It is
important to return cathode leads and high-
frequency bypass capacitors in the same
stage to the same ground where possible.

T O  P O I N T  Y
O N

RECE IVE -
T RANSI\,,1IT
SWI  TC H

( THRoucH
coAX oABLE)

t ; ;
I RFC

47

A L L  W I T H I N  D O T T E D  L I N E S
O N

R E C E I V E R  S U B - U N I T

P O I  N T
c

ON R-T
SWITCH

speaker. T'lris hiss indicates sryer-regenera-
tion, lhe condition for high sensitivity in a
receiver of this type. By varying this control,
it should be possible to increase the hiss level
from zero to strong. Also, a super-regenera-
tive condition should be possible over the
entire range of the tuning clpacitor.

When the receiver super-regenerates prop-
erly, check the tuning range with a grid-dip
meter. My receiver covers from about 140 to
about 150 megacycles, with the 144-148 mega-
cycle amateur band falling between about
60/6 and70/6 of maximum capacitance of the
tuning capacitor. The exact tuning range is
not critical as long as the 144-148 megacyele
amateur band is conveniently included.

P O I N T

IN A.F ,
SECTION

O.5 ['lF
200 w.v.

PAPER

r00 K PoT,
(REGENERATIOf!

+s* 
coNlRoLl

Squeeze the turns of the coil together or
spread them slightly for minor changes.

If you live in or near a large city, you
should now be able to hear two-meter ama-
teurs on the air within range when a good
antenna is connected between the antenna
input tie point and ground. In addition, po-
lice, taxicab dispatchers, and aircraft operat-
ing adjacent to the amateur band may be
heard in many areas. If yoq have not yet in-
stalled a good two-meter -antenna, a high,
clear outdoor TV antenna may serve tem-
porarily to test the receiver. (Install a knob
temporarily on the capacitor shaft to aid in
tuning. To use a TV antenna to test receiver,
connect one of tfre lead-in line wires to the
antenna input tie point, the other to chassis.)

Trqnsnitfer. Start wiring with the crystal
oscillator and work forward (see Fig. 11).
The crystal plugs into any two alternate pins
of the octal crystal socket; other unused pins
may be used for tie-points for other circuits
if desired. The crystal oscillator tube is the
half of the 12AT7 that was nof used for the
AF amplifi.er circuit. The only critical part of
the circuit is the coil, and this will cause no
trouble if it is wound exactly as described in
Fig. 138.

7--/

The 15 mmf Bud receiver tuning capacitor
is modified by removing one of its rotary
plates. Grasp one of the rotary plates firmly
in the jaws of a long-nosed pliers, twist and
pull, and the plate will slip cleanly out of its
slot. This will leave one rotor and one stator
plate. The two remaining plates should not
scrape against each other. You may increase
the band-spread (number of dial-degrees oc-
cupied by the amateur band) by cautiously
bending the two plates away from each other.
Do not make this adjustment, however, until
the receiver is performing properly.

Wind coil L1 (see Fig. 13A) carefully and
complete as much of the wiring as possible,
before mounting the sub-unit upon the chas-
sis. It is fastened in place with 6-32 rh ma-
chine screws and nuts. Next, connect heater,
dc power, and signal output leads to the ap-
propriate points under the chassis. Do. not
connect the antenna coaxial lead until later.

With the receiver wiring completed, insert
tubes, connect loud speaker temporarily, and
apply power. With the R-T switch at Receive,
advance the volume control to full-on. Then
slowly advance the regeneration control po-
tentiometer. As this control is advanced. a
loud. smooth hiss should be heard from the

. / 2
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After carefully checking the crystal oscilla-
tor circuit, proceed to the 6AQ5 frequency
doubler ptage. Again, this stage is straight-
forward; only the coil being critical. Wind
this coil exactly as shown in Fig. 13C, being
careful to get the tap in the exact center.
Ground the cathode and the screen bypass
capacitor to the same point on the chassis, as
close to the socket as possible. The 1K re-
sistor should be fastened to a two-point in-
sulated tie lug mounted elose by the coil.

When this doubler stage is complete, wire
the final amplifier stage. Although a frequen-
cy doubler, this circuit develops practically
the same efficiency as a straight-through am-
plifier while at the same time avoiding the
self-oscillation troubles which plague the lat-

stages is completed, insert tubes. Do not ap-
ply power yet, however. Instead, get your
grid-dip meter, and carefully adjust each of
the coils as closely as possible to its correct
resonant frequency; 36 megacycles for the
crystal oscillator, 72 megacycles for the
doubler, and set the final tank to resonance at
144 megacycles. Be sure the tubes are in their
proper sockets for this operation; their ca-
pacitance plays a big part in determining the
resonant frequencies. If properly wound and
installed, each of the coils should resonate at
the correct frequency, with considerable
extra slug-adjustment range available in
either direction. The final tank coil may be
adjusted by squeezing or spreading its turns.

When all coils have been pre-tuned, plug

1 6  G A .
A L U M I N U M

:  HOLE FOR
U TUNING

CAPACITOR

EI
MAJOR HOLES IN

RECEIVER SUB.UNIT

ter. Its push-push feature also helps to elimi-
nate odd harmonics which could get into TV
receivers and cause interference, The ordi-
nary distortion-type frequency doubler, often
used in simple VIIF transmitter arrange-
ments, provides none of this added spurious-
harmonic suppression.

Again, since the output circuit is tuned to
144 megacycles, you rnusf keep all leads as
short and direct as possible. An extra quar-
ter-inch of wire here can spell the difierence
between success and failure. Wind coil L4 ex-
actly as shown in Fig. 13A and keep the leads
short! Wire the entire final amplifier circuit
carefully, but do not connect the antenna
coax cable yet or the plus high-voltage lead.
In the final stage, return all ground connec-
tions to the same point near the tube socket.

\[hen the wiring of the transmitter RF

in the crystal, and apply power. Tune the grid
dipper to 36 megacycles and immediately ad-
just the crystal oscillator coil for maximum
oscillator output. If the crystal oscillator
doesn't oscillate, recheck the wiring, and try
another tube. When you find oscillation,
screw the slug down until you get maximum
output, then screw the slug out about three
turns in the interest of stability and reliabil-
ity of oscillation. Then immediately adjust
the doubler coil slug for maximum output'
Take a No. 48, or No. 49 dial light bulb (pink
head) and solder a small loop of wire be-
tween its terminals. Then couple this loop
closely about the doubler coil. If the doubler
is operating properly, the lamp will light
noticeably.

Now connect the positive high-voltage lead

\ ' '
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22
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7-
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XTAL

T R A N S M I T T E R
SCHEIvIAT lC

TO POINT Z
O N  R E C E I V E . T R A N S M I T
SWITCH THROUGH COAX

TO POINT E
O N

RECE IVE-T RANSMIT SWITCH

TO POINT B
O N

RECEIVE-  TRANSMIT SW ITCH

T€N
TURNS

WIND ON NATIONAL
xR-50 rRoN-sLUg

COIL FORM

L 4
TRANS.  COIL

F  I V E
TURNS

TAPPED FOR ANTENNA CENTER
ONE TURN FROM \^  TAP
GROUNDED END "i

B
FREOUENCY

DOUBLER
c 0 t L

A ur ar'ro r+ + runrus j'' tttstoe ota.
SELF-SUPPORTING, +I4 TINNEO COPPER WIRE

voice, indicating proper modulation.
The Finishino Touches. Pul l  out iThe Finishing Pull out all tubesr  r  ' . r r r r r r r r t

remove all external connections. Mount
loudspeaker, the tuning-eye assembly,
the vernier dial upon the panel. Now
ve the ootentiometer and Receive-remove the potentiometer and Receive-

Transmit switch binding nuts and install the

to the final amplifier, apply power, and tune
the final tank -capacitor to maximum 144-
megacycle output with the grid-dip meter. If
you find plenty with the grid-dip meter,
iouple vour 

"soup-loop" tuning lamp to the
finai coit and slightly re-tune. The bulb
should glow brightly if the lamp is closely
coupled. If you get weak, or no output, check
tte wiring again, or try another 12BH7 tube.

Now temporarily shut off power and plug-

in the audio amplifier tubes. Connect your

carbon mike to the Mike-Keg terminals. Set
the toggle switch to the closed position. Re-
applv power and speak clearly into the mike.
ftri 

- 
U"tt around the final amplifier tank

should flicker markedly in step with your

c
L 3

cnvsrnl
osc,

c0 t  L

and
the
and

The VHF Amoteur Bonds
Today the VHF bands provide the gr€atest.opportunity

and cha l lenge to  the  exper imenta l l y  minded ham.  I  hese

frequencies above 144 megacycles seem to be th€..onty
one i  le f t  where in  s imp le ,  low-powered equ ipment  s t i l l  can

compete effectively against expensive, "store-bought

geat." 
Nobodv knows for sure the exact distance limitations on

VHF communica t ion .  The f i rs t  s igna l  bounced o f f  the
moon by  the  U.  S .  Army back  in  1946 was in  the  VHF

range. On the other hand, it is the consistent, interference-
f ree- .  shor t -hau l  communica t ion ,  up  to  50  mi les  o r  so ,  tha t
is the operaiing bread-and-butter of the VHF amateur'
Occasionil long-distance sPurts are to be considered as

interesting div-ersions, rather than da'i ly fare. . Distance

chasing, i-n itself, is not the whole of amateur radio. You'l l

have a" lot of fun, face some stimulating problems, and

meet some nice people on the two-meter band, believe me'
Those frequencies between 145 and 147 megacycles are

available to both novice and technician class l icenses, as

well as the general-class operator. But do make sure that

vou have a i jcense before you do any transmitting. "Citi-

iens Band" l icense is not sufficient. You must have an

Amateur l icense. (Write to the Federal Communications
Commiss ion  o t f i ce  in  the  la rge  c i ty  neares t  you  fo r  de ta i l s ' )

ln  add i t ion  to  the  l i cense,  and to  the  usua l  hand too ls

owned by  a l l  rad io  exper imenters ,  you  shou ld  have ava i l -

a b l e :
I ) A Sood 

"two-meter beam," a directional antenna for

the 144-iregacycle band. Such an antenna is not expensive
or unwieldvl in'fact it is smaller than the usual outdoor TV

antenna. A five-element antenna is sufficient, and can be

ourchased at a reasonable price from Newark Electric Co',
A l t iea  Rad io ,  o r  any  s imi la r  Amateur  jobber .

You should equip your beam antenna with a suitable
ro ta t ins -dev ice .  ione  o l  those so ld  fo r  TV antenna use w i lL
do ver i  we l l t  and  vou shou ld  ge t  i t  as  h igh  above the
pround as  you can.  A  "qu ick  and d i r ty "  ru le  i s  tha t  yo l .

Ian  re l iab ly  work  one mi le  o f  range per  foo t  o f  an tenna
height (above average ground) beyond ten feet. In other
*oid., thir is your consistent communication range, in

m l l e s .
While vou can make a number of contacts, particularly

in the New York, New England, and Chicago areas, with a

dioole in the attic, a good beam will do more for your

mora le  than anYth ing  e lse .
2) A grid-dip meter. Stray ca,pacitance and inductance

being unpredictable in most cases, it becomes necessary to

individually trim VHF tuned circuits by trial in nearly ev,ery

case. The-proper tool for establishing these resonant fre-

euencies is the grid-diPPer.
3 )  A  vo l t -ohm-mi l l iammeter .rnel with the binding nuts and with self-

Lpping metal screws. Place knobs on potenti-

n
: /lt
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TO PLATES OF
I 2 B H 7 6 E 5

T U N I N G  E Y E
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TO
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B
O N  R E C E I V E .

TRANSIVIT  SWITCH

COAX TO
RECEI  V E '
TRANSI i l IT

S W I T C H

t-o 9ne side of the speaker, passing it thru a
de-burred 7s-in. hole in the- chassi"s. Ground
the_ other speaker voice-coil lug.

Connect the power cord, ant microphone
to the proper terminals on the terminaistrip.
Then connect a No. 48 pilot lamp bulb across
the antenna terminals. Apply- power and,
when the tubes are warm-.- throw the R-T
switch to Transmit. The butb should elow
brightly and the tuning-eye should rnorrE to-
ward closed position. (If it opens, reverse the
connections to the IN34.) Re-tune the final
amplifier tank and buffer tank for maximum
glow from the bulb. Note also that the eve
closes most when the output is at a maii-
mum. Speak into the mike ind note the vari-
ation in bulb brilliance and eye closing as
you speak, indicating proper modulation.

Now, remove the lamp bulb, and connect a
144-megacycl.e antenna system, preferably a
good, high, beam antenna. Make sure the
grounded terminal of the antenna feed coax-
ial cable is connected to the grounded termi-
nal on the terminal strip. Throw the R-T
switch to Receive and adjust regeneration for
a smooth hiss, If there are any other two-
meter amateur stations operating in your
vicinity, you should hear them with no diffi-
culty. Now throw the switch to Transmit
position and adjust the final tank capacitor
to close the eye as completely as possible.
You're tuned-up and ready to go.

Novices learning the code, may r,r,ish to
operate in the modulated code, MCW mode.
which is legal in the 144-megacycle band. To
use, throrv the toggie switch into the open
(MCW) position, and substitute a telegriph
key, in series rvith a 220K resistor, for the'microphone. 

Otherwise operation is identicar
to voice. The smooth, tbnc-modulated CW
signal radiated can be lead bv other ama-
teurs, regardless qf the r.eceiver employed,

[ f l  , r r , ro " r rER crRcurr

ometer and R-T switch. Connect the receiver
tuning capacitor to the vernier tuning diai
wilh g piece of 7+-in. fiber or plastic ,o"d "rrd
a shaft g9qniinS. A setting of-zero ,rpon th"
tuning dial should correspond to mdximum
capacity, lowest frequency.

P-1ug thg 6E5 tuning-eye tube into its
socket, and fit it into thE ciamp provided on
its bracket. Bring the cable from the tunine
eye,socket.through the chassis through a a/sl
rn. nole wrth rubber grommet. Connect the
black and blue wires of this cable to er""rra.
the green wire to the 6.3-o heater rrrpp-ly, "rrd
the red-wire to the positive high voltige. 

'

Install the 1N34 crystal diode, tf,e 5000
mmf. capacitor, and the 220K resistor in the
tuning meter circuit upon a two-lug insulated
tie point, being care.ful to observe the polaritv
of the crystal diode. Install the diode-^resistor
assembly close to the final amplifier tank coil.
Connect the yellow wire from the tunins eve
tube to the ungrounded end of the 220K ie-
sistor as indicated in Fig. 14.

Now is the time to connect the receiver
input- and the transmitter output to the R-T
switch through RG-59-U coaxial cable.
Ground the outer sheath of each piece of
cable firmly to the chassis at both ends of its
run. The coaxial cable from the transmitter
(center conductor.) is tapped one turn from
the glounded end of the final tank coil. L4. as
shown in Fig. 13A. The receiver cable is run
flom the R-T switch to the input tie-point on
the receiver sub-unit. Bring the "ible uo
through a grommeted hole 

-in 
the chassii.

Next, run a piece of cable from the R-T
switch to the antenna terminals on the ter-
minal strip. Connect a short piece of -wire-
not over }e in. long-from the-center conduc-
tor of the coax cable (where it connects to
the transmittel tank) to the tuning diode.

Finally, run the wire fi,om the R-T switch

TO 6 .3  V A.C.
P I N + 9

OF ANT I2AT7

CABLE ON
TUN I  NG

E Y E
U N  I T
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Compohenrs C3, C4, C5 qnd Rl qre mounted to th6 tube socket beneoth CI. Jqck Jl is mounfed bchind Ll.
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Econolny Frequsncy Standard
Here is o yersotile frequenty stsndord thot
the omcteur, SW[, or expe]imenter ton build

in one evening for obout five dollors

8y JOE A. R0LF, K5J0K

-|HIS compact frequency standard will enable
I you to calibrate your receiver and check its ac-
I curacy at will. It can also be employed as a

beat frequency oscillator for receiving CW signals,
and for other applications requiring a stable 400
Kc to 1200 Kc RF generator.

The circuit shown in Fig. 3 is a high-C Colpitts
oscillator using a parallel connected 12AU7A. Ex-
cellent frequency stability is achieved by the use
of a high-Q loopstick as tank coil and a large value
of tank capacity. Two NE-2 neon lamps regulate
the oscillator plate voltage for added stability. With
rigid construction and good shielding, the circuit
has negligible drift after initial warm-up.

For maximum compactness, the unit is con-
structed in a 15le x21/ex23/a in. Minibox (CU-
2100). Construction details are shown in Figs. 2
and 4. The 12AU7A is mounted outside the cab-
inet to avoid heating frequency-determining com-
ponents. The output jack, J1, and tank coil, L1, are
mounted beside the tube socket. Inductance L1
should be securely mounted and reinforced with a
bead of Duco cement to insure against possible vi-

Frequency stondord is powered from qn exlernol
source, Designed primorily for 500 Kc, it cqn be

funed from 400 Kc ro 1200 Kc.

J- l  ' rACK

L.I LOOPSTICK
A N T E N N A
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SCHEMATIC

12 VOLTS 6 VOLTS

I8gllr_SlAq

c3 .0r MF

3OOO MMF
SILVER MICA

I 
Jl Rr ourPur

* cs sournar MATERIALSLIST-FBEQUENCY STANDARD
Descr in t ionDes ig

c1
c2

c4
c5
J I

1000 mmf silver mica caracitor
3000 mmf silver mica canacidor
,01 mfd disc ceramic
270 mmf nica caFacitor
50 mmf mica or disc ceranie
small feed-throu-gh.insulator, coax Jack,

or  phone t ip  jack
fer r i - loops t ick  an tenna co i l
NE.2  neon lamp ( two reou i red)
100,000 ohm, Z4 watt resistor'
1,500 ohm, % wett
3,300 ohm: l-watt
Cu.2100 Min ibox
12AU7A tube
3-conductor cable, length as desired
c . rug  le rmtnat  s tnp
9.p in  min ia tu re  tuhe socket
t/sxt/a't machine screws and nuts5 /5"  rubber  g rommet
tuhe sh ie ld ,  deca ls ,  e tc .

this switch can be included in the
Minibox.

Adjustment of the slus on L1
permits the unit to be sel at any
frequency from about 400 Kc to
1200 Kc. This permits a number
of applications, the most obvious,
of course, as a 500 Kc or 1000 Kc
frequency standard. When tuned
to 500 Kc, useful harmonics will
appear at 500 Kc. intervals un to
about 15 Mc. Above 15 Mc,^500
Kc harmonics rapidly become too
weak for easy receiver calibration
and it is necessary to shift the,
standard's setting to 1000 Kc to
get harmonics of useful amplitude
above 35 Mc. The unit carrbe ac-
curately adjusted to either fre-
quency by zelo beating WWV at
2.5 Mc, 5 Mc or 10 Mc.

L1
N E.2
R1
82
R3
t
1
1
I
1

Ic 4
E7O MMF

R I

lo0,ooon
i w

B-8A-  B+

?25 -250v

bration. Jack J1 may be a small feed-throueh
insulator, miniature coax jack, or phone t]o
jack. Power is furnished by an- externa^l
source and brought into the cabinet by a
three-conductor cable.
- -It is important, from the standpoint of sta-
bility, that wiring be as- rigid as possible.
uonnectrons bctween socket pins 2 and T.
and pins 1 and 6, should be made with heavv
solid copper wire. Pins 3, 8, and 9 arl
grounded at the tube socket; other leads
should be kept short and rigid to avoid vlbra-
tion. Keep components away from L1 as
much as possible and use quality sil.ver: mica
capacitors for C1 and C2.

The oscillator is designed to operate with
plate voltages from 225 to 250 v 

-at 
about 15

ma. In most cases these voltages are avail-
able from the receiver with which this fre-
quency standard will be used. Less than 2ZS
v can be used if R3 is replaced with a 500
ohm, 1 watt resistor. Filament connections
for either 6 or 12 v ar.e shorvn in Fie. 3. The
oscillator is tunred on and off by-a SpST
switch in the external B-plus lead. If desired,

As a flequency standard, the unit is small
enough to fit inside most receiver cabinets.
In most cases, a short length of insulated wire
connected to J1 and brought near the re-
ceiver input circuit will provide sufficient
coupling.

However, you may find that with some re-
ceivers or with less than 225-v plate voltage,
it majr be necessary to connect the standaid
directly to the receiver antenna terminal
with a 5-30 mmf mica capacitor.

Another useful application, for the SWL
or .amateur,- is as a BFO (beat frequency
oscillator) for 455-Kc IF receivers. Th;
standard can be tuned to the IF frequencv
and connected to the grid or plate lead-of th-e
receiver's last IF stage with a 2 to 5 mmf
capacitor for CW reception employing an all-
wave set or an automobile receiver.

Note that Fig. 2 is shown wired for a 6-v
filament supply, pin 9 of the 12AUTA ground-
ed, pins 4 and 5 tied together. If you are
using a 12-v filament supply, pin g will have
no connection, pin 5 is grounded, and pln 4
is wired to the 12 volts (see Fig.3).

-Q.;
I  ED (Lr
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Two-Tube long Wove Retelver
fhis rompoct oc-dc reteiver feotures good sensitiviry, beiler lhon overoge

seleclivity, ond simplified tonstruction. lt hcs on odiustoble tuning ronge
of 85 ro 550 kc. qnd is eosily modified for broodcost.bond re(eption

By JOE A. R0lt, K5J0K

grid connected directly to the antenna circuit,
since the signal-grid loads the tuned circuit
and reduces its Q, or selectivity ability. The
cathode-follower isolates the detector from its
input circuit and allows a great improvement
in selectivity. The circuit operates smoothly,
is easily adjusted, and eliminates hand-capac-
ity effects commort to most regenerators.
These advantages are particularly desirable
in a LW receiver.

Since hand capacity does not afiect opera-
tion, an all-wood chassis constructed with
simple hand tools can be used. Chassis details
are shown in Fig. 5. Large holes (for tube
sockets and controls) ean be made with a
coping saw; fastener holes can be made with
a hot ice-pick in the absence of a drill. A

THE circuit of this economical receiver (see

I fig. +) employs two miniature high-gain
I TV tubes. The 6AN8 is a legenelative

detector: the pentode section of the 6AU8 is
an audio amplifier: The triode of the 6AU8
serves as an ac-dc tyPe rectifier'

The heart of the circuit is the detector' a re-
(enerative cathode-follower type commonly
fror"tr as the "Regenode." If you'r'e not fami-
liar with this hybrid circuit, here's how it
works: The pentode section of the 6AN8 is
a conventional grid-leak detector, with the
exception of the signal grid which is- seqa-
rated from the tuned antenna circuit by- the
cathode-follower connected triode section of
tte tube. This arrangement permits a degree
of selectivity not possible with the detector

/.
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Whqf to l isten To on tW

The long wcves provide up-to-the-minute

reporlr on wedher ond flying condilions,

code prodire ond some good DX

The most popular are the navigational aids,
or radiobeacons, heard between 200 Kc. and
tK5 Kc. Some are marine beacons, others
aeronautical. Both employ very slow ampli-
tude modulated code and are easily distin-
guished from one another by their signals.

Marine beacons usually transmit their call
signs continuously in an omni-directional pat-
tern. In some cases the call, consisting of
from two to four letters or numerals, is sep-
arated by a number of dashes. Many marine
beacons can be heard constantly over a con-
siderable range, while the less powerful can
be logged at great distances under favorable
conditions.

Aeronautical range stations transmit a com-
bination A-N signal in a four-leaf pattern like
that of Fig. L. They identify themselves
every thirty seconds and employ two pairs of
antennas to obtain the four-leaf radiation pat-
tern. The transmitter is operated continuous-
Iy and is alternately switched between the
two antenna systems so that an A (dit dah)
is radiated in the directions marked A in Fig.
2, and an N (dah dit) in the directions
marked N. Midway between the A and N
patterns, the signals merge as a steady tone
which aircraft follow to or from the station.
If the pilot leaves this course, he wiII hear
either the A or the N.

These radiobeacons ofter an unlimited

nf f i *
I l&corurrruuous roNE
n 8ffligHeh?f,i

V OU'LL be pleasantly surprised at the
I number of interesting signals to be heard

below the standard broadcast band, though
at first they may sound like nothing but
jumbled dots and dashes intermixed with
weird howls and squeals. Careful listening,
however, will reveal this apparent bedlam
to be important communication services
which make unusual listening and challenging
DX.

The main divisions of the 10 Kc. to 535
Kc. band are shown in Table A. It is occupied
mainly by aeronautical and marine services,
although 150-535 Kc. is part of the standard
BC band in Europe and Asia. However, with-
out discounting the possibility of logging some
of these BC stations, the marine and aero-
nautical stations are of prime interest to most
LW listeners.

metal chassis will afford more compact con-
struction, but a wooden panel and cabinet
should be used to avoid accidental grounding
of the chassis.

Construction is not critical and will pose
no difficulty if the general layout shown in
Figs. 2, 3, and 5 is followed. Keep RF and AF
leads separated and away from ac lejads. This
is best accomplished by wiring the filaments
and power supply first, then the AF and
detector stages.

Ground connections are made to solder lugs
mounted to the socket and tuning capacit6r
fastenerS. Components R4, R6, R9 and R10
mount on a ?-lug terminal strip at the rear
underside of the chassis (see Figs. 3 and 4).
The filter capacitor, C11, can be wedged be-
tween the 6AU8 socket and chassis leg, or
secured with a mounting clip. Two sections
of this capacitor are used in the power supply

filter, the third is used as a cathode bypass
for the audio stage.

Other components under the chassis, ex-
cept R3, C7 and C9, mount to respective tube
sockets. Capacitor C9 is connected from J2
to the grounded terminal on R5. Resistors R3
and C7 connect to a machine screw and solder
lug placed between L1 and C2. One lead of
L2 connects to a solder lug on the same screw
on the chassis top.

The antenna trimmer, CI, is secured by the
antenna terminal mounting screw as shown
in Fig. 3. This component requires only in-
frequent adjustment, but it can be mounted
on the front panel for easier access, if desired.

Inductance L1. a standard TV replacement
coil, is mounted last. Before inserting the
core, as explained in the manufacturer's in-
struction leaflet, thread on the 7'rc-in. mount-
ing clip and remove -Vp in, from the slotted



Frequency (Kc.) CommunicationsService Sunset Skip tl ight DX

10-14 Radionavigation

14-200 Fixed Public S€rvices
and Coastal.l larin€ CW

28$325 MarineBadiobeacons

325-405 AeronauticalBeacons
and Comnunications

405-415 Radio Direction Finding

415-490 Coastal and Marine CW

5fF535 Misc. Badiobeacons

International Call ing
and Distress Frequency
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TABLE A-LONG WAVE ALLOCATIOI,IS

l{otr: Frequencies between 150 Kc. and 535 Kc. also used hy foreion
BC stations.

source of unusual DX. At first sight, these
stations seem to ofier poor DX since most are
relatively low powered and have a daytime
range of less than 200 miles. However, their
range is greatly increased at night-best times
for night DX are given in Fig. 1. These hours
will vary somewhat with the seasons' with the
choicest DX being heard from early fall to
late spring.

Above 325 Kc. sunset skip is often heard
for a half-hour during early darkness.
Notable examples are PJG, 343 Kc. in the
Netherlands Antilles; ASN, 350 Kc. on Ascen-
sion Island; and SWA, 406 Kc. from Swan
Island.

Since beacons identify continuously or
every thirty seconds, less than a minute is re-
quired to log a station. However, in order to
determine the locations of the stations you

TABLE B-STATION LISTS

TheAirman'sCuide Superintendent of Documents, Washington 2t
D. C. 25t per copy. A bi-we€kly publication
listing all U. S. aeronautical radio beacons,

Location ld€ntil iers Superintendent of Documents, Washington 25,
D. C. $f,50 for copy.and one-year supplement
service. General l isting of all domestic b€acons.

Broadcastingstations Superintendent of Documents, Washington 25,
ofTheWorld, Part 0.C.. $2.00. lncludes Europ€an LW broad-
ll, According to casting stations.
Frequency

Department of Transport, Air SerYice Branch,
:Li:"1',11"-' 0ttawa, 0ntario, canada. complete l ist of cana-

dian Radi0 Beacons, published every two nonths'

Rad io  Fac i l i t yChar ts  ACIC,  USAF,  znd & Arsena l  S t ree ts ,  S t .  Lou is
-Caribbean & 16, Mo. ()ne year subscription $3.50. Listing
South America of Caribbean & South Anerican beacons.

Badio Navigational Hydrographic Ofiice, U. S. Navy. An annual
Aids publication l isting worldwide marine beacons.

List of Coast Stations Secretary General, International Telecommuni.
(4.I0 Swiss francs) cations UIioni Geneva, Srlitzerland: Very com-
List of Ship Stations plet€ l istings of worldwide stations.
(12.80 Swiss francs)
List of Call Signs
(2L Swiss francs)

hear, you need a reference log listing the
stations you are interested in. Such listings
can be purchased (see Table B).

Range stations also transmit verbal weather
reports. for air fields in their area 15 minutes
before and 15 minutes after the hour.

In addition to radiobeap,onsj many CW sta-
tions operate on long wavds for inaritime,
aeronautical, and public seryice communica-
tion. For the CW enthusiast, these are inter-
esting to copy and the slower stations, some-
times sending as slow as eight words a min-
uite, provide plenty of code practice. Many
good DX signals can be heard between 415
Kc. and 500 Kc., particulgrly on the 500 Kc.
international calling and distress frequency.
T'he frequencies below 200 Kc. are also widely
used by public service and maritime CW
stations.

end of the core adjustment screw' otherwise
it will protrude below the chassis when the
coil is mounted. Clamp the section to be re-
moved in a vise and cut it off with a hacksaw,
then cut a new screwdriver slot. Take care
not to break or fracture the fragile ferrite
coil.

Inductance L2 consists of 35 turns of. #26
(or smaller) enameled wire scramble-wound
over a %a in. ID tube which slides freely over
L1. If not available, this form can be made
by winding four or five layers of moist
gummed tape, sticky side out, over L1. When
dry, slip the tube off and trim to proper
length with a razor blade. With L2 in place,
secure Ll to the chassis with a bead of Duco
cement.

For maximum sensitivity, the position of
L2 onLl should be adjusted for the individ-
ual receiver. This simple adjustment is well

worth the efiort and can be made with a long
antenna, 455 Kc signal generator, or a BCB
receiver with a 455 Kc intermediate fre-
quency. If possible, use a signal geneiator or
BCB receiver, since this will permit adjust-
ment of L2 and the core of L1 at the same
time.

Short out L2 temporarily by connecting a
short piece of wire from the R3-C7 solder lug
to pin No. 7 of the 6AN8 socket. Turn the
core adjustment screw full counterclockwise
and connect the antenna, signal generatot, or
BCB receiver to the antenna terminal.

If a BCB set is used, tune to a strong BCB
station and turn the setls volume down. Con-
nect a short piece of insulated wire to your
LW receiver antenna terminal and place it
near'the underside of the BCB set's IF tube
socket or IF transformer to hear the 455 Kc
IF signal of the BCB receiver.
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ffi %Hwet
Topside of lhe receiver's Mqsonite chqssis. The on fenna co i l ,  L l ,  i s  mounted  so  ths t  i t s  s lug  is  od ius fed  f rom be-

low the  choss is ,

D es ig .

c1
c2

c3

L J

c5

c8
c9
c10
ct]

RI
R2
R3
r 4
R5

x o
R7

R8
R9

Descr  ip t ion

9 to  160 nmf  t r immer  capac i to r
10 .10  365 mnf  var iab le  capac i to r ,  s tandard  s ing le_gang TRF

tv  pe
.01  mfd  d isc  ceramic
100 mmf  mica
,001 mmf  d isc  ceramic
500 nrmf mica
.01  mfd  d isc  ce famic
.01  mfd  d isc  ceramic
.0047 mfd disc ceranic
.01  mfd  d isc  ceramic
40.40 .40  mfd ,  150.vv  capac i to r ,  3 -sec t ion  e lec t ro ly t i c  f i l te r
,  -capac i t0 r  (Corne l l .Dub i l ie r  BBRT 44415,  0 r  equ iva len t )
6,8 K, t/2 watt resistor
7 neg, V2 walt
33 t(, t/a watt
68 K, 1 watt
I  meg.  t /a  wat t  vo lume cont ro l  w i th  SPST swi tch  (Ma l lo rv
_  -U-53.1 \4 idget ro l  w i th  US-26 swi tch ,  o r  equ iva len t )
100 l(, lZ rvatt
100 K. ' J . r r t t ,  vo lume cont ro l  ( l \ Ia l lo ry  U-41 Midget ro l ,

o r  equ iva len t )
82 ohn, Y2 watt
5.6 l(, I watt

M A T E R I A L S  L I S T _ L O N G  W A V E  R E C E I V E R

V1
v2
l p c
l p c
2  pcs

Descr in t ion

2.2 lL ! watl
an tenna te rmina l  pos t ,  0 r  Fahnestock  c l ip
s tandard  phone jack
Long Wave:  Mer i t  MWG"9 Wid th  0 r  L inear i ty  c0 i l ,  .3  to

12 nra . ,  tapped (see tex t )
Eroadcas l r  Fer r i - l00ps t ick  BCB antenna c0 i l  (see  tex t )
Long Wave:35  tu tns  =26.  o r  smal le r ,  enameled  w i re
-  sc ramble  wound on  e , '15 , ,  lD  x  3s , ,  fo rm (see tex t )
Broadcasl: 3 lutns 126, or srnaiier, enameled wiri on ad.

jus tab le  fo rnr  (see  tex t )
2 .5_nh.  RF choke (Nat iona l  R. I00 ,  o r  equ iva len t )
on  R7
filament lransfornet, 6.3 \tt, 1.2 atrp (Stancor p.6134 or

eq u iva lent )
o p t i o n a l - f o r  s p e a k e r  u s e  o n l y ; 5 0 0 0 / 3 . ?  0 h m , 3  w a t t , 4 0
- -ma,  ou tpu t  t rans former .  (Mef i t  A .3026,  o r  equ iva len t )
6AN8
64U8
t /8x41/2x  6 t f  Mason i te  (pane l )
t/s x 4 x 6il Masonite (chassis top)
p ine  s t r ip ,  s /ax \ t /sx  4 , /  (chass is  s ides)
two n in ia tu re  9 .p in  t lbe  sockets
one 7 . luU te rmina l  s t r ip
hardwate, p0w€r c0rd, dial, kn0bs, etc.

D es ig

R10
J1
J2
LI

RFCl
SWI

E
With the volume control at maximum and

the regeneration control set at haif-scale.
place the tuning capac.i tor about 85% open
and turn L1's core clockwrse unti l  the 455-Kc
signal is heard. Adjust the regeneration con-
trol for maximum volume and mark its nosi-
t iorr,  Tl i js . is the cletcctor. 's most sensit j le

point and will determine the position o{ L2.
Remove the jumper ao'6s5 l f  and sl ide the
coil up or down over L1 until regeneration
(s igna l  d_ is to r t ion)  ocrurs  jus t  above the  po in t
previously marked on the r-egeneration con-
trol.  I f  thc dcrcctor. f tLi ls to lcgener.ate, rc-
verse the leads on L?"

x.
or.
&-
dc
t:r
bs
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fr6 ffi4
Under-chqssis view, showing plocemenf of componenls.

PHONES OR
5000/  3 .5  n
OUTPUT
T RANSFORI"IER
TO SPEAKER

c2
to .365 MMF

R2
I tvlEG

I  t .n."^t , .

This receiver's tuning range, from 85 to 550
Kc, is covered in two adjustments o-f the co^re
on L1. When set to receive 550 Kc at C2's
minimum capacity, the receiver will tune
down to about 200 Kc. The range from 85 to
200 Kc is tuned rvhen the slug is almost fully

inserted into L1. Ovellap on both bands wil l

6 A N 8  6 A U 8 ' I

€L/\ L,\
t s4  51  4  5 l-1

J-
Y

ll
T I

pelmit easy bandchanging once the operator
is familial with the stations heard around 200
Kc. On the lower band, L2 may require slight
readjustment for best reception of weak
signals.

bor BCB reception, a ferri-loopstick is used
for L1. Inductance L2 consists of three turns

Rro
2 , 2 K

c t z
40
M F

c l 2
4 A
M F[L=

RE

BL
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SHORT
LEAD TO

!r -l

2 GANG 10-365 MMF VARIABLE
CAPACITOR TRF TYPE

EI P I  A N T E N N A  T U N E R
NOTE: DO NOT
GROUND RECEIVER

terference can be minimized by reducing the
anten-na coupling or, in severe cases, by the
use of the simple Pi antenna tuner (shown in
Fig. 6). The tuner can be built on a small
pine block. Adjust Cl and CZ Lor minimum
BCB interference.

Four or five feet of hookup wire is sufficient
antenna for BCB reception. The receiver will
give good loudspeaker volume on the BC
band and on the sttonger LW stations. Due
to the low poyer used by most LW stations,
however, headphones are recorrunended for
serious I W listening. For speaker operation
plug a 5000-3.5 ohm, 3-watt, output trans-
former into J2.

Inverled Brush Cleqns Gun's Tip
o- To k-eep the lip of your soldering gun clean
of scale, woodscrew-fasten a brass-bristle
suede shoe brush to one end of your work-
Fur"Jt. Wipe the soldering-gun tip across the
brush occasionally to keep it clean for effi-
cient soldering.-J.A.C.

c oPTIoNAL CHASSTS COVER

and adjustment is similar to that of LW oper-
ation. Ihe lead from C1 should be conneited
to the grid end of the loopstick.

4 hlgh, long-wire antenna will give best
all-'round LW reception, though 

-a 
short

length of wire will 
- 
give' satisfictory local

rece,ption. Capacitor Cl should be adjusted
for best.reception on each band and the re-
ceiver should not be grounded.

In some localities, interference from strong
BQB stations may be bothersome, a trouble
cotrrmonly encounter€d with LW receivers
hdving only a single tuned circuit. Such in-

Why lnside Gun.Tip Cqre?
o To receive maximum solderinq efficiencv
and long-tip life, be sure that cl-eaning and
tinning -operations of your soldering gun's tip
also include ltle inside surfaces of tlie tip. A
gun's tip that is maintained on the ouGide.
but allowed to deteriorate on the inside. is
sure_to give lower_ed soldering efficiency ind
it will shorten tip life.

_ H  a ( ' H e v r r r r q  I  r

ot 'o" l \ - \ .  t l  
i-e ( - i -Ja  t i

3 .+/6AU8 J i

rHRU-c-r I i
, {'r,,rasor.rrre I I

STRIP
:r i-?.ff i i ie
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This smqll grey box performs the elec.
lronic hocus-pocus fhol will converl sine

wqves into vqried wsveforms.

This inexpensive instrumenl (onverls

60-cycle oc or oudio generotor sine
woves to sowtooft, holf - sine, clipped

holf - sine, ond squore woves

By FRANK WOODS, Jr.

. |DA. r "  \a r
L i \. u . . - ] , "  2 { - v ----1 \*-E

2 9=rP 
" 

I-l '
l1.brn. r" l*-ora" .b.

*_'r. 
l1.ora r" ld-ora"

- 
t _- 5,, ---------i..1

drill Ya-in. holes for all positions. Separate
the front and back of the case and enlarge the
specified larger holes to the required dia. with
a taper reamer. File the edges to remove
burrs.

Saw the shaft of the switch to a length of
7z in. Saw the level control shaft to a length
of 3/8 in. To avoid damaging switch and level
controls, grip shafts in a vise when sawing.
This prevents side pressure on bushings.
Catch the switch or control when it is cut
free from the shaft. The switch is ruggedly
constructed, but it is subject to easy damage
since its wafers are brittle.

Mount the input and output terminal bind-
ing posts. The bottom-chassis terminals are
the common terminals; they make electrical
contact to the metal case. The top-chassis ter-
minals are insulated from ground by fiber
washers between the binding post and the
front of the case and between the retaining
nut and the rear of the case, and by centering
the binding posts. Note that the holes for the
top binding posts are larger than those for
ttre bottom. In the original model soldering
lugs were used to permit soldering of binding
noit leads. A second nut on each binding post
holds the soldering lug in place. But, the

'fhis waveformer is inexpensive (cost: less

I thttt $5) and simple to construct. The
I waveforms generated by it can be used to

drive sweep circuits, test amplih,ers, checK
amplifier response, synchronize other equip-
ment. and a host of other test and experi-
mental iobs.

A sine wave is applied to the input termi-
nals, and the switch next to the input ter-
minals is set for the desired waveform; the
leveL control is set for the desired output
level. The desired voltage waveform will
then be present at the output terminals on
the right-of the case. It's almost that simple.

Conifrucfion. Lay out the front half of the
metal case as shown in Fig. 2' All components
mount on this half of the case; the back is
merely a cover. Mark hole starter marks on
the cise with an ice pick' Then, with the
front and back of the case fastened together,

Tt l
I  * r J
I  l *  |

I l' \ib,Al
t i l

L - , l  J

3@
@

O sawroort
@ HALF SINE

@ souARE

@ +cLtP

@ - c t  t P

NOTE:
=INDICATES COMMON- 

coNNEctoN

E arei-Lareq
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D2. BETWEEN
WAFERS

Desig.
RI
B2
cL, C2,
s (A,  B,  C,  D)
01,  D2
81, 82

MATERIALS LIST_WAVEFORMER
Descriotion

\99f-,Yz W.carbon resistor 10% toterance
J]JuK .porenttometer (Lafayette VC_37)
.-I mfd, 50 y.c€ramic capacitor (Sprague TG.plo)
4:p:0le: s-position switch (Centratib iA.fOffl- '
It ' |54A diode ( RCA)
penlite cell (Burqess #7)
2-penlite. cell holder (Lafayette M5.138)
pornt€r tnob (comes with switch)
min ia tu re  knob (MS.185)
bindjng posts (H. H. Smith Z20R-red and 2208.
b lack)
Zt/ax?r/axYt netal box (Bud GU.2104)

Component layout of Woveformer.

T-,imit the length of time that you applv heat
during soldering. The diodes in particulir are
susceptible to heat damage. Use a clean
soldering iron capable o{ zupplying a large
amount of heat. A lot of heat app[ed for-a
short time will do a better solderine iob with
l".ss chance of damage than a reduce"d amount
oI heat applied for a long time. Use rosin core
solder onlyl

Figure 3, the circuit diagram. and Fisure
4, a pictorial view, are used as a guide- for
wiring. Wire the switch first. Note that its
sections are designated SA, SB, SC, and SD.
Section SA is the lower half of the rear wafer:
SB is the upper half of the rear wafer: SC ii
the lower half of the front (nearest the front
panel) wafer; SD is the upper half of the
front wafer. Connect the wir-es between ter-
minals as shown and wire in components R1,
Dl, and D2.

Next, connect capacitors Cl and C2. Then
connect the wires which run from the switch
and capacitors to the terminals. level control
and battery holder.

Now mount the battery holder and make
connections to it. The battery holder is
mounted with a small hardware bracket s/s-
in. wide with 1-in. and s/s-in. sides. Solder-fill
the battery holder eyelets which form the
battery contacts to insure good connection
to the batteries. Insert the batteries and
fasten the knobs on the switch and level con-
trol. Fasten the back to the case. The mark-
ings for $e {o1t panel are made on a strip
or paper 78 x b rn.

Free-hand the waveform syrnbols which
identify switch positions and fisten the strip
to the front of the case with a G-in. strip of cel^-

soldering lugs are unnecessary since the con-
necting wires may be fastened between the
two nuts.

Mount the switch and the level control on
the case. Ilse retaining hex nuts on these
controls behind the panel. Adjust to allow
only enough of the control to protr-ude
through the case to enable the hex nuts to b.
fastened on the front of the panel. Retaining
washers between the rear retaining nuts and
the rear of the panel will prevent the controls
from slipping. At this point in the construc-
tion the components which fasten to the case
are mounted-except for the battery holder.

NEW
WAVEFORIlI

When wiring, make connections to the
switch so that they can readily be discon-
nected without damage. This approach will
save Szou grief if you make a mistake in your
wiring. Be very careful not to exert undue
pressure on the switch terminals or vou mav
twist them out of place or break i wafei.

I
5
t,
I
ft



lophane tape. You maY
h a v e  t o  r e a l i g n  t h e
switch knob to match
the wavef orm mark-
ings.

Operofion. To use the
waveformer connect a
source of sine wave
signals to the input
terminals as shown in
Fig. 5.

The signal generator
may be a 6.3-v fila-
m e n t  t r a n s f  o r m e r
( s u p p l i e s  6 0  c y c l e s
only) or an audio sig-
nal generator such as
t h e  H e a t h k i t  A G - 9
(frequency 10 cycles
upward).

T h e  W a v e f o r m e r
o p e r a t e s  t h r o u g h  a
b i o a d  r a n g e  o f  f r e -
q u e n c i e s ;  p r i n c i P a l
Iimitations of frequen-
cy are imposed bY the
s i g n a l  g e n e r a t o r  t o r
m o s t  w a v e f o r m s .  A
sienal input level of 5
to-15 v ii desirable to
achieve the best wave-
forms.

NADIO.TV EXPERIMENTER

Simuhqneous v iewing  o f

C l e a n  s a w - t o o t h
waveforms from about
iO "v"f"t to about 10,000 cycles 1t '3 v will be

produced by a 10-v sine wave. Clean clipped

*aves from 1.5 to several volts, with a fre-

quency range from 20- cycles to over 20,000

rycles, can be exPected.
Science Foir Denonsfrqlion. To demonstrate

the performance of the Waveformer, a Heath-
kit AG-g Audio Generator fed a sine wave
to the Waveformer and to a Heathkit S-3
Electronic Switch. The output of the Wave-
former was fed to the other set of Electronic
Switch input terminals. The output- of the

Electronic Switch was connected to the ver-

tical input of the oscilloscope. This arrange-
ment pirrnitted simultaneous viewing of the

Waveformet input and output waveforms.
Fieure 6,{ shows the waveform output with

the ftavelormer switch set for saw-tooth out-
out. Figure 68 shows the output with the

Wavefo-rmer sw.itch set for square wave. In

Fig. 6C the input and output waveforms, at'e

superimposed with gains adjusted to show
how the Waveformer clips the sine wave.-The
"squareness' of the output waveform wiII  de-
p"nd on the magnitude of the input sine wave
ilg.rais. With larger sine wave input..signals,
th-e clipping action produces "squarer' waves.
Figure 6D shows the superimposed wave-
forms with the Waveformer switch set to one
o{ tLe half-clip positions.

input lo, ond output of Woveformer. Explonotion is

given in fext.

Principles of Operofion. When the Wave-
former switch is set to the sawtooth-wave
oosition. the basic waveforming circuit con--nections 

are those shown in Fig. 7A. First
consider only D1 and C1. Diode D1 passes

only the negative portion of the sine wave. As
the sine *aue goes negative. capacitor--Cl
charges rapidly in the negative direction. This
produces fhe steep portion of the curve. As
ihe input signal filli from the negative peak

to the zero line, the charge on C1 prev,ents
further passage of current through -D1 and ca-
pacitor 

-Ct 
t"tdt to discharge,slowly throrlSh

inv load resistance connected across it. The
use of D2 and C2 in the circuit improves the
performance by providing additional storage
and switch action.

When the switch is in the half-wave posi-
tion the waveforming circuit reduces to that
shown in Fig. ?B with diode D2 only in the



t8 RADIO-TV EXPERIMENTER

pl ,rr-ur ro*.oror. *ou. o*r.,.,.. ,.rr,rn

"i*yil. It passes qnly the negative half cycles.
wrth the switch in the square_wave nosi-

tion, the basic waveforming circuit is 
^that

shown in Fig. 8. As the inpit voltagu b"ilJ,
!p from zero, current flows throuih nt lo
the output. But when the voltage-becomes
s_ufficiently high (greater than 1.5Iy) to cause
diode Dl to conduct, the current is shorted
a,nd the straight top of the wave results. As
tfre,voltage decreases toward the zero line
diode Dl ceases to conduct *h.;-th";;lt ;;
to the anode becomes 1.5 v, and the return io
zero portion of the waveform results. Diode
D2 and.bias battery 82 operate on the nega-
tive half cycle in the sahe way. Onlv fr.1
Dl, and B1 or R1, D2 and 82 are "o;;;"i;a
in the circuit to produce the half-clipped sine
waves.

,The level control R2 is a potentiometer
which permits the setting of a d-esired output
signal level. It is common to all switch p6si-
tions.

The Waveformer is useful as a teaching tooi
to explain the operation of diodes, "uprEito."
and pulse circuits, but it has more imme-
diate practical applications. The sawtooth
waveform may be used to provide sweeD
voltage for an oscilloscope. Soine of the older
inexpensive 'scopes 

employ sweep circuits
that _are extremely non-linear and tend to
bunch a sine wave applied to the vertical
input. If the sawtooth wave of the Wave-
former is- applied to the horizontal amplifier
input of the oscilloscope, the linearity will be
improved-if the amplifier has sufficient gain
ano lrequency response.
- The half-wave waveform may be used to

drive a relay or any other dc device at a
gpec_ified frequency. Of course, the device to
be driven must be of sufficientlv low power
to nllow_operation with the signal genlrator
used and the diode in the waveforirer. The
driven device cannot be operated at freouen-
cies above those to which it can norrirallv
respond. The half-clipped sine waves mav b-e
used in similar fashion whele an opposite"off bias" is desired.

Squore.Wove Anplifier Tesfing. Clipped sine
waves may be used to test audio 

-amplifier

frequency response. The square *.ue l, uo-
plied to the input terminali of the amplifier
and the waveform is observed on an oicillo-
scope connected across the output terminals
of the amplifier (see Fig. 9).

A square wave contains a fundamental fre-
gue_ncy sine wave and a large number of
higher sine wave components. Figure J.0

;''4*:q-^ 4- s
ry-:rf  

Lr
@  U i t r  F ' 4 t e
shows the fundamental frequency, the thiri
harmonic, and the fifth harrnonic. and how
they ,combine to produce a waveform ap-
proacnrng a square wave. As more odd har_
monics of pr.oper phase and amplitude are
added, the resulting waveform more nearly
approaches a square wave.

Now, if a square wave is passed throueh an
amplifier, amplifier defects will distorl the
waveform. Discrimination against frequencv.
and phase shift dependent on frequen"li 1po6"
Irequency response) will produce distinct dis_
tortions. If the response of the amplifier is
poor at the fundamental frequencv. the scooe
connected at the amplifier output witt disptiy
a_ square wave with drooping midsections as
shown in Fig. 11A. Phase s[ift is indicated
by a waveform such as that shown in Fie.
118. Attenuation and phase shift at high fre--
quencies is indicated by an output waveform
like that in Fig. 11C. Overshoot and ripples
in the displayed waveform, as shown in iris.
11D, are also indicative of high-frequencv dis--
tortion. A pronounced high--frequlrrcl, 

-r.so-

nance in the amplifier under test wili cause
the overshoot to be further accented.

Mousetrop Third Hond

o Need an additional hand to hold small
wires and parts while you solder them? To
make certain an extra hand is alwavs avail-
able when needed, mount the spring mech-
amsm ot a_ mousetrap on the top of your
spool of solder as shown. Screw-iasteri the
mechanism to a tight-fitting cork inserted
into the center of the spool.-JonN A. Corvr-
sTocK.
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TunnelDiode

A simple demonslrslion construGtion proiect, thi3

oscil lotor employs q lunnel diode which, even in its

cose (obova right), is dworfed by o vocuum tube.

HIS oscillator is one of the earliest tunnel
diode construction projects designed for
experimenters. It is an effective .4"T9t-

stration device, and it will attract attention
by virtue of its simplicity and the fact -that
the tunnel diode is a novelty. For the builder,
it is a painless introduction to the operation
and us6 of the tunnel diode.

In July 1959 the General Electric Research
Laboratory announced progress in the-devel-
opment oltunnel diodes, and offered them in
Iimited quantities at $?5 per unit for labora-

Broadcast
0scillator

The tunnet diode-newest member in the

fcst-growing fomily of semi'tonductors-

ls giving its first Gousin, fhe tronsistor, on

Inferiority (omplex. Here's o proie(l which

helps to exPloin whY

torv use. Prices have been decreasing-thank
goJdttess!-since that time and at the time

itri"-utti"t" goes to the printer are below $10-
Obtain one now' and get il on the grouno

floor of an exciting new electroruc ctevtce'

Within a vear or two tunnel diode prices

should havL dropped to a dollar or two a unit,

and you will have sufficient knowledge to

f"ita th" many circuits that are possible with

this device. Tlie tunnel diode will be the sub-

iect of manv science fair and engineering day

displays, and it will soon be a common com-
p.ri."i in TV, communications, computer, and

other electronic units.- -iie 
circuit of the tunnel diode oscillator



*tP--rE@@
orX-$:'o @ o

i to @'* - r -

e;*ei-;..wp"

48 NADIO-W EXPERIMENTER

Unique
Cirtuit Simplilier

THE
TUNNET DIODE

€LECTRON " ROLLS UP" SLOPE
TO ENTER VACANT

S ITE

t

Here-in on exfremely simplified diogrom-is how the tunnel di-
ode operotes. Drowing represents o structure similor to q Chinese
checkerboord, with onq side slighrly roised. Holes on fhe leff side
(which represent on n-type semiconducfor) ore filled with morbles,
with c few left over ond sitting on top, Right side (representing
q p-fype semiconductor) hos q few holes vqcont. The slope repre-
senls fhe pofenfiol bqrrier. A morble (or electron) from the ieft,
con-sfter being given o push-enter o hole on the righr side by
rolling.up the slope ond dropping in. Or, wirhout rhe fush, it coi
miroculously "tunnel,, through rhe boord ond oppeoi in o hole.
The former process is used in conventionol diodes Lnd lronsistors.

The lqfier rep.esents whot hoppens in tunnel diodes.

THE tunnel diode was first reported by a Japanese scien-
I  t i s t -Dr .  Leo Esak i - in  1958.  l t  takes  i t s  name f rom the

phenomenon that makes its operation possible: quantum-
mechan ica l  tunne l ing .

As with transisiors, it depends on the transfer of an
electrical charge across a p-n junction, the region between
a p-type semiconductor, which has ah excesl of oositive
carrier or "holes" (empty electron states), and an n-type,
which has an excess of free electrons

The opposite sides of this junction take on a charge
which resists the movement of the .,holes" and electrons
across it. In the transistor, a charge carrier must be
emitted into a region where its energy can be boosted by
an outside voltage. lt is then collected on an outDut elec_
trode. The speed of this process is l imited by the time it
takes the charge carrier-having left the emitter-to tra-
verse the control region and appear on the collector. This
time limits the frequency at which the device can function
and is quite long compared to, say, the time needed for a
signal to travel an equivalent distance along a copper wire.

The quantum-mechanical theory says thefe is another
way in which the particles can pa6s the barrier: an electron
has a small, but definite possibil i ty of disappearing from
one side of the potential barrier and re-appearing simul_
taneously on the other-even though it does not have
enough energy to surmount the barrier, lt is as though the
particles "tunnel" under the barrier, setting up almost in_
stantaneous surges of current. Thus, in the tunnel diode.
the signal moves with the same speed as it would in a
copper wirtsthe speed of l ight.

The construction of a tunnel diode gives it some other

o , r . ? . 3 , 4 . 5
VOLTS

TUNNEL DIODE
CURRENT-VOLTAGE CHARACTERISTTCS

ers Qro @ - posrnvE REsrsrANcE
PTS 

9ro (9 - NEGAT|VE RESTSTANCE
Pr  (9ON -  POS|T |VE RESISTANCE

interesting characteristics. lts p-n junction is made of
materials more heavily loaded-or doped-with imourit ies
than convenf iona l  d iodes ,  and made so  tha t  the  bar r ie r
between p and n sections is extremely thin, less than a
mi l l ion th  o f  an  inch  th ick .

So long as no outside voltage is applied across the p_n
Junction, there is no net current-since the electrons tunnel
back and forth easily through the barrier in both directions,
Aqqly a small voltage, however, and current appears. Add
sti l l  more volta,ge, and current decreases. Add more. and
current increaseS again.

In the range where an increase in voltage results in a
fa l l -o f f  o f  cur ren t ,  the  tunne l  d iode is  sa id  to  have. ,nega-
tive" resistanc+making it suited for use as an amplif ier
o r  osc i l la to r .

This negative resistance quality, combined with speed-
of-l ight operation, makes possible a very high frequency
response. Engineers confidently expect osciIation frequen-
cies of more than 1 0,OOO megacycles.

Some other outstanding fearures:
. It is smaller than a transistor and, because of its

simplicity, ult imately wil l be iust a fraction of lts present

. lt is affected very l itt le by environment. The tunnel
diode can operate at the near-absolute zero temperature of
l iquid helium or-at the other end of the thermometer-
at temperatures up to 6500 F, while conventional sil icon
diodes won't operate above 4000 F.

.  l t  has  a  low no ise  leve l ,  on ly  paramet r ic  amol i f ie rs  and
masers competing closely with it. And of these, only the
tunnel diode can operate directly from a battery.

;;; ffi ; ;;,** il; ;;ffi ;";;; ;ffi ; ;",;;;;; ffi ;;:
the voltage from the 1.5-o battery d-own to tr6k the oscillations .f tn" i"""ui ii.J", 

-m.

about 0.15 r:, the approximatevoltage for neg- (Several symbols for tunnel aioa"r h;;;'b;""
a.tive resislance opjration of the tunnel diode. suggested ind are presently "r"d bv ditre.u"t
Resistors R1 and R2 were chosen so that R2 ma-nufacture"s. Tli. convdntional 

""y*Uof 
it

wpuld be a fractio-n (about %th in this case) shown in Fig. 2).
of the tunnel diode. negaliv_e r,esistance - Co,rrect p-ota,iity of the voltage applied to
(which is about 150 ohms). Inductor L and the diode i-s impoitant-ne "areiul ijf to ""-
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Desit.
R2
RI
L
c
TD

DescriPtion
27 ohn. t/c watt carhon resistor. 10%
270 ohn, 

-!,/2 
watt carbon resistor, 10 o'o

[ioiuiisi 6i 'tu territe l00p antenna (Miller 6300)

;b-s riiii.-ilirriii,ie-tunins capacitor (Laravette M-s.'445)
i;;;i ;i;; c;;;'ut et.*ii. ilzgrg (zlsel or 1ri2e40

(zJ56A)
S miri ia'tuie momentarv contact switch (Giavhil l 400I)

B  L5  v .  P€n l i te  ce l l  (Burgess  #7)
penlite cell holder (Lafavette M5'137)
I y 121r, x 227"t plastic case (Lafayett€ M5-157)

Components for this proiect may be obtained ffom Lafayette Radio'

roo o{tr Avenue, New York 13' N. Y.

Reqr view of oscillstor with cose open'

verse it. The General Electric 1N2939, 1N-294-0'
""JiNig+t tfotmerlv designated as the ZJ-56

series) are housed in TO-18 cases and have

;h;ffi connections shown in Fig- 2' Note that
i."a-r i and 2 are both connected to the posi-

tive electrode."^ 
ift" "!". "iew of the tunnel diode o.scillator

*ith;;; open is shown in Fig'-3' Use Figs'

Z ."a g for^guidance in assembling the unit

and wiring it.

in the holder.
This oscillator oPerates in the

broadcast band. To demonstrate
its operation. tune in a relatively
weali station on a broadcast re-

ceiver. Push the switch S on the
oscillator. A momentarY contact
switch. it is "on" onlY when
depressed. Hold the tunnel diode
or"ill.tot near the bloadcast re-

ceiver antenna and tune C till a

wtristle is heard. At this point, the
tunnel diode oscillator is tuned to

the frequency of the received sta-

tion.
The short length of wire fur-

nished on coil L *as removed, b-ut
if you have trouble Picking uP qe
siinal on your receiver, simPlY
cJnnect a 6- to 8-in. length of wire
at point A (Fie. 2) and Provide a

hole for it in tlie plastic case' This

lead will act as a short antenna
and provide better couPling of the

sienal to the receiver.
ahe unmodulated signal from

this oscillator will not be audible
in a receiver unless the receiver
is tuned to a station. The oscillator
signal bea* against the received

i lATERTALs Ltsr-TU NNEL DI0DE 0sclLLAToR Four holes are required in the plastic case'

Start these holes with a heated ice pick' L:a-

o."ito" C and the switch S are on the-case

[""t"ttitt". The hole for the capacitor is 7e in'

from the top ef the case. The mounting hole

for switch 3 is centered on the bottorn side

o}-tfr" ftottt half of the case. Locate !he- b3!-

i"t" [o]a"" -ounting holes by using the hold-

er. against the back half of the case, as a

n"ia"l---n"i.tee the tuning capacitol and

Iwitch mouniing holes to %e in. dia' with a

taper reamer. Wash the case with soap ano'

witer and rinse with clear water to remove

d;;p;dtt after all of the holes have been

made.
Mount the switch S, the capacitor C ald the

battery holder. Then wire the circuit' Use a

ili;;];"; soldering iron and rosin core solder

;;;k;;;";ectio"ns. Minimize the danger. of

heat damage to the tunnel diode by grasping

lit" t""at 
"with 

needle nose pliers between

ihe tunnel diode case and the conneetion
point during soldering' Wh.en wir-
i"g is comPlete, insert the batterY

I , Z
TD
3

signal.
If vou haie dififrcultv check the battery

voltaie. and check capacitor C fol a possible

short] Remove the battery and th.e tunnel

diode when checking any portion ot the crr-

cuit with an ohmmeter. A change in the

,r"tnu of R2 may be required. Pisconnect it

and substitute a 100-ohm variable reslstor'

Adjust until unit -operates, then. disc,onnect

and find value, and permanently rns-tau a le-
sistor of this value for R2.-FnaNK WooDs, JR.

1q
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Meters and Muftinreters
By FORRIST H. IRAIITZ, SR.

) t

il

\

\

D'Arsonvql mefer moyemenl.

HE type of meter we are concerned with
has an electromagnetic mechanis* kno*r,
as a d'Arsonval movement. From it I,ll

show you how to make voltmeters and am-
meters and ohmmeters.

How Melers Work. The d'Arsonval meter
(Fig. 1) contains a permanent magnet. a coil
that is free to rotate about its pivot axis. a
needle attached to the coil and i spring that
resists displacement of the coil from zeri and
tends to restore the coil to zero.

_ Th_e torque that eauses the coil to turn is
developed when a current passes througt lh;
meter coil. The amount is proportionallo the
culrent passing through the meter coil. The
coil and needle are supported by low friction
bearings so that mechanical resistance is low.
The pole pieces conduct the flux from the
magnet poles and the circular iron core over
which the coil rotates. This core and the
curved pole piece faces assure that the mae-
net's flux is_always cutting the coil windinis
at right angles.

The most common basic d'Arsonval meter
movement is the 0-to-1 milliampere dc meter.

Designing Your Own Meler lnsfrurnenfs. Cs_
sume for simplicity in the examples, that all
ot the work ts being done with a 0_1 ma.
meter. The resistance of the meter. if not

EXPENIMENTEB

!1ow^n, ga,n be determined by the circuit ofFle, ?. Adjust pot R, which is ;";;;GJ ;;
a h^rgh resistance rheostat, for full scale meter
deflection. Connect shuni RS "".;;;1h;-;;_
ter_ terminals, and adjust it until the meter
detlection is reduced to hall scale. The resist_
ance to which RS is adjusted is the resistance
of the,meter morremetrt-. The resistance;f RS
3r_ay be measured with an .hm;;1* 

-;

Wheatstone bridee.
Once you knoiv the basic movement (I-)

and .the resistance (R-) of the metl", yoir
can rncrease the current range with a shunt
resistance (R" in Fig. 3.). The value of the
shunt resistance for a new range is deter_
mined using these formulas:

(a) I" :  I- I-
r T  r

(b) R" :  R_ ( i : )
You can buy a 7/6 shunt resistor, or vou can
make the shunt by winding insuiated resist-
ance_or magnet wire on a form, such as a
matchstick or a Bakelite bobbin. 

'O. 
Vou c""

use a rheqsta,t, adjust it to the propei .u.iri_
ance,- and lock it with a cement-seall between
the shaft.and bushing. Most .f,,r"t ,urirt.rr"u
values will be so low, though, that it,s best
to wlnd your own.

In designing an extended-range meter
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Circuit for meosuring meler resi3lonce. With RS

out of the circuit ddiust R for full-scole meter de'

flectioh. Then connect R5 ocross the meler os

shown cnd adiusl ir r i l l  rhe meter reqds holf

scole. The meter lesiston€e is equol fo lhe volue

to which R is odiusred.

Exfending the ronge of o currenl meter wifh o

shunl resislonce.

Converting o mill iommeter to o vohmelet wifh o

series resislonce'

+
Im Rs

a

o

a

a

a

a

a

a < - V

using a basic meter movement, try -to select
a tange that is a convenient multiple of- the
meteiscale range. Multiples of 10 are best

since you can read the meter directly, and
have tb supply only the decimal point. Two
and five ai. ih" next best choices for scale
number multipliers, and of course' multiples
of 10 can be used with these also. (Same ap-
plies to voltmeters.)- 

The circuit for converting a milliammeter
to a voltmeter is given in Figure 4. These
formulas are used:

r V r( a )  H : [  ,  I
\ I m /

( b )  R : B - R -
By. connecting a switch (Fig. 5) you can
make a multi-range voltmeter.

These current range extensions and volt-
meter conversions are solved by applying
Ohm's law. In the ammeter application of Fig.

3. the meter and shunt are in parallel. Thus,
the voltage across the meter equals the volt-
age acrosl the shunt. Therefore, the current
throueh the meter times the meter resistance
equalJ current through the shunt times the

sliunt resistance. And the current into the
combination equals shunt plus meter current'
The voltmet"t u""attg"tttent ol the second
problem (Fig. a) was based on the idea that
ihe current thtbugh the shunt must equal
the eurrent through the meter, and the sum
oi th" voltage drops across the meter and

the series resistor equals the voltage drop

across the combination.
What about measuring resistance with a

meter? There are several approaches. The
first (Fie. 6) utilizes an ammeter and a volt-
metei tJ measure the current through, and
the voltage across' an unknown resistance R"

Then R'ls caiculated from Ohm's law. For

example, if V is 4.5 v and I is '005 amp (5

ma.), using:
v 4 5

R.:-i. Then R":ff, and R":900 ohms.

This method is cumbersome, so let's see if we
can get around it. If we know the voltage- E
of tli'e battery, do we need to measure V?
No, if R- is much greater than the resistance
of the meter measuring the current I. This
leads us to the circuit of Fig. 7, where a pot

P is employed to adjust the voltage V to a

value around which we'll design our ohm-
meter. Assuming that we'll use a 1-ma, 27-

ohm meter movement, as before, we'll want
the resistance of P to be about 500 ohms.
This choice is made on the assumption that
the current from the battery should be 10 or
more times the current through the meter,
for accurate results. The resistance across A
and B is zero, if we short these terminals'
Therefore the resistance of R and the meter
should be 5v (the design voltage) divided by
the meter current, .001 amp. Resistance R,

therefore, is 5000 ohms, minus the-meter-^r^e^-
sistance of 27 ohms, or 4973 ohms. Since 5000
and 49?3 ohms differ by only about YzVo, you

can let R equal 5000 ohms without noticeable
error. The bhms scale may be calculated in
terms of the I scale on the meter by assuming
different values of R* using this formula:

t - V' -R + R-
Thus, R" in ohms I in ma.

0 1.000
500 0.909

1000 0.832
2000 0.715
3000 0.625
4000 0.555
5000 0.500
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A simple 3-range vohmeter. Resislance volues
were obtoined by the method of Fig. 4 ond

rounded ofi to procticol volues,

Determining resistcnce by the volt-currenr (Ohm,s
low)  method.

A simple ohmmeter circuit, ln fhe exomple in
the text, P is 500 ohms, For less criricol ,"i"-"i-_
iustment, substitute (for p) o t0O-ohm pot in se-

ries with o 400-ohm resisfor,

8000 0.384
10,000 0.333
15,000 0.250
20,000 0.200
30,000 0.143
50,000 0.091

100,000 0.048
200,000 0.024

,You can compute additional values vour_
self. Note that the half-scale meter defleciion
is, equal to R for any meter combinatiorr
wtrich uses- this arrangement. That,s . t ""dv
piece of information for estimates, before vou
begin.design. The ohm readings *"v b""ob_
tained using a table such as that "to,r". o"
an ohms scale may be pasted on the meter
glass. The switch S is turned on only when
the ohmmeter is being used.

_The potentiometer p may be made up of a
100-ohm pot in series with a 400-ohm,^fixed
resistance. This arrangement makes the zero
resistance adjustment less critical. you can
dou.ble battery life by doubling the value o]
P (use a 200-ohm pot and an 800-ohm re_
sistance) with a decrease in accuracy that's
negligible.

To convert a basic dc meter movement for
ac--measurements, rectifiers are used. Their
diflerence in forward and back resistance is
so great that we generally assume a rectifier
acts as a switch. The rectifier circuit of Fie.
8A, not often used with meters, conducis
during only half the ac input cycte. tne futi-
wave-half bridge of 88 passes current during
all of the input cycle. A 2.7K resistor foi
each R works well with most germanium
diodes. The output current is ibout 0J2
times the input current. The full bridse of
Fig. 8C-passes current during the entire input
cycle also, but presents a greater output ior
a given input current. The output cuirent is
0.9 times the input current.

The rectifiers may be germanium diodes or
copper oxide types. Germanium diodes are
more readily available and cover a broader
range of frequencies. The GE 1N64, Sylvania

INjIA and the Raytheon IN66 are suitable.'I_he 
shunt resistances for current meters

ald the series resistances for "oft*"iu"r-of
the ac variety may be determineti; th;;;;.
way as _they, were determined for dc inslru_
ments, but bear in mind that the t."rs]"r.
factor oJ the rectifier arrangement alters the
val.-r's .1 the ac voltage requfred to"]"tt ,""i"
detlection, ald that the apparent meter re_
$ptarlce- is changed, too. Use the circuit-of
r rg. .:z tor experimentation, considering the
rectifier input terminals as the -"t"" iE"-i_
nals and an ac voltage source instead of a
battery to determine Ih" "pp"r".rt;;;* ;"_
sistance. The current through th" m"i"" is
the vol_lage across R divided 6y the "".i.il*
9f R. Jhen, the formulas of Fig. B ;d-A-;;;
be applied.

Mull imelers, T'here are many meter kits
availab.le at low prices. They're-calleJVOfit
(volt-ohm-milliammeter) or multimeter kits
and. are-goo4 for measuring ac arrd dc cur_
rent and voltage, and for measuring resisi_
ance. Although many factors enter lnto the
cnorce ot a meter kit, the primary considera_
tron ls meter sensitivity: the number of ohms
resistance that the meter movement and the
series resistance present between the input
terminals of the meter, divided bv the cor_
responding voltage range. This is"e*p"essld
in ohms/volt. This number is a funcltion of
meter movement current for full scale de-
!Sg!iol. A 1-ma meter has . ,""riti"iiy"Jf
1000-ohms/volt; a 200 microamp. ."tur"tm
a .sensitivity of 5000 ohms/volt; and a 50
microam_p. meter has a sensitivity of 20,00b_
ohms/volt.

The sensitiviy is important, because when
you connect a voltmeter into a circuit to
maKe a measurement, you're connecting a
resistance across the cireuit. tf vorr-"o""-""i
t-oo low a resistance across the "ir""it, vo"iidraw enough current from the "ir";lt io ;;;
a wrong voltage reading. Figure 9 illustrjes
what can happen. When you "orrr""t 

-ih"

meter across AB, its resistance is in parallel
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with the bottom 5K resistor and the
ance of the combination is lower. With
1000-ohm/volt meter (0-1 ma movement)
to the 5 v range the resistance between A
and B looks like 2500 ohms. This increases
total circuit current to l-.33 ma from the value
of 1 ma which flowed prior to meter connec-
tion. The voltage drop between A and B is
only 3.33 v now instead of,the actual 5 v that
would exist under normal circuit condi
-a big error. However, if a 20,000 ohm/volt-s vr5

meter were used to make the measumeter were used to make the measurement'
the resistance paralleling R2 would be 100,000
ohms on the 5-v range' and the resistance
between AB would be 4760 ohms. The total
current through the circuit would be 1'023
ma. and the voltage between A and B would
be 4.87 volts, very close to exact-

Using o Muitineier. My young son uses his
meter to check the resistance of a toy motor'
If it's open, the needle reads infinite resist-
arrce (nb deflection). Sometimes he checks
his toy motors by using them as generators,

switching the meter to a low dc voltage -or
current iange and looking for a meter de-
flection as lie rotates the motdr shaft.

The motor used as a generator with a
meter indicating output voltage- across or

current through a resistance makes a gooct

rnm indicator for lathes, drills, motors and
engines (including cars). The same scheme
*Jv be used for a speedometer for bicycles
or i child's wagon. Equipped with a propeller

or vane that is outfitted to face into the wind
or equipped with anemometer type cups, this

sa.tt" ul""ttical arrangement may be used to
measure wind speed' The hook-up of Fig. 10
may be used for any of these applic-ations.
The size of the series rheostat must be de-
termined experimentally and may include- a
series resistance in the meter if you use the

dc voltage range of a VOM for the meter. A
more veisatile approach is to use a dc current
range.

Uiually the pot adjustment can be made to
calibrate the meter so the existing meter
scale with a suitable fraction or multiple of
10 will provide the desired range of rpm or
mph. Sometimes, though, you'll have to pro-
.rri-d" a paper and ink scale, and you'll have
to fieure but the mechanical coupling.

A 
*multitester's 

ac volts range can be used

Meler reclif ier circuits.

with an audio amplifier to produce an audio
millivoltmeter, a sound survey meter or an
applause meter (Fig. 11A). Figure 11B shows
resistance-capacitance meter coupling, and
11C shows transformer coupling to the meter.
You can rig up a calibration template for the
amplifier volume control so you can use it -as
yorr'd ut" a range switch. You can use the
meter's decibel or voltage scales.

The ac voltmeter ranges may be used to
measure capacitance of paper, oil or mica
dielectric capacitors. Use the circuit arrang-e-
ment of Fig: 12. Adjust the pot till the volt-
ages at A and B are equal. Then disconnect
tlie pot and measure its resistance R. For
the &pacitance in microfarads, substitute the
value of R in this formula:

1,000,000
377R

This circuit works best with higher ac volt-t
ases. but 30 v is the top, safe limit. (The

voltaees across C and R won't add up to the
appliJd voltage.) Get the 60-cycle ac volt-
rg" fro* a lransformer-either a filament
t[nsformer or a train transformer will do.
And, don't use this arrangement to measure
low-voltage electrolytic capacitors, or you
may ruin them! You can use a 6.3-v trans-
former in the circuit to test electrolytic ca-
pacitors rated 100 v or more, without dam-
age.

Beginners can use a meter to get a gooc

undeistanding of electricity. Use it to find
out: What happens when you connect bat-
teries ih series and parallel; what happens
to the battery voltage when you decrease the
resistance connected to it; what happens to
the voltage and current when resistors are
connectedin series or parallel; how to apply
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Ohm's law; the difference in the resistance
of a light bulb before it's turned on and after
it has been on a while. Incidentally, never
use the ohms scales to measure resiitance in
a circuit under power. Always disconnect
the voltage from the circuit before you meas-
ure resistance.

,. The rgrsistsn_ce ranges may be used to check
rrght bulbs and lamp wiring. If the ohmmeter
needle deflects at all on the low ohm range,
the.bulb (or lamp wiring with a good bu-lb
rn the lamp and the switch on) isn,t open and
if the meter needle doesn't hit zero. the bulb
or lamp isn't shorted. In the case of a table
or floor lamp, if you get this kind of indica-
tion, everything's good, except that you're
not sure that the switch will work. When vou
turn the switch off, the meter needle will
return to its normal rest position if the switch
!. operating properly. This is the technique
for trouble-shooting radios, electrical appli-
ances and home and car electrical wiiing.
- Another example of the continuity check
just outlined is locating tubes wiih open
heaters in a radio or TV. 

-If 
none of the tubes

in an ac-dc (tlansformerless) radio lieht uo
when_ the radio is on, the pfobable "irrre oi
trouble is-an,open tube heater. An open tube
heater will also cause a TV set to b6 inoper-
ative, but won't necessarily prevent all tubes
from lighting up. To check tube filaments for

l l  Using cn ompli f ier with on oc vohmeter qs sn
qud io  mi l l i vo l tmeter ,  sound survey  meter  o r  on
opplouse meter (o); R-€ coupling mefer to dm-
plif ier (b); ond meter-conne*ed omplif ier outpul

frunsformer (c).

9 lllustroting how o low sensitivity vohmeter up_- sets low currenl circuit operotion ond gives folse
reodings (see text),

|  0 t  
t . l  motor used os o generqtor  in th is s imple

circui l  hos mony procl icol  uses,  Delermine R
experimentally.

opens, use the ohmmeter test leads across
the heater pins (power disconnected). The
pin numbers may be obtained from tube
manuals.

_- An ac voltmeter is useful in checking ac
line voltages, transformers. circuit wirline
oscillator- output, model trii"oud ""J dv "iii
cuits and for numerous other applicaiions.
The dc voltmeter is useful in checkine bat-
teries , (check them for voltage witf, the
normal load connected), checking dc power
supplies, trouble-shooting in .adios and car
wiring, and for numerous other applications.
You should have little difficulty^in voltage
measurement.

Current measurements are not used as
commonly in routine trouble-shooting and
experimenting, but are becoming moie im-
portant with the advent of the transistor. The
important thing to remember in making dc
current measurements is that the meter is
connected in series with source and load.
That is, one of the leads connects to the
source of voltage and the corresponding con-
necting point on the device that is receivins
power. .You m_ight look at it as simply cuttin[
one of the leads in the circuit and connectini
the current meter to the lead ends that vou,vE
created. The microampere range o-n the
meter is also useful as a current detector in
Wheatstone bridge circuits.

l(-
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Kid Kaller cqn be in.
stolled in kirchen cqbi-
nel, os here, for inslant
communicolion outdoors.

Oulside speoker con be
loccted neqr bock door,
on post in yord or on

9Oaoge.
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Kic t  I {a I  I  (e?
By HOMER L. DAVIDSON

I ^ |HEN the children are out playing,

\A/ tttev can never be found when
V V wanted. With this unit, however, sim-

olv bv pushing in on a push-button switch you

i,"" d'"ti them. And then you can hear their

replv or listen in on the outdoor happenings'
e- OpOt two-position is used to switch

from Talk to Lis-
ten position. A
SPST switch of

o n l y  w h e n
oushed. and out-
3id" noise will
be present onlY
when listening.
T h e  u n i t  r e -
sponds at once
',ihen pushed on,
since there are no
tubestowarmuP.

Circuil DescriP.
lion. This inter-

the momentarY- {' ' , !
hold type ;frlts |;iil,f.
the unit off. BY ! r*;1."fi:','1
using this type of l, ,,: t':'.64.''

t;Y'S"'f"':X m#*i*

*

a 0 *
e 6 s s s

s * *

: :

com caller is built around four transistors'
The first three are 2N107-PNP low-cost
tvoes. A 2N255 CBS power transistor is used
inihe output circuit for greater volume. From
the input of the house unit a 45-ohm voice
coil permanent magnet speaker is placed, in
the bise circuit of the first cascade stage. This
speaker, used as a microphone, is couple4 to
the base circuit through a 5 mfd electrolytic
capacitor. The signal is amplified, then capaci-
tively coupled to the second transistor stag-e
through a small volume control that controls
the output volume. Both emitters of the first
two stages are grounded. A base resistor is
tied to each collector terminal
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In the third audio stage the collector is tied
directly to the battery, while the emitter
terminal is wired directly to the base circuit
of the power transistor. The base return

unit (5A), excepf for outside speoker,

resistor is tied to the collector circuit of
the power transistor. A 45-ohm, paging
type speaker is switched into the output of
the 2N255 collector circuit. As the output
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M A T E B I A L S  L I S T - K I D  K A L L E B
Des ig .  Descr ip t ion
CL,C2,C3 5  n fd  min ia tu re  e lec t .  capac i to rs
RL I2,000-ohm, /2.watt carbon resistor
RZ 120,000.0hm, /2.watt carbon resistor
R3, R7 l0,000-ohn, !/2-watt carbon resistor
84  10 ,000-ohm l .R ,C,  yo lume cont ro l
R5 220,000.0hm, Z2-watt carbon resistor
R6, R9 47,000-ohm, ,/2-watt carbon resistor
R8 270-ohm, y2-watl. carbon resistof
TRl ,  TRz,  TR3 2N107 GE t rans is to rs
TR4 2N255 CBS power transistor
SWl SPST hold.type push switch
SW2 Rotary DPDT two-position switch

0peradio 45.0hm 4,' PM spkf. (microphone)
Mid-45  Un ivers i ty  pag ing- type spkr .  (ou ts ide)
6-volt battery, lantern type

impedance of the power transistor is around
48 ohms, this insures a perfect match for
amplification

There will be no need for an output trans-
former in this type of circuit. The power or
voltage to be applied to the circuit is fur-
nished by a heavy duty lantern battery. Since
the unit is used only intermittently, the bat-
tery lasts a long time.

Consfruclion. Construet the amplifier inside
an ICA aluminum case (see Materials List),
or make your case, as shown in Fig. 5A, from
thin-gage aluminum. Mount all 2N107 tran-
sistors directly on a three-lug terminal strip;
the power transistor, in a standard 9-pin mini-
ature socket insulated from the metal chassis
(see Fig. 6,4'). There is no need to construct
a heat sink for the power transistor since the
unit is not on long enough to get warm.

Cut the front panel from hard-tempered
Masonite and drill necessary holes before
painting (see Fig.58). I used a white enamel
spray paint so that the small unit would
match the kitchen walls. The wire lead to
the outside speaker can go directly through
the wall through a small hole. Place colored
putty around the hole so there will be no
danger of weather damage.

Fasten the amplifier unit to the front panel
with four small bolts and nuts and secure the
PM speaker to the panel also. Mount the
double wafer switch directly above the am-
plifier chassis (see Fig. 6A). A small metal
bracket was constructed from aluminum
stock to hold the lantern battery to the front
panel. The switching circuit is shown in
Fig. 4.

Operotion. When the wiring has been com-
pleted and the unit installed, except for the
outside speaker (which should be wired into
circuit but not secured outside), push down
on the switch and-with volume half-way up
-feedback should occur between outside
speaker and microphone speaker,

Then turn the switch to listen position and
press the switch again. Again feedback should
occur. If it does not, check the wiring of the
double waler switctr. Now place the"oulside

speaker outdoors so that feedback will not
occur with someone talking into the micro-
phone speaker.

There are many uses for this small unit.
The caller can be used as a regular intercom
simply by placing a switch on the back of the
volume control. Or the outside speaker can
be placed on a post in the farn yard so the
housewife can speak to her husband outside.
Or you may be a rabid bird watcher. The
outside speaker can be placed near a bird
house and you can hear them while watching
them.

. Rolls of plastic, rubber, and friction elec-
trician's tape have no cutting blade to cut
strips to length. A piece of metal cut-ofi blade
removed from a wax paper box makes a
good cutting edge. Simply cut ofi a length
of blade that will fit loosely around the roll,
overlap it on the inside and solder.-Jonw
A. Coustocx.

RqzorShunls lron Heql

. T'hat discarded razor can serve a useful
purpose as a heat shunt when soldering radio
parts leads. Clamp the razor over the lead
and it will absorb the soldering heat that
might otherwise damage or change the value
of the radio part,

Tope Cur-Off
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lhe experimenler's DX speciol for hidden DX, consisting of q Hqmmorlund HQ
l2O X qnd o Grqnco 780. Almost ony combinotion of short-wove ond FM
receivers will do, bur it is beiter if the 5W set is equipped with bond spreod.

l\O YOU own an FM receiver? Chances
| | are pretty good you do, or could, be-
l./ s4115s there are sets in the stores selling
for as little as $29.95. Second question, are
you a DXer? If you are, then you're missing
one tremendous bet on the FM band.

We're crazy? FM DX is a eross between
that found on the Broadcast Band and VHF
TV' channels. Ilowever, DX listeners are
missing some very rare catches between 88
and 108 mc, loggings which compare with the
most unusual to be found anywhere in the
radio spectrum. Hidden on the band are sig-
nals which the ordinary FM receiver will
never pick up, which even local listeners will
probably never hear. But if you have a short-
wave receiver, you can. And at a distance,
Rare enough for you?

Most of our readers will be familiar with
one class of station in this "hidden" group,
the satellites on 108 mc, but unless you have
special equipment, these require a tremen-
dous amount of patience. A much more invit-
ing target are the subcarriers used for back-
ground music and storecasting. Believe it or
not, such signals you will be able to detect
(for DX purposes only), log and QSL with
only a reasonable amount of effort.

How's il done? By using AM detection in-
stead of FM. An FM detector measures the
deviation between the frequency transmitted
and the carrier frequency, subtracts them,
and the result is an audio frequency. We have
taken WSOM as an example, carrier fre-
quency 105100 kc (105.1 mc). If the signal
deviated to L05101 (or 105099) the result
would be a 1 kc or 1000 cps audio note. How-
ever, should the deviation exceed 15 kc, it

variations in amplitude, and in this sense, not
to frequency deviation. The subcarrier does
produce amplitude variations. Thus if you
could tune an AM receiver to 105167 it would
pick up WSOM's subcarrier. The sounds
would not be enjoyable listening but recog-
nizable as music, and-more important from
a DX standpoint-loggable.

But you don't have an AM receiver that
will tune the FM band? You don't need one,
the FM set will do it for you. Double talk?
No.

An FM set receives a signal from the an.
tenna, passes it through one stage of RF
amplification (a few have two) then feeds it
into a mixer tube where it's converted to an
intermediate frequency, the most common of

QSL's received-
"Dea r  Mr .  S tanbu ry :

"Thank you for  your repor l  on recept ion of  WRRA
loca led  on  Connec l i cu t  H i l l , 9  m i l es  sou ihwes f  o f
I t haca ,  New  Yo rk .

"The subcarr ier  you detected was our 67 kc mul t ip iex
subca r r i e r  { o r  backg round  mus i c

"You may .  .  .  be able to deieci  bursts of  h igh f re-
quency  t on i  ( t 9  kc  +o  29  kc )  a f  s f a t i on  i den t i f i ca t i on
t ime and also our 45 kc ie lemeter ing f requency at  odd
inierva ls ."

Nor lheast  Radio Corporai ion
: & * *

"Dea r  Mr ,  S lanbu ry :
"Th i s  w i l l  a cknow ledge  you r  l e l l e r  o f  7  Augus t  1959 ,

relat ive io recepi ion of  radio s ignals f rom ihe Dis-
coverer Satel l i te.

"Time, { requency and emission would certa in ly in-
dicaie that  the s ignals you received were f rom the
S a t e l l i i e . . . "

From a Government Agency

.l

I

t
(
I

The Hidden DX
Here's something new in DX -

funing FfUl subtorriers

By (. [tl. STAIIIURY ll

wculd produce a su-
personic audio note
which your audio cir-
cuits would reject, no
speaker could repro-
duce. and of course
you couldn't hear it
anyway. Thus WSOM
may transmit back-
ground music around
105167 (the subcarrier)
and no ordinary FM
set could ever receive
it.

But an AM receiver
(detector) responds to
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Q51 for on FM subcorrier. The cord wos prepored
by rhe curhor to expedite verif icafion.

which is 10.7 mc. So far, simple. But what
you may not know is that the mixer tube
radiates a small portion of the signal at the
IF frequency. Such radiation passes back into
the antenna circuit. If a shortwave receivet
is hooked up to the same antenna, there will
be no difficulty picking up the FM signal at
10.7 mc (or whatever the IF is). Once you
pick it up on your shortwave receiver, you
will of course be using that all-important AM
detection.

Now that we've reached the antenna. let's
consider it a moment. Subcarriers usually
produce weak signals. Thus your antenna
must receive signals well from that direction.
Which direetion? Well, that depends upon
which DX station you're after. In other
words, your antenna must function in oll di-
rections. The best solution is a rotor, the kind
used for TV antennas. But if you don't already
have one, this is also the most expensive. A
compromise would be the old fashioned long-
wire.

Which brings us to a second use for the
hidden-DX receivers: That very tough space
reception. Most American satellites use either
.{1 (on/off) or F1 (frequency shift, in this
case producing beep effect) modulation to
identify their carriers. Both can be received
much better on the narrow band set-up de-
scribed here than on an ordinary broad-band
FM receiver.

Now that the equipment is set, you're ready
to use it. The first step would be to listen to
one or more of your local FM stations so you
become familiar with their sound when de-
tected via AM. If you know one of them has
a subcarrier, listen to it (look for a subcarrier
when the orthodox programming is other
than music). Among other things you will
note that mixed with the background music
will be transmissions from the standard car-
rier.

Finding q Subcarrier. The process is the same
for both local and DX stations. Tune in the
stations as well as possible on your FM set,
then turn the volume down to nil (but not
off). If your shortwave receiver is equipped
with band spread, plaee it at the maximum

No inlernol odiustmenls ore required on the rig,
only o common ontennd,

setting and find the carrier frequency on the
main dial (around 10.7 mc or whatever the
FM IF is). The carrier will be at the point
of peak signal, but it can be found much more
accurately by waiting for a moment of dead
air (even while the announcer takes a
breath). It will then appear as a distinctive
hum at just one frequency. (In actual prac-
tice this extremely fine tuning is accom-
plished by a slight adjustment of the band-
spread.) Once you find the carrier, look for
the subcarrier with the bandspread. Assum-
ing the station has a strong signal, if you fail
to find it after a couple tries, place the band-
spread at its lowest reading, retune the car-
rier via the main dial and start searching for
your quarry again. If you don't have band-
spread, tune in the standard carrier, note the
frequency reading carefully, then tune back
and forth for the subcarrier. When you find
it, note that dial setting also.

Although these procedures sound compli-
cated, they will-with a little practice-be-
come simple routine and in the long run prove
much easier than any haphazard approach.

Except for identification, which will be ob-
tained from the nornal FM transmission,
you'll have to garner enough information
from the subcarrier to authenticate reception
of same. First item is frequency. If the sub-
carrier appears above the carrier on your
shortwave receiver, it will actually be below
it and vice versa. Ifowever the indicated fre-
quency difference will be correct. Such read-
ings should be as accurate as possible, A
bandspread may be calculated via 31-meter
SWBC images or more easily by using a
100 kc crystal calibrator. For space reception,
pinpoint accuracy is absolutely indispensable.

Other verification data might include tim-
ing between records (to the second) and
possibly song titles, although many stations
keep no record qf the latter, so don't depend
upen it.
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Hi-Ousl Pre-Amp
This preamp is inexpensive, eosy lo consfruct. lt hos c
goin of about 500 flot from l0 rycles lo 20,000 cy(les.
It noy be used in opporotus requiring o quolity pre-

omplifier rircuil, or os o loborolory tool

TIIE electronics and scientific experimenter
I frequently needs a high quality preampli-
I fier. The preamp must have a low value

of internal noise, hum, and hiss. It should
have a reasonably high input impedance, high
gain, and the gain should be relatively inde-
pendent of the power supply voltage. The
frequency response should be relatively flat
over a wide range of frequencies, and distor-
tion should be low.

An amplifier that meets these specifications
may be used as a phonograph, microphone, or
tape recorder pick-up preamplifier. It may be
used with a crystal detector tuner to drive a
power amplifier for hi-fi listening. As a lab
preamp a unit meeting the outlined specs
can be used to detect small ac voltages, as a
meter amplifier for a conv'entional meter, as
a preamp for older, less sensitive oscillo-
scopes, and for a host of other uses.

A speoker connecled ro the Hi-
Quol Pre-Amp inpul con function
os o mike sensitive enough to

record heqrt beots.

T h e  H i - Q u a l  P r e - A m p
meets the specifications out-
lined, and it can perform the
jobs outlined, plus numer-
ous others. In addition to
t h e  c h a r a c t e r i s t i c s  m e n -
tioned below the title of this
article, it is: 1) transistor-
ized-uses two high gain GE
2N508 transistors; 2) dc op-
erated from 6 v-no line
cords to get in your way; 3)
battery economy is good-
requires less than 2 ma; 4)
stabilized for variations in
transistor characteristics and
temperature; 5) handles in-
puts from zero to 3 millivolts
with minimum distortion.
The rbnge may be extended
by connecting a volume con-
trol in the input circuit (Fig.
4); 3 millivolts input pro-
duces a 1.5 v output; 6) input
impedance is greater than
10,000 ohms; 7) compact eon-
struction-3/s x2Tre x 3% in.
including self-contained bat-
tery (Figs. 1 and 2); 8) sim-
p l e  c o n s t r u c t i o n - c a n  b e
built in about an hour with
minimum chances of wiring
mistakes; 9) flexible-can be
built into other equipment or
as a separate lab instrument
and can be modified to meet
varying requirements.

Consfruclion. The top and
bottom views of the com-

pleted amplifier are shown in Figs. 1 and 2;
the circuit diagram is shown in Fig. 3. Using
these as a guide, proceed as follows:

1) Drill two Ya-in. dia. holes in the per-
forated board for the battery holder. There
are four small perforations left between these
two holes, and the two holes line up on the
second row of perforations. Mount the bat-
tery holder and connect the terminals for
series connection of the batteries. This is
accomplished by turning the battery holder
lugs till they eontact each other, then solder-
ing them together. Fill the inside eyelets of
the battery holders which will contact the
batteries with solder. This will minimize the
chance of poor-contact or no-contact problems
later.

2) Insert the transistor, resistor, and capac-
itor pigtails through the appropriate board
perforations. Note that one pigtail of R2 and
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the collector pigtail of T1 both pass thr:ough junction of R3 and R6 is the "low" common
the same perforation. The same applies to Rl terminal for input and output. A lead may be
and base T1; R3 and emitter T1. This also solderedatthispointforconnectionpurposes.
occurs for similar elements of T2 and the Minigator clips may be attached to these in-
counterpart resistors. Be careful to position put-output leads, or other terninals of the
the capacitors with polarities as shown in user's choice may be provided.
Fig. 1. A volume control or volume control with

g) The instructions which follow refer to switch may be connected at the input of the
connections made on the bottom side of the amplifier as shown in Fig. 4. The amplifier
perforated board. Connect C1 (-) to junc- will begin to distort when the input level ex-
lion R1-base T1. Solder and clip ofT the extra ceeds 3 millivolts. The vohrme control divides
lead length. higher voltage levels and can be set within

nur{\. \
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4) Connect free end R1
and C2 (-) to collector T1.
Solder and clip off extra
lead length.

5) Solder RB and T1 emit-
ter junction; clip off extra
lead length.

6) Connect free end C2
(i) to junction R4 and T2
base. Solder and clip excess.

7) Connect free end R4
and C3 (-) to junction R5
and T2 collector.

8) Solder junction R6 and
T2 emitter; clip excess lead.

9) Bend free R3 and R6
pigtails against board and
solder. Connect a 2-in. length
of wire from this junction
to the (*) battery holder
terminal.

10) Bend free pigtails of
R2 and R5 against the board
and solder. Connect a 3-in.
length of wire to this junc-
tion. Solder a Mueller Mini-
gator clip to the other end of
this wire. The clip is the
On-Off switch for the ampli-
fier. To turn the amplifier
on, fasten the clip to the
(-) battery holder terminal.

The clip lead switch may
be replaced with a more so-
phisticated switch, but this
isn't feasible unless the am-
plifier is housed in a case
which has mounting space.
The case may be the case
which encloses another piece
of equipment of which you
want to make the preamp a
permanent part, or the am-
plifier may be housed in its
own case. The Lafayette
MS-159 plastic case is a good
fit, and there's room for a
switch or control with switch.

The (*) pigtails of Cl
and C3 are the "high" input-
output terminals of the am-
p l i f ie r  respec t ive ly .  The

ni

Top view of Pre-Amp.

M${jNTll'jG s{ftgwS

Bollom view of Pre-Amp,
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the amplifier input limits.
The Lafayette VC-28 mini-
ature control (10K with
switch) is suitable for this
application and will fit in
the plastic case mentioned
previously. The 0.5 mfd, 200
v capacitor shown in Fig. 4
should be used i{ the input
signal contains a dc com-
ponent.

However, if the dc voltage
involved is greater than 200,
a capaeitor with a larger
voltage rating must be used.

The input impedance of
this high-quality pre-ampli-
fier may be increased by
connecting a 68,000-ohm re-
sistor in series with the pre-
amplifier's high input lead
as shown in Fig. 5. This in-
creases the unit's input im-
pedance to approximately
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MATEBIALS L IST_H I .QUAL PRE.AMP

Desig. Description

R6 L0 ohn, V2 walt, 200/6 carbon resistor
R3 100 ohm, V2 watt, 20o/o carbon resistor
R2, RS 2.7K, /2 w^lt.20ok carhon resistor
R1, R4 680K. t/2 watt,20ok carbon resistor
GL 30 mfd. 15 v miniature electrolytic
CZ,C3 capacitor (Sprasue TE-1I56)
TI. T2 2N506 transistor (G€neral Electric)
B four I.5 v penlite c€lls (RCA VS0-74)

battery holder (Lafayette MS-UO)
l\ 5 x 33/stt miniature p€rf orated board

(Lafayette M5-304)
Min iga tor  c l ip  (Mue l le r  30)

80,000 ohms (80K), adequate for
most high-impedance sources. Of
course, this results in a reduction
of gain to approximately Tsth of
the previous 500 value.

Ai happens so often as to estab-
lish itself as a general rule, con-
flicting objectives of high voltage
gain and high input impedance in
transistor amplifiers must be ac-
cepted as a fact of life.

The preamp may be used as an
amplifier for any reasonably sen-
sitive low-voltage alternating-cur-
rent meter or the low alternating-
current range of a multimeter (Fig.
6). The Heathkit MM-1 Multimeter has a low
range of 1.5 v which is ideally suited to this
amplifier.

Meters with low ranges greater than that
of Heath's MM-1 Multimeter may be used
with the amplifier by using the scale only up
to 1.5 v.

T'he preamp output may of course be used
to driv! an earphone or a power amplifier.
The earphone arrangement might be used

ADDING VOLUME CONTROL AND SWITCH

Pre-Amp cqn be used with oc voltmeler lo meosure oc
millivolts.

with the amplifier for signal tracing or it
might be used in conjunction with a crystal
radio input.

Another, but not quite so obvious applica-
tion of the prearnp capitalizes on the distor-
tion created by overdriving. If a signal of 0.1
to 0.2 v is applied to the amplifier input, the
output waveform will be clipped and will ap-
proach a square wave.-Fonnnsr H. Fnenrz,
Sn.
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An electronicolly cmplified Swiss musicol movement (ot left fronr) mokes

HE heart of this annunciator is its Swiss
musical movement. Powered by a minia-
ture 110-v, shaded-pole motor, this move-

ment will play a 2O-second excerpt from one
of your favorite melodies. (The available
tunes range from Ad,este Fideles to the Third,
Man Theme, so you should have little diffi-
culty in finding a composition to suit your
taste.)

A ilusiccll Annuncieitor
I
I

83 1
I
I

i
With ftis devite hooked

inlo your fronr door-bell

tirtuil, you substitute the

soft, tinkling fones of o

musi( box for the iongle
of bell, rosp of buzzer

or rou(ous cling-dong! of

rhimes

By HARIIAND B;

SMITH, WSVVD

o p lecson l  door  onnunc io lo r ,

If this tiny music maker is to be heard
throughout your home, however, some form
of amplification must be employed-and the
amplifier must be ready to operate the instant
the front door button is pressed.

For economy's sake, no power should be
drawn by the unit during standby periods.
Consequently, heater-type vacuum tubes can-
not be used. The choice. therefore. lies be-
tween battery tubes and transistors. Despite
continued transistor price reductions, the ca-
pacitors, transformers, etc. needed for tran-
sistor circuitry are still relatively expensive.
In contrast, the parts requit.ed for a vacuum-
tube amplifier are quite reasonable and, in
addition, many are likely to be found in'the
average experimenter's junk box. For this
reason, the unit shown in Fig. 1 utilizes fila-
ment-type tubes rather than t lansistors.

An inexpensive high-output crystal lapel
mike converts the sound produced by the mu-
sical n-rovement into electrical impulses.
Thcsc impulses ale fed to the contlol erid of
vacuum tube V1 (see Fig. 2). A dynamic
tnike cannot be empioyed at this point, be-

i
i l

l
r l

-l

nA
C A M  O N

NJUS C 8OX
S I A F T
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cause it would be sensitive to the
hum resulting from the magnetic
field that surrounds the motor. A
vibration pickup mike, as used
for electric guitars and similar
musical instruments is also im-
practical, because of its sensitivity
to the mechanical noises gener-
ated as the motor and its asso-
ciated gearing operates.

Because of this mechanically
generated noise, a relatively
shockproof bracket (see Fig. 6)
must be used to mount the mike.
This bracket makes use of a small
section of plastic sponge to deaden
vibrations which would otherwise
travel up the mount and excite
the mike.

In most respects, the four-tube
amplifier is of conventional de-
sign. Since the power capability
of a single 3Q5GT is rather lim-
ited, two of these tubes are oper-
ated in parallel. The extra 3Q5GT
provides a very useful increase in
power output, Parallel, instead of
push-pull operation was chosen
because no phase inverter tube is
needed and an inexpensive output
transformer can be employed.
Preliminary tests of the completed
amplfier showed that its overall
gain was so high that there was
a tendency toward self-oscillation
when the volume control was well
advsnced, but the addition of re-
sistor R9 (see Fig. 2) provided
sufficient inverse feedback to
lower the gain and completely
eliminate the oscillation problem.
The use of inverse feedback also
improved the frequency response

RADIO.TV ETPTNIMENTEN

and minimized distortion in the output stage.
When the annunciator is first plugged into

the line, no power can be drawn because re-
lay RL2 is open. However, as soon as the
pushbutton is pressed current from the 9-v
battery will flow through the coils of RL1,
RL2, and RL3. Relay RL2 closes and applies
110 volts to the primary of T2, to the heater
of delay relay (RL4), and to the motor of
the musical movement. Relay RL1 closes and
applies filament power to the tubes. The am-
plifier becomes operative at once and the
tones of the musical movement are heard
via loudspeakers placed in convenient spots
tbroughout the home.

Relay RL3 also closes at the instant the
button is pressed. The contacts of RL3-as
long as RL4 or 51 remain closed-act as a
short across the pushbutton. Thus, current
continues to be supplied to the coils of RL1,
RL2 and RL3 via the contacts of RL3, even

after the visitor stops pressing the button.
As the unit operates, the heater in RL4

warms up. After a period of approximately
10 seconds, it becomes so hot that the bi-
metal arm in RL4 bends far enough to open
the normally closed contacts of this relay. At
the moment, this action has no effect on the
operation of the musical movement or ampli-
fier because the points of RL4 are paralleled
by those of 51, the miniature snap action
switch operated by the cam on the shaft of
the musical movement. As soon as the 20-
second tune has been completed, the cam
opens 51, breaking the current path from the
9-v battery to the coils of RL1-, RL2 and RL3.
The relays open and the entire unit shuts
down until such time as it is reactivated by
the push-button.

The cam on the music box is constructed
from a short length of volume control shaft
and a 6-32 machine screw (see Fig. 5). This

fop-chossis (obove) ond bottom-chossis (below) views of qnnuncio-

for circuitry.



PARTS LAYOUT

cam must be so positioned that it actuates
the lever of S1 when the tune on the barrel
has been completed.

The power transformer T2 in Fig. 3A hap-
pens to be a surplus unit designed to provide
125 v at 25 ma and 6.3 v at 1 amp. A suitable
substitute would be a Knight OiGOO8 which
furnishes 125 volts each side of center-tap,

RADIO-TV EIPERIMENTER

plus 6.3 v. Only half of the high-voltage see-
ondary on the 62G008 should be employed
with the center-tap going to R12 and one end
of the high-voltage winding going to R10.
Since the other end of the secondary and the
6.3-v leads are not required, clip them short
and insulate with electrical tape.

The two small batteries 81 and B2 are sub-
jected to so little use in this particular device
that they can be expected to have almost
shelf life. Consequently, the battery cost per
month will be insignificant.

Constructed on a 1r/z x 5r/z x 9-in. aluminum
chassis, the amplifier is easy to wire since
there is plenty of room between the compo-
nents for the tip of a soldering iron. The ar-
matures of the three small relays are directly
connected to the frames. Therefore, RL2 and
RL3 should be insulated from the chassis. Fig-
ure 38 shows how these relays are mounted
on a thin sheet of Bakelite. Any easily worked
plastic can be substituted for the Bakelite.

No knob is needed on the shaft of R4. Once
the volume has been set to the desired level,
no further adjustment is necessary. Battery
81 is kept in place with a home-made baltgry
holder (or uie a commercially built holder,
such as a Keystone type 1?5). Two L-shaped
brackets bent from small pieces of aluminum
clamp battery 82 in position. Since the No. 5

MATERIALS L IST*MUSICAL AN NUNCIATOR

D escr i  n t ion
2.2  meqohnr ,  l z r  rva t t  (A l l ied  IMM000)
I  rneuohm.  f "  wat t  (A l t ied  tMM000)
ZZO.OOO ot rml  t ,  wat t  (A l l ied  lM M000)
330,000 ohn,  t ;  wat t  (A l l ied  l lV l l v l000)
75 ohnt ,  l c  wat f  (A l l ied  IM M000)
560 ohm,  

- tZ  
wat t  (A l l ied  1MM000)

3 3 0  o h m . r . l w a t t  ( A l l i e d  f  M M 0 0 0 )
500,000 ch f r  vo lume cont ro l  (A l l ied  29M773)
33.000 ohrn .  I  wat t  (A l l ied  1MM020)
.01  mfd .  r l i sc  cera i l i c  capac i to rs  (A l l i€d  11L437)
12 mf . ,  150-v  e lec t ro ly t i c  capac i to r  (A l l ied  151194)
20-20 mf . ,  150 v  e lec t ro ly t i c  capac i to r  (A l l ied  15L247)
100 mf . .  15  v .  e lec t ro ly t i c  capac i to r  (A l l ied  161236)
s ioma 1 IF- I000G-s lL  SPDT Re lav  (A l l ied  75P068)
Amper i te  I I5C10T min ia tu re  de lay  re lay  (A l l ied  / tPP296\
Sta i rcor  A-3822 4  wet t  un iversa l  ou tpu t  t rans former  (A l l ied  64G005)
Knight power transformer 125-0-125 v, 25 ma; 6.3 v' I amp (All ied
62G00E)
lttc v size D A battery (All ied 80J903)
9 'v -ba t te ry  VS-305 (A l l ied  80J838)
Federal 10024, 65 ma. rectif ier (All ied 4A606)
Un imax USl tdL  SPDT Submin ia tu r€  lea f  sw i tch  (A l l ied  34B8zE)
2  screw te rmina l  s t r i0  (A l l ied  4 IH505)
Crystal lapel Mike (Lafayette PA-9)
for I size D cell (Lafayette MS-I75)
3AG lz anp (Allied 528232)
lU5 tube
305GT tube
Reuge ELR 1.18 lto v, 60 cps with extended shaft. From Noveltieg
of Distinction, I31 West 42nd St., New York 36, N. Y., or direct
from the manufacturer, R€uge S.A., 26, Rue des Rasses, Ste. Croix,
Switzerland.
two oc ta l  tube sockets  (A l l ied  40H056)
one 9 .prong min ia tu re  socket  fo r  RL4 (A l l ied  41H534)
two 7-pron0 tube sockets  w i th  sh ie ld  (A l l ied  40HL94)
two l3l4r, tube shields (All ied 40H196)
open.end chass is  7 /zxSVzx9 (A l l ied  80P440)
fuse  c l ip  (A l l ied  528292)
th ree  te rmina l  t ie -po in t  s t r ip  (A l l ied  41H501)
5"  loudspeaker ,  3 .2 -ohm vo ice  co i l  (A l l ied  81D617)
wa l l  ba f f le  fo r  5 'sDeaker
wire, power plug, assorted 4-36 and 6-32 screws and nuts

Components  ava i lab le  f rom A l l ied  Rad io  Corp . ,100 N.  Western  Ave. ,  Ch icago 80 ,
l l l inois, and Lafayette Radio, 165-08 Liberty Avenue, Jamaica 33, New York.

65

ACTUATING
LEAF SPRING
OF SWITCH

! aruvtt'iuttt
-  

S T R I P

SUPPORT BKT

SHAFT EXTENSION
ON DRUI\,, l OF IIUSIC

/ N,4OVEMENT

,/
/  6 - 3 2 X ;
L uacs,u'scrrw

1"reruorH op f ssarr
CUT FROM OLD VOLUN4E
CONTROL . DRI LLED
LENGTHWISE TO SLIP
OVER MUSICAL MOVE-
I /ENT SHAFT.  DRILL AND
TAP FOR 6.32 SCREW

METHOD OF

D es iq .
RI ,  R6,  R8
R2
R3, R7
R9
R10
Rl l
R12
R4
R5
cL, c2,83, C4
c 5
c6

RLI ,  RL2,  RL3
RL4
TI

A C T U A T I N G  S I

6  |  t "
: X  l ;  X F
6 4 1 CUT FROM SOFT

PLAST IC  SPO 'NGE

M I C R O P H O N E

BI
82
SRI
SI
TS1, TS2
M a c
Battery Holder
Fuse
vI, v2
v3, v4
Mus ica l

movement

BAND OF SCOTCH
ELEC,  TAPE

MOUNTING HOLE

SHOCK PROOF MOUNT

FOR MICROPH ONE



66 R.E DIO.TV EXPERIMENTER

pin on a 1U5 and the No. 1 and 6 pins of a
3Q5GT are not connected to elemenis within
the tubes, those terminals on the sockets can
be used as convenient tie points to support
resistors and capacitors. Grid bias for the
3Q5GT's is obtained from the voltage drop
across R12. Capacitor C7, the bias filter ca-
pacitor, must be wired with its positive termi-
nal grounded

Locate the amplifier where output from the
speakers cannot get back into the microphone
to produce acoustical feedback-put i t  in the
basement or. if you have no basement, in a
utility room. Wherever you put the amplifier,
make certain that it is out of reach ol vour
youngsters. With the exception of the termi
nals on the motor of the musical movement.
which ought to be insulated with electr ical
tape, all high voltages appear only on the
under side of the chassis. A fuse has been
included as a protection against overheating
which might result from a shorted compo-
nent.

Once it has been permanently installed,
plug the amplifier into the power line and
run a pair of wires from TS2 to a pushbutton
near the front door. Run a second pair of
wires from TS1 to the main speaker which
may be a 4-in. or 5-in. unit  with an imped-
ance of 3.2 ohms. Mounted in a wooden baf-
fle, this speaker can be placed at a convenient
point in the most lived-in section of vour

to8tl""u 
volume in any one part of the

house need not be high, since additional
speakers can be placed in those areas where
the sound of the main speaker does not pene-
trate adequately. These extra speakers can be
wired in parallel with the main speaker as
shown in Fig. 2. Since the desired volume
level at remote locations will normallv be
Iess than that of the main speaker. inteicom
replacement uni ls with 45--ohm voice coi ls
will work elTectively in these spots. Each in-
tercom speakel will give adequate acoustical
output to cover a room or two, but because
of the relatively high impedances involved,
even when several are connected in parallel.
they will not seriously shunt the i.2-ohm
main speaker.

The electronically amplified music box, as
a replacement for an ordinary door bell or
chime has a number of important features, in
addition to its basic one of providing pleasant
music. Unlike the ordinary bell or solenoid-
operated chime, it plays for a period of 20
seconds, whether or not the pushbutton is
held down. The sound of a doorbell is usually
of rather short duration and is often masked
by noises around the house. On the other
hand, the continued output from the music
box tends to get through such distractions as
children's voices, loud hi-fi's, clacking type-
writers, pounding hammers, etc.
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UPPER
DRIVE

FEtT
PRESSURE
PAD

TAPE GUTDES

CRASE COIL

Stqndord f,oshlighr bofieries or fhe new, D-size, re-
chargeoble storoge boiteries moy be used in this
instcnt-reody recorder. t ls mofor-driven fost rewind
ond erose feqfures moke ir possible lo use the some
tdpe over qnd over. Depending on where you buy,
ond whqi you hove on hond, drive ports should cosi
between $40 qnd $60. High precision is nof required,

I-LICK the_mike switch and this battery_
I 

porvered, 4Jb.. midget stalts recording irir-
I mediately._ There's no waiting lor lube
warm-up and no searching for an electrical
outlet. And since playback ipeed is the stand-
atd 33/4-ips used on home recorders, vou can
play your tapes with loudspeaker 

-volume

thro_ugh a radio or hi-fi unitf instead of the
combination mike-speaker; or-if more vol-
ume is required on- playback-you can play
tnem on any standard home-type recorder
that has 33/s ips speed. A built-in jack plug
input also perrnits you to record voice oi
music directly from your radio or TV.

The switch on the mike case starts and
stops the record motor. For dictation, you
can wire in a 4-prong plug and foot switch
for the convenience of a typist. If you need
loud-speaker volume, feed the output into an
amplifier, or use the input jacks on suitable

:lli.Jr.* 
the amplifier section of tape re-

Conslruclion starts with the metal parts
detailed in Fig. 6. First scribe lines oi the
desired points for cuts and saw and then
clamp in a vise along the line, using a square
to make sure that the metal is vertical to the
vise jaws. Next, lay out the hole locations
with scriber and center punch and, with the
part held firmly in a drill press vise, start the
holes with a lzlo-in center drill chucked in a
&ill press. Use oil and finish the holes to size
with sharp drills. File the three notches in
the forrvard-reverse idler lever. but leave the

l
i
I

i
!

!
i

I
t

i
I

4

TAKEUP

PRESSURE ROttER

Minioture
Tope Rerorder

By JAMTS E. PUGH

center notch slightly shallow, since it must
be deepened later.

Locate the holes in the plastic case with a
machinist square and scriber as in Fig. 7,
and back up the plastic with a wooden block
to prevent chipping when drilling. For the
holes for the two tape spindles, use the metal
bracket that goes inside the case as a tem-
plate to assure matching center-to-center
spacing. Countersink each hole requiring a
Nyliner bushing inside the case and enlarge
them with a tapered hand reamer just
enough to obtain a free-turning fit with the
shaft when bushing is installed. Each shaft
must spin freely in its bushing for smooth
tape motion, but it cannot be so loose that it
wobbles. Nyliner bushings are split at one
side to facilitate this kind of adjustment. In-
sert them by pressing the lower pointed end,
of the bushing inward and spiraling clock-
wise into the hole with your fingers, working
from the outside of the case. so the broad
flange will be on top.

Next, make up the tape drive parts shown
in Fig. 8. The three idler wheels must turn
freely on their shafts. Mount the forward and
rewind idler lever as in Fig. 9. Tighten the
screw on the threaded shaft until the com-
pression washer holds the shaft firm1y, but
not locked in place. Then, holding the first
lock nut with a thin wrench to keen the shaft
from turning, tighten the second lock nut.
It should now be possible to slide the idler
along the length of its slot without rocking.
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Speed of lhe tqpe drive motor is reduced through
c rubber  r im id le r  whee l .  A  spr ing  ho lds  the  mofor

shoft in contoct.

BAKELITE CLAIV1P FOR HEAD

MATERIALS L IST_TAPE RECORDER

Size  and Descr ip t ion  A l l ied .  No.
Tape Dr ive  Mechan ism

25Ao x 5Tzz x 613/t6tt hlack plastic case with
nanel

2 / /  0 .D.  takerp  id le r  whee l  (Walsco  1433)
2"  0 .D.  rewind  whee l  (Walsco  1433)
2'r 0. D. lower drive wheel (Walsc0 1483)
1"  0 .D.  r€wind  id le r  whee l  (Walsco  1450)
3/4" 0.D. pressure roller (Walsco 1458)

86P287, 86P289
43N388

SPEC I  AL
S P E C I A L
SPEC I  AL

/s't dia. x 6/' brass for hubs, wheels and tape guides
t/t^tt rJia. xL2t, dri l l  rod for reel, drive and idler shafts
/a" dia. x 3,, dri l l  rod for pfessure and function lever

shaf ts ,  func t ion  lever  hub
1L+xt /zx  18 , ,  p rec is ion  ground f la t  s tock  fo r  hangers

and levers
sDi fa l  tens ion  washers
/a't dia. x aa,' 6-32 threaded bushings
3/ t6x  l .D .  3LL-FF f langed Ny l ine fs  (Thomson Indus .

t r i e s .  l n c . )
3 / t6n  LD.  3L2.FF f langed Ny l iners  (Thomson)
t/ax l.D. 4LI.FF flanged Nyliners (Thomson)
/4n l.O. 4L2-FF llanqed Nyliners (Thomson)
J /6 ' t  d ia .  x  qe ' ,  tens ion  spr ing  (Genera l  Cement

H420-F assor tment )  SPECIAL
t/stt dia. x 78,, tension spring (Genetal Cement

H420-F)
t/2tt dia. rubber feet (General Cement H052.F as.

sor tment )  SPECIAL

Ampl i f ie r
B l  ba t te ry  pack  cons is t ing  0 f  4  Sonotone recharge.

ab le  n icke l .cadrn iu rn  type  S-103D bat te r ies
Eveready Type D99 leakproof f lashlight cells 80J903
M 1-6.volt rewind motor (Wils0n's of Cleyeland,

N lode l  6 -100)
M2-6 .vo l t  DC record  motor  (Barber -Co leman BYQM

zozz) 76p642
D1-3.9-volt voltage regulator Zener Di0de (Texas

Ins t rument  lN748A)  6E808
VL, V2, U4-2N217 PNP Transistor (RCA) 5E877
V3-2N647 NPN Trans is to r  (RCA)  5E986
11,  L2-Record-PB-Erase head (Shure  8 t5H)  65R584
Magnet ic  n ic rophone,  1000 ohm (Shure  MCI IJ )  SPECIAL
SI-SPST slide switch 348422
S2-5.pole, 3-position wafer switch (Ceniralab

PA-201s) 348928

Caoacitors
Cl ,  C2,  C3,  C5,  GG-2uf ,  8 -v  u l t ra -min ia tu re  e lec-

tr0lytic capacitors (Barco PT6.2) 10L660
Ca-)?ttl: 75-v ceramic capacitor (Lafayette Radio

C7, Cg-tOOuf, 25.v ultra-miniature electrolytic ca-
pacltors I3L626

C8-I50uf, 20-v ultra.miniature el€ctfolytic capacitor 18L504

Resistors
RI, R4, Rf3.3K, V2-watl, 10% carbon resistors IMM000
R2, R5, R10-721(, t/z-watt, 10% carbon resistors lMM000
R3-4.71<, Vz-watt, I0% carbon resistor 1MM000
R7-5K min ia tu re  t r lmmer  po ten t iometer  (Bourns

Wirewound Tr in i t  271)  3 tMM397
R8-I0K, t/2-wall, L0o/6 carbon resistor LMM000
R9-3.3K, /2-watt, I0o/o carbon resistor 1MM000
811-150 ohm, t/2-wall, l0% carbon resistor
R12-1.6K, t/2-watt, I0o/o carbon resistor

Tape Cartridge
t/c x y{ 6.32 threaded bushinqs (Newark Electric

Go.  )
23/a x 6s/s x 3/32,t lhick Bakelite sheet
.020 dia. Diano wire
3tt reel ol 0f long play I mil tape 96R237
3'l empty reel

Hardware
J l ,  J2-phono p in  jacks  (RCA)
J3, J4-sub.min phone jacks (Switchcraft 42A)
battery clips for 1 type.D cell ( l(eystone 175)
battery clip for 2 type.D cell (Keystone 176)

46H2L3
41H517
54J040
54J060

r Q

n
l t l
Iu

No.
R e q ' d

t

1

1
f

I

I
I

FELT PRESSURE
PAD - GUI DE

Tope gu ides  gudrqnfee  prec ise  t rock ing  o f  the  tope
qcross lhe recording heod. Adjusr felt-covered pres-
sure  pod so  i t  l i gh t l y  p resses  tqpe ogo ins f  the  heod.

+-+o x f rHs
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Four rechorgeoble botteries (or four floshlight-type
D-size dry cells) qre mounled on the bottom ponel.

After all tape drive parts are made and
rotating parts operating smoothly, carefully
remove the Nyliner bushings and clean all
parts thoroughly. Then replace the bushings
and coat the inner and flange surfaces with
light machine oil.

Adiustment. Put the various shafts and
wheels in place (Fig. 9) and tighten the
wheel set screws allowing .001-.002 in. clear-
ance between wheel and bushing flange. Oil
the idler shafts and adjust, making sure that
no oil gets on the rubber wheels or on the
metal friction surfaces,
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t ron ic  supp ly  houses ,  such as  A l l ied .  La faye t te ,  Newaik ,  e tc . )  F  _  TAPEcARTRtocE- - . ] i l ' p l l s t rc_u l re2  t
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MATERTALS L tST (cont 'd )

I 3/a x L3/s x 23/a,t plaslic box for mike and St
1 3 ft. length, 4.conductor cabte (Belden 8444) 47't37L

2I turret terminals USEC0 1350C
L 2 x 2t3/to x %2,, Bakelite sheet

12 4-40x/2tt lh screws with nuts
4 4-40 x3/eil /t screws with nuts
5 4-40 x3/e,t f/r screws with nuts

12 6-32x3/st, ff screws with nurs
I 6-32x5/gt, rh sctew with nuts
L 6-32xLt/4,, th stew with nuts
4 6-32xt/2t, r/r screws with nuts
L 6-32x/zt, lh sctew with nuts
2 8-32xIV4r th sctews with nuts
2 fi6 xbrt dia. washers (for cams)
2 carrying strap brackets
I shoulder strap (camera stores,

Misc. fock washerc,t/at, decals. plastic spray (Krylon), rosin
core solder

All ied Radio, 100 N. Western Ave., Chicago 80, i l t. other sup-
pilers ate:

Lafayette Radio, 165.08 Liherty Ave., Jamaica 33, N. y.

Newarl Electric Eo., 223 W. Madison St., Chicago 6, l l t.

supply houses. see yettow pases of the phone booi.-or wiiti ii itoii
I0r name 0t dealer- )

Wilson 's  o f  C leve land,6502 16 th  St ree t  N.W. .  F0r t  Lauderda le .
F lo r ida .  (Motors  so ld  in  most  mode l  and hobby s to res , )

General Cement C0., 400 S. Wyman St., Rockford, l l l . (G.C oarts
stocked by almost every active electronic supply house.)

Walsco  E lec t ron ics  Corp . ,  3602 Crenshaw B lvd . ,  Los  Anoe les .  Ca l i fo r .
n ia .  (Par ts  s tocked a t  A l l ied  Rad io  and o ther  e lec t ron ic  supp l ie rs . )

LOVIER HANGEF
STFIF-F6F-3!Fpr-y
AND TAKEUP SHAFTS

a o  t r l

. 2  REo 'D ;xZ  s rRAP

"+J ontLL
4-4O TAP

LOWER BEARING
HAI{GER FOR
DRIVE SHAFT

*xt srRAP
TIAKE I

B
4-40 TAP

t '

With all of the-tape transport parts in place,
put the lower function lever in the notch
nearest the drive shaft. Press the rubber
pressure roller firmly against the upper drive
wheel and tighten the set screw. Neit. adiust
the spiral washer at the notch nearest the

drive shaft until the take-
up hub rotates when the
drive shaft is turned. but
when a light pressure is
applied to the takeup hub
the idler wheel slips. This
allows the takeup reel to
wind up all slack tape,
but prevents it from pull-
ing tape through the
drive mechanism. Now
connect the motors with
temporary leads to the
battery for testing.

The rewind idler is ad-
justed by setting the
function lever to the out-
er position and adjusting
the outer spiral washer
until the rewind motor
turns the rewind shaft at
just below its highest
speed. At this point the
slippage should be very
small, but the pressure
should not be great en-
ough to retard the motor
speed excessively. Now
set the function lever to
the Neutral (center) po-
sition and file the center
notch in the forward-re-
wind idler lever until
both idler wheels are free

I
-  36  DRILL
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i t  USE LOWER HANGER
STRAP (64)  AS PATTERN
TO LOCATE EEARING
HOLES

t6 , (  HOLES FOR FASTENING
STRAP BRACKETS
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from the other wheels and both takeup and

rewind shafts turn freely. Cover the idler'

wheels and clean this part carefully each time
it is filed to prevent fiIings from getting on

the wheels and inside the case.
To set the record motor tension, fasten the

lower drive wheel surface about 3/s-in. above
the lower bearing hanger. Adjust the motor
spring tension lever until the drive wheel can

be roitated but a noticeable drag from the

motor is felt. Too light a tension will allow

slippage between motor and tape drive shafts,
rnd too heavy a tension will cause pres,sur-e

marks in the-rubber rim of the drive wheel'
The record motor speed is adjusted with a
small screw through a hole in the motor case,
turning clockwise for more spee4, W-h-en the
upper 

-drive 
wheel rotates at 120 RPM, the

tape wiII move at 33/4 ips.
hfter these adjustments have been made,

run the mechanism both forward and in re-
verse for several minutes. Then put the tape
reels on and check to see that the tape feeds
throush the drive smoothly and is not pulled

too ti[htly by the takeup. If a slig!'t loop is
left in the portion of tape between takeup reel
and drive wheel it should hold the loop
smoothly, gradually becoming smaller as

more tape is wound on the takeup reel.
Wiring. The amplifier is wired as in Figs. 10

and 11. It is best to solder in resistors first,
capacitors next, then diodes and transistors.
Some of the wire in the four-conductor mi-
crophone cable is excellent for wiring as it is
smill and color coded. Also, short seitions of
the insulation can be removed from this wire
for making color-coded spaghetti.

After the amplifier is completed, wire the
upper section of switch 52 (Fig. 11). Mount
it in the case and wire in the tape head, mo-
tors, and jacks cutting all wires that connect
to the amplifier to the approximate length
needed. Mount the amplifier in place and
finish the wiring. The microphone-speaker is
housed in a small plastic box (Fig. 12).

Throw the function switch (S,2) to PIag-
baclc (PB) and listen for a weak motor noise
in the earphone. Also check to see that both
motors rotate in the correct direction. (If not,
reverse the motor leads.) Then adjust the
tape pressure pad to hold tape lightly against
thL tape head. Now you can make a record-
ing. Set the potentiometer R7 about two
turns above the full counterclockwise (mini-
mum) position, and the function switch, func,-
tion lever, and microphone switch to Record,.
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Hold the microphone
a b o u t  8  i n .  f r o m - y o u r
mouth and speak in a
normal voice. Play the
recording back and ad-
just the tape pressure
pad for maximum volume
but be sure that it is not
tight enough to drag on
the tape. Now make an-
other recording and, if
it's weak, turn the vol-
ume control up Yz turn
(c lockwise)  and t ry
again. Repeat until the
recording is of a suitable
volume but not distorted
from over-driving. Minor
adjustments can now be
made in the tape trans-
p o r t  m e c h a n i s m  f  o r
s m o o t h e s t  r e c o r d i n g s ,
and the recorder is ready
to use.

How il Works. The tape
feeds from the supply
(left) reel across the first
tape guide. From here it
passes across the erase
coil (on the right side of
the head). The erase coil
thus wipes off any pre-
vious recording before it
reaches the record coil,
T'he pressure pad holds
the tape in contact with
the head.

After the tape leaves
the recording head it
passes between the upper
drive wheel and pressure
roller and from here to
the takeup reel. On play-
back the erase coil is dis-
connected by switch (S2)
and the recorded signal
on the tape energizes the
r e c o r d - p l a y b a c k  c o i l
which is now connected
to the amplifier input.
The amplified signal is
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E R A S S ' M A K E  I

1 9 "  3 "
6 4  , t 6

, \ - ! 1i I S dii-oi.t
. 4 5 8 i r  ' t  

t '  4 - 4 O T H O ,
T 

- 
f i-i FOR SET SCREW

3 2
TAPE ORIVE WHEELS

BRASS.  HAKE 2

i -

T-I{
,24o / \

: t \

REAM FORg|6  SHAFT

{SHoRTEN HU8 THIs EI'ID}
REwTND rDLER (waLsco t45ol

ia 0 HoLE PRESS Flr wtfl{ SHAFT

. 7 "
.ra'\-en- $o
L#i * r',
T-tcl]llr+ s

,  321; ;  i l
I  I  l , l- i T t  g ^

+  F l 6 "
SUPPLY ANO TAKEUP HUBS

SRASS:MAKE 2

L- rf *l
SUPPLY AND

. T A K E U P  S H A F T S

fi'o^u-r- "oo-uaxe z

a"  t l

:ZD ;r:-F6-32 rHD
DRILL RoD !.stzf-

P R E S S U R E  W H E E L
S H A F J -  M A K E  I

l r t

EXTENDS 2 J: FRoM LowER ENDJZ OF DRIVE HUB
/ e "

fr-21i---1
r---i--.---------.1

onrue srrrr - J'oRrLL Roo-
r o  M A K E  I

R E C O R O I N G  H E A D  C L A M P

$" er-rsrrc-naxe r

., +q3 DRTLL
nptr  t  5 '  4-qfAP- " " - -  rE7  \  r "

Fdh bn-le
i f$/l' |;ll-r-r
1_;irr E1Tl:n 2: d* 

-f6,* 8
4t

i l z "- *i2
LOIA'ER BEARING
HANGER FOR
FUNCTION SELECT

FUNCTION SELECTOR

TAPE GUID€-8RASS-
MAKE 2

2 LAYERS

r%0-,/

senr*os(g+sexof nu
r NOTCH' )S

!-dll
rt L" ltlh
1 *_14 __r j,o.o xaI"

. BRASS TUBE
PRESSURE PAD BRACKET' (SPRING BRASS)

RECORDER HEAO SHIM

+  H A R D  R U B B E R - M A X E  t

D R T L L .  f " , ^ .  -*2 g X)y'rB-rt"(  u 7
- l l  r"

+ F r

4pllgruE!rcall
snape I'wasnEn

z

fed to the magnetic microphone-now used as
an earpnone.

A simple three-stage common-emitter am-
plifier is used. The first two transistors are
the PNP and the last the NPN type to allow
the mike and record coil return leads to con-
nect directly to common, on both record and
playback, without using decoupling filters.
High-frequency pre-emphasis is used on Re-
cord with flat response being used on PLay-
boclc providing better quality with minimum
distortion.

Motor noise is removed from the amplifier
dc power source with V4, which acts as stable
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L O W E R  T A P E
O R I V E  W H E E L

L O W E R  T A X E U P
W H E E L

V O L ,  C O N T R O L

voltage regulator. The voltage across
the zener diode (D1) is constant at
3.9 as long as the input voltage does
not fall below this value. Because
this diode is in the base circuit. it
determines the voltage output level
at the emitter of V4. Since the base
voltage is constant, the output volt-
age will thus be constant regardless
of variations at the input (at V4 col-
lector); therefore, variations due to
motor noise will be filtered out.

Boftery Notes. You can use either
rechargeable Sonotone nickel-cad-
mium, or flashlight cells.

The nickel-cadmium cells provide
nearly constant output voltage
throughout their char.ge, whereas the
flashlight cells drop off as they are
used. Constant voltage is an advan-
tage in maintaining motor speed;
however, the 5-volt level approiches
the lower limit for best governor
operation.

The nickel - cadmium cells are
slightly shorter than flashlight cells
and a short 4-40 rh screw is threaded
into the positive terminal of each
battery clip to compensate for the
difference (Fig.  ).

R E W I N D
W X E E L
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F I T
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OUTPUT FROM V4 EMITTER SHOULD BE ABOUT 3-9  VOLTS
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T O  R E C O R D  M O T O R _  M 2
(c7 ACRtoSS M-oTOR LEADS)

[ | f  ,rcronrar

GREEN

IO RECORD A
ERASE COILS

MICROPHONE
SPEAKER

TO REWIND
M O T O R _ M  I

TO IVIKE A SWITCH

Boi roM v tEw oF TERMtNAL BoARp r r t r r r )
U S E  A C T U A L  S I Z E  O R A W I N G
A S  O R I L L I N G  T E M P L A T E ,

BLAcK I
I T0 SWTTCH

n c u  J  s l
G R E E N - T O  M I K E

I N P U T  J A C K
J i

AUX. POWER SUPPLY
J A C K -  J 3

_ If  y9q use,f lashl ight cel ls, select Eveready
Tyqe D99, a Ieakproof type, to avoid damagl
to the recorder. Jacks are provided to allow
recording an external signai; to feed the am-
plifier output to an external power amplifier;
to connect an external power source such as
a 6-volt automobile battery or an auxiliary
ac p_ower supply; and to connect the charger
to the batteries. When the external power
supply is connected, internal batteries are
disconrrected; when the charger is connected,
amplifier and motors are disconnected.

Accessories. The tape cartridge (Fig. 5), al-
lows the lecorder to be carried as a r:ortable
unit in any posit ion. Plans for a separate
power supply appeal. overleaf this handbook.

TO L I
TO L2

PLAST IC
NOVELTY BOX
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IE

OUTPUT JACK
J 2

B A I  C H A R G E R
J A C K -  J 4

T O P  V I E W  O F  T E R M I N A L  B O A R D
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$$##*r-ffi
Dual

Pvrpose

r- $'Hor-e
a- $ nor-es
o- f  noles
o- Snor-es
e-  {xor rs
H O L E  L O C A T I O N S
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Flip the toggle swirch. chonge the plug, ond the
power supply becomes o bottery charger. lt wil l
restore fhe sforoge botlery pock in the recorder

cose lo full srrengrh overnighl.

:.l ri,ITT

By JAlflES E. PUGII

l\ ESIGNED as an accessory for the port-

| | able tape recorder, this combination
l/ power supply will either recharge the
recorder storage batteries, or permit you to
operate the recorder without batteries on
house current.

The unit can double as an exoerimenter's
power supply, and to charge miniature stor-
age batteries used in other types of equip-
ment, provided that the charging current
(225 ma.) and the charging voltage (5,1, or
6.2-volt) are the same.

While the four Sonofone rechargeable bat-
teries used in the portable tape recorder 5-
volt power pack will operate continuously for
many hours, they must be eventually re-
charged. This a-c power supply unit guaran-
tees that you'll be able to use the tape re-
corder for continuous dictation or desk use.
even though the batteries may be exhausted.

Tape Recorder Power Supply
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Begin  cons t ruc t ion
by drilling all of the
holes (Fig. 2) in the
aluminum box. Wire
the switches and other
parts according to Figs.
3 and 4. tr'lexfule #)4
speaker cable is suita-
ble for the a-c bower
cord and the connect-
ing cord since the watt-
age of this unit is very
row.

T h e  p o w e r  s u p p l y
regu la to r ,  t rans is to r
Vl, is mounted on tou
of the aluminum boi
t o  p l o v i d e  s u i t a b l e
heat dissipation. Dril-
the mounting holes in
the box first, and then
scribe the outline of
t h e  t r a n s i s t o r  c a s e .
Scrape away all paint
within this outl ine to
allow better thermal
contact with the box;
s a n d  t h e  s u r f  a c e
smooth, and remove
all burrs from the in-
sulator holes to pre-
vent puncturing the
mounting insulator.

Make a thin mica
mounting washer bv
scr-ibing the transistoi
case outline on a piece
of thin mica. Driil the
two mounting holes,
cut along the outline
rv i th  sharp  sc issors ,
and then split the mica
into thin layers about
.002, or .003-in. thick.
Coat both sides of the
washer with light oil,

screws. washet's. and
nuts. Use an ohmme-
ter to make sure that the insulation between
the aluminum box, and the transistor case is
good.

Clip off the ends of one of the unused mica
mounting washers, and use it as an insulator
on the underside of the box. Make the emitter
and base contactors from the contacts of a
miniature 7 pin wa{er tube socket. When sol-
dering to the transistor contacts, remove the
transistor to avoid heat damage. Mark the
letters B and E near the base and emitter
pins to identify them.

Tlansformer T1 steps the line voltage down
to 13.4 volts a-c after which it is chaneed to
d-c by the full wave reetifier consisting of

wasner wlrn trgnt ort,  l rNs36 I I  l" ' ," ,-  
"^ '" ,

anc l  mount  the  t l ' ans ts -  E  *ABOUT rOOOn.  FOR O|ODE CURRENT OF I  rO rO MA.  our ,

:::^Y.:th.9-^3^2' T:.li: ElscHevarrc **i[?',.f,3i iff1X1'JiL:':J.',:ff;.:iT',J:::,;i
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* A B O U T  I O O O N .  F O R  O I O D E  C U R R E N T  O F S T O  I O M A .  O U T P U T  F R O M  V . I  E M I T T E R
sHouLD 8E APPROXtMATELY 5.t OR 6.2 VOLTS (SEE TEXT)
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Rect. 1, and Rect. 2. Transistor V1 and Zener
diode D1 form a voltage regulator that filters
and maintains the output voltage at the de-
sired level. The same kind of cilcuit was used
in the motor noise filter of the recorder am-
plifier circuit.

The power supply output voltage should
correspond closely to that of the batteries
used so as to maintain more consistent motor
speed. For example, with four 1.25-volt nick-
el cadmium cells, use a 5.1-volt Zener diode
(IN751A). On the other hand, if you use four
flashlight dly cells, 6 volts will result; there-
fore use a 6.2-volt zener diode (IN753A) for
D1.

i

V. I  TRANSISTOR

5.r 0R 6.2 VOLT
Z E N E R  D I O D E
!75tA OR rN753A
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No.  Req 'd

MATERIALS L IST

TAPE RECORDER POWER SUPPLY

Size and Description

225 ma. is required for proper charging.
About 16 hours are required for a full charge
at this rate, though the batteries may be left
connected on charge for much longer time
without harm.

The pilot light, indicating that the power
supply or charger is ready for use, is lit
whenever plug P1 is in the 115-volt socket,
since the on-off switch does not control this
oart of the circuit.^ 

When you connect the accessory unit (Fi,g.
1) to the recolder, always be sure that toggle
switch 51 in Fig. 3 is thrown to the position
corresponding to the jack to which the plug "

P2 is connected. When plug P2 is connected
to the auxiliary power supply jack on the'
recorder, the internal battery pack is auto-
matically disconnected. Be sure that 52 is at
Of when connecting and removing plug P2.
Also remove the plug from the charger jack
when not charging to prevent the batteries
from draining back into the charger circuit.

Polish "Locks" TY Adiustment
r When you've just finished making a criti-
cal adjustment on the service control of a
TV set, "lock" the screw firmly against me-
chanical shocks by coating its threads with
fingernail polish. If the control ever needs
readjustment, a drop or two of fingernail
polish remover will unlock it in a matter of
seconds.-JonN A. Connsrocx.

1 D1-5,1 or 6.2-volt voltage requlator Zener Diode (Texas
Instrument lN751A 0r lN753A, see text)

L FI*/+ ampere fuse, type 3AG; fuse holder (Littelfuse
35r0011)

I P1-a"c power Plug
I P2-sub-min phone plug (Switchcraft 750)
2 Rect. 1, Rect. 2-1N535 sil icon recti l iers ( RCA)

S1-SPDT to0sle switch
S2-SPST toggle switch
T1-26.8 v., 1A. fi lament transformet (Triad F'40X)
VI-2N301 ttansistor ( RcA)
PLI -NE-51 neon lamp

CaPacitors
G1-250uf, 50-v. electrolytic capacitor (Mallorv TC'50025)
G2-50uf, Lz-'t. ultra-miniature electrolvtic capacitor

(Barco P12-50)
Resistors

B1-120 K, V2 \., I\ok carbon resistor
R2{bout ]-K: t/" watt, I0% carbon resistor (see Fi0. 4)
R}-about 75 ohfr, 5 w., resistor (Sprague 27E)

Hardware
2/sx3x5/4 t t  g rey  hammer tone a luminum box  (Bud GU'

2106A)
0n.off tooole switch plate
tenuth  2- i6nduc tor  chrome Y inv l  speaker  cah le  (Be lden 8782)
insu la t€d  t ie  po in t
nriniature 7-pin wafer tube socket
pilot l ight socket, miniatrre bayonet (Dialco 720)

V.il sitot t ioht iewet, white (Diatco 10006.435)
lu iber  g romnre ts .  sc rews,  nu ts '  s0 lder  lu0s ,  mica ,  insu la ted '

extruded washers, decals, plastic spray or lacquer' wlre
resin core s6lder
Parts available from All ied Radio, 100 N' Western Ave''
Ch icago 80 ,  l l l i no is

When charging the Sonotone batteries, re-
sistor R3 bypasses the regulator circuit to
provide a constant current. Between 200 and

I
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The Typacode
With +he Typacode you can
send Morse code as fasf as vou
cdn type-whether you Lnow
the code or nof. Thus, even a
person who does not know Morse
code can test you on vour

knowledge of it

\ A /lTH the Typacode. you press a
VV button.indicating tfre teiter-o?' v your choice and this letter is

automatically translated into the cor_
rectllorse code pulses. The number of
*9fdl per. minute you can send out
wrrn typacode depends upon the soeed I
ol the motor you use to turn the s[ort_ |
tng.r 'otaly slvi tch, the ,,br.ain" 

of the I
devrce. Assuming five letters to the
average word, a 100-rpnr motor will L.
permit you to send 20 words per min_
ute.; a 60-rpm motor, 12 wordi per minute,
and so on.

- But motors aren't usually built to run that
fJoylv, and a gear train is"needea t" ,"a"".
therr speed (and increase their torque). J
used a worm gear with an g0-tooth gear to
get an 80:1 gear rat io and r.educe tt"e O,OOO
rpms of the motor I used to 7S rei-- Wiii
my Typqg_o{e I can send about 15 ;o;ds ;;;
minute. With speed reduced g0 times, t*";;
rs rncreased 80-fold. from 1.5 oz._in. to i20
oz.-Ln. 'I'he motor I used consumes seven
watts. The motor you use should t """ tl"ru
approximate specifications in order to be able
to.turn the rota-ry switch. Most sewing ma_
cntne or small lan motors are adequate. or
try such a motor as the Hurst 60 rprn (p"SM_
60). Al l ied Radio catalog No. ?6pb62

NADIO.TV EXPERIMENTER ,,

By BERNARD DICKMAN

itti ri,i,lrll

view of Typocode, showing
logged wiring,

The number of words the device is capa-
ble o-f _ sending per minute may also'be
varied by the introduction of a vaiiable volt-
age transformer to control the speed of the
motor. This will help in adjusting word out-

Stondo_rd rotqly sw;tch is shown in A; stop to be
twisied off or bent down. beorings to be rimoved.
In B is shown q minioture rotory swilch, lts stop
must be twisted ofi or bent down, or plote token
ofr; beoring to be removed. tn C is shown on ollered
(os described in texr) slide swirch for slide-swirch

version of Typocode.

g
Bolfom

I
I
I

li!:t:t i1i{i
at l i+ tr ,1l ' l
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put to the sender's tYPing abilitY
ind the auditor's understanding.

Consfruction. First remove the
bearings which cause the rotarY
switchlo click when turned (see

Fig. 3). Pry them out with a
sciewdriver.- Also, remove all of
the "stops" which Prevent the
switch from turning continuouslY
in one direction.

There are two basic versions of
the device. One uses Push-but-
ton, and the other uses sPring-
return slide switches. The spring-
return slide switch version is

somewhat cheaPer, but a bit more
difficult to operate' Choose the
version you want to build (Figs'

1 and 2 show the Push-button ver-
sion), buy materials, and in either
case. wire the shorting gang

switch first (Fig. 5 for Push-but-
ton unit, Fig. 6 for slide-switch
unit).

If 
' 

the gang switch is to be
turned clockwise bY the motor,
Fig. 5 (and Fig. 6) is shown as
on-e looks at the front of the
switch. If, on the other hand, the
switch shaft is to be turned coun-
terclockwise' reverse the connec-
tions. That is, assume that the dia-
gram shows the gang switch as
iou would look at it from the
iear, and wire accordinglY. (Re-

member that gears sometimes

RADIO.TV EXPERIMENTEB

ONE MAKE tS TO BE WITH MORSE
POS. EACH CONNECTED COOE
ON SW ,. . .  TO WIRE(S) EQUIVALENT

A - - - - - - - - - -  9 A
(SEE FIG.8)

B - - - - - - - - - -  r , 1 5

c - _ _ _ _ _ _ _  _ _  I , r l

D - - - - - - - - - - l

H- - - -  -  - - -  - -  r3 ,7

a - - - - - - - - - - 2
J - - - - - - - - - -  s , t 6

K - - - - - - - - - -  r , 7

L  - -  - -  -  - - -  - -  q rs

M - - - - - - - - - 5

N -  - - -  - - -  - -  t2

o --------- s,3
P  - - - - - - - - - g , t t

Q )  - - - - - - - - -  5 , 1 6

R  - - - - - - - - - s

s  - - - - - - - - - 1 3

T  - - - - - - - - -  e

u -  - - - - - - - -  6,13

v  - - - * - - - - -  r ' t s

w  - - -  - - - - -  -  z s

X  - - - - - - - - - r , 4

Y  - - - - - - - - - r . r e

Z  - - - - - - - - - t  t t

e E n r o D - - - - - - - 9 A
(HOLD FOR THREE FLASHES OF INOTCATING LIGHT
sEE FIG, 8)

@a*or, ,o* *,*,*n ,rr, ,rrro* uu*a'o,

P 18l?NrgooiPusH-eurroru 
vensroN

change the direction of
rotation of the switch
shaft.) For convenience,
label the wires with tabs
numbered as shown in
the diagram. Allow aP-
proximately 5 in. of wire
for connecting the rotarY
switch to the push-button
or slide switches.

Now drill the holes in
the chassis. Arrangement
of the keyboard is left to
the builder, but it will be
found convenient to imi-
tate that of the standard
tvrrewriter as closelY as
noisibie. Centers of holes
ior the Allied push-but-
ton switches are 3/4-in.

apart in rows; the rows
aie spaced 2 in.

If you are using sPring-
retuin slide switches, ad-
just the sliding mecha-
nism as shown in Fig. 3.

Next, install the switch-
es. There is a ground lug

t2

t3

14

r6

MATERIALS L IST_TYPACODE
Push-Button Version

No.  Req 'd  Descr iP t ion
ie Disf notmally open push button switches for letters B, C, F, G, H' J' K' L' 0' P' Q' U'

V, W, X, Y, Z and Ptriod (All ied 34 B 997)

Z Sp i i  n6 t * i r ryopen push bu t ton  swi t ihes  fo r  le t te rs  D,  l ,  M,  N,  R,  S ,  T  (A l l ied  348994\

1  SPDT push-but ton  swi tch  fo r  le t te r  A  (A l l ied  348996)  -
i i , iui 'pi|;, ' i j  poli i ions per piid, sit 'ori in's rotlry sit;h..(only ten positions are needed
- 

ioi "ir inti; two extra need'ed for spacins between lett-9rs,(All ied 34 B 906)

t  i x ix i ' i ' chass is  (A l l ie r l  80pxqe+1.  on lv  7x8"  i s  needed to r  push bu t ton  kevboard '

but since size of the motor *it i  rur,, itre tesi of the space needed is'estimated with ample

allmance for variations.
f motor of the type specified in article and gear assembly *

L Lr/z v. f lashlishi battery
I indlcator l i0ht assembly (All ied 52 E 475)
I  m in ia tu re  bu lb  (A l l ied  52E33O)
I two-pole, 3 positions per Pole, shorting rotary switch (All ied 34 B 303)
I SPST normally open micro switch (All ied 35 B 028)

* Gears for either push.button or slide switch version are available from the Boston Geaf

Works with its mjin ofi ice at 14 Hayward St., Quincy 7I, Mass' and oJfices throughout the

country. Gear conbinations are as follows:
for a i00-l gear ratio, a 100'tooth worm gear (Boston Gear G1023; hole dia Vatt) ard a

worm (Bos ton  Gear  HLSH;  ho le  d ia .  3 / roT )  a re  needed.
For an 80.1 Uear ratio, an 80'tooth worm gear (Boston Gear G1022; hole dia tAtt) and a

worm (Boston  Gear  HLSH;  ho l€  d ia .  %6")  a te  needed.
For a 60-l gear ratio, a 60.tooth worm gear (Boston Gear G1024; hole dia. vatt) and a

worm (Boston  Gear  HLSH;  ho le  d ia .  3 / r r ' l )  a re  needed.
1 couplin0 betwe€n motor and switch or gear assembly

5

i l  lO- l
a O

4

6 +
7a{.Dl  l /  .o*{

J. "t*l-
T^ t l  lO-.*--{'Qy''.-

I
i
t
I

it
p
ir
r(

'or \--ti wrRE *eA € i
pl swrrcx roR "nl'rHE oltv rxcEprror ro rnE cxanr :

+ EXAMPLES OF WIRING FROM CHART FlG.4ON PUSH BUTTO-ILVERSION
To wlRE+gB f------------t : 

- 
1ro wrnrFr

5**rl*,$I,l

TO WrRE-t5

H FOR 
' '  

B "  A  TYP ICALLY

I



RADIO-TV EXPERIMENTER,
7g

,-: 
j 

ffi...&t[. t%lRr"Irro then glued to the surface of the button._.o:: 
: ;_:__:____]ill,:.,u , y^-.-Tfl:,r",the wiring, ]rsing the chart Fig.

!:-- : l:: 
__-_____4, : 4 for. push_button-.tii"il;;,"i"i.TFrej"i

,"..-; :-- 
-- -------6,8,ro for slide switches. The first "ol"L" in the

,,,orj- i c--------------s,ro,'1 charts refers to th" s*ii"h, the second-toii ' i  ---_.-- , D-____________6,ro the labeled wire or wires whi"h-i lh;;r;;_T__ ,o 
E ___________-_r connections to switches.

. '"1 F------------e,rs.r+ Use' The micro switch is thrown when
s. ,=________ . _.^ you want to indicate the end of a word:5r n you want to indicate the end of a word;6*--r- rr e-------------s'zro otherwise the retter "{-u-.rrort prrlru.i i
:Jt ,, T 

-------------s' z rs automati;"iiv *"i. 
' 
rrt"ir' 't'iiJ" simplify-l l  ^8*_ r2 ,  y  scrr l .  r .n ls e Is a stmplr tv_

F il , i  st+ 
' l------------r, 3 ing. factor in wiring, since all t"tt"rrlt."r.t

i i i ,f1-- o J--------____rr,16,17 '"vith a.pulse. Jhis pulse is ulongateJ io, at 
II 

' i  
tr l - K ____________ro,, beginning dash. Tie 

-automatic 
,,e,, and

.-ll]l I 
't-," 

r----------- *:;,., mlcro-swjtch ar9 "tnninat;;-;^"th"-rp'i.'g^:i|P 
_u.J M_-____-____.,;" 

return slide switch unit, the micro suritcf,

" Vr| " ,,:=- 
' il:--:- ---:::J' o"#;"J,:ifhT,:U;de;*',"1t.;.;;"

,  
- l ]  - f i --  , ,  :-----------5, 

to,ts connect to the power source for the motor

ll l',1J. l---------::i:;; fi:il*':JT*'i:*l*l*tfl'T*
:: R-----------.,,t '" :th",.wise connected to tt*-r""ai"g k"t ;;
zE-1-rBA S___________u_,, the buzzer, code pr,actice oscillator, etc.t  i  ^7F1 r3A S- -_________s,  tS  

urs  uu4zur .  uuue p l 'ac t r l ce  OSCr I Ia lOr . ,  e tc .
TERMNA' |  -a'  ,  

;  . ' :  rurn the two-pole, three-posit ion switch
H ,."19i" 1:I=_* ],___________ ! , t" ;il;";;;d ;;j;." rhe motor is on, but

. .  ' l l  ' l  i

interconnect the different

El yslpFkfE,lpu",.i,^n,u*,*,,." U-*---------rs, rq ib";tt ;'-r,:;":;"o"b[":i"SJiiiir*;.r?11
V------------s, r:,rs Next turn the switch to the third p?riUorr.
w----------.-1,17 Fach time the motor makes ",""otrit iorrl ie

ontheAllied,push-button X-------__-_e,ro,rz bulb wil l 1ight, and shortly after a short
switches. Solder two dif- y__________;,,.," l:fs 

wgflbe sent (only on..the push-button
ferent poles of each tw'- 7__________. ^'o unit)._ Depress the mitro "spacing', "*it"h
pole switch, and one pole 4E--_-------s'ro'r8A (93 th.e- push-button unit only);"ttte lufl
oJ each one-pole switch to pERroD--- -- ---,3.4 wil l sti l l  l ight. but no pulse wii l 'be sent.
these lugs. This saves on 3P'i^,5i.]--;."1t0'-iit"lt Directly after the liulb lights press the
wiring since n o w the letter "a". A distinct "didah'iwill'1" rr"""a.
poles on each switch ar-e -llArR.T^Fqtyllllc Release "a" and press "b" when the bulb
interconnected through [lSiBit'i]iiiTt*t'onr lights again._ Continue throughout tfre af-
the metal chassis. Other- 

- phabet, checking against a stlandard table
wise (on slide switches) showing code equivalents for letters.

poles on each switch. rhe ,#il.:*ilh.r!i;]-.;,llfi,?R["
interconnected poles are N^" Tl^{ .. Descrintion

::Tr"d to as.i'ground" 'i ;;:i"l:"fr:iil 3B:l :Biiii ;:llil :lii: :y,l*.:l,:.i.1.,,,,,fi,!,ol i, ,, K, M, R, s, r, u, wand are connected to , ,C,, -- and period,i
qr the terminal strip. 

" 
irl"r',oijtol'?1'toln[:*'r:oi!'", open sprins return slide switches for tetters B, c, F, G,

Now install the motor, ro- 1 ll,r^rr"*lirl,1:lLle*throw, sprins. retu/n stide switch for tetrer Z +
tary. switche-s, micro i  i i l . t ' " iJt l f i thiHi i : i ;  o" pole, short ins rotarv switch (Al l ied 34 B 303)

t[ifil 
(l],'i;l:"f,it,n:'\ i ii'i!',',n;?,1:,;llll;l itll14i.iii-i'iill*yis ne€ded r0r s,id€ swirch keyb'ard.

bulb socket. "rd t"tt?l - :li:Jiff: i;i',;: l:i,jii,tT;iit'i,iv' ii.-Jl'i ;iihJ''pu,, neeuer is eiiimafei-wiitl-nipr;
the  SWi tcheS.  For  t ]  

r  rour_pote ,  Lz  nos i t ions- ,per  po le , .shor t ing  ro ta ry  sw i tch  ( ( )n ly  ten  pos i t ions  are  needed fo r
push-button swit"hus tf,! t li'di:1;,tT,,:itl'^;;:f$ri'lll{l;;-;;i;'.*'[ii-;;'<"irri,u rir s-ioa)- "- -

letters were typed on a 
' 

iillli'liloliltl,assemblv (Allied s2E47s)

:ffi"#i tJiil"rulf"",i . il!lul,:"1i" 'r'.'"i,[ ;lilf f,i,','#,iiilf l'i,yi,i,fl,,:T,1,,,',,1liJ'i,#!.Joilit',1,,"J111'.0
EXAMPLES OF WIRING FROM CHART FIG,7  ON SLIDE SWI ICH VERSION

To wtRr*6 RE ro

a

wl

t

I
I
I

l[l swrrcn ron "zl'rxE oNr-y ercrprror,r ro rur +ranr

?' a
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tor the onoleur who srill

throws on onlenno swil(h,

this inexpensive eleclronic
reloy will do fte iob oulo-

motitolly on ony bond uP to

fwo nefers, ond it will in'
( reose  the  sens i t i v i tY  o f

mosl le(eivers

By JOE A. ROLF'

K5JOK

fIE one-tube relaY shown
in Fie. 1 will handle uP to
100 watls CW, or 85 watts

,ti:

#i
ii

nhone. It is designed for use

*ith.ttv amateur antenna hav-

ins an impedance of 25 to 300

ohins, and it Permits instant

C W  b r e a k - i n  a n d  g r e a t l Y

simplifies AM transmitter con-

trol. It also acts as a low-gain

RF amPlifier to imProve re-

ceiver performance.
Fieuie 2 shows the circuit,

Fie. 
-3 

the connections to trans-

miit"", teceiver, and antenna'
ifrl i-n switch is inserted

across the antenna feedline, in
parallel with the transmitter'
With the transmitter inoPera-

q4

ffi R F C  ? l r :  C 5 , l , C o

An Electronlc Antenna RelaY

The completed electronic qntennd reloy' or T'R 5-wilch'-with the cobinef

fl-1. piJ* (obove). This unit will permir instont breok-in operolion with

iw iionr.itt"ts of up to 100 wqtts input' lt cqn qlso be used wilh

ohone rronsmitters running uP to 85 wolis' Interior of the reloy cobinet

ii.*i"" .t"ttttction qnJ layout (below)' The 5C4 is mounted on q

.-ott oiu.lnr. brocket (see iig' a) rh"r olso serves os o shield between

the input  qnd outPut .o.pon" i t . .  The plote leod on the tube sockef  is

Lrougl t r  thr iugh rhe brocket  wi th o feed' through insulofor '

, , , : : . 1 1 1 , 1 1 . t : : . . r ,  : . ; , 1 . ' , ' l i  l ' ' . '

. . :  !  : . : , , , . . ,  '  r . , . , . ; r , i , , , . L : i , , i , ' i ,  ,  
'  :

t i ve .  t he  re laY  ac t s  as  a
;;;;d"d;'td- amplifier, -allowing signals

Irom the antenna to pass through to tne re-

;;;;;r:- wh"n the transmitter is keved' how-

;;;;;til";;I'y's 6C4 is blocked and eflectivelv
isolales the receiver from the antenna''- 

ih" t;;;" biasing resistor R1 permits the

OC+ t. ".ia"ct ver:y weak RF signals to the

r"""i*i- *ttile the strong- signal from, the

transmitter creates a cut-oft bias on tne tuoe

th"i pt".t"ttts conduction to the receiver'
V""" iittt" power is taken {rom the antenna
;il ;;F i t-"tt amount ot RF is lequired

to block the 6C4.--ThL 
entire relay is built inside a 7s/ax?Ya

x +-itt-. lnittiUo*' For compactness and sim-
rrli"itu. the unit is powered by the station re-
^ceivei'or 

transmitter. A Cinch-Jones chassrs

tiug t"""ines the power cable; a miniature

0 1 . : , r C 2 l :  R i

coax antenna jack mounted beside it connects

the unit to the antenna terminals of the re-

;;1";;. A standard coax jack at the other end

of the Minibox connects the unit to the an-

ienna feedline. Construction and drilling

details are shown in tr'ig. 4.
The author used a six-prong power plug

(Cinch-Jones P-306-AB) on his unit  to match

an existing cable from his receiver' A three-

or four-prong power plug can be used ',f de-

sired. Also, if the builder prefers, phono lacKs
can be substituted for the coax antenna jacks
--though coax jacks are recommended for

hieh-frequency use to avoid losses and to in-

suie adequate shielding.
The 6C4 is mounted on a srnall alumlnum

bracket (see Fig. 4) fastened to the botto:n

"i tft" fvri*U.x. the'bracket is set at an anlle

" THRU
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onlv comDlete GUIDE featuring aU r,e,celv-i4g
irt"e suusfitutlons WITHoUT socKET CHANG-
ING OR REWIRING. ThiS VAIUAbIE
book will save You TIIIIE & MONEY n -
and Dermit operation of your set even Of
tnou-Sn orisinal tubes are unobtaln- 

| 
n::-

Guarantood Money Back in 5 Days if Not Satisfled

EVERYONE wl.o uses vacuum tubes NEEDS tbis
new 1960 Expanded Editlon TUBE CUIDE.
Contalns over 2?00 substitutes for over 1500
tubes, lncludlng radlo & TV receiving tubes,

tubes used in Hl-Fi &
Stereo, foreign tubes and
TV ptcture tubes,
All tubes suggested for
substltution have char-
ac te r l s t i c s  s lm l l a r  t o
those they are to replace.
FIT INTO SAME SOCKET
&  N E E D  N O  W I E I N G
CHANGE.
Two chapters cover com-
plete listing of TV Pix
tube replacements in -
c l u d i n g  n e w e s t  1 l 0 o
tubes.
Subst i tutes glven tor
over 225 foreign tubes.
Last chaDter lists tran-
sistor substitutes. The

a  
- - -

relay as shown in Fig. 3. The receiver should
not be connected during initial tests. Apply
power to the T-R Switch and reload the trans-
mitter to the antenna. If the relay is working
properly, the transmitter should require only
slight readjustment, if any.

The neon buib NE-2 is a salety device to in-
dicate any dangerous amount of RF across
the output terminals of the relay. If this bulb
glows when the transmitter is keyed, it is an
indication that the relay is not working
oroperlv. Check for a bad tube or wire-up.^ 

If ttr6 unit is carefully constructed, only
enough RF will reach the receiver to provide
comfortable monitoring. If the receiver over-
loads while transmitting, it is probable that
RF is entering the receiver through ventila-
tion louvers or an exposed antenna connec-
tion (if the receiver has a terminal strip an-
tenna post).

But a coax antenna jack and coPPer
window screen taped over ventilation open-
ings in the receiver cabinet will generally
cure this. In some cases, shielding the trans-
mitter cabinet will help. Another remedy for
overloading on CW, or feedback on phone, is
to reduce the receiver gain control when
transmitting.

The cost of this simple electronic antenna
relay is only sl ightly more than that of a
qood antenna relay, but this unit has the
advantage of permitt ing srvitchless CW oper-
ation with a single antenna system' To trans-
mit, just start keying and the receiver is auto-
matically disconnected frorn the antenna. On
phone, only one switch is needed to put the
transmitter on the air.

a
f-
I
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CONSTRUCTION DETAILS

Fill in coupon for a FREE Ore Year Subscription. to
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Ilii"rl"*J- "i 

-t-bw, 
lorv. !(HoLESALE PRlcEs

o" ii"nJN"-. Sfeakers, Chingers,-Tubc' Tools, Hi-
Fi'r. S....o Amps, Tuners and other Bargains'

ADDRESS.-
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If vou have a friend intere"ted in elecronics send his
""ritl and address for a fREE subscription also'

t03 3. Forge 51.' Aklon 8, Ohio
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A Portahle Wireless lntercoln

By F0RREST H. FRANTZ, Sr.

#
Ihis lrqnsceiver mokes on excellenl
week-end (onsfruction proiect. lt does

nof require o litense!

A neot, compqci, lwo-trqnsislor device, lhis
portoble iniercom qlso functions as o broqd-

cos t  bond rece iver .

THERE'S no need to be stuck with
I intercom stations at fixed locations
r in your home. This portable wire-

less intercom can be carried wherever
you wish to use it. It operates in the

broadcast band under
FCC limited radiation
rules, and therefore does
not require a license
( l im i t  communica t ion
distance to 75 ft.), and
the receiver can be used
for BCB reception. Com-
ponents will cost between -

$10 and $15. For two-way
c o m m u n i c a t i o n s ,  o f
c o u r s e ,  y o u  n e e d  t w o
units. But with one unit
you can indulge in one-
way communication by
using a broadcast receiv-
er as the second station.

Trouble.Free Conslruc-
fion. The leads connecting
t o  t h e  S e n d - R e c e i v e
switch, and those in the
RF portion of the unit
should be kept short and
direct. When construc-

./t,
c 4  0 d \
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tion is completed, you may
have to redress them to elimi-
nate oscillation. First, remove
antenna coil L1 from its Ma-
sonite mounting strip. Then cut
shaft of volume control R4 to
a length of 7/4 in. Then turn
connection of battery holder
lugs over with pliers to form
series connections and solder
(see Fig. 3). Fi l l  contact eye-
lets with solder.

Jumble-wind coupling coil
L2 from 25 ft. of. 7 /41 litz wire
on 3/a-in. length of Ya-in. dia.
ferrite core. Leave 7r/z in. con-
necting leads. Apply a coat of
Duco cement to hold the wind-
ings in place. Clean and tin the
ends of the leads.

Dri l l ing ond Cuf.Ouls. The cir-
cuit board as purchased is cut
to correct size. Holes must be
drilled in it as shorvn in Fig. 4.
The front panel as purchased is
cut to correct size and contains
the four corner holes reouired
to fasten it in the "ase. The
other hole and switch cut-out
locations are shown in Fie. 5.
The cut-out for the SendIRe-
ceive switch is made bv drill-
ing a series of adjacen[ holes,
finished with a kevhole saw
and a file. The hole in the case
for mounting the antenna is
%z in. dia. placed 1in. from the
front and 1 in. from the rieht-
hand side on the top of the
case.

Fronl Ponel Conponeni Mounf.
ing. Mount Cl and C2. The dials
are removed by loosening the
knurled decorative head screws.
These capacitors, because of
the i r  compact  cons t ruc t ion ,
sometimes develop shorts. Con-
nect an ohmmeter across each
of them in turn and rotate the
shafts. If either of the capaci-
tors is shorted, send it back to
the supplier for replacement.
Don't attempt a repair.

Mount the volume control
(R4), the Talk-Listen switch
(52) and the loudspeaker
(SPKR). Place the knob on
R4 and the handle on 52.
Fasten the 1-in. machine scr.ews
(which hold the circuit board
in the final assembly) to the
front panel.

Circuit  Boord Wiring. Mount
transformers L3 and L4, and
mount the antenna coil Ll.

Circu i t  boord  w i r ing .

52 {LTTTERS SHOW
swlTcH SEC'|ON
L$cAnoN$)

Psrts coll-out in cqse.



Fasten the coil with insulated hook-up wire
or cord passed through the circuit board and
tied around the coil. A few drops of Duco ce-
ment will hold it in place.

Using Figs. 1, 2, and 3 for guidance, wire
the circuit board. Mount the components as
required in the progress of the wiring. Note
that most of the component pigtails pass
through the circuit board. The pigtails are
bent over and soldered together to form the
circuit wiring. This produces a neat job, per-
mits you to make short connections, and
makes the compact size of the unit possible.

The leads which are to be connected be-
tween the cireuit board and the panel wiring
of the circuit board should be connected dur-
ing the wiring of the circuit board. Leave
these leads about 6 in. long and cut to length
later when the wiring board and panel as-
semblies are integrated. Use wires of differ-
ent colors and keep a record of the code to
make integration of the circuit board and
front panel easier.

Front Pqnel Wiring. Wire R4-S, C1, C2 and
the portion of the S-2 connections that do not
tie into the circuit board wiring. The gim-
mick C3 is simply a piece of hook-up wire
connected to S2 and twisted loosely around
the lead from 52 to C2. Wire insulation acts
as the dielectric. In making connections to
52, be careful to avoid bending or exerting
undue pressure on the switch contacts and
lugs. Also be cautious about exerting pres-
sure on the switch wafer.

Mount the circuit board on the 1-in. ma-
chine screws provided on the front panel for
this purpose. The nuts near the ends of these
screws (Fig. 2) should be adjusted for cor-
rect spacing of the mounting board from the
panel. Be sure that there aren't any shorts
between the switch 51 and the circuit board.
The lugs of 51 may have to be bent slightiy
to the side.

Make the interconnections between the
front panel and the circuit board. The second-
ary of L4 connects to SPKR and several
leads from the circuit board connect to R4-S1
and 52.

Mount the battery holder on the speaker
magnet frame by passing a loop of wire around
the holder and frame on each side of the mag-
net. Twist the ends together on the bottom
side. A drop of Duco between the speaker
and the battery holder will tend to make the
mounting more solid. Connect the battery
holder into the circuit. Insert the batteries
in the holder, observing correct polarity.
Then provide a lead from S2A to the antenna
and place the assembly in the case. But don't
fasten the four panel holding screws yet.

Tesling Operolion. Turn switch 51 on and
turn R4 clockwise for maximum volume.
Tune C1 to a local broadcast station. If you
can't pick up a station, extend the antenna.
If you still can't pick up a station (assuming

you're within 5 miles of a 250-watt station or
within 10 miles of a 5 KW or more powerful
station), recheck the wiring. Incorrect posi-
tioning of the S2C and S2D leads may cause
audio feedback. To cure consistent squealing
and whistling, redress these leads.

When you have broadcast reception, re-
move the set from the case and move the
position of the lead on the antenna end of L1
relative to C4 for maximum gain at the high-
frequency end of the broadcast band. Then
decrease the volume control setting to about
half of full setting. If the set squeals, de-
crease the coupling between the L1 lead and
C4 till squealing quits.

Turn a broadcast receiver on and tune to
a frequency at which you don't receive a
broadcast station. Then, from a position near
the receiver. with the intercom on and the
antenna pushed down, push 52 to the send
position. Adjust C2 tiU the intercom carrier
comes in on the broadcast receiver. The

RADIO.W EXPERIMENTER
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coupling of gimmick C3 rnay have to be in-
creased to attain a signal or decreased to
minimize squealing and distortion at the re-
ceiver. Audio feedback due to coupling be-
tween intercom and receiver causes soueals
also-but occurs only when r.eceiver and in-
tercom are within audible "hearing" distance.

MATERIALS L IST_WI  RELESS I  NTERCOM
Descr ip t  ion

270 ohm, /2 watt carion resistor, 10lo
331(, /2 watt carbon resistor, I0o/o
L00K, t/2 watt carbon resistor, 10!/o
270K, t/2 watt, carbon resistor, 10!l
101(  min ia tu re  vo lume c0nt ro l  w i th  sw i tch  (La fave t te

vc .28)
g immick  (see tex t )
100 mmf . ,  1000 v .  ceramic  capac i to r  (Spra0ue 5  GA-T l )
.0 I  mfd . ,  50  v .  ceramic  capac i t0 r  (Sprague TG-SI0)
25  mfd . ,6  v .  m in ia tu re  e lec t ro ly t i c  capac i to r

(Spragu€ TE-1091)
100 mfd . ,  5  v .  m in ia tu re  € lec t ro ly t i c  capac i to r

(Sprasue TE-1102)
365 mmf. miniature variable capacit0r (Lafayette

MS-445)
2N1684 t rans is to r  (Genera l  E lec t r i c )
2N407 transistor (Sylvania)
1N56 d iode (Raytheon)
4P2T spring relurn lever action switch (Ceiltralab
1457)
fe r r i le  an tenna loop co i l  (M i l le r  2004)
25' 7 /4L litz wire wound on 7atl lenqth, tAtt dia. feftile

core. (Lafayelte MS"33I is a 7/2tt length ol leftite
core  and Be lden 8817 is  a  100,  lenq th  o f  the  w i re )

10K to 2K miniature driver transformer (Lafayette
TR-96)

2l( to t0 ohm miniature output transformer (Lafayette
TR-93)

L0 ohm,2/2r loudspeaker (Lafayette SK.55)
min ia tu re  te lescop i r rg  an tenna (La faye t te  F .343)
four  L5  v .  pen l i te  ce l l s ,  ser ies  connected  (Burgess

N o . 7 )
battery holder (Lafayette NlS.170)
miniature knob (Lafayette NIS-185)
27/t h x 33/at, miniature perf orated circuit board

(Lafayeite MS-304)
2 x 334 x 6t/4tt Bakeli le case ( Lafayette MS-216)
f ron t  pane l  fo r  case (La faye t te  MS-217)

Components for this project may be obtained fr0m Lafayette Radio,
100 6th Avenue. New York 13. N. Y.

The antenna may be extended to increase
range, but don't open it far enough to permit
reception beyond 75 ft. The intercom will
function best for communication when held
upright with the antenna vertical. It rvill
function best as a broadcast receiver when
the antenna loop is horizontal. It is extreme-
ly directional and selective in this plane.

OpercfinE Principles. The remote wireless
intercom is an intercom that oermits talk-
and-l isten operation with another unit  with-
out requiring connecting wires. The speaker
functions as mike and speaker. Separate talk
and listen tuning contlols permit tuning to
any desired flequency with easy srvitching
flom talk to listen without havins to retune.
To leceive, Ct must be set . [or the f lequency
that C2 of a second intercom is tuned to in
order to receive it. It is best to tune the two
intercoms and then lock the capacitors. Don't
depend on dial calibration to do the job.

The wireless intercom employs only two
transistors and one diode. In the listen func-
tion T1 acts as an RF amplifier. and diode
Dl recl. i f ies the signal to provide an audio
voltage signai. This signal is fed back through
T1 which amplifies the signal again. Then
the signal progresses to output stage T2 and
the loudspeaker. The receiving circuit
achieves considerable gain and selectivity
with minimum equipment through the use
of good components and the exercise of de-
sign innovations.

On the talk function, the coupling from the
collector of T1 to the antenna and base of
T1 is increased by C2 to produce broadcast
frequency oscillation. The input and output
connections to T2 are changed by 52 to make
the speaker function as a mike and to make'I2 function as a modulator for T1,

l
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Dry Battery
Tester-Charger
A single unit to test cnd chorge flcsh-

light, tronsistor radio ond olher smoll

bofieries

By W. F. GEPHART

nECHARGING or boosting small dry bat-
ftf teries can be worthwhile if you have sev-
| \ eral flashlights, battery radios or other
battery-powered equipment. Properly used,
a charger can triple or quadruple the lift of
batteries, making the investment in a charger
worthwhile. The unit shown in Fig. 1 also
includes a tester to show when "recharging"

is desirable. (Since dry batteries are essen-
tially primary cells in which a chemical re-
action takes place, true recharging is not pos-
sible. However, rejuvenation, which will ex-
tend the life of the cells, is possible. We'll call
this recharging.)

Recharging must be done before the bat-
tery is completely exhausted. New batteries
usually read about 1.5 o per cell (without
load) on the average meter. Under normal
load (about 25 ma for a battery made up of
penlight cells, and about 150 ma for the
larger flashlight batteries) the voltage of a
fresh cell should not drop more than 10/p.
Ttrus, a type "D" flashlight battery in top
condition ought to test at 1.5 .u or better with-
out load, and not less than 1.35 o with a 150

Overoll view of chorger. Bolfery clip arrongemenl
moy be voried to meet individucl needs,

ill
maload. When it drops
below these levels, it
should be recharged.
Recharging is not too
e f f e c t i v e  w h e n  t h e
voltage (with or with-
out load) is below two-
thirds of the new-con-
dition voltage.

Bear in mind. too.
that the battery must
b e  p l a c e d  i n  s e r v i c e
p r o m p t l y  a f t e r  r e -
charging. The shelf life
of recharged batteries
is short (probably due
to the limited chemical
a c t i o n t h a t t a k e s

SI ("CHARGING VOLTAGE")

Pos I - LOW
POS. 2. MEOIUIV LOW
POS. 3- MEDIUM HIGI '
P O S . 4 -  H I G H

s2 ( "FUNcloN")

Pos. l - t.5 voLT'l r-^-
I  I E J I

POS. 2 -  15 VOLT J
P O S .  3 -  l 5 0 l v l A .  

- 1  
^ . . ^ - ^ -

P o s . 4 -  1 5  M A .  J  
t t ^ n o '

a 2
a 3

' . i
' l

\l I
l \ l
l. \.1
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place). Even so, the drop in voltage after
charging is the greatest in the first 24 hours.

No one seems ouite sure what actuallv
happens in dry batfery recharging, and soml
experimenters claim the best results with ac
charging voltages, some with dc, and some
with a combination. This unit uses unfiltered,
fluctuating dc, which seems to give the best
results in the shortest time. Filtered dc (se-
cured by placing a large capacitor across rec-
tifier output) seems to give about the same
results, but requires a charging time of 12-20
n0urs.

Here are some results with unfiltered dc
and an hour's charging time:

MATERIALS L IST_BATTERY CHARGER

Des iq .  Descr ip t ion
Rx 56K, /2watt (required only if not included in PL)
RI 20 ohm, I watt
R? 200 ohm,  4  wat t  po ten t iometer  (Ma l lo ry  M200PK)
R3 1500 ohm l% precision (see t€xt)
R4 151( 1% precision (see text)
R5 I0 ohm, l,/2 watt
R6 330 ohn, t/2 watt
R7 .66 ohm 1% precision (see text)
Rg 7 . I4  ohm 1% prec is ion  (see tex t )
SI two-pofe, 4.position rotary switch (Mallory 3226J)
52 SPST push button, normally open
53 five.pole, 4.position rotary switch (Mallofy 13351)
TI 6.3v CT 1 amp fi lament transformer (lvlerit P-2944)
T2 6.3u t/2 amp fi lament transformer (Nlerit P-2964)
Rect .  b r idge-connected  se len ium rec t i f ie f :  a -c  input -15  y  max i .

mum,  a t  200 na  (Federa l  1016)
PL p i lo t  l igh t  ho lder  fo r  NE.51 lamp (D ia lco  Ser ies  95406X

and 942208 have built. in resistor Rx)
M 0 .1  mi l l iammeter

Stee l  cab ine t ,  6 /2x7 /a  x9 f l  (Bud C-1585) ,  NE-51 lamp,
3  knobs ,2  b ind ing  pos ts ,  ba t te fy  ho lders  as  des i r€d ,  l ine
cord ,  n lsce l laneous ha tdware

battery, with terminal polarity reversed. The
proper charging voltage and current is se-
lected by switch Sr and rheostat R:. Two
filament transformers, with their secondaries
wired in series through Sr, provide oc input
voltqges to the rectifier of 3.15, 6.3, 9.45, and
12.6, which are sufficient for all batteries up
to 9 volts. Resistor Rr is a limiting resistor
to prevent the current from reaching exces-
sive levels.

All parts (except battery holders and ter-
minals) are mounted on the front panel of
a small sloping-front cabinet, as shown in

Type Battery
& Service
Two "D"  Ce l ls  No Load
(  F lash l iqh t )  Load
Three "0"  Ce l ls  No Load
(St robe l i0h t )  Load
Two "C"  Ce l ls  No Load
(F lash l i sh t )  Load
9 v Transistor# No Load
(Rad io)  Load
* shelf l i fe t ime; not in service
#charged at 9 ma; all others charged at 100 ma

We see that particularly in the case of the
transistor battery, recharging is not too ef-
fective when the battery nears exhaustion.
The charging rate must be fairly low, with a
range of 5-30 ma recommended for batteries
made up of penlight cells, and a range of
50-200 ma for the larger cells, such as "C",
"D", and "A" cells.

Schematic Fig. 2 shows that switch 53 con-
trols the function of the unit. On Positions
1 and 2, used for testing, proper meter multi-
pliers are switched into the circuit for read-
ing the battery voltages, and load resistors
are cut in by pressing switch S:. When
switch Sa, is on Positions 3 and 4, oc power
is on, and the dc output is fed through the
meter (with proper current shunts) to the

Befofe lmmediately 2-5 Days
Charge After Charge Later*
l.:st 1^s2 Y r4o v
1.20 v 1.37 | I.35 v
L3t  |  L.40 v 1.35 v
1.15 v I.33 | 1.30 Y
1.35 v 1.50 v 1.45 v
l . I5 Y 1.50 v 1.35 v
7.5 v 8.7 v 8.0 v
2 .0  v  7 .?v  6 .0  Y

Figs. 4 and 5. The layout for the panel is
shown in Fig. 3, except for the meter mount-
ing screw holes, which should be drilled to fit
the meter being used.

The values shown for resistors Rg, R+, Ri
and Rs are applicable only to a 0-1 ma meter
with an internal resistance of 100 ohms. This
is a standard 1000 ohms/volt movement, but
values for other meter movements can be
calculated with the formulas top of opposite
page for the ranges shown on Fig. 2:

lnside view of unir, All ports ore mounted on back
of fronf ponel,
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R E A R  W A F E R

BATTERY (-}

[4IDDLE WAFER

BATTER./ (+)

FRONT WAFER

secondary leads of the transformers so that
series wiring will give 72.6 u. If the polarity
is incorrect, the two secondaries will buck
each other, and give no output voltage when
wired in series. Complete the wiring.

The selection of the number and types of
battery holders mounted on the cabinet will
depend on individual needs. Two binding
posts, wired in parallel with the battery hcld-
ers, are also provided. Several sets of leads,
using the most often needed battery plugs
can then be used with the binding posts for
those batteries that do not fit in the holders.

To use the unit, plug it in, turn Sr to
"Lo'w", Rz to full counterclockwise position,
and Ss to "15V Test." Put the batteries in
the proper holder (or attach to leads), and
switch Sr to the appropriate scale and read
the no-Ioad voltage. Then press Sz to read
the voltage under load. Resistor Rr provides
a I50 ma load with 1.5 t-r, and Re provides a
load of about 14 ma at 4.5 o,78 ma at 6 o, and
27 ma at 9 o. Next, switch S, to the desired
charging current range, and set the charging
rate by adjusting Sr and Rs.

Generally, charging for an hour or two at
the rates mentioned above will be effective.
The rate may be increased, but under no con-
ditions should the battery be permitted to
get warm. Longer charging times can be
used, with varying effectiveness, depending
on the charging rate and battery condition,
but the unit should be watched. Sometimes
excessive charging, either in current rate or
time, seems to break the cell down, and the
current rises, increasing the damage.
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r : g
s z a {  R 4 f  l
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W I R I N G  D E I A I L S

R 7 :
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Im is the full scale deflection
amperes, Rm is the internal
meter in ohms.

Wire the primaries of the transformers and
pilot light first. Then check polarity of the

1 5 -  ( I m x R m )

Im

Im XRm

s3c

R 4 :

R 8 :

Im

I m X R m

15

.150

of meter
resistance

1n
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Those Dqrn Decibels!
Few terms are as frequently misused or widely

misunderstood in electronics as is the decLbel
The decibel system merely conr,pores signal

power levels. Properly used, it makes possible
a great simplification of arithmetic.

Decibels can be used to compare any two sig-
nal power levels of the same kind, in either an
ecoustical or electrical system. Or, one may

pare the power of a given signal witJr a pre-
viously agreed-upon standard. When the signal
being considered is compared to a similar, hypo-

thetical, one-milliwatt signal, we speak of the
" of the signal concerned, in DBM. Further,

may compare, in decibels, the strength of a
signal to that of the noise power in the

me system-the "signal to noise ratio."
Let's get straight on the basic facts: First, the

bel measures rati.os, that is, how many times
ter or less-powerful is the signal concerned,

compared to the reference signal. Second,
ibels are not measured upon an ordinary

by OI'Rock

neers call a Logarithmic scale. This is perhaps the
most confusing point to the uninitiated. Twice as
many decibels do not mean twice as strong a
signal, for instance. Here's how a decibel scale
works:

Ratio of Signal Power DB Greater
Signal powers equal 0 DB
First signal twice as strong, 0r one-half

as strong as the other + 3 DB
First four tim€s as strong or weak + 6 DB
Fifst ten times stronger or weaker +10 DB
First I00 times greater or less +20 DB
First 1000 times greater 0r less +30 DB
First one mill ion times greater or less +60 DB

Any good electrical engineering reference book

will show you how to obtain decibel values or

corresponding power ratios for the intermediate

values. such as -36 DB, *57 DB, etc.

A convenient feature of the decibel system is

that amplifier gains and circuit losses, when each

is expressed in DB, may be added and subtracted

by simple arithmetic directly, to evaluate simply

the performance of an entire communieation
system.

Aascrewiag the lnscrutable

DB Less
O D B

-  3 D B
_  6  D B
-10 DB
- 2 0  D B
_30 DB
-60 DB

scale, but rather upon what engi-
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A set thqt's smqll but one
fhor wil l scoop up rock 'n'

roll from locol broodcost.
ers, commerciols snd oll.

f O get plenty of gain

I in the Little Red
I Hot transistor T1

(see Fig. 2) amplifies
the signal twice, once
while it is still RF and
then again when it is
AF after detection bv
diode D. The audi-o
output of T1 is intro-
duced to the base of
transistor T2 throueh
the audio driver trans-
former L4. The im-
pedance match be-
tween T1 and T2
provided by L4 affords
c o n s i d e r a b l y  m o r e
gain than you could
expect from resistance-
capacitance coupling.

Though not appar-
ent from the circuit,
and though not enough
to make the set oscil-
late, there is positive
feedback in the RF
stage, resulting from
the relative placement
of the components in
the case. This feed-
back feature and the
hieh Q of the antenna
coil (L1) make the set
quite selective in spite
of the fact that it has
only one tuned circuit.

Cost of the eompo-
nents for the Liltle
Red Hot will be a little
over $15. Construc-
tion time will vary
with the builder's ex-
perience, but the com-
p a c t  c o n s t r u c t i o n
makes this project a
delightful experience
in miniaturization.

C o n s l r u c t i o n .  T h e
construction of this re-
ceiver may be accom-
plished most efficiently
by pursuing the task
in these phases:

1) Adapt parts.
2) Make the circuit

board.

t l

1
)
X

I

=
+T

\
I
=

The little Red Hot
This compocl, qftrodiye reflex receiver is
so smoll it fils eosily into pocket or purse

By FORREST H. FRANTZ, Sr.

ELUE L4 GREEN
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Bock view before ossembly.
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3) Mount parts.
+i Wi"" thi circuit board.
5) Complete wiring and assemble.
6) Test, adjust and debug.
Begin by cutting the volume control shaft

to a length of 3/8 in. Place the portion of the
shaft to be eliminated in a vise and cut with
a hacksaw. Now remove antenna coil L1
from its Masonite mounting board. Replace
the paper tape around the coil ends to hold
and protect the windings.

Make coils L2 and L3 using the data shown
in the Materials List. Coat these coils with
Duco cement to prevent unwinding of the
turns.

The number of turns is not too critical, so
if you slip a bit in counting them, don't worry
about it.

Next, place two layers of cellophane -tape
about 3/s in. wide around the edges of the
speaker frame on the back of the speaker
to pr€vent the speaker frame from shorting
sorie of the receiver wiring which it would
otherwise touch.

The circuit board is cut from a miniature
perforated board according to the layout
iho*n in Fig. 4. Speaker and tuning capaci-
tor cut-outs are made by using the hacksaw
blade removed from the saw frame. Starter
holes can be made with drill and taper ream-
er. The slots for the transformers (L4 and
L5) are also made with the hacksaw blade.

Drill a Ys-in. starter hole for the volume

control shaft and ream to size, or simply drill
using a a/s-in bit. When cutting and drilling
is completed, dress the edges of the board
and the cutouts with a file.

Use Fig. 3 as a guide for mounting parts'
Mount volume control-switch R7-S and trans-
formers L4 and L5 first. The transformers
are mounted by bending their mounting lugs
down 90o so they can be inserted in the cir-
cuit board slits. With the transformer mount-
ing lugs inserted jn the circuit board, slits,
press the transformer against the board, and
bend the lugs over on the front of the circuit
board. Duco cement placed between the base

SLITS FOR MOUNTING
TRANSFORMER

l " DIA.

I
, . {

I'r.l

CIRCUIT BOARD LAYOUT-BACK VIEW
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The circuit board
is wired by insert-
ing component pig-
tails through the
p e r f o r a t i o n s  a n d
making connections
on the front of the
board. Where sev-
eral component pig-
tails form a com-
mon junction, the
pigtails may be in-
serted in a common
p e r f o r a t i o n .  T h e
connection routes
on the front of the
b o a r d  a r e  s h o r t
e n o u g h  i n  m o s t
cases to permit di-
r e c t  c o n n e c t i o n
w i t h  c o m p o n e n t
pigtails.

Solder the con-

along. use a hot ctean #fit':ffi ;:"f""ij:
solder. Solder quickly. Miniature

Fronl view of circuit board.

of the transformers and the circuit board
will stabilize the mounting- and may bail you
out if you break a transformer lug in ihe
mounting process.

Mount L2 and L3 by fastening with Duco
cement, but go easy o-n the cem"ent t;.;;;
you may have to loosen and re-orient these
coils. The remaining components are mount-
ed in the process of wiring the circuit board.

MATERIALS L IST_LITTLE RED HOT
Desig, Description

yz watl carbon resistors, l0fl, tolerance
R5 lf i) ohms
BZ 470 ohms
R5 Z.7K
Rl  lOK
R4, R8 l5K
83 47K
R7-S 10K miniature yolume control with switch

(Lafayette VC.28)
C6 100 mmf. Mini Kap ceramic capacitor

(Lafayette DM.I0t)
C2, C4, C8 .01 mfd. 75v. subminiature capacitor

(Lafayette C-612)
C9 I nfd., 6v. subminiature electrolytic capacitor

(Lafayette P6.l)
C3,C7 30 mJd., 6v. miniature electrolytic capacitor

(Lafayette CF.I04)
C5 100 mfd., 15v. niniature electr0lytic capacitor

(Lafayette CF-126)
Cl 365 mmf. miniature tuning capacitor (Lafayette MS-2145,

inc ludes  tun ing  d ia l )
LI f lat ferrite antenna loop coil (Mil ler 2004)
L4 10,000 ohm to 2,000 ohm subminiature transformer

(Lafayette TR-98)
L5 2,000 ohm to 10 ohm miniature output transformer

(Lafayette TR.93)
L2,L3 Coils L2 and L3 are jumble-wound with Belden g617 litz

wire on t/4tt dia. ferrite cores (saw 0r break off of La-
fayette M5.331). Wind 25, of wire 0n a ya,, lenqth of
core for L2. and 15, on t/2't of core for L3'

T1 21i412 transistor (RCA)
12 2N321 transistor (cE)
D 1N60 d iode (Raytheon)
SPKR ll,/2" PM loudspeaker (Lafayette SK-61)
B 9r. transistor radio battery (Mallory TR-146R)

volume control knob (Lafayette MS_IES)
miniature perforated hoard (Lafayette MS-305)
case (Lafayette MS-424 ivory or MS.427 maroon)

All components for this project are available from Lafavette Radio.
Dept. SM, 165-08 Liherty Ayenue, Jamaica 33, New yotk.

ruluer', JolQ.er qurcr<ry. Ivlrnlature compo_
nents, particularly transistors and diodes.
Tav_ !e damaged by soldering iron heat ap-T3y, b"e dama-ged by soldering iron heat ap-
plied for too long a time. Be cautious aboi.t
electrolytic capacitor and battery polarities
in making connections.

Mount T2 first and then wire C3. CT. R5.
R6, R4, and C5 into the circuit. Then wire
R3, Rl and C2. The connection of C4. L2
and L3 follows. Don't cut L2 and L3 leads
too short; you may have to reverse connec-
tions later.

Next, mount diode D and connect C6. R?.
R8 and C9 into the circuit. Mount T1 and
complete connections to L2. Mount and con-
nect R2 and C3.

Now recheck the wiring for correctness
and examine the circuit boird for poor con-
nections and shorts. Then attach leads for
C1 and for battery connections. Solder bat-
tery connection lugs on the battery leads.
connect C1, and connect the L5 secondarv
leads to the loudspeaker voice coil lugs. Con-
nect L1 into the circuit.

Whether it is best to place the Little Red
Hot in the case or leave it out for test, adjust-
ment and debugging is a tossup. If you don't
place it in the case, care must be exercised to
prevent shorting of components, and the tun-
ing capacitor (C1) is difficult to adjust. If
yoq placg the receiver in the case, you'll
probably have to pull it out if there are diffi-
culties.

To test, adjust, and debug, connect the bat-
tery to the set (if it's available, use another
less expensive 9-v battery-six series-con-
nected penlite or flashlight cells are fine-for
first tests), turn the volume on, and tune for
a station. If the set is insensitive over the en-
tire broadcast band, interchange the A and D
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lead connections of
L2-L3. Sensitivity
should increase as
L1 is moved toward
t h e  p o s i t i o n  a p -
proaching the "in-

case" mounting re-
lationship of L1 and
L2-L3.

If the set is in-
sensitive at one end
of the band only,
i n t e r c h a n g e  L 2 ' s
AB connections or
L3's CD connec-
tions. Try the pos-
sible combinations
till you arrive at
the best results.

Next mount the
set in the case and
try it again. Slide
L1 back and forth -
;t""c lh"..;e"' .i 6l
the case till you get
best sensitivity. It
may be possible to
reach a point where
the set will oscillate
(squea l ) .  S imp ly
change the position
of L1 till the squeal-
ing stops.

The position of
C6 relative to L1
influences sensitiv-
ity. The sensitivity
of the set may also
be increased by tilt-
i n g  L 2  a n d  L 3
slightly from their
vertical orientation
relative to the cir-
cuit board if oscilla-
tions did not occur
during the previous
adjustment of the
position of L1. Ex- B Bock view of enfire ossemby without (A) ond wirh (B) bottery.
periment with tilt-
ini to right and left with the set in the case. can be snapped on.- Insulate the battery lugs

W"hen oplimum position is found, fasten L2- and any p-oition of the battery outer metal

L3 in piace perinanently with cement, and shell that might touch connections with cello-

fasten L1 against the side of the case with phane tape'
cellophane tipe. The Little Red Hot will give -you- rea-son---The 

circuit^board assembly is held in the able performance up to 10 or 15-miles frorn

case with two machine s"""*s. Pressure be- a broldcast station. It's extremely directive.

tween the circuit board and the case holds A short (1 to 3 ft.) antenna lead connected to

tir" ip"rk"r in place. Position the speaker so the junction 9f th-9 C1 stator and the top of L1

that maximum cone area is visible through will reduce this directivity.
the cabinet speaker openings. Fasten C1 di-
rectly to the case with the two small machine Removing Enqmel Wire Insulqtion

s"..*r provided with the capacitor for this . Tq remove enamel insulation on magnet
pu"por". Install the dial provid"d with the and hook-up wire quickly and cleanly, wrap

itor and fasten the ,roiu-e control knob. a piece of sandpaper around the wire and give

the battery so the back of the case a twisting, rotary motion.-E. L. BunNna.
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Underwgiter
Inlercom

This unusual iniercom provides constan+ con+acf between
boat and diver, amplifying your voice through a loudspeaker

By C. L. HENRY

fi\ESIGNED for rough boat service or
I J dockside operation, the amplifier of this
v intercom is transistorized for batterv
economy. Its simple circuitry and reliabll
operation make it ideal for Scuba divers. or
even "hard hat" professionals.

The diver weats a throat mike and ear-
phone (Figs. 1, 3). When he talks, his voice
is amplified to speaker volume and can be
heard by anyone within earshot on the boat
or dock above. Unlike an ordinary telephone
s_et, there is no push button or ringer, and the
diver's hands are always free. Also, o spe-
cial sidetone circuit enables him to hear his
voice in the earphone and know that the sur-
face is also hearins him.

-At the "upstairst end (Fig. 2) operation is
ultra-simple, with a push-to-taik switch and

loudsp_eaker volume control as the only live
controls. A separate volume control, R12.
(Fig. 58) is equipped with a Millen shaft
Iock so that the vol-ime fed to the diver's ear-
phone cannot be changed accidentally. Also,
an auxiliary audio output jack enables you
to connect in a remote speaker. One diver
r,eported that this interphone, which uses less
than $20 worth of parts, paid for itself quick-
ly in helping to salvage'Ibst articles. Itb fine
I'or treasure hunting or coaching Scuba stu-
dents and since the ihroat mike riould enable
it to work well in very noisy locations, it
might have many uses on dry land as well.

Power for the microphone circuit is sup-
plied by two D-size flaihlight cells mount6d
inside the case. T}re 300-rna. amnlifier re-
quires an outside battery. You &n use a
lantern size dry cell, which will give you up
to 15 hours of continuous operation, equal t-o

many days of diving. Or, using
the 6-12 volt selector switch, you
can tap any convenient storage
battery.

Consiruclion. Begin by mark-
ing, drilling and punching all of
the holes in the case, the lront and
back covers, Fig. 4 and in the
internal chassis box (Fig. 6).
Even though the case itself will
be sealed later by rubber gaskets,
it is necessary for salt water
operation especially, to protect all
metal surfaces against accidental
wetting.

Coat the inside of the case and
the surfaces of parts that you
can't reach later riith several iay-
ers of acrylic or silicone resin
spray, which both insulates and
p r o v i d e s  c o r r o s i o n  r e s i s t a n c e .
Completely waterproof the speak-
er with 4 to 6 heavy coats of the
plastic spray.

Wecring o woterproof eorphone ond
throot mike, the diver is olwoys in in-
slqni contqct wirh rhe surfoce. The phone
must be worn loosely to ovoid unequol-
ized eor pressure which could rupture

the ebrdrum.
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The diver's voice, ot loudspeoker volume
con be cleorly heard on boct or dock.
Mon on surfoce presses push-to-tolk bul-

lon on top of cmplif ier cose.

95

How lt  Works. In
the amplifier, two tran-
sistors are used to ob-
tain a full 2-watt out-
put with a carbon mike
input. Mike power is
supplied by two flash-
light cells mounted in-
side the amplifier case.
T h e y  w i l l  p r o v i d e
months of use. Tl:e
diver's carbon mike is
connected through a
transformer. T1. and
volume control R4 to
the input o{ the first
transistor, TR1, a Syl-
vania type 2N35. An
NPN type, this tran-
sistor is operated in a
common emitter type
of circuit. Resistors
R5 and R6 determine
the bias or operating
point of the transistor,
and it requires about
4 ma collector eurrent.
The collector or out-
put lead of the 2N35 is
connected to the trans-

CANNON CANNON NO I!1S3IO6BIOSL.3S
NO.r!1531068r25-3P WITFi r\4S3057-44
W]TH MS3O57-4A CABLE CLAIIIP

former T2. The winding of T2 is bypassed
with C5 to correct the high frequency re-
sponse of the amplifier, The secondary of
T2 connects to the second transistor, fR2,
a CBS type 2N155. Output of TR2 feeds to
transformer T3 where the collector currentNext mount all the parts as shown in Figs.

5A, 58, using lock washers or lock nuts. The
transistors are located on the cover of a small
4 x 2 x 23/+-in.chassis box (Fig. 6) which in
turn is mounted on the inside of the back
panel of the amplifier case. Bolt the 2N155
transistor directly to the box, after scraping
the box paint off to provide tight contact and
effective heat dissipation.

Transformer T1 is mounted inside the
chassis box along with the resistors and ca-
pacitors in the transistor circuitry. Position-
ing of parts is not critical, but keep the input
and output circuits as far apart as possible,
since feedback or whistling may occur if they
are close enough to couple. Wire the tran-
sistor circuit (Fig. 5C) and then complete the
rest of the amplifier, using color coded hook-
up wire.

Now check your wiring carefully against
the schematic. If the transistors are wired
incorrectly, they will be ruined instantly
when power is applied to the circuit. Com-
plete construction by lacing the wiring care-
fully, and then coat the entire assembly
(switch contacts protected temporarily with
tape) with the waterproofing sprays men-
tioned earlier. Cut strips of rubber and
cement them to the case to make a water-
tight gasket for the front and back panels.

W - E  H A - I
O R  E Q U ] V

5 0  o H M

TI-jROAT MIKE
ARI\,4Y OR AIR
FORCE SURP:US

LOW IMPEOANCE EARPHONE
WITH HEAOBAND

( WATERPROOF€O )

THROAT
MIKE

E
W I R I N G  D I A G R A M

OPTIoNAL IOO FT 3 COND. AMPHENOL
CABLE CABLE NO 90- MC3l\4

C o N N E C T O R  B E L D E N
l N O r  S H O W N  N 0 , 8 4 5 3

r N  F r G .  |  )

W I R E S  C A N  B E  C L A M P E D
TO SHOULOER STRAE

SO STRAIN WILL NOT 8E

S C U B A  D I V E R ' S  E Q U I P M E N T
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is about 350 ma.
The 2N155 output circuit is

unusual: in effect, it is a com-
mon emitter-type amplifier,
with two feedback windinss on
T3 canceling each othe"r to
aliow the 2N155 collector to be
connected directly to chassis in
older to provide an effective
heat sink.

The T3 secondary is con-
nected to the push-to-talk
switch, and in normal position,
through this switch to the loud-
speaker mounted in the case.
When the push-to-talk switch
is pressed, the output of the
ampl i f ie r  ou tpu t  connects
through the remote volume
control, R12, to the diver's ear-
phone. Capacitor C8 supplies
a sidetone circuit which allows
the diver to hear himself talk.
When he can't hear himself. it
warns him that there is no
communication to the surface.
If you want more sidetone, in-
crease the size of this capac-
itor.

Wqler  Proo f  inE Mike  ond
Phone. The amplifiel serves
either the scuba or skin diver,
or the hard-hat suit diving rig.

mouthpiece, speech in the or-
dinary manner would be im-
possible; hence a surplus throat

]'uourlrrNc uoLes
E LocATE FRoM MIKE

_t"

O R I L L
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R 8  C ? .  C 8 i l ,  c2

R 7
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R 4
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Wiring inside the cqse is not crowded. Be sure to sepdroto the inpuf from
lhe outpuf circuii wiring to prevent oudio howl, The specker must be

cocted heovily with woterproofing sproy.
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Tronsistors cre mounled on the top of the smoll cirtuif
box cover. Moke woterprooffng gcskets for both front

ond bock covers of Vz-in, rubber strip.
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mike is used. Sound is
picked up via throat con-
tact and while the results
are not hi-fi, a little prac-
tice makes simple words
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understandable. Seal the edge of the throat
mike rvith Scotchkote (or equivalent) Elec-
trical Coating.

Select an earphone of low impedance for
greatest volume. Remove the diaphragm,
spray it and the wiring, and then seal the
entire assembly with plastic electrical tape
covered with Scotchkote. For extreme depths,
you may want to do some experimenting

w i t h  t h e  a l t e r n a t e
m e t h o d  c f  d r i l l i n g
holes in the earphone
case, and allowing water
to enter and equalize
p l 'essure .  Underwater ,
the earphone is almost as
clear sounding as on dry
land, since the short dis-
tance to the ear is not
enough to muffie the
sound. You ean use an
earphone clip, or attach
both throat mike and ear-
phone to an elastic head-
b o a r d .  O n e  i m p o r t a n t
caution: When in the
u)ater, d,o not fit the head-
phone ttghtly ouer the ear
sinc e pr essur e o ariations
i,n descent can rupture
aour eardrum.

Fig. 9 details the in-
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w
This type of foce mosk connecls to qn qir hose, Sinca
the diver hos no mouthpiece, ihe microphone csn be

insrolled neqr the boitom of the plostic foceplofe.

EARPHONE

M A T E R I A L S  L I S T _ U N D E R W A T E R  T E L E P H O N E
No.  Req 'd  S ize  and Desc f in t ion

A M P L I F I E R
R1-4.7K. 1 watt, 10o,/, carh0n resistof
R2. .R3, Rto, 811-220 0hm, I watt, Iojl carbon
tes is to rs

I R4-51(, 2 watt, variable resistor (volume control)
ohmi te  type  AB
Rs-lK, V2 tratt, 10% cafbon resistor
R6-561(, 0 watt, 10% carbon resrstor
B7-22 shm, 2 wall, !\oL carbon fesistor
R8-120 ohn, 2 watt, Llo/. carbon resistcr
R9-270 ohrn, 2 watl, IOo/o carbon resistor
R12-60 ohn,4  wat t ,  var iab le  res is to r  ( ren to te  vo lume
cont ro l )  IRC type 60
Rl3-47 ohm, 2 watt, !0o/o carbon resistor
RI4-4.7K, I watt, I0% carbon resistor
C1, C2, C5, C7, C8-0.1 mfd., 200.vott paper capacitors
C3-0.02 mfd., 200.volt paper caparitor
G4-8 mfd., 50-volt electrolytic capacitor
C6-100 mfd., 6.volt caDacitof
S I -Te lever  type  160061,  push. to . ta lk  sw i tch  (A l te rna te
Switchcraft II006)
S2-Ar row-Haf t  and Hegeman bat  hand le  toggte ,  type
82024-D
TI-transforner, Argonne AR.l23
T2- t rans former ,  Argonne AR. IO5
T3 transformer. Motorola type 25C53676! onty (auto ra.
d i0  rep lacement )  ava i lab le  IV lo to ro la  par ts  d is t r ibu tors
TRl -Sy lvan ia  type  2N35 t rans is to r ,  NpN
TR2-CBS type 2N155 t rans is to r ,  PNp
Ml -carb0n mic rophone,  Western  E lec t r i c  type  F .L  o r
equ iv . ' r  (Surp lus  i tem ava i lab le  Co lumbia  E lec t ron ics :  2251
W.  Wash ing ton  B lvd . ,  L0s  Ange les ,  Ca l i f . )
speaker ,  4  in .  PM type,  cone speaker

H A R D W A R E

Jl -connector ,  3  conductor ,  Ampheno l  type  9 l .pC3F
J2- te leph0ne jack ,  Ma l lo ry  type  Xp4B
J3-connector, 2 conductor, Amphenol type 80-pC2F
9x6 l .5 "  s tee l  car ry ing  case,  Bud #CC.1095,  b lack
wr ink le  f in ish ,  w i th  hand le
4x2x23t ' t t  box  chass is ,  LMB Mode l  I02
fuse retainer, Buss type 34200I
shaft lock for R12, Mallory type 1241496
gocket, transistof
battefy holder, Keystone type
p las t ic  spray ,  rubber  fee t ,  m0unt inq  screws,  nu ts ,
lockwashers ,  deca ls
t ln less  ind ica ted  o therw ise ,  a l l  par ts  a re  ava i lab le  f rom La.
fayett€ Electronics, 165.58 Liberty Ave., Jamaica 33, N.y.

P A R T S  F O R  S C U B A  O R  5 I ( I N  D I V E R

I  mic rcphone,  th roa t  type ,  Army or  A i r  Force  surp lus ,  ava i l .
ab le  f rom Roscoe Ward  Barqa in  Bazaar ,  3831 H ixson p ike .
Chat tanooga 5 ,  Tenn.

I  headphone,  1 I  ohm,  low impedance type,  Western  E lec t r i c
HAI  o r  €qua l

I Pl-Cannon MS3L06Bl2S-3P, with Cannon MS3057-4A
cab le  c lanrp  (op t iona l )

I P2-Cannon lvl53106BI05L-35, with M53057.44 cabte
c lamp (op t iona l )

I  P} -Anpheno l  91-MC3M
100 ft 3.conductor cable, rubher covered Belden 8453 with snool.

o r  w indup ree l

P A R T S  F O R  S U I T  D I V E R ' S  F A C E  M A S K
I  rn ic rophone-Western  E lec t r i c  type  Nt ,  s ing le  bu t ton  car .

bon '  50  ohm*
J. headphone, Western Electric type HAl, or eoual
I  J1-Ampheno l  MS3I02A10SL.3P
I Pl-Amphenol M53106810SL-3S, with Cann0n tvt53057.44

cable clarnp
I  Pz-AmFheno l  9 I -MC3M

I00 ft 3.conductor cable, rubber.covered Belden 8453
x' Telephone parts are also available from Telephone Repair and

Supp ly  Company,  1760 Lunt  Avenue,  Ch icago 26 ,  l l l .

anchored in position. Brightly colored, it will
be easy to find for use at any time.

Such a completed underwater intercom will
add an immense safety lactor for novice
divers,
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IVlOUNT THROUGH
S]DE OF HELI\4ET
AND WATERPROOF

stallation of a single button type microphone
in the faceplate of the hard-ha.t diving rig.
Waterproof the microphone, and install the
earphone, also waterproofed, in the head
covering of the suit. Both mike and phones
are connected to the 3-wire eable with a
surplus AN waterproof connector. Tape the
cable directly to the air hose.

Connect the cable to the skin diver's mike
and earphone directly-taping and covering
the wire joint with Scotchkote. For extensive
Scuba diving and exploration, a wire reel and
about 150-feet of the 3-wire cable can be ar-
ranged for easy operation. Lines to several
divers can be connected to the amplifier,
simply by wiring in parallel.

If the Scuba diver needs complete freedom
of movernent, he can shed his phone, mike
and cable, and tie it to an underwater marker
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It 's fun to build gcdgers. bui the serious experimenler soon reqlizes thot lhis is but o preliminary lo reol elec-

tronic undelstonding. To moster ony bronch of science. one musi leorn to toke, grqph, ond onolyze guonfifo.

five dqto. With rhis convenieni tronsistor chorocferistics onolyzer you do iust rhor,

onstration). You will also need a volt-ohm-
milliammeter of the ordinary radio-servicing
sort.

Conslructing the Unif. Begin by drilling the
major chassis holes (see Fig. 4). Any linear-
taper, radio-replacement potentiometers of
the right value may be used. They need not
be equipped with switches. Multi-element
function switches were used, even though so
few positions were utilized, because these
switches cost no more than those rvith fewer
positions, and the manufacturer provides an
adjustable stop so that the user may readily
select as many positions as he needs; also, the
additional switch positions provide for ex-
pansion as the transistor art advances. You
may use appropriate switches you have on
hand, but make sure that they are of the non-
shortzng type.

After drilling the major holes, drill ehassis
and mount the Cinch-Jones terminql strips
using 6-32 steel machine screws and nuts.
Then fasten into place each of the potenti-
ometers and switches.

Solder each connection carefully with
rosin-core solder, avoiding short-circuits be-
tween lugs or to the chassis. The exact order
of the wiring is not critical; just be sure you

By C. F. ROCKEY

LOCK diagram (Fig. 2) and schematic
(Fig. 3) show how this transistor analyzer
works. A relatively low-voltage dc source

provides a "signal" which may be applied in
either polarity to either the base or emitter
circuit of the transistor under test. Likewise,
a variable supply dc source may be connected
at will to any electrode. Appropriate cur-
rent-measuring instruments are associated
with each source, and either positive or nega-
tive terminals of either source may be made
the common point by grounding switches.
All significant points of the circuit are
brought out to terminal screws for conven-
ient reading of all important circuit poten-
tials. Thus voltage/current relationships in
any parts of a three-terminal semiconductor
element may be conveniently adjusted and
measured. Two-terminal crystal diodes may
also be studied by connecting to the two ap-
propriate terminals.

You can build this device easily in a couple
of evenings. Total cost to build will be ap-
proximately $50 (including batteries and at
least one experimenter's transistor for dem-
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tery connections. Be
sure to observe cor-
lect polar:ity. I rec-
ommend a 6-u "lantern

l.attery," avaiiable at
rnost large hardware
stores, for the supply
battery. Provide con-
nections to it by sol-
dering wires to the
spring temrinals usual-
ly used. Make sure the
battery switch is in of
position.

Next, connect the
Ieads of the transistor
you wish to examine
to the terminals pro-
vided. Be sure to first
ascertain whether it is
a PNP or an NPN
unit; incorrect infor'
mation here wiil cause
confusion in the meas-
urements, and may re-

sult in transistor or
meter damage.

Perhaps the most
significant first deter-
mination that can be
made is that of the
grounded-emitter cur-
rent transfer charac-
teristic. This property
clearly illustrates the
c o n t r o l  i m p e d a n c e
property of the transis-
tor, and thus its ability
to amplify. In this meas-
urement we hold the
emitter-collector volt-
age constant, and vary
the base curlent. The
corresponding varia-
tions in collector cur-
rent are then observed
and tabulated.

Before turning-on
the battery switch, set

follow an orderly procedure, and check each
step carefully.

Finally, install and connect the meters. Be
sure to observe the little plus-sign, and polar-
ize these correctly. When the meters have
been installed, and the wiring checked, clean
off the top of the chassis with carbon tetra-
chloride, or other grease solvent and mark the
terminals and switch positions with a steel
pen, using draftsman's ink. When the mark-
ings are complete and dry, give the chassis a
coat of clear, water-white spray lacquer.

Using the Tronsistor Anolyzer. Prepare the
instrument for use by connecting a single
1.5-r-r flashlight battery to Signal Battery
terminals, a 4.5- to 6-o battery to Supply Bat-
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l{o. Req'd

MATERIALS LIST_TRANSISTOR ANALYZER

Size and Description

VTVM from the collector to ground. Connec-
tion to the collector may be ieached directly
at the upper terminal of-the pair marked End,
an{ ground connection may- be made to the
Fahnestock clip.

Turn.on the-battery switch and adjust the
sup-pLA battery potentiometer to 1.5 o from
collector to ground. This may cause the Isig
microammeter to read backwirds. If it doesl
slowly advance the Signal battery potentio-i
eter untrl tt reads at zero. (This ,,back cur_
rent" is due to normal interaction within-{he
transistor.) After this change has been made
you will probably have to reset the Supplv
battery_pot to the correct voltage. (The in_
put and output circuits of a tiansiitor are
interrelated, unlike those of a vacuum-tube
at low frequencies which are isolated.)
. With the collector voltage at 1.5 o Jnd the
base current (Isig) at zer6, obse"v" ."a t"l:

L aluminum chassis 4 x 10 x 17,,
I 0 to 100 nicroammeter, Triplett Model 327
+ g193 mi l l iammeter ,  T r ip te t t  Modet  327
I DPST tossle switch
2 SPDT toggle switches
3 10K.,_ wire-wound linear taper potentiometers, Mallory
z rwK., ltn-ear tapef potenti0meters, Mallory
5 non-shorting single deck rotary switches, [ iallory,

Number  131I .L
I 3 terminal, Cinch.Jones terminal strip
I 4 terminal, Cinch.Jones terminal stri 'p
3 2 terminal, Cinch-Jones terminal stri i
5 27e dial plates, Croname
6 bar frnobs
I Fahnestock clio

&32 nachine-screws,t/2t, long, steel hex nuts, steel for aboye.prasttc Insutated hookup wite, rosin cote solder
Also needed for measurements, if not already on hand:

I 1.5 v flashlight cell
I  6 v l a n t e r n b a t t e r v
I yolt.oim.mill iammetrr, or vacuum-tube volt.ohmmeter
r expeflmentet s juncti0n tfansistor

up the other controls as follows:
For an NPN transistor (grounded
emitter connection) : Base selector
switch, * sig; Emitter selector
switch, - sup; Collector selector
switch, * sup; Signal battery
g round ing  sw i t ch ,  -  g round ;
supply bat grounding switch,-ground.

For a PNP transistor: Base se-
lector switch, - sig; Emitter se-
lector switch, * sup; Collector
selector switch, - sup; Sig bat
grounding switch, * ground; Sup
bat grounding switch, * ground.

In either case, the potentiom-
eters in series with each element

c
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of the transistor should be set to zero resist- glate the collector current, which will be read
ance position. Set both of the.battery poten- from-Isup,__the 0-3 milliam-"t"r. i.ir*,-t ""p-
tiometers to zero voltage position.- ing the Collector voltage at 1.5 u. b.y ;aj;;-

Now, using the 10-o (or similarly-scaled) ment of the Supply 6"tt"r, ,"t""iio]ill.r"
range, connect a radio-serviceman's voM or advance the Signil batterv 

"poienti";;;;;;

-L-&*' ' ' 
stii.to"*peres. Jock-
ey the  two ba t te ry
pots aS necessary to
achieve this condition.
Again, observe and
tabulate the collector
current, Isup. Repeat,
in 5 - microampere
(base current) steps
until the maximum
collector current of 3
m i l l i a m p e r e s  i s
reached.

Be sure that the
voltage from collector
to ground remains at, 1#i+:fitr'#::::

Under<hsssis view of complered onolyzer, has been taken, floi ii
1
, l
,l

METER HOLES ACCORDING TO
MANUFACTURER TEMPLATE
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TABLE A-SWITCH SETTINGS FOR TRANSISTOR
C I R C U I T  C O N F I G U B A T I O N S :

COMMON EMITIER:  NPN PNP
Basq Selector Switch *sig -siu
Enitter Selector Switch -sup +suF
Collector Selector Switch +sup -sup
Signa l  Bat te ry  Ground ing  -g round +ground
Supp ly  Bat te ry  Ground ing  -g round +ground
lsig reads base current, lsup reads c0llector current. Load resistance
pt0vided by Colleclot s€fies potentiometer.

COMMON BASE:  NPN PNP
Base Selector Switch f sig -siq
Emi t te r  Se lec tor  Swi tch  -s i0  *s ig
Coll€ctor Selector Switch +sup -sup
Signa l  Bat te ry  Ground in0  +ground -g round
Supply Battery Groundi0g -ground +0round
lsig reads emitter curfent, lsun reads collector current. Load resist-
ance provided by Collector series potentiometer.

COMMON COLLECTQR:
Same as for common emitter, except that the load resistance is pro-
video by the potentionet€r in seri€s with lhe Emitter.

investigations, as made by the writer, are
shown in Figs. 8, 9, and 10. All of the usual
transistor circuit configurations can be in-
vestigated by merely selecting the appro-
priate switch settings (see Table A).

Due to the non-uniformity of experiment-
er's-type transistors, you should not expect
your measurements to agree with the au-
thor's. Corresponding curves should be of
approximately the same shape, however.

in graphic form. It is customary to plot the
independent variable, in this instance the
base current, along the horizontal axis (ab-
scissa) and the dependent variable, the col-
lector current, along the vertical (ordinate)
axis.

Figure 6 represents a set of curves taken
in this manner using a popular brand
of experimenter's NPN junction transistor.
When completed, such a graph may give rise
to a number of significant conclusions. One
of these might be that since with an Ec of
4.5 u an approximate base current change
of 12 microamperes gives rise to a collector
current change of one milliampere, or 1000
microamperes, this transistor provides a cur-
rent amplification of about 80 times. Is there
any doubt as to why such a transistor is
useful in practical electronics?

Another useful transistor relationship is
that between the collector current and the
collector voltage, when the base current is
kept constant (grounded collector connec-
tion). A family of such curves run by the
author (using the same NPN unit) is shown
in Fig. 7. The identical switch setup, as used
fo,r the transfer curves is used for this in-
vestigation. Such a family of curves is of
first importance to an engineer, who must
match a given transistor to a given load re-
sistance, in a practical design problem.

With increasing experience in the use of
this analyzer, a student may plan and execute
many interesting measurements and experi-
ments. Curves resulting from several such
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Turn o comero loose in o rqdio-electronic hobbyist's shop
ond i t  wi l l  come up wi th some odd- looking p ic tures.  Do you
hove o good "eye" for solving pholo quizzes? Write in the
nomes of the obiects in the spoces provided, then check your
onswers ogoinst lhose on poge 122.
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Send tor (lrVne:o
7-Uolume fob-Training Set

FREE IRIAT!
Put money-making, time-saving TV-RADIO-ELECTRONICS know-how at
your f ingert ips+xmine Coyne's al l -new ?-Volume TV-RADIO-ELEC-
TRONICS Reference Set for 7 days at our expense! Shows you the way
tg easier TV-Radio repair- t ime saving, pract ical  working knowledge
that helps you get the BIG money! How to instal l ,  service aDd al ign ALL
Edio and TV sets, even color-Tv,.UHF, FM and transistorized equipment.
New photo- instruct ion shows you what makes equipment " t ick."  No com-
pl icated math or theory- just pract ical  facts you can put to use im-
bediately r ight in the shop, or for ready reference at bome. Over 3000
p a g e s ;  1 2 0 0  d i a g r m ; 1 0 , 0 0 0  f a c t s !

SEND NO MONEY! Just mai l  coupon for ?-Volume TV-Radio Set on ?-Dav
FREE TRIAL! We' l l  include the FREE BOOK below. I f  you keep rhe sei
p a y  o n l y  g 3  i n  ?  d a y s - a n d  $ 3  p e r  m o n t h  u n t i l  g 2 ? . 2 6  p l u s  f o s t a g e  i s
t8id.  Cch pr ice only $24,96. Or return set at  our expense ln 7 

-days

Ed owe nothingi.  Ei ther way, the FREE BOOK is yours to k€ep. Offer
limited, so act NoWl

r';:;

1,like llaring {n Eleclrcnics iii*niint,i[ut..sucr.11
Y('., 5+EU€f,YlI}[ilG]t:OIt::Nf :::::: :'Answers ALL Servicing Problems QUICKLY

. . . Makes You Worth More On The Job!

FREE DIAGRAM BOOKI
we ' l l  send you th is  b ig  book ,  "15O

Radio-Television Picture Pattems and
Diagranrs  Exp la ined"  ABSOLUTELY
FREE jus t  to r  examin ing  CoFe s  ? -
vo lum€ Shop L ib rary  on  1-Day FREE
TRIAL:  Shows how to  cu t  sen ic ing
time by rcading picture-patterns, plus
schematic diagrams for many TV and
radlo sets. Yours FREE whether you
keep the T.volume Set or not! Mall
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e r a l  e x p e r i m e n t a l
work. By using sur-
plus or imported me-
ters, and adapting the
common ac voltmeter
to the more scarce oc
ammeter, costs can be
kept down to a reason-
able figure. Excluding
the cabinet, and by
using 2tl-in. meters,
the unit shown can be
b u i l t  w i t h  s u r p l u s
parts for less than $20,
as compared to nearly
$40 if built with new
parts.

Basically, the unit
consists of a variable
v o l t a g e  a u t o - t r a n s -
former, an oc voltme-
ter and oc ammeter.
Switches transfer the
voltmeter connections,
cut the ammeter and
auto- t rans f  o rmer  in
and out of the cir-
cuit and (in the unit
shown) provide two
ammeter ranges. Fig-
ure 1 and the sche-
matic (Fig. 2) also
show a neon pilot light

MATERIALS L IST_POWEB PANEL

(App l icab le  to  un i t  shown in  F ig .  I )

Des ig .  Descr ip t ion
Rl 56,000 ohns, t/2 wall (not required if included in PL)
RZ 27,000 ohms, ,/2 watt (see text)
TI 7.5 amp variahle auto.transformef (Superior Electric It6U,

Standard Electric 5008U or T5lU. 0hmite VT.8, 0r sur.
plus unit of desired anpere capacity)

T2 "Current Transformer" (see text)
51 DPST toqqle (see text)
52 DPDT toggle (see text)
53 ,  54  SPDT toss le ,  3  amp
55 SPST toqgle, 3 amp
PL neon pilot l isht holder (Dialco 9540SX or equivalent)
Ml  0 .150 vo l t  a -c  meter
M2 low.range a-c yoltmeter (see text)
SOL fenale panel receptacle (Amphenol 6I.Fl)

6  x  7  x  Iz t ,  cab ine t  (Bud CU.1124) ,  b ind ing  pos ts  (op .
tional), plastic scraps, miscellaneous hardware

Some companies handling surplus material where auto.transformers
and meters  migh t  be  secured:
Adyance Electr0nics, 6 West Broadway, New York 7, N. Y.
Bafry Electronics Corp., 5I2 Broadway, New York 12, N. Y.
Columbia Electronics, 2251 W. Washinoton Blyd., Los Anseles 18,

Calif.
G & G Radio Supply, 5I Ves€y Street, New York 7, N, Y.
H i -Mu E lec t ron ics ,  I33  Hami l ton  St . ,  New Haven,  Conn.
Peak Electronics, 66 W. Broadway, New York 7, N. Y.
Standard Surplus, 1230 Market Street, San Francisco 3, Calif.
TAB, Il l-WD Liberty Street, l, lew York 6, N. Y.

Also refer to local Classifi€d Telephone Dir€ctories under the head.
ings of:

"Rad io  Equ ipnent  and Supp l ies""E lec t fon ic  Equ ipment  and Supp l ies""Surplus Materials"

unit, showing psrtr plqcement,
control knob in center,

AC Power Panel
Simple unit checks power input ond

furnishes Yorious oc voltoges

f . . . t r t r r r r r r r r r r r r r r . . r

Problem: A TV or radio set that goes bad
only between 5:30 and 7:00 PM, or on rainy
Monday mornings.

Problem: An electric motor that heats up
excessively, even though the shaft turns
freely.

Problem: Can a small radio output trans-
former be used as a step-down voltige trans-
former for a given load?

The solution to all of these problems lies
in the metered variable-voltage power unit
shown in Fig. 1. By reducing the normal line
voltage to the TV set and radio (as happens
when electric stoves create a peak load at
diiner time, or when electric clothes dryers
are being used on rainy Mondays), adjust-
ments can be made to the set to provide
proper operation at lower line voltages. By
checking the current being drawn by the mo-
tor. evidence of shorted windines can be
found. And by checking the curreirt into the
transformer as the voltage is increased, and
comparing with its rating, its suitability for
a given job can be determined.

There are many other uses for a high-
powered, metered, variable oc power source
in servicing work, appliance repair, and gen-
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and binding posts paralleling
the outlet socket, neither of
which is absolutely essential.

The only unusual item is the
home-made "current trans-
former" (T2), the details of
which are shown in Figs. 3 and
4. AC ammeters are scarce in
surplus stocks, and sinee any
ammeter's scale is non-linear,
Iower values are hard to read.
Both of these problems are
overcome by using a simple
low voltage oc meter, the "cur-

rent transformer," and multi-
pliers to provide two or more
ranges.

The transformer shown was
made by wrapping insulated
ff14 wire around an old relay
eoil. The coil used was from
a surplus relay, has a dc re-
sistance of nearly 7000 ohms,
and is about 2 in. long and of 1
in. dia. The f14 wire (top
winding of T2 in Fig. 2) is in
series with the power line
through the unit, and current
flowing through these turns of
heav5r wire induce a voltage in
the relay coil, which deflects
meter M2. The action is fairlv
linear, and the meter can read'-
ily be calibrated in amperes.

The meter used was a 0-2
volt ac meter. About 8 turns
of ft74 wire give a full-scale
deflection (2 volts) when 3 am-
peres flow through the circuit.
Smaller wire, with more turns,
could be used to get greater
deflection. For example, 3 amps
flowing through the additionil
turns permitted by using f 18
wire might give induced volt-
ages of over 5 volts, permitting
the use of a higher range volt-
meter.

To make the transformer,
first decide on the current to
be required to give a full-scale
deflection of the meter on the
lowest range (if more than one
range is desired). Then make
a mounting for the relay coil
on the back of the meter, as
shown in Figs. 3 and 4. Tem-
porarily connect the relay coil
terminals to the voltmeter and
solder one end of the heavv
wire to the lug at one "or.,"-,
of the mounting plate. Wrap as
many turns oI heavy wire as

t
Nore :  I  ne .  wat tage ra tan0 o f  domest ic  lamps is  usua l ly  qu i te  accura te .  Due to  th i

com0rnal0ns used l0r most t€adings. any inaccuracies tend to ofiset each other.
However, only new 0r relatively new lampi should be uied toi ttre greatest accuiaiy.

F O R  C U R R E N T
(anp€res)

.125
, 4 J

1.0
I .25
l i

1.75
2 .0
z .  z t
z , J
1 ,  t d
3.0
t , z a
3.5
t , l J

4 .0
4.25
A F

c ,  I 5

5.0

5 .5
5.75
6.0 72O 300 + 200 + I50 + 50 (minus 10W)

Lanls required to calibrate to 3 am,pef€s: two l0 watt, two-15 wltt, oni tsO uiattl-oni,
100 watt, one 150 watt. one 200 watt

Add i t iona l . . lamps requ i red  to  ca l ib ra te  to  G amperes :  one 25  wat t ,  one 40  wat t ,  one
300 watt.

Four  sockets  w i l l  be  max imum requ i fed  fo r  e i ther  ca l ib ra t ion .

W A T T S  R E Q U I R E D  L A M P S  R E O U I R E D
(connected  in  para l le l )

rf l3
3 0  t 5 + 1 5
50 60
9 0  5 0 + 1 5 + 1 5

L20 100 + l0 + 10
150 150
180 r50 + Is + 15
2L0
240
270
300
330
360
390
420
450
480
510
540

150 + 60
2 0 0 + 1 5 + 1 5 + 1 0
2 0 0 + 6 0 + r 0
200 + r00
2 0 0 + 1 0 0 + 1 5 + 1 5
2 0 0 + 1 0 0 + 6 0
2 0 0 + 1 5 0 + 2 s + 1 5
2 0 0 + 1 5 0 + 6 0 + 1 0
2 0 0 + 1 5 0 + 1 0 0
3 0 0 + r 5 0 + 1 5 + 1 5
3 0 0 + 1 5 0 + 6 0
3 0 0 + 2 0 0 + 2 s + 1 5

570 300 + 200 + 60 + I0
600 300 + 200 + 100
630 300 + 200 + 100 + 25 (minus 5W)
660 300 + 200 + r00 + 60
590 300 + 200 + 150 + 40

rJtil ttrt/ f'- ^-
s46 Q"

.o9  \ .o  ' *o '
t l  I

"Current trqnsformer" ond meter, showing ot left
coi l  ond heovy wire used,

fhe type of reloy
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N U T S  O N  M E T E R
S C R E W S  F A S T E N
P L A T E  T O  M E T E R

C O I L  M O U N T I N G
B O L T

of the magnetic field
around the coil affect-
ing the meter action.

To determine the
multiplier used for the
higher range (R2),
use a variable resist-
ance or resistance dec-
ade. Set the value high
(50K or more), and
connect the load re-
quired to give the de-
sired deflection at full-
scale on the higher
r a n g e .  T h e  m e t e r
should read less than
full-scale, and grad-
ually reducing the re-
sistance to the value
reouired for full-scale
deflection will give the
multiplier (R2) value
reaulreo.

'io ealibrate the me-
ter, place the meter-
transformer assembly
in the panel (if a met-
al panel is used)' and,
using the lamp combi-
nations shown in Table

\"%;

possible around the relay coil (single layer)
ind hold the turns in place with a turn or two
of plastic electrician's tape. Conneet, the coil
of heavy wire in series with the load desired
for full-scale reading (see Table A).

If the meter goes off-scale, reduce the num-
ber of turns of heavy wire by unwinding the
free end of the coil, a turn at a time. Con-
tinue checking the meter reading, and as the
exact full-scale point is approached, reduce
the turns by half- and quarter-turns, to get
the exact winding required to give full-scale
deflection when the desired current is flow-
ing. When this point is reached, tape the fre,e
end of heavy wire on the relay coil, and sol-
der the end to the lug at the other corner.

If the full number of turns will not give full
scale deflection for the desired current, these
are several alternatives. One, use a meter ot
greater sensitivity; two, try winding a.second
laver of heavv wire; three, increase the cur-
re-nt desired 

- 
for full-scale deflection; and

four. use smaller wire. The second layer of
wire may reduce induced voltage unless
wound carefully, and the use of smaller wire
mav be undesirable if it has insufficient cur-
rerit capacity for the full load required,- par-

ticularly if several ranges are to be used.
In miking the transformer mounting, make

the plastic-rod spacer as long as possible
(within the limits of the cabinet ehosen) to
keep the relay coil away from the meter. This
is particularly important if the meter is in a
noir-metallic case,-as it reduces the possibility

,-'4)- R u

El .rrrrnr r^o*rro^"r, uorrr,*n

A, note the meter readings on the -existing
scale at different current values, for both
ranges (if more than one is used) ' In the un-it
shown, intermediate markings were not made
up to 3 amps on the 6-amp scale, since those
lrilrr"" *ould be read on the Iower range.

There are definite reasons for the volt-
meter switch (S3), the voltage control switch
(S2), and the ammeter switch (S5). The volt-
rireter switch permits the voltmeter to be
switched to read either direct line voltage or
controlled voltage. The voltage control sryit+
allows the contiol to be switched out of the
circuit to permit measurement of current at
direct Iine voltage, without 

"artificial" adjust-
ment. The ammeter switch permits the am-
meter to be switched out of the circuit when
using devices that have a high starting cur-
rentln excess of meter capacity, but a lower
running current.

No dimensions are given, as they will vary
with individual needs and the exact surplus
parts secured. For most use, a 3-amp auto-
lransformer will do, as it will handle up to
360 watts, although a larger unit might be
needed if much work is done with fractional
horsepower motors.

Two-in. meters will do, although three-in.
meter faces give longer scale length and only
cost a dollar more at most surplus houses.
Switches 51 and 52 must have a current ca-
oacitv eoual to the maximum to be handled
bv the unit; the others can be standard 3-amp
switches.

7/
&/

$:f.uGSAr
L O W E R  C O R N E R S
OF PLATE



0ne-Tube Tin Con Rereiver

A one-lb, tobocco ccn contdins the
receiver ond its 4" PM speoker. Tun-
ing ond volume controls qre on top
of rhe l id. specker is mounted in the
bottom of the con. Power cord ond
onlenno leod olso enter the csbinet

from the bofiom.

RtrDIO.Tv H(PERIMENTER

Here is an inexpensive one-tube broadcast band
receiver fhaf will give four-tube performance.
S+a+ions nearly 70 miles away come in with good

loudspeaker volume

By JOE A. ROLF, KsJOK

er supply, the pentode
works as a combina-
tion RF-AF amplifier.
A crystal diode (CR)
is used for an RF de-
tector.

Radio signals enter
the receiver from the
antenna through Cl
and the desired station
i s  s e l e c t e d  b y  t h e
tuned circuit formed
by C2 and L1. The se-
lected signal is then
amplified by the tube
rvhich is biased for RF
amplification by the
cathode resistor Rl.
The amplified signal
appears across L3 in
the plate lead of the
tube and, since L3 and
L2 form an RF trans-
former, RF is trans-
ferred to L2; RF does
not flow through the
primary of the output
transformer T1, but is
passed to ground by
CG which offers very
little impedance to RF.

The amplitude of the

B
I F you're a pipe smoker, you no doubt al-
I ready have a cabinet for this receiver. If
I not, you probably have a friend who buys
his tobacco in a one-lb. can. An empty cigar
tin or a two-lb. cofiee tin can also be used or.
if desired, the unit can be easily built on a
small standard chassis.

A Prince Albert tobacco can, 5 in. high and
5 in. dia., was used as cabinet by the author.
Some tobaccos are packaged in slightly small-
er containers and using one of these may
make it necessary to alter the parts layoul
slightly from that shown in Figs. 3 and 4.
However, with care there will be no difficulty
in getting the components to fit easily in any
one-lb. tin you use.

_ If you're an old-timer in radio, you'll prob-
ably recognize the circuit shown in Fig. 2.
Similar to those popular in the days when
multi-tubers were large and cumbersome and
vacuum tubes expensive, it's a reflex circuit
designed for economy and compactness and
making a single tube do the work of two-
both RF and AF amp1ifier. Here's how the
reflex circuit shown in Fig. 2 works:

The 117N7/GT contains a rectifier and
power pentode section in the same envelope,
The rectifier is employed as a half-wave pow-

signal appearing across L2 is controlled by
R4 (the volume control). This voltage is rec-
tified by diode CR, and an AF voltage ap-
pears across the detector load, R2 and R3.
Any RF still present at this point is passed to
ground by C4 and C5 which have low im-
pedance to radio frequencies, but high to
audio frequencies.

The grid of the tube is connected between

!rvt
Cl
roo

*'I

':n n
lE fl l
IB  f l I' U \

R 5  l K

c 8-----T-----
zOMFI 2O]VF

=
T
J.
?

c7
.o05MF

:{+

c a

iio! vr
C R

plr"r.ra.t"
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R2 and R3 where the AF voltage is
negative with respect to ground' Thls
negative audio voltage, acting through
L1 (low AF impedance) biases the tube
automatically and causes it to act as an
AF amplifier. The AF signal i^ th" C2
tube's plate lead is not affected by L3,
nor is it transferred to L2. Nor is it
erounded bv C6. Instead, it appeat's
icross the primary of the audio trans- c7

former T1 to operate the speaker con-
nected to the secondarY winding.

Construction. The receiver is built
with the speaker and outPut trans-
former mounted in the bottom of the
can and other components mounted on
an L-shaped chassis which is fastened
to the lid-of the can by the volume con-
trol shaft and two machine 5s1gw5. The
chassis may either be of aluminum or
sheet metai. Sheet metal will be some-
what harder to work, but will allow the
builder to solder ground eonnections
directly to the chassis without using
solder lugs.

Form the chassis from a Piece of ma-
tefial 3L/+ x 5 in. bent to a right angle
with sides measuring 2x31/+ in. and 3 x
3r/+ :lrt. The 2-in. side {astens to the lid
wllh the other leg of the angle centered
about 3/+ in. from one edge of the lid'
The 2 x 3Ya-in. covers most of the lid
to reinforce the thin material to which
it is attached. The 3-in. leg is used for
mounting the comPonents.

Tunine capacitor, C2 and volume con-
trol R4 ite placed'so that their shafts
are centered-in the lid. The tube socket
is placed behind C2 as close as- possible'
Trinsformer L2-L3 is mounted horizon-
tally'next to the tube as shown in Fig'
a. wtrite Ll is mounted in a vertical po-
sition between the tuning capacitor and
volume control. A two-lug terminal

Chqssis for the receiver is on L-shaped bracket which fostens
to the fobqcco con lid. This photo shows the loyout of po?t3

on the topside of the chqssis. leods from lhe outpul lrons'
former are soldered to the terminol strip ot the reor edgc.

c 3

strip on the top of the chassis, at.the
rielit rear edge, is used to connect the output
trinsformer leads to the chassis. Capacitors
C6 and C7 are also mounted on this strip.

Filter capacitor C8 is placed on the right
underside of the chassis and next to it, to-
ward the front, is a two-lug terminal strip for
mounting R2, R3, and C5. The layout -of the
remaininlg components is not critical,.-but
."". sttoita be taken that the lid will fit
p"op"ttv wit!' everything mounted and that
the grid and plate leads are separaleq as
*".n" .. possiEle to avoid the possibility of
feedback. lt is particularly important that L1
and L2 be mounted at right angles !9.o1"
another and separated as much as possible in
order to minimize couPling.

The RF transformer L2-L3 is made bY
-ittdirre ?5 turns of litz wire (obtainable
f.om a-discarded RF or IF coil) over the
*itraittgt of a ferite antenna coil. The added

Underside of chossis. Holes for bringing leods from thc
top of rhe chossis should be plcced so fhof plcfe ond grid

leqds are shorl ond seporoled from one onoihel.

winding should be secured with several coats
of coil dope or finger'-nail polish' The original
winding ii L2; the added winding, L3'

A 12-in. piece o{ hookup wire brought out
of the cabinet with the power cord serves as
an antenna lead-in to the chassis. A pin-jack
from a discarded tube socket can be soldered
to this wire and shielded with tape or plastic
tubing to make a handy antenna jac!. -

Mount the speaker in the bottom of the can
with four machine screws. Output trans-
former T1 can be mounted with screws or
soldered in place. If the recommended speak-
er is not used, its replacement should not ex-
tend above the bottom of the can more than
L3/+ in., otherwise the chassis may have to be
made smaller.

Small holes in the bottom of the can serve
as a speaker grille. Or, for better tone, cut a
4-in. dia. hole in the bottom with a sharp

cd r.r r,r rcl or'r s'-1.*..cjl, t\ a r'r r:
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Des i0 .

c3

c5

c8

Cr
LI
L2
L3
RI
R2
R3
R4
B5
spk

Swl
T1
VI

IV IATERIALS L tST_TIN CAN RECEIVER
Descr in t  ion

100 nrmf. mica capacitol
365 mmf .  var iab le  (dcub le-beaf ing  rep lacement  type)  ca .pac  i t  o r
.05  rn f .  200 WV nr idget  tubu la r  capac i to r
.001 mf .  d isc  ceran ic  canac i to r
500 mmf .  n ica  capac i to r
.001 mf .  d isc  ce famic  caoac i to r
.005 n t .  d isc  ceramic  capac i to r
20-20_f l f .  -150 WV dua l  e lec t ro ly t i c  (Corne l l  Dub i t ie r

BBRD 2215)  canac i to r
1N34 or  CK-705 d iode
h i .Q fe r r i te  an tenna co i l
h i -Q fe r r i te  an tenna co i l
75 turns of l i tz wire wound over L2 (see text)
56 ohn, t/2 watt resistor
22,000 ohm, l,/a watt resistor
1 megohm, t/a watt resistor

_1,-0-0_0 ohm, ,./4 watt volume contr0l (with SpST switch)
1 ,000 ohm,  I  wat t  res is to r
4"  PM.rep lacenent  type  speaker ,  3 .2 .ohm co i l  (Jensen 4J6

or  C le t ron  PM-4p2)
SPST swi tch  (on  vo lume cont ro l  R4)
3,000/j.2 ohm, 3-watt output transformer
117N7/GT tube
I  w: fe r  o r  sadd le .m0unt  oc ta l  socket ,2  te rmina l  s t r i0s(<-fug.type)-, twenty t/axt/4,t nachine screws. 5, nowerc0r0 wrth pluS, jt/4 x 5'r pc. of +16 or g18 ca. alu.

IlnrT 0r..sheet .metal, l2r Eg copper wire, plain or
i lnneo,  so tder  &  hook .uD wi re .

co,nnect a short antenna and adjust L1 so that
C2 tunes the entire broadcast tu"a ""a tfrl"
adjust the slug on L2 again for best ,"""rr i lo".' - the receiver is now ready to be placed-in i ts
cabinet.

_ A small  amount of regeneration reorr ires
the init ial  adjustment of 

"L2 
to "uoial ' i r i rr_

tion,or oscillation at the upper edge of the
band. This also tends to mlke thJreceiver
more sensitive on the high end of the band.
but volume for all station"s i. """rfvlir" ,"*?
d_ue _ to the AVC action of tt " J"aio 

-Ui""

While not as selective. the receiver ti".-U"1i".
tone than most small  table_models. desoite
the.small  speaker and t in cabinet. I i 'p;;r : ; ;_
lectivity js noticed rvhen the set is operated
near loca-I. high-powcr stations, reduce the
value o[ C1 by about half .

Noie: To avoid the possibi l i tv of shock.
either' :  1) always plug the po*". "ola into
the 110-v outlet with the ca6inet common to
the ground side of the power line (this will
also give best reception); ol Zl "o.pLt" iv
rsolate the line from the cabinet and 

-chassis

by making all ground connections to a ter-
mrnal lug insulated from the chassis. Capaci_
tor C4, howevei-. should be grounded to ihe
chassts to provide an FF retur.n to the tuning
capacitor frame.

I

knife. But watch the sharp edgesl When the
mounting holes for speakei and output trans_
tormer have been drilled plus a hole at one
edge for the.power cord, giue a piece;f-p;;_
rorared cardboard over the bottom of the can
to plotect the speaker cone.

Then make fhree hairpin legs of #g si l_
y"tg{ Soppgr wire formed into-V .fr"p", i ln
in. high and soldered in place. foi' eojJ l"n;
use untinned copper. wire that tu, E""" f8f irsned and grven a coat of clear finger_nail
polish to retald tar.nishins.

With completion of cLassis wiring and
speaker mounting, bring the power "";h ;;j
ante.nna lead through the holi in the bottom
ot the can and attach a power plug. Next,
solder.the outgut transforiner pri-uiy l"uJ,
to the_lugs of the terminal strip at th" ,"rl oi
the chassis. These leads should b" 

-l;"g

enough to permit the chassis to be ,emovei
t.rom the cabinet with the speaker in place,

To tcst.the unit,  use a tong antenni. (The
set snould never be grounded or operated on
a metal surface.) With an antenna connected.
turn the set on and advance the volume con_
trol to maximum. Check and see if the fila_
ments are lit before tuning across the band.
If wolking pr,operly, the receiver will receive
stations clearly-or with a rvhistle. In either
c.ase, find a stro_ng station at the high end of
the band and adjust L2's slug for bEst "u""ol
t ion. At some point of adjustment the audio
rvi l l  become distorted. Set the slug just below
this point.

Because of the metal cabinet and the ab_
sence of a loop antenna, a short external an_
tenna is necessary. For.local stations, 4 f't. of
hook-up wire is sufficient. For distant stil
tions,.a lo_n_ger leirgth str.ung around the r.oom
wrll do. When the set is working proper.ly,

Coil-Winding Tlp
o  A m a t e u r  r : a d i o
operators who wind
t h e i r  o w n  s h o r t
w a v e  c o i l s  k n o w
h o w  d i f  f  i c u l t  i t
s o m e t i m e s  i s  t o
propell.y space and
anchor just a {ew
turns of wire. The
solution is to sarv
or file two opposite
slots 7s in. wide and

RUBBER
BAND

PE[]
M A R K S

I

E slor

.lj 'oeep
l 6

about I  rc in. deep on the top edge of the coi l
Iorm. Place a wide, flat No. 32 rubber band
in these slots and stretch it over the form and
between two pai ls of prongs. Fountain pen or
bal l  pen marks are easi ly made on the rub-
b.er band, exactly where each turn of wire
should pass. Draw the wire t ightly to embed
it in the insulating rubber and hoid it neatlv
in place without thc use of cement.

Invert Aeriql lo Speed Insfql lql ion
o The neighbors may think you're crazy if.
you stai't the installation of a TV or ridio
ael ial upside down, but doing this wil l  helo
you to quickly and easi ly al ign a bracket oir
the g-dSe of your house.-By iaving the masi
parallel a corner of the building, 

"one 
of the

windorvs, or some other velticii part. it is
e_asy to sight the al ignment while-adjustirr l
the mounting br.acket. Then you need ol lJ
leve.rse the mast to finish the- job. f

I
,

I
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(A) Standing close to the sphere stqnds your hcir o-n end qnd chclges lo tingle your scclp' (B) Blue iloshes will

iump to your tinsers herd rz"i". "i'ili'l-"*;:r,. fl-91'111,":'::,11".*:"?i':*^ll?,::"i-:1J"tX\T.:1t"h:*:i;
liff"t: il"fi'i:i'id=#"i"";"t;r;-1""."""3.t i.u" is teta ctosetv to sphere..smcll streqmers oI blue dischcrses

burn lron the lcmp termincls ""4 i"*p ffqht"' (E) Cloth "ttip "tto*" eleciroslatic lqws. ot qttrqction cnd repulsion'

Tossing c strip ol cotton ctottr ctlptreie ciuses ii-ro-remcin horlzontql. when eud touches sphere, lt becones
- -'chcged 

io its polqdty cnd is violently repelled'

Experimentol Von de Groofl Generotgr
Develop uP to 380,000 volts-on
the same' princiPle as scuffing

across a heavy rug
' 

By HAROLD P. STRAND

r. , OU can build a simplified version of the

Y electrostatic generator developed in 1931 by

I ir.Robert J. Van de Graaff that aided in the

development of the atomic bomb' The full-size
q"n"..iorc produce several million volts on an

if""*t"* iphere at the top of an insulated

column.

The small counterpart of these Van de Graafi
generators will perform a variety of expe,ri-

irents (Fig. 1) and develop up to 380,000 volts

under ideal atmospheric conditions' Dampness in

the air reduces the efficiency of the unit causing

i""f.. of the static charges from the belt' the col-

umn and the sphere to the air. When this unit

*.r t".t"a at ihe high-voltage laboratory of a

large university in dry air, -ihe short-circuit .cur-
ren*t was 18 microamps at the calculated voltage'- -ittu 

ttigtt voltages generated are not usually

a""e"to"i. althoulh y-ot "ut feel a-good slrle if

rprikt j.t^p to your fingertips when leld too

close to the ball. There is no electrlcal power



I
I
I

l l t I
supplied to the belt; it picks up charges as the
velvet rubs over plastic. Static chare-es on the
surface of the plastic are positive and a"ttract nes-
ative chargcs from the ground through a brush
near the bottom end of the belt. Theie neeative
charges are carried upward on the moving- belt,
picked off by one of the two brushes in tie top
and carried to the surface of the sphere througir
the corona gap. The other brush is called tf,e
charging brush because it insures a positive polar_
ity of the belt on the way down (Fig. B). Aiter a
few minutes of operation, voltage builds up on the
sphere to the maximum possible with the insula_
tion provided and atmospheric conditions present.
The model stands 3972 in. high and only weighs
18.pounds. The only requirement for operating
it is a 115-volt a-c or d-c outlet for the moior.
, An inexpensive motor for driving the belt can
be salvaged from an old Hoover vu"urr- cleaner.
A slide-wire resistor or rheostat controls the
speed to around 3000-4000 rpzz. These motors
are usually available at repair shops for $5 or $6
and develop about r/+ hp. Be sure to select one
with tight bearings that runs fast, smooth and
without excessive sparking. It's a good idea to
disassemble the motor, clean out dirt and old oii
first. While the armature is out, turn the threaded
end of the shaft to a !/4-in. diameter (Fig. 5). To
reverse the direction of rotation to drive the vel-

Toble-top Van de Grcafl throws hecvy, noisy dis_
chqrge to hqnd electrode up to S in. or ihinner dis-
chqrges up to I or 10 in. This model simulqtes the
full-size generqtors thqt helped in qtomic reseqrch.
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' 2 I  DRILL
TAP FOR

*2r  oRILL
TAP lo-12
FOR ALLEN
SET SCREW

TURN DOWN IN LATHE

brush yoke and move to
the position that gener-
ates maximum torque on
the shaft; you can de-
termine this Point bY
holding the shaft in Your
h a n d  l i g h t l y  t o  f e e l
maximum turning force.

J x I ,  { ' C L E A R  L U C I I E  P L A S T I C
Z  4  .  P L A C E D  E A C K  o F  S E L T

$ cot

r l r

$ ALutri lux

to-32 SCREfl
ATO ilUT

l o -32

, 4

LOTER
?ULLEY
iffiar-v I

LUCITE ROO STOCT

vet belt counter clock-wise, reverse the brush

leads by soldering on extensions' When you test

th" .""st"*bled motor on the line with the re-

sistance in series, loosen the two screws securmg

Adiustinq compression of rubber mounts helps to clign

i#!i'ir:ir"v I teep belt trackins' sides cqn be litted
niith too"otit" pcnels if desired'

)/ 
rffr-

t.t ,.orrEo "o,,

r i
.i- N,ffi$ DEEP

7
Below, noisy dischdrge spcrks iump trom iop oI sphere

to hqnd electrode suspended wiihout its hdndle lrom cerr'

ing with ground wire' Air sPcce

is 5 to 0 in. InterYql betw€en

spqrks depends on ctmosPheric
conditions cnd speed ol bell'

Below lett, Pulley' qhcrging

brush, collector brush cnd sPcrk

slrips qt lop end oI column. Pul'

ley supports qre mcde oI Bqke-

tiG tor strengthened insulctio!'
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A plywood cabinet encloses the motor and the
base of the plastic column (Fig.  ). fhe motor
mounts on two angle brackets bent up from fi6 x
a/a-in. mild steel or aluminum. Make a base for
the motor from %-in. birch plywood and mount it
on large rubber knobs at the four corners to re-
duce vibration and to allow the belt to be tieht-
ened by compressing the rubber. Adjust "orrrp-."r-
sion on rubber mounts to align pulley.

A turned hardwood ring with its inside diam-
eter of about 47Aa, in. should be a tieht fit around
the Lucite column. Shellac or varnish makes an
efiective cement to hold the column in the rinE.
A flat copper wire (salvaged from the field wincl--
ing of an old automobile starter) around the col-
umn keeps lower end of unit at ground potential.

The lower belt pulley mounts directly on the
end of the motor shaft (Fig. 5). Turn a slight
crown on the solid Lucite pulley to help keep the
belt centered. Turn the center rod parts from
brass stocl< and assemble pulley to thJend of the
motor shaft with set screw. Turning and center
hole boring must be done accurately.

A bent-up piece of .064 aiuminum supports the
ground inductor brush (Fig. 6). Two pieces of
copper screening, {2-in. mesh, give numerous arc-
ing points and are adjusted with screws to about
/s in. from the moving belt after it is in place.

A piece of Lucite sheet must be fitted inside the
cabinet so the back of the belt rubs it (Fig. 7).
Fit the Balceiite supports after the belt is in place,

ro"DrA x.o50'
ALUM, SPHERE

DIA
- oo3
U6NI
PRE SS
FIT FOR
S H A F T )

shaft, or you can drill a full-size YE-in. hole and
turn a slightly oversize steel shaft for a press fit
in the hole (Fig. 11). Cut bearing seats on the
ends of the shaft for a light press fit in the bear-
ings. Use the lathe cut-ofi tool to indicate length
of the shaft, remove from lathe and remove the
excess length; file ends smooth. Now, cut a piece
of aluminum foil long enough to wrap around
the pulley and lap %a in. Pliobond to pulley.

To assemble the upper pulley uni! press the
bearings on the ends of the pulley shaft, then
press the Bakelite side supports over the outer
race of the bearings. The U-supports and the
cross piece must be centered so the pulley is di-

When you complete
the base cabinet. mount
the driving motor, lower
brush pickup and pulley,
you're ready to add the
top  pu l ley  assembly ,
make the belt and top
sphere.

The top pulley and
brush collector assembly
inside the aluminum
sphere mounts on two
chunks of paperbase
Bakelite screwed and
Pliobond. cemented to the
inside of the Lucite co7-
umn (Fig. 10). These
blocks are curved to fit
the column and must be
mounted directly oppo-
site each other and cen-
tered. The vertical U-
supports that hold the
top pulley must be bored
for a press fit with the
bearings. Use a 3/a-in' end cutting bit or end mill rectly over and in alignment with the bottom
.0003-'0006 in. undersize in a drill press to bore pulley. A plumb bob or weight on a string helps
out for the bearings. Or you may use a single lip to align the pulleys vertlcally, but be sure the
type wood boring bit without a threaded center bottom assembly is resting level. After locating
worm in a drill press if well sharpened. the U-supports, screw them to the Bolcelite cross

Bore a /a-in. center hole about .0003 in, under- piece and screw the cross piece to the blocks at
size in the piece of 2-in. dia. Lucite to be used the top of the column. The top pulley assembly
for the top pulley for a press fit with the 7+-in. will be removed later to slip on the belt.

PICTORIAL WIRING OIAGRAM
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M A T E R I A L S  L I S T - V A N  d e  G R A A F F  G E N E R A T 0 R

Clear  Luc i te
1 tubirq 25'l long x 4t/2tt dia. xt/s't wall '  May come about 4/15ft

d i?meter  ac tua l  measurenrent .  c0 lumr
2 so l id  rod  s tock  3 ' l  long  x  2 '  d ia . ,  pu l leys

Natural paper base Bakelite
L  t . / zxs /+x3/a t t  (F t i c l ion  p iece  suppor t  in  base)
I  thxs /zxzV2t t  (Fr ic l ion  p iece  suppor t  in  base)
I I e x s/r xzt/"" (Friction Piece support in base)
rore i t  P ioduc t i  Company Inc . ,  I31  Por t land St ' .  Cambr idge.  Mass .
w i l l  supp ly  the  above mater ia l  pos taqe pa id  to  anv  par t  o f  the  U 'S .

Vt tx2x6t /2"  a lum.  b rush bracket  (base)
.032 x 1"3/s x 23/L't alum. alloy (top of bracket)
3/rt x 3/t x 51/2" mild steel motor angle hrackets
eh6" dia. xlr/16" hftss lower prl ley
s/a" dia. x !3/4" hrass lower pulley
t/2" 63//8x f4/g" hitch plywood, cabinet
7/B x 63/s" birch plywood. cabinrt
fir plywood z/a x 8/2 x L43/4" hase
l l3 /8x3 /8"  hardwood s t r ip  s tock

M iscel laneous
4 ruhber knobs or feet
4 ruhber knobs ahout 3/4 l0 1" diameter for notor base
1 un iversa l  m0t0r  f rom an 0 ld  Hoover  vacuum c leaner
I 3 x 4" copper screeninu. preferably t/n" mesh
I  f la t  coDEer  w i re  f rom the  l ie ld  co i l  o f  an  o ld  au to  s ta r te r '  a [ou t

24" long, ground band around column

aBouT .O35"
A L U M I N U M

R  I V E  T S

f" anrss noo

G o D - 6 1 0
RUBBER TUBING

IE HANO ELECTROO€

Iland electrode with direct
wire connection to ground
drqws longer spqrks cs

shown in Fig. 2.

sernbly at the two f 6-32 scre'ws and slip the unit
through the loop of the belt. Tightening the base

nuts maintains the reasonably tight tension re'
quired. When the belt is running straight and
true, adjust the plastrc piece in the base and fit

the ground brush in place.
In case you have difficulty keeping the belt

running true, there are several ways to correct
misalignment. Thin shims of cardboard under
either base end of the top pu11ey support or tight-
ening front or rear motor bolts a1low considerable
adjustment. For further adjustment, the holes
in the cabinet base can be slotted to permit shift-
ing the motor as required.

The aluminum sphere is a metal spinning made
aecording to Fig. 10. You should be able to have
a local metal-spinning shop do the job for you,
if not, you can get a sphere by mail from the
source indicated in the Materials List. When spin-
ning the turned-in neck that should fit tightly
over the top end of the column, avoid any sharp
corners or the built-up energy from the sphere
will leak away. The seam between the two halves
of the sphere should form a smooth joint to elim-
inatc an.,: edges vrhcre energy can leak off.

Mqchining shqlt to be c l ight press l it in
porture boll bearings 7035.

scREws

TWO 6" 0rA.
A L U M  I N U M
MIXING BOWLS

g r-il
il'
il
t lrl

, l -
1 f,ir
I l lr l  TERM.

I l,il /"'
ILLr.i I

ro-gz 6i e" LEro
Nurs {/To oRouro

No.  S ize  and Maier ia l
L  Vex /zx  4 f la "  sheet  Luc i te
I t/ex3/ax3/a" sheel Lucile
I  Vor l r l t rx4 t /2 "  paper  base Bake l i te
2 /4x1/15x23/4t' paper hase Bakelite
2  /axs /ax /6"  paper  base Bake l i t€

2  t /ax I3h6x3t /4"  l inen  base Ba le l i te

I
I

1
2
1

1

I

1

I
2

(Fores t  Produc ts  ComPany Inc . ,  I3 l  Por t land
St . ,  Cambr id0e.  Mass .  w i l l  supp lv  the  above
mater ia l  pos tpa id  to  any  par t  o f  the  U 'S . )

U s e
top  brush s t r ip
brush base in toP
top  su t rpor t
s ide  supFor t
b locks ,  top  edge
of  co lumn
pu l ley  suppor ts

top pulley shaft
s ide  co l lec to r
brush base
corona oap s t r ip
hand e lec t rode
hand le  suppor t ,
hand e lec t rode

connect inq  s l r ip
jumper  to  pu l ley

be l t

hand le  fo r
hand e lec t rod€
hand le  fo r
hand e lec t fode

Y+ dia x 4Vz" cold rolled steel
.030 x 1 x 3t/a,, sheel aluminum

,030 xhx3"  sheet  a luminum
6"  d ia  mix ing  bowls  a luminum
.050xI3/q x 4/4" sheet aluminum

10"  d ia  sphere ,  .050 a lum.  (ava i lab le
from Robert Towne, 49 Abbott Ave., Everett,
Mass . ,  $8 .25  ppd,  in  U.S. )
.0I8 x 3/8 x 3" hard brass sheet
.003 or .004 x 96 x 4" shim stock
s l ide  w i re  res is to r  o r  a  rheos ta t  95-L00 ohms,
I .5  to  2  amps
S.P.S.T .  to00 le  swi tch
23/a" wid,e x 6' lon0 velvet ribbon
Ne*  Depat tu re  ba l l  bear ings  #7035
(Ava i lab le  f rom Bear in0s  Spec ia l ty  com'
pany .  655 Beacon St ree t .  Bos ton .  Mass . )
t/r5 diax13" lono iteel or brass tod

3/6  f  .D .  x  V20.D.  x  12"  long rubber
tuh in0
n isc , -w i re ,  s ta in ,  she l lac ,  sc rews,  nu ts .  e tc .

heavy  du ty  a luminurn  fo i l ,  P l iobond cenent

I

I

Velvet ribbon for the belt may usually be ob-

tained ftom a large department store. You'ii need

about 6 ft. of z%-in. r'ibbon of any color' To

determine the exact length, run a string over

both pulleys and allow about a/a in. for iapping

at the joint (Fig. 10). Apply a generous coatinq

cI Pliobond cement to both surfaces to be joined

and clamp betvi'een two pieces of wood in C-

clamps. Be care{ul not to ailow cement outside

oI the lap area, or it will be difficult to separate

from the wood iater. Let the lap set overnight'

To install the belt, remove the top pulley as-
New De-
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A strip o1.003-in. brcss shim stock is pressed in with
bearing ct left side (lccing collector brush). After stqrt-
ing the becrings in thei.r holes, qn qrbor press ccn be

used to sedt them. Note other top end parts,

When the bottom half of the sphere is adjusted,
fit the brush collectors and the spark gap strip
at the top (Fig. 10). The wiring diagram (Fig. 12)
shows the necessary connections with the slide-
wire resistor or rheostat in the circuit to control
the motor's speed.

When all parts are assembled and you're ready
to make the initial test, run the motor up to about
3000 rpm with the top half of the sphere ofi. After
a few minutes, you should be able to draw short
sparks to your finger at the belt in the region
between the brushes if the generator is working
right. Possible causes for non operation may be
that the plastic sheet in the base is not in full con-
tact with the belt or too much humidity.

A final test is to set the half-sphere on top and
connect a d-c microammeter between the sphere's
surface and the ground terminal. A small chunk
of modeling clay will plaster the top lead to the
sphere's surface. Start the motor and, after a few
moment's operation, you should read 15-20 micro-
amperes, the short-circuit current of the unit.

To test the voltage output of the generator, con-
nect a string of eleven 5000-megohm special high-
voltage resistors (Type BBV, available from Re-
sistance Products Co., Harrisburg; Pa.) by screw-
ing their ends together (Fig. 16). Connect the
series resistor string to one terminal of a 0-10 d-c
microammeter away from the generator, using
modeling clay to hold it in constant contact with
meter terminal. Attach other end of the resistor
string to the sphere with clay. Enclose the re-
sistors in a tube of plastic or other insulation. The
other terminal of the meter is connected to the
ground terminal of the generator, You might be
able to test your generator in a nearby university
or electrical testing laboratory which would prob-
ably have the special resistors and microammeter.

When you complete the voltage test set up, run
the motor at about 3000 rpnr, for a few minutes to
allow voltage to build up on the sphere. Depend-
ing upon the humidity conditions in your test
room, you should be able to read from 6 to 8
microamperes. If the meter's needle fluctuates
wildly, it probably indicates the plastic piece is

Set up ol resistors qnd micoummeter lor checking
voltcge oI generdtor. It will vcry with humidity.

not making full contact with the back of the belt.
Good contact between the sphere's surface and
the resistor string and at the meter is also impor-
tant for correct readings.

When you read the current on the meter, calcu-
late the voltage using Ohm's law (E : I x R,
where E represenLs voltage, I the current in am-
peres and R the resistance in ohms). One micro-
ampere is one millionth of an ampere, so 7 micro-
amperes becomes .000007 amperes. One megohm
equais 1,000,000 ohms and 55,000 megohms con-
verts to 55,000,000,000 ohms. Completing the cal-
culation shows the voltage at a current reading of
7 microamperes is 385,000 volts.

The hand electrode (Fig. 13) capacitor aids in
experimenting with the Van de Graaft generator.
It should be possible to get satisfactory dis-
charges at speeds as low as 1000 rpm.

Foil Aids Sef Alignment
o To avoid interference, it is common practice
to stop a superhet's oscillator before aligning the
intermediate-frequency amplifiers. A simple way
to do this, is to wedge a piece of aluminum foil
between the plates of the oscillator's tuning ca-
pacitor. When the dial is rotated, the foil between
the rotor plates makes contact with the stator
plates and "kills" the oscillator.

The Rqdiomqn's Third Hqnd
o A wood clip-type clothespin fastened to table-
top by a suction cup makes a handy holder for
soldering of eyelets, terminals and lugs.
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Build An

tmitter
Follonter!
You con rouple low-innped-
once devices to high-imped-
on(e circuits with this e|?|itter
follower. The unit con he built
in o few hours for obout $3

By F0RREST H. FRANTZ, Sf .  An emi l ter  fo l lower cqn be used fo connect  the oudio of  o rodio or
TV set to c hi-fi omplifier. lf bock of set is mefol, insulole bock of

emi l ler  fo l lower.

f LECTRONIC expelimenters and hi-fi en-

I thusiasts frequently need to connect a
E low-impedance load to a high-impedance
output. Typical applications are coupling a
lorv-impedance microphone or phono pick-
up, or using a low-impedance meter to meas-
ure voltages in a high-impedance circuit. An
emitter follower will do the job.

Sometimes the problem of coupling high
impedance devices separated by considerable
distance crops up because the capacitance
between the connecting wire center lead and
shield is sufficiently large to affect the fre-
quency response of the system. If an emitter
follower is connected in the line, the prob-
lem can be licked.

The emitter follower described in this arti-
cle is relatively small in spite of the fact that
no special effort was made to miniaturize it.
Flashlight batteries were employed as a
power source to obtain operating economy.
The current drain on these batteries is less
than 1 milliampere.

The emitter follor,r'er is the tlansistor
equivalent of the vacuum-tube cathode fol-
lower. The voltage gain of a cathode fol-
lower is approximately r.rnity. A simplified
vacuum tube cathode follower circuit is
shown in Fig. 2A. The input impedance of
a cathode follower is high (several meg-
ohms), but the output impedance is iow
(several hundred ohms). Thus, i f  a lcw-irn-
pedance device such as the oc voltmeter sec-
tion of a multimeter is to be used to measure
oc voltage in a high-impedance circuit, it can
be connected to the output terminals and the

ir:ii{

,lu
3

a l

d l

I I J  PUT

SCHE[,4AT IC
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rs.
Front (A) ond bqck (B) views of follower's ports plocement ond wiring.

input terminals of the cathode follower be-
come high-impedance input terminals for the
meter. Probe leads connected to these input
terminals can be connected across high-im-
pedance circuits without loading them sig-
nificantly.

If, on the other hand, the low-impedance
ac voltmeter section of the multimeter were
placed across a high-impedance circuit, the
circuit would be-for all practical purposes
-shorted, and the voltage indicated on the
meter would be very low. In addition to
causing a low meter readi4g, the near-short
circuit would afiect the operation of the cir-
cuit under test. An example will illustrate
this more clearly:

Assume that the voltage across terminals
A and B in Fig. 28 is to be measured. If a
meter with 5K impedance (1000 ohms per
volt set to the 5-volt scale) is connected
across terminals A and B, it will measure
5i (100 * 5) or ll2l oI the 10 volts. However,
if, the meter is connected to the output ter-
minals of the cathode follower, and the input
terminals of the cathode follower are con-
nected across terminals A and B, the meter
will read nearly 10 volts. Assuming the input
impedance of the cathode follower to be 10
megohms, the voltage across the cathode fol-
lower input is 10 x 10/10.1, which is nearly
10.

The cathode follower unfortunately has the
drawbacks associated with a vacuum-tube
circuit: high voltage supply requirements,
wasted power and large size.

An emitter follower is free of these draw-
baeks, but there are some differences be-
tween it and the cathode follower. The circuit
of a simplified emitter follower is shown in
Fig. 2C. The input impedance of this emitter
follower would be approximately equal to
beta times R3, if R2 were not present. The

I IATERIALS L IST_EM ITTER FOLLOWER
Desig. Description
R3 2.2K,V2watl carhon resistor
RZ 220K, t/z watt carbon r€sistor
Rl 470R, t/2 watt carbon resistor
CI .5 nfd, 2fi) v paper capacitor (Sprague 2EP.P50)
C2 30 mfd, L5 v miniature electrolytic capacitor (Sprague TE-

lI58 Littt l  Lvtic)
'B two I.5-v flashlight cells (RCA VS035 or Burgess l{0. 1)

two cell battery holder (Lafayette MS-U4)
lt/1 5 a Jz/stt niniature perforated board ( Lafayette M5-304)
min iga tor  c l ip  (Mue l le r  30)'f 
2N)62 Raytheon transistor (or any PNP tvansistor, seetext)

Components may be obtained frorn Lafayette Radio, 165'09
Liberty AYe,, Jamaica 33, New York.

beta of the transistor is the current gain, and
for the better audio driver transistors, beta
is around 100. Then, if R3 is lK, the input
impedance of the emitter follower would be
about 100K if R2 could be neglected. But R2
acts in shunt with the input signal, and there-
fore if R2 is about 200K (this is a practical
approximation), the input impedance would
be about 67K.

It might seem that the input impedance
eould be increased considerably by increas-
ing R3. Suppose R3 were 10K. Then, if R2
could be neglected, the input impedance
would be l megohm! Now, assuming that R2
can be 1 megohm, the input impedance be-
comes Yz megohm or 500K. Unfortunately, the
size of the battery must be increased (greater
voltage required) to use such values. Fur-
thermore, the previous 1K output impedance
has been increased to about 10K. This is a
relatively high impedance in itself.

The Circuit that was chosen for the prac-
tical emitter follower described in this article
is shown in Fig. 3. This circuit contains the
compromises between voltage and circuit
values that produce a high ratio of input to
output impedance and relatively good fre-
quency response. Resistor R3 was chosen as
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2.2K; R2 was chosen as 220K. A series re-
sistance R1 was added to increase the input
impedance. In the original model, this resistor
was 470K. The input impedance of the am-
plifier without this resistance was about 100K
with a gain of unity. With R1 in the circuit
and equal to 470K, the voltage gain was about
1/6, and the input impedance was about 570K.
If R1 is 100K, the input impedance is about
200K, and voltage gain is about r/2.

If a lower beta transistor such as a Ray-
t]l.eon CK722 or a GE2N107 is substituted for
the higher beta 2N362 used in the original
model, the input impedance of the emitter
follower without R1 in the circuit will de-
drease to about 40K. Now if R1 is made equal
to 40K, the input impedance of the unit will
be 80K and the voltage gain will be %. If R1
is 200K, the input impedance will be 240K
and the voltage gain will be 1/5. It is easy to
see that any PNP transistor that you might
have will work in this circuit. but some oer-
formance is lost with lower beta transistors.

The front and back views of the emitter
follower are shown in Fig. 4. The emitter fol-
lower is constructed on a perforated Bakelite
board. The on-off switch is a Minigator clip
which is connected to the unconnected bat-
tery holder lug to turn the emitter follower
on. Two flashlight cells connected in series
furnish the 3 volts required to power the
emitter follower. The input capacitor C1 is
200-u paper capacitor which permits connect-
ing the emitter followel to vacuum-tube cir-
cuits. The output capacitor C2 is a 30 mfd.
electrolytic capacitor rated at 15 ,u. If you
intend to couple into a circuit that has high
voltage present, a higher voltage rating is
required for this capacitor, but most circuits
that you'll couple to won't have high voltage
present.

To construct the emitter follower', drill the
two battery mounting holes and the ihird
mounting hole. This third hoie has been pro-
vided to allow the emitter follower to be

bolted down on other electronic equipment
for permanent or semi-permanent installa-
tion.

Next, mount the battery holder. Then place
all of the parts on the board as shown in
Fig. 4 by inserting the pigtails through appro-
priate holes in the board. Then turn the
board over and use Figs. 3 and 4 to guide you
in rviring. Most of the connections are made
with the pigtails of the component parts. The
pigtails are bent against the board, and wher-
ever a connection is to be made, the wires
are run against each other and soldered.

Input and output terminals consist simply
of pigtail or wire ends to which Minigator'
clip leads may be connected on the original
model. If you wish, you may provide wire
leads with clips on the ends, or you may pro-
vide terminals on the model. The input leads
should be shielded. Output ]eads must not
be shielded unless a long length of connect-
ing wire is involved.

The emitter follower will permit two high-
impedance devices that are separated by a
great distance to be connected together with-
out high frequency attenuation. You might,
for example, wish to use an inexpensive table
radio as a tuner with a hi-fi amplifier since
the tone quality of most inexpensive radios
is quite poor. If you disconnect the radio
audio amplifier from the center lug of the
volume control and run a shielded lead to the
amplifier as shown in Fig. 5A., you've con-
verted the radio into a tuner for your hi-fi
amplifier.

But, if the shielded lead is over, say, a
foot or two long, it will attenuate the high
frequencies due to the inherent capacitance
of the shielded lead required to minimize ac
hum voltage pick-up. If the capacitance of
the shielded lead was in parallel with a lorv
impedance such as that of the emitter fol-
lower output, the frequency response would
remain lelatively flat. Such an arrangement
is shown in Fig. 58.

E M ITTER
FOLLOWER
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THIS 60 watt Mazda bulb,

I removed from a light
I socket, glows when held

in the fingertips or mouth,
and when placed on a sus-
pended pane of glass. Of
course. it takes a little doc-
toring to make it work this
way. First remove the "in-

nards" from a burned-out
60 watt frosted bulb. With
pliers, crush the black com-
position at tip of lamp base
(Fig. 2). Shake out compo-
sition and remove brass but-
ton .  Wi th  b rass  she l l
opening clear, insert plier
handle and tap sharply,
thus breaking off glass stem
inside lamp (Fig. 3). Pull
out glass stem and burned
out filament through open-
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ing in bottom of brass
screw base (Fig. 4).

Obtain an anodized hole
plug at an auto accessory or
radio supply store, and a
1t1, volt penlight bulb and
a penlight battery. Cut a
3/e in. hole in the hole plug.
Insert pen-cell into plug,
brass tip doroa. Solder tip
of bulb to bottom of bat-
tery. Connect thin insulated
wire from brass shell of
penl ight bulb to brass
s h e l l  o f  h o l l o w e d  o u t
Mazda bulb. Ream base
with closed scissors to ad-
mit battery and insert pen-
light cell assembly into
bottom of lamp base (as
shown in drawing).

So trick will look natural,
insert bulb into a lamp
which has been discon-
nected from the house cur-
rent. When occasion arises,
remove bulb from socket,

and hold it in your fingers. Press a dime, small
paper clip or pin concealed in your hand against
bottom of bulb. This completes circuit from cen-
ter cap oI inverted pen cell to outer brass shell
of Mazda lamp and bulb lights up. A paper clip
concealed under tongue may be used to light the
bulb when held in the'teeth. To light bulb in
porcelain cleat socket with no connections and
resting on a suspended pane of glass (Fig. 1)'
simply previously short-circuit the two screw
terminals on socket with a piece of fine wire.-
R. R. Dorsrrn.

BURNED OUT
60 WATT

MAZDA LAMP

t;v. PENLTGHT BULB

REAM THIS OPENING
50 HOLE PLUG CAN
BE SNAPPED IN5IDE

MAGIC LIGHT BULB

f'nor-e er-uo
CAPON

SOLDER BULB TIP
TO BOTTOM OFCELL

CELL IS CLEARED

lil.rr 
rNPLUo

e
IMPORTANT: HOLE PLU6
M!5TT6rcONTACT THE
ZINC 6[T-TERY CASE.
PAPER, BATTERY LABEI.

IS INSULATOR,.
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Professional Hectronic Wlring

A generol-purpose power supply is shown scrcmble-wired obove. While ir
works, it looks bod ond is dif,icult to troubleshoot. The some power supply
is shown clecned up below. An even more workmcnlike lob would hovl
resulred if the builder had been willing to rewire fhe unit complerely.

would attract your cold,
nard casn.

Figures 2, 3, 4 and 5
illustrate the method of
accomplishing the profes-
sional touch shown in Fie.
18. A finat touch of spii-
and-polish can be given
by applying a generous
coating of clear lacquer
(such as Fuller's ANL-
232 "Synalac") 

over wire,
s l e e v i n g  a n d  n u m b e r
tape.

A slack loop consists of
nothing more than an ex-
cess wire length of 2 or 3
in. at the terminal, where
it is formed into either. a
horseshoe or a complete
circle. Use a r/2-ii. or
3/+-in. wooden dowel to
form your circles. Slack
loops serve two purposes:
they  prov ide  su f f i c ien t
slack in the wire to per-
mit rerouting it to an ad-
jacent  te rmina l  in  the
event of later modifica-
tion in circuitry and they
prov ide  fo r  re - te rmina-
tion to the same terminal
without a short splice in
case a wire breaks at a
lug or soldered connec-
tion.

Shielded wire, one ol
more  inSu la ted  conduc-
tors enclosed in a cross-
hatch weave of t inned
copper, is used in both
radio and audio freouen-
cy applications to pr6vent
s t ray  rad ia t ion  o f  RF

By HOWARD S. PYLE

\ 1 /HETHER you build hi-fi or amateur

!/ ! /  
radio equipment,.you want g_ear you

v v can point to with pride. What you
are building is something which you expect
to be more or less permanent. If and when
you have occasion to abandon it, you can ask,
and leceive a far better price i f  your wir ing,
as leflected by your terminal connections and
other circuitry, are of professional appear-
ance and workmanship. Fig. 1A shows a"hay-wire" method of termination; Fig. 18 is
the professional version. Which of the two

fields and to avoid nick-
up of nc hum and similar distulbing inf lu-
ences on audio leads. Grid wil ine to vacuum
electron lubes is parlicularly su-sceptible to
such undesirable influences which then are
amplified in the tube; microphone wiring
should aluays be in shielded conductors.
Frequently the shield itself is used with mi-
crophones of the "push-to-talk'' 

variety rvith
a built-in switch. The shield then becomes
common and forms part of both the switch
and rnicrophone circuits.

Before the advent of plastic insulated con-
ductors, it u'as possible, by skillful handling,
to lun a smali  solder. "cotrar." 

aiourrd t i ,e
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CONDUCTORS
. . . . F

l 2 l

end of the shielded braid--even include a
short length of wire in the collar which could
be used to terminate the shield on a chassis
ground-point. This is still possible when the
conductors themselves are fabric insulated,
but not so with plastic which will melt com-
pletely with application of sufficient heat to
the shield to permit a hot solder joint.

The answer? Well, if the shield is merely
to be ended or tied-off without grounding,
put a drop of liquid solder or aluminum
(both applied cold) on the end of the braid
and form it smoothly with your fingers to
make a solid collar. Such a collar will set
up hard in a few minutes and requires no
heat, hence there is no damage to insulation.
I use either Warner's Liquid Solder or Duro
Liquid Aluminum.

As an alternate method of avoiding fray at
the end of shielding, you can pinch the shield
between spaghetti sleeving. The sleeve that
goes over the conduetors, the inner sleeve,
should be a snug fit, and still capable of being
pushed up undet'the shield braid; the outer
sleeve must be of an inside diameter whieh
will permit sliding over both the shielded
braid and the spaghetti on the conductors.

Suppose, however, that you do have to
ground the shield at either or both ends.
Liquid solders are a mechanical binder only
and should not be relied on for electrical
connections. A far better method is to form
a pig-tail directly with the end of the blaid
itself. This can be done neatly and effectively
by foliowing the steps illustrated in Fig. 3.
First, push the shield back up the wire to
form a bulge or hump in the shielding by
working the braid apart. Using the same
tool, pick the conductors out of the shielding,
one at a time in small loops. Once you have
them within easy finger grasp, withdraw
them completely from the short end of the
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gARD AROUND TERt \4 lNAr l . l  i t ] l l t J l  l . l  FRAYED ENOS 0F STRANO.
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Next. separate the wires of the shield which
will form ihe short pig-tail by using the pick
or a nail to unbraid the web. Divide the re-
sulting individual wires into approximat-e
thirdJ and braid them tightly like a small
girl's hairdo. Seal the end of the pig-tail with
i spot of hot solder and fit it with a lug, either
the solder type or solderless, as you prefer.

Cobling ond Locing. In forming your wiring
prior to cabling and lacing, do-not, attempt
io .un wires from point-to-point by the short-
est route. Except in a few isolated instances
( h i g h - f r e q u e n c y  c a r r i e r s ,  f o r  e x a m p l e ) ,
whether a wire is 5 in. long or 7 in. long is
of no consequence. Using that reasoning, you
will be able to form your wires to follow the
line of the chassis, making short, rounded 90o
turns at the corners and at branches leaving
the main cable harness. If, by extending some
individual wire for a few inches you can in-
clude it in a main cable harness, do so. If
you are careful to use shielded wire wherever
ihe schematic you are working flom specifies,
or, if not so designated, wherever you are
carrying radio or audio frequency such as
microphone and speaker leads and wiring to
the grid circuits of vacuum tubes, you'll have
no tiouble. See that aII such shielded r,r'ires
are solidly grounded to the chassis at both
ends either by the pig-tail method of Fig. 3
or by small wiring clamps screwed to the
chassis.

Now to the actual cabling and lacing. Ob-
viously if you are to run in one harness a
number of wires that will terminate at scat-
tered points, each wire will be of a different
length. Be sure that each is long enough or
you-'ll have the tedious job of uniacing all of
your harness to replace the short wire. You
can cut to exact length when you come to
the noint of actual termination but better to

'fo
PICK HOLE

' IN SHIELD \

BRAID 8  
. .F ISH, '

El 
our.



UP TIGHT
FIRST, LOOP

AROUND HARNESS,TI€ SIMPLE KNOT- SOON LOOSENS A SLIPS:
TO MAKEDOUBLE KNOI

TWO LOOPS HERE IF DRAW UP TIGHT

11E_rryrNE B t#HtP'"^.11,#'tr 
ffI.,
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PICK UP END OF TWINE AND
FEED THROUGH LOOP THIS WAY

prefer to "ring out" each in-
dividual wire with a bttzzer
or an ohmmeter as a double-
check, when terminating.

Professional practice dic-
tates the use of "lock-stitch"

which, while really simple,
almost defies written de-
scription (see Fig. 4). Start
your lacing about an inch
from the main termination
point of your harness . . . a
c o n n e c t i o n  b l o c k  f o r  i n -
stance. If it is a harness of
relatively few small wires,
space the twine rings around
the harness about 7/z in.
apart. If it is a larger num-
ber of heavier wires. 1-in.
spacing will be adequate.
Multi-wire h a r n e s s es of
more than 1-in. cross-section
can be laced every 2 in., but
if 6-cord lacing twine is used
it should be doubled for
added strength.

A good rule to follow is to
space the twine rings for a
distance about equal to the
dia. of the bundled harness
and use the twine doubled
on any harness over 1 in.
Tie-off the ends, both at the
starting point of the lacing
and at completion, with an
ordinary square knot, dou-
ble tied.

Chassis wiring by the ca-
bled and laced method does
?oof mean that all wires of
the harness will terminate in
the same area at each end,

ENDLONG
O F T

t 0 R  2
LOOPS

B R A N C H
HARNESSES

THE COMPLETED LOCKSTITCH WILL 'T
LOoK L|KE TH|S AND HOLD TtcHT. (l "Locxsrrrcn" 

LAcrNG

cHASStS
E N C L O S U R E <11.^,.,t-Jo"3-'.,\,1--:N_ r\

\€'(;
. .o-- l

S T A N O A R D
trE-porrrdil/-\y '  (oN UPPER S|DE

z-_- - -u  wtTH TER| I INAL

tr%p-l "'o*'

M A I N
W I R I N G
H A R N E S S

LOCK-STITCH LACING

begin by making each wire a few inches
longer than necessary.

In some instances you can completely pre-
form your harness, including the laeing, right
on the bench and have it fall in proper place
in your chassis. Where chassis layout makes
such pre-fabrication of a harness impossible,
it will be necessary to place each individual
wire in proper position in the chassis, routing
each one carefully alongside the others with
which it is to be cabled and making the final
tirmination at each end. Hold the bundle in
place temporarily with a few ties here and
there to maintain the final harness form.
Ihen, when all wiring for that particular
harness run is complete, Iace it in place in
the chassis.

One tip on pre-fabrication: use difierent col-
or wires for ready identification individually
at each end of the harness. If your available
wire stock is insufficient to permit this color
coding, mark both ends of each wire with ad-
hesive nurnber tapes or tags, Some craftsmen

There will be considerable branch wiring
from the main harness trunk. As your lacing
progresses, you reach various points where
one or more wires leave the harness to con-
nect to an adjacent component.

At this point, wrap the twin ring twice
around the main harness and bend the wires
leaving the harness 90o toward the terminals
to which they will connect. Then proceed
with your lacing to the next branch. This will
result in a tapered harness (see Fig. 5).

Answers io Photo Quiz on Page 103

l .  Roiary wafer switch,

2. Roll of eleclrician's rubber lape,

3 .  P i lo t  lamp.

4. TY lead-in sland-off insulafor.

5. Top of spray can ol service chemical.

6. Diagonal cullers.
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little job with enough wal-
lop to enable anyone to
break his lease by popular
lequest within three min-
utes! Whether or not that is
your projected use for it,
this amplifier will deliver-
subject to rising costs and
picking up a few good buys
-one watt of power per dol-
lar of construction cost.

It is an engineering max-
im that when cost is an ob-
ject, no element of a system
should be unduly stronger,
or unduly weaker:, than any
other. There is no sense in
paying for performance that
cannot be utilized. At the
outset, we gained consider-
able simplification in design
by deciding that the ampli-
fier would be used only to
hand le  p rogram mater ia l
and not sinusoidal signals.
This is a complomise that
has been used for years in
tire design of modulators for
high power AM transmit-

ELUE

T R I A D

low-power omplif iers (20-

wdifers) cost obout ihree

dollors o woli to build. The
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'HEN we decided we needed a new ters. Since a sine wave contains much more

\n/ "Lpiin". we knew we wanted the average energy.than does pr.ogram mate.rial

V V g.""t"st possible power output per of thJsame peak amplitude, it is permissible

dollar of"cost. What we acliieved was i drrrdy to use much lighte. components than would
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be required for continuous sine-
wave operation. It's only neces-
sqry th_qt components be capable
of handling the occasional peaks
in program material.

For the amplifier, we felt that
the simplest configuration would
Fe a pentode gain stage, a split-
Ioad phase inverter, and the out-
put stage. For the gain stage, a
6AU6 vacuum tube ls excel=lent.
very low in noise and capable of
high gain. In our circuit, it pro-
vides a gain of 200, with well over
200-v peak-to-peak of signal deliv-
ered to the following stage.

A 654 is used for the phase
inverter; set to draw 10 milliam-
peres, it can deliver 150 v peak-to-
peak at the output grids, which
require about 100 v for full out-
pu_t. The heavy degeneration pro-
vides a very high impedance for
the 6AU6 to work into. thus rais-
ing its gain-while the 654 pre-
sents a fairly low driving imped-
ance to the output grids.

RADIO.W EXPERIMENTER

l l
I I

r  -  t "  r  l "
F-3;  ++F2" -+ki i i

t l

_Zl I '  
REAR APRoN 7.

t e , t ,  , 2 ,  r ' " ,  - " " , i 616 l)

t + l
L-t-

r i r : t " r  , r r " , 1 63; -*fft+l+ r--fr+;t -r it ---l c li).........................._]-----------i--i-1-t 
)

i.-ll"" ET t+jlAl ft;;.--,;--fu
i_:,ger,,,=F**',f $i*q5{5

+f 6i"o llb-Jil
rre1

I  : U l A . - q F l

|  '  I t
o  

. ' ! . , ; j - . , e r + u  
* r * o

z 9-'---'1.- r 11"

But if the

end, this poses a problem due tb

the first stage, another acrbss thetfie hrst stage, another across the primary of
the output transformer (R19 and C?), andthe
customary capacitor (Cg) across the feed-customary capacitor (Cg) across the feed-

the low iesonant- frequency of the output
transformer. We solved this problem by the
joint action of three devices: a series RC (RS
a_nd -C4, see Fig. 2) from plate to ground in

HOLE SIZES NOT INDICATED
+ 27 DRILL

back resistor (R34).
Low-frequency stabilization is also achieved

by the use of a cathode capacitor in the input
stage, coupling capacitors and grid resistbrs
feeding the output stage, and the falling re-
sponse of the output transformer itself. 

-

fn consequence, The Leasebreaker is so sta-
ble that the removal of the load has absolutely
no efiect on frequency response!

We colsider lhat any rise in response at the
end of the passband is the mar[ of an un-
stable amplifier-and judging from what
we've seen, unstable amplifieis are in the
majority today, Our Leasebreaker. however.
employs 20 db of feedback overali, and the
response at the ends of the passband is never
anything but a smooth drop below 20 cycles
and from 20 kc out to 500 kc. At this point.
there is a slight resonance, but the resionse
is over 30 db down from midband. No value
of capacity up to 10 mfd produced oscillation
when shunted across the 16-ohm load.

Think we're making too much ado about
this business of stability? Remember-an am-
p-lifier of this power capacity (?5 watts) can,
if it runs away, ruin a speaker in just a few
seconds!

The power supply. We used a Stancor pC-
8414 transformer, which delivers G00 volts on
each side of center at 200 mits. While this
would overheat badly if the amplifier were
driven to full output 

-continuousl! 
by a sinu-

soidal signal, it's perfectly capable of handling
occasional high level peaks.

For the rectifier, we think there's no argu-
ment about a 5R4, and one tube is adeouale.
A single 15 mfd, 1000-v oil slug (C11) is used
in the high-voltage section. The ripple here
is distressing (35 v peak-to-peak quiescent,
rising to 75 v at full load), but a 40-40-10 mfd.
450-v electrolytic capacitor (C8) provides the
filtering necessary for lower level stages and
the screens of the output stage,

To protect the electrolytic capacitors and to
make things easier on the tubes by giving the
heaters a chance to come up to operiting tem-
perature before the high voltage hits, we used
an Amperite thermostatic delay relay-with
a 5-v heater so there is no potential difierence
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between heater and contacts. We preferred
the octal-based relay to the miniature for this
job because the octal socket provides a longer
flashover path to ground than does the minia-
ture.

A simple bias supply is provided with a
configuration which permits use of a dual 40
mfd can. An OB2 glow tube holds the bias
voltage constant. With the values shown, it
draws about 10 mils. Some selection of the
5100 and 4700 ohm resistors may be needed to
get just exactly minus-50 volts at the tap, and
these should be 2-watt ttnits for best tempera-
ture stability.

Screen regulation is an absolute necessity
if maximum power is to be developed. We
blithely started with VR tubes and encoun-
tered troublel By the time the scr-eens ale
stabilized the tubes are beyond theil latings
when there's no signal.
And there is also con-
s iderab le  add i t iona l
heat dissipation.

So we cast about for
a simple solution and
came up with that
shown in Fig. 2. Note
t h a t  t h e  c o n d i t i o n s
w h i c h  i n c r e a s e  t h e
screen drain also pull
down the supply volt-
age considerably, due
to the poor high-volt-
age regulation.

The 12BH7 is a husky

Bottom-chossis view of the

Leosebresker .  (Photo  wos tok-

en  be fore  odd i r ion  o f  C l2 . )

toooozrzzvl pf

, a \

T I E  P O I N T S  F O R  O U T P U T
TRANSFORIVER LEADS

twin triode, designed for use as a TV vertical
deflection amplifier, with a 500-v plate voltage
lating and a permissible dissipation of 3.5
watts per section. The two sections are con-
nected in series, with the upper as pass tube
and the lower as dc amplifier. The control
voltage divider is returned to the minus-105-v
bias supply, to keep the dc amplifier grid near
glound, yei al low large swings.

In operation, this has proved an excellent
little regulator, its output voltage being the
sarne at full output as at zero signal, with a
rise of about 10 v in the middle range. Ini-
tially, the output voltage had a tendency to
drift with changes in line voltage, but the
addition of R26 reduced this drift to an ac-
ceptabie range. Colrection is not complete, of
course, because the dc amplifier does not have
sr-rfficient gain.
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Consfrucliol. We constructed
The Leasebreaker compactly
on a 2x7x13-in. chassis, and
the large transformers and fil-
ter capacitor must butt against
each other in order to fit (see
Figs. 1, 3 and 4). Tubes and
e l e c t r o l y t i c  c a p a c i t o r s  a r e
placed along the front, the
6146's being staggered, rather
than side by side, to reduce the
heat problem.

A neat terminal board effect
is achieved through the use of
Cinch-Jones 2000 series termi-
nal strips mounted in parallel
pairs (See Fig. 5). For the in-
put stage, we used 2006's; a
2005 and 2007 for the phase in-
verter. 2005's for the screen
regulator, and 2008's for mount-
ing miscellaneous power sup-
ply resistors. This scheme is a
real space saver, since tube
sockets may easily be straddled.

The two 15K 20-watt drop-
ping resistors are mounted with
long screws through the back
apron of the chassis. Be sure to
use an insulated shoulder
washer here and several insu-
lated flat washers on each end!

Cinch type 2C? sockets were
used for the two electrolytic
cans. Note that the outer con-
taets are tied together to make
maximum use of contact area.
T h e  b i a s  s u p p l y  c a p a c i t o r
should be provided with an in-
sulated sleeve, since its can is
n:gative with respect to the
cnassrs.

A double ground system is
used to avoid hum troubles, for
the charging current through
the 15 mfd capacitor is quite
high and can easily give trou-
ble if it gets into a common
ground bus. For this reason,
a power supply ground is made
right at the negative terminal
of the 15-mfd capacitor to
which transformers, electrolyt-
ic capacitors and 6146 cathodes
are returned. A separate signal
ground is made at the input
terminals, to which all other
grounds are returned through
separate ground wires.

Good quality steatite sockets
should be used, at least for the
rectifier and delay relay, since
these parts carry the full 750
volts.

Use an aluminum chassis. be-

RADIO.TV EXPEBIMENTER

MATERIATS L IST-LEASEBBEAKER

Desig. Description

TI 45000 ohms plate-to-plate to 4, 8, 16
ohms (Triad S-42A)

T2 600-0.600v, 220nai 5v, 3ai 2 x 6.3u, 1a
(Stancor PC-6414)

T3 115v. l5ma; 6.3a, 0.6a (Stancor PS-
8415, Tfiad R.54X)

64U6
654
6145
5R4
082
I2BH7
AnDer i te  5N015
50 ma, U5-Y selenium rectif ier
I00 nfd, 25.v electrolytic
0 .5  mfd ,600.v  ba th tub  or  0 .5  mfd ,

400-v molded paper tubular
0.25 mfd, 500-v molded paper tubular
100 mmfd mica
0.05 mfd, 600.v molded paper tubular

(matched, if possibl€)
1500 mmfd. mica
40.40.10 mfd, 450.v €lectrolytic (Mal-

lory FP 376.8)
10000/ y' Zvc- nmfd
40-40 mfd, 450.v electrolytic (Mallory

FP-238)
15 nfd, 1000.y oil
0.5 mfd, 200-v molded paper tubular

(Alf resistors t/2 watt I0o/. unless otherwise
indicated)

Rt 470 k
R 2  I O K
R3 100
R4  9 ] . 0 ,5%
R 5  2 7 0 K , 2 Y
R6 820K
R7 47o K
R 8  t o K
R9 I meq
R10 1500 w
RIl, R12 t0 K, 2w matched
Rl3, RI4 100 K matched
Rls,  R16, 1^^
Rt7, Rt8 '�"'
R19 4700 2w
RzO 15
R21 620
R22 470

13tr i)33;|il'5%] metext
R25 IOO K
az6 330 K
R27 1.6 fleo
R26 33 KIw
829 68 K 1w
R30 10 K 10w
R31, R32 15 K 20 w
R33 100 l( Iw
R34 550 / Zvc

M iscellaneous

Millen #36002 ceramic plate caps
SPST tossle switch
extractor fuse holder
3AG, 3-amp fuse
Cinch #2008 terminal strips
Cinch $2007 terminal strips
Cinch S2006 terminal strips
Cinch #2005 terninal strips
Cambridge Thermionics +X2006 (or

equ iva len t )  insu la ted  te rmina ls
2x7 xL3t t  a luminun chass is
7.pin niniature tube sockets
9.pin nliniatufe tube sockets
octal tuhe sockets
Ginch #2C7 FP capacitor sockets
Eby #56-2 (or equival€nt) screw termi-

nal striD
Eby #56.4 (or equivalent) screw termi.

nal strip
hook-up wir€, rosin solder, misc. hardwarc

cause the high heat
c o n d u c t i v i t y  o f  t h e
metal makes the whole
chassis surface availa-
ble as a radiator. While
heat dissipation of this
amplifier is considera-
bly below that of most
others in its power
class, its compact de-
sign does keep the dis-
sipation per unit vol-
ume fairly high. For
this reason, The Lease-
breaker should never
be enclosed in a smal-
space.

Tes l ing .  Wi th  the
5R4 removed. a dum-
my load connected and
the feedback loop open,
the first job is to adjust
the bias. Select 4700
and 5100 ohm resistors
so that the bias is mi-
nus-50 volts. If neces-
sary ,  o ther  res is to rs
can be shunted across
one or the other for
vernier adjustment.

Next ,  i f  a  mi l l ia -
m e t e r  i s  a v a i l a b l e .
c h e c k  t h e  c u r r e n t
drawn by the OB2,
w h i c h  s h o u l d  b e
around 10 mils. Varia-
tion of R21, an 820-ohm
resistor. can raise or
lower this as desired.

To set the screen
v o l t a g e ,  r e p l a c e  t h e
5R4 and turn on the
power. The high volt-
age at the 15-mfd ca-
p a c i t o r  s h o u l d  b e
around 750 v. Now
check screen voltage.
If it is not in the range
of 200-215 v, shunt one
of the resistors in the
control voltage divid-
er. Shunting R27 re-
duces the screen volt-
a g e ;  s h u n t i n g  R 2 5
increases it. Use high
values for the first try;
the circuit is quite sen-
sitive.

When screen voltage
i s  s e t ,  t h e  v a r i o u s
other voltages can be
c h e c k e d .  A  V T V M
should be used to meas-
ure the 6AU6 plate and
screen, If results are

VI
v2
v3, v4
V5
V6
v7
v8
S R I
c1

F 2

c4
c5, c6

c7
c8

c9
c10

ct t
cL2

2
I
t
I
2
z
2

I
2
2
4
2

I
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satisfactory, feed a 400-cyc1e test signal into
the input 

-and 
tuln up its level' The a' oii-

fier should deliver 75 watts (33 v rms in-,o a
15-ohm load) just at the clipping level as seen
on a scope.

As regards the feedback loop, if the output
transformer primary leads have been con-
nected as indicated, and if the manufacturer
is uniform in attaching leads to the windings,
the feedback should be negative. With the
oscillator providing the 400-cycle test signal
set for low output, watch the output signal on
a scope while touching a 22K resistor across
the fledback telminals. If the output de-
creases, the feedback is indeed negative,and
the pr'oper feedback lesistor may be installed'
If the output increases, revelse the output
transformer primary leads and try again. It
is wise to use the 22K lesistor for the initial
test so that if the feedback happens to be posi-
tive, the amplifier will be spared the,burden
of violent oscillation. Resistor R34 and capac-
itor C9 ale chosen according to voice coil im-
pedance (see Materials List); but explicitly:

should deliver 65 watts at 30 cycles and 75
watts at 40 cycles and above, at the cl ipping
level and just before noticeable flattening ap-
pears on the scope. Full power should not be
r'un continuously above 5000 cycles since the
network across the output transformer pi'i-
mary begins to atrsorb power and the 4700 ohm
resistor R19 will "head west" in a big hui'r'y.

Instead, make quick checks at 10 and 15 kc
by turning up the oscillator for no tnot'e than
a second or two, r'eading the metel arrd imme-
diately turning down the oscillator. Power
should be 65 watts at 10 kc and 40 watts at 15
kilocycles.

This drooping power response does no
halm to program material where the vast
bulk of power lies below 1000 cycles, and the
arnplifier will break up at low frequencies
long before the point where high-frequency
power will endanger the 4700-ohm resistor.

The Leasebreaker may be used with any
standard pre-amplifier, although we don't rec-
ommend that the preamp power be drawn
from the amplifier, as it is very difficult to
provide sufficient plate supply decoupling to
make the system really stable at sub-audible
frequencies. Either the preamp should be self-
powered, or a separate power supply should
be built for it. Voltage gain from input to 16-
ohm output is 20, hence 1 v in will produce 25
watts-a sensitivity of the same order as any
usual home music amplifier.

Internal impedance as measured at the 16-
ohm output tap is 1.3 ohms, resulting in a
damping factor of 12, which is adequate for
lestricting speaker hangover. Total hum arrd
noise output with the input shorted is less than
5 millivolts at the 16-ohm tap, or better than
?5 db below 60 watts output. This is predomi-
nantly porver-supply ripple due to imbalance
in the output tubes, but 5 millivolts of hum is
so low as.to be barely audible a foot from a
gooo speaKer.

Harmonic distortion was measured as a
function of frequency for several power levels
and the results were about what might be
expected..

The low-level distortion is higher than
that in units of the Williamson type, but not
seriously, since any reasonable amplifier dis-
tortion pales into insignificance compared to
that contributed by even the best of speakers.
The curves (Fig. 7) show the usual. rise at the
ends of the range, the low end curve at 60
watts being due to the onset of core satura-
tion. The high end rise, however, is only of
academic interest since the 10- and 60-watt
power levels will never be reached by pro-
glam material at frequencies above 1000
cycres.- 

If you haven't seen curves like Fig. 7 be-
fore, be advised that the usual practice of
using only mid-band frequencies in distortion
ratings tends to make an amplifier look better
than it really is.

v olce e oxL
lmpedance R34

16 ohms 150 ohms
8 ohms 200 ohms
4 ohms 270 ohms

C9
2500 mmf
3600 mmf
5000 mmf

With the feedback loop closed, a frequency
resDonse run at a level of about l-v output
*"y b" made. The amplilier should be down
about 0.5 db at 20 tta ZO,OOO cycles, and
should fall continuously outside of those
points as discussed PreviouslY.

Note palticularly-this amplifier is in-
tended only to be flat to 20 kc, not to 100 kcl
People accustomed to 100-kc bandwidth and a
fanry square wave response will be 4isap-
pointed bv this-but our aim was a stable am-

blifi"r. This type of t'esponse is the price of
using a cheap output transformer. Similarly
at the low end-but it should be noted that
smoothly falling response below 20 cycles is
beneficial in attenuating rumble from turn-
tables.

In checking the power output, the amplifier
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Your child (on hove his phono cnd rudio, too-
oll in one potkoge

By HOMIR L. DAVIDS0I{

Enioymenr is doubled with the qddition of o rodio tuner to o
child's record ployer.

HIS tiny RF tuner can easily be attached
to the young fry's record player, convert-
ing it to a radio receiver. The tuner con-

Be careful not to damage the crys-
tal cartridge by rough handling.
Generally, a small pin or swivel
screw holds the pickup arm to the
horizontal swivel bracket. Re-
move this, and the arm can be
taken off. Be sure to unsolder the
two small wires that go from the
amplifier to the pickup arm.

Phono Arm Repcir. Drill a 96s-in.
hole in the middle of the phono
pickup arm. This hole should not
be drilled too far back on the arm
because of the sharp angle in lift-
ing the arm before the male plug
is inserted into the radio tuner.
Two small, flexible wires are
soldered to each terminal and
brought out so they can be sol-
dered to the crystal cartridge con-
nection. Do not solder these con-
nections until they are pulled off
the cartridge. Heat will sometimes
damage the crystal cartridge.
Place the connections back on the
cartridge, and the arm is ready to
go. Now remount the phono arm

in its original position. All that you're doing
is making a simple way to plug the phono
amplifier into the radio tuner box.

Ballery ond Gobinet Consfruclion. If your
case is large enough, use two penlite cells in
series or an Eveready 4.05 v. (E133) or an
RCA 4.5 v. battery. Since my plastic case
was only lr/+ x Ll/z x 2r/+ in.,I had to devise a
smaller battery: Three small button mercury
cells were used to furnish 4.5 v. of collector
voltage. These batteries are the size of small
buttons, and being so small, must be mounted
in such a way that good contact is made. Cut
the closed end from the zinc casing of a small
penlite cell to a length of 3/+ in. Clean out all
loose carbon and residue from the inside of
the cell. Cut a piece of thin cardboard long
enough to just meet the ends when inserted
inside of the penlite zinc case. Drop a small

Rsdio Tuner for Child's Phono

ffi

sists of a tuned input stage with a small, vari-
able capacitor. The separated signal is then
rectified to audio power and amplified by a
small transistor. From here the signal is ap-
plied to the pick-up arm and then amplified
by the phono-amplifier itself.

Circuif. The RF signal is picked up from a
small lead that should be clipped to an out-
side antenna for best results, For local sta-
tions, a bed spring or metal window frame
will pick up enough signal to drive the loud-
speaker. A small ferrite coil with a tunable
slug and a variable capacitor separates the
stations. The slug can be tuned in or out to
separate several local stations if one (or
more) seems to bother the desired station.

A fixed crystal diode detects the audio sig-
nal, which is then amplified by the 2N10?
transistor. The transistor was added here to
help amplify the weak detected signal, as
some of the cheaper record players have only
one amplifying tube. Since all phonographs
have their own volume control. there waJno
need to place one upon the small tuner. Also,
most record players have a tone control, but
most radios do not.

A small, fixed capacitor couples the audio
signal to the phono pickup arm. It is best to
first remove the record player arm from the
phonograph before wiring up the male jaek.

t
MFD

OI MFD a t  J
R3
47K

SOCKET

c 3
R I
i o K

\\
R 2
220K JACK

A
S C H E M A T I C
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Desig, Desfi iption
CL C2 .0L nfd tlat ceramic capacitors
D tN54 xtal t ixed diode
C3 365 mtd miniature variable ca0acitor (Lafayette MS-274)
L ferrite coil (Lafayette MS.ll)
Rt 10,000 ohm resistor, l,/2 watt
RZ 220,000 ohm resistor, !/2 watt
R3 47,000 ohm r€sistor, Z2 watt

SW SPST switch (Lafayettr VC-42 or equivalent to fit case-
such as Cutler-Hammer's type 8098-K3, All ied 348510)

T R  G E  2 N 1 0 7
Batt 4.5 Y (see text)
plus miniature plug (Lafayette M5-284) _
jack miniatrre jack (Lafayette MS-283)

plastic cabinet (Lafayette MS-298 or other)

shiny split lock washer into the bottom of the
case, and insert the first button battery. In-
sert all three batteries, observing correct pol-
arity. The batteries will fit snugly, and should
be pressed together as tightly as possible.

The center contact connector and mounting
screw are bolted to a small fiber washer (see
Figure 5). Use the smallest bolt and nut com-
bination here, so that they do not touch the
crimped sides.

Place the rvasher and bolt into the top
of the battery. While pressing down on the
bolt, crimp the edges of the zinc case over
the top of the insulated washer. Be very care-
ful not to touch the center post to the crimped
edge, as this will short out the newly con-
structed battery. The little battery is ready
to mount with its own mounting sclew.

The plastic case I used was the container
from an Argonne (Lafayette) interstage
transformer. Any plastic box at least lYg in.
high, but not too high to fit under the pickup
arm can be used. If no other box is available,
you will have to use Lafayette's MS-298 (17a
x 31'a x 37/a in.). Drill holes for the ferrite
coil assembly, variable capacitor and on-off
switch. Mount the female plug atop the case.
You can use the tip of the soldering iron to
make the larger holes in the plastic, as long
as you don't hold the iron to the case too
long.

After all the holes are drilled, the large
components are mounted. First, the capacitor
and switch are mounted, then the batterv.

Ports foyout of the RF luner in a tiny 1r/rx1thx21/z in.

box. Any cos€ you hove ovoiloble moy be used
(see text).

Before mounting the ferrite coil, solder the
diode and resistor into place, and solder two
small pigtails to each side. This will save a
lot of close soldering down inside the case.
The small resistor, capacitors and transisto
can be soldered as they are mounted. While
the lid is open, solder two small flexible leads
to the female plug and to its corresponding
circuit. The unit can now be wired. Be sure
the battery polarity is observed.

The unit is placed directly under the pickup
arm and plugged into it. Turn the record
player on, and let the tube heat up a few
seconds. Hook an outside antenna or long'
wire to the small antenna wire. Then, turn
on the radio-tuner. If there is hum, reverse
the oc plug on the phono.

Surprising results were obtained with the
small radio-tuner on local and distant sta-
tions. The batteries should last a long time,
as only 1/5th of a milliampere is pulled from
them.

The small plastic case can now be bolted
to the phonograph mounting board. Always
turn the batteries ofi rvhen only the record
player is being used to play records. The
pickup arm mounting holder can be removed
or re-mounted closer toward the turntable if
so desired.

)
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ACROSS:

l) Seven-element elec-
tron lube.

4) A -- cutofl tube
is one in which the
conlrol grid spirqls
q r e  u n i l o r m l y
spcced.

7) A gcin compensqt-
ing  v  qcu  um lube
circuit (cbbr.).

l 0 )  A  s t r a i g h t  l i n e
drqwing ccross q
series oI plcie cur-
ren t -p lq te  vo l tcge
cuIveS.

ll) A - tron is c
Iive-elemeni tube
hcving two pldtes.

1 5 )  O u t p u t  p o w e r
(cbbr.).

16) Tcrget (cbbr.).

l8) A vccuum tube cir-
cuit lhct sels up
qnd mclntqins sus-
tqined oscil lqlions.
(abbr.).

19) A tube in which
lhe eleclron slreqm
is concentrdled or
"Iocused" Ior greqt-
er cmplll ication,

2 0 )  T o  r e d u c e  t h i s ,
some lubes hqve q
center-tqpped Ii lq-
ment.

2l) Unil oI current usu-
c l l y  c p p l i e d  t o
e l e c t r o n  l u b e s .
(cbbr.).

22) A l locting qrid.

24) A cclhode-rcy tun-
ing indicqtor tube
is somelimes cqlled
c "mcgic-

25) A tube noise eflecl
lhdl l imits high cm-
pli l icotion.

27) Negctive potenrial
cpplied lo c sontrol
grid.

28)  In le re lec t tode cc-
pqcitqnca between
grid cnd plcie (let-
ters Bymbol).

30) Pcrt ol q CRT tube.

3 2 ' )  -  u r q t i o n  i s
lhe point reqched
w h e n  c u r r e n t  i s

m d x i m u m  o b l a i n .
cble by increcsing
p l q l e  v o l t c a e  o r
c c t h o d e  l e m p e r q -
lure.

3 3 )  P c r t i c l e s  h e c v i e r
thqn electrons thqt
qre hcrmlul lo q
CRT tube's screen.

35) A vqricble resistor
used in mcny voc-
uum lube circuils
(qbbr.).

37) An electron tube's
s i g n o l  i n p u t  e l e -
ment.

4l) Elecrron l low eflect
in qn electron tube.

44) The "ql-rest" poien-
ticl applied to tube
elements.

46) Unit oI conduclqnce.

4 8 )  A  c a t h o d e  t h c t
e m i l s  e l e c l r o n s
w h e n  s t r u c k  b y
light rqys.

{9) Hecter tcp tor pilot
lomp (letters sym-
bol).

5 l ) - : R p x G m
( s u p p l y  m i s s i n g
lerm).

5 2 )  T h e  u l k c l i  e c r t h
melql  introduced in.
lo q vqcuum lube
to remove residuql
gqs.

5 3 ) u  =  d E p  ( s u p p l y._
missing term).

DOWN:

I )  A - . w q v e r e c -
t i l ier hcs only one
plqte.

2) Electron receiving
element.

?

3 ) u : . d E g  ( s u p p t y

missing lerm).

5) A --  ode tube
is one hcving c
lolc l  oI  s ix ele-
menls.

6) The rct io oI q smol l
c h q n g e  i n  F l q t e
v o l t c g e  d i v i ' c l  b y
q smql l  ch:: ;3e in
plqte cur ieat ( let .

ters symbol).

7) A pqrt iculc!  yac-

uum lube elemcnt.

8) A tube envelope
designct ion (c5br.) .

ETECTRON TUBE ANAGRAM
Al though t rdns is to rs  o re  rcp id ly  rep loc ing  e lec t ron

tubes  in  mony opp l ico t ions ,  tubes  s t i l l  per fo rm iobs
iho t  f rons is to rs  conno l  hond le .  Th is  onogrom puzz le
per to ins  en l i re ly  to  e lec l ron  tube te rmino logy .

By JOHN A. COMSTOCK

Con you correctly f i l l  in oll fhe empty blocks with
the  cor rec i  words .  le t le rs ,  symbo ls  ond obbrev io -
t ions? When you hove the  b locks  o l l  f i l l ed ,  check
your  so lu l ion  w i th  the  cor rec l  one on  poge 152.

9) Electron lube emit.
t ing element (cbbr.).

l2) Plote potenticl (let-
ters symbol).

13) The ncme o{ the
grid lhqt wqs qdded
to lriodes in 1929.

dIp
1 4 ) - = _ ( s u p .

t F -s !Y

ply missing term).

17) The nome oI Lee de
forest's triode tube.

19) The ones used on
most oclql lubes cre
oI Bckeli le.

23) A unilctercl voc-
uum tube circuit
(cbbr.),

26) Mcde lo deiermine
whelher or not c
tube is good.

29) Tube conneclors.

3 l )  P lc te  capqc i tqnce
lelters symbol,

34) A tube's second
qrid (cbbr.).

36) A tube bcse hcving
e i g h t  e q u c l l y
spccsd p ins  cnd c
c e n i r q l  c l i g n i n g
key'

3 8 )  A - - c u t o l l t u b e
is sometimes cqlled
q  " s u p e r c a n t ! g l "

lube.

39) The vccuum tube
invented by Flem-
ing.

40) A tube thqt doesn't
contain gcs (cbbr.).

4l) C-bics voltcge (lel-
ters symbol).

4 2 )  C c t h o d e  c u r r e n l
{lellers symbol).

43) An inert gqs used
in some gqseous
eleclron tubes.

45) Plqie currenl ,Iow
(letters symbol).

4 7 ) A r e m o l e - o l l
tube is c vcriqble
Mu tube.

49) Heater mid-tqp (let-
lers symbol).

50)  Gr id  conductqnce
(lelterE symbol).

5 t )  She l l  des ignc t ion :
metql tube (letters
symbol).
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Whot to listen for on Short Wqve
By C. M. STANBURY ll

INTER on short wave presents a
paradox, an important one for the
listener. As you probably know, ion-
(caused when ultra violet radiationization (caused when ultra

from the sun passes through the atmosphere)
is responsible for both the reflection of radio
waves back to earth (essential for distant
reception) and the absorption (weakening)
of radio waves, especially frequencies below
7000 kc. AIso commonly known, during win-
ter with shorter days and rays from the sun
received more obliquely, ionization is re-
duced, signals are strongel', and reflection
from the ionosphere should decrease at high-
er frequencies. The latter is not true. Fre-
quencies above 15 mc are rrormally reflected
by the F2 layer, the uppermost portion of the
ionosphere, and reflection in this region is
actually improved as the earth approaches
its winter solstice, the point in the earth's
orbit when it is closest to the sun. Why? We
don't know and neither does anybody else.
Some researchers have linked this phenom-
enon with temperature but the theory ap-
pears to have holes in it.

In any case, the result is a broader range
of usable wavelengths with both higher and
lower frequencies open. However, there is a
second factor to consider, sunspots. Ioniza-
tion, reflection and absorption all vary di-
rectly with the number of "spots" on tho sun
and right now we have a dropping count.
Result, the higher frequencies will be slightly
poorer than last winter, but low frequencies
will be better. Add to this little or no static
on downstair channels and you have pros-
pects for an excellent short wave season.

We should say excellent for the serious
listener. If you read the article Tune ln On
The World in Radio-TV Experimenter f 565,
you may recall that I suggested that one way
to know other countries was to listen in on
local broadcasts intended only for the area
from which they originate. This is usually
not easy. But many countries do use the
lower short wave frequencies for such pur'-
poses, particularly in the tropics and in such
a country as Russia where one transmitter
must cover a good many square miles of
sparsely populated territory. Of course you'll
still face a language barrier. Which leaves
the music. However this is sometimes more
revealing than words particularly when the
words are propaganda while the music is
not too polished folk music.

With reception of local broadcasters as

Ver i f i co t ion  cqrd  f rom Rad io  C lube de  Mocombique,
s  semi locq l  ( reg ionc l )  b roodzos le r  heord  th rough-
ouf  the  Wor ld  on  l1760 kc ,  F lowever ,  os  ind ico ted
on rlverse side of cord, rhis QSt is for receplion
on the  Broodcas t  Bond dur ing  the  peok  per iod  fo r
lower  f requenc ies ,  1953-55,  Win ter  I950 w i l l  repre-
sent the very eorly sloges of onother such period.

Verif icqtion letter for Sputniks I qnd ll l  (no

longer broodcosting) heord ql 20.005 mc.

the goal, frequencies below 7000 kc. become.
all important and a dropping sunspot count
can be nothing but good news. How far has
it dropped? Well, the count has a long way
to go but even in April two stations in the
120 meter band, H13C (2440 1*c, La Romana,
Dominican Republic) and Radio lViartinique
could be heard throughout the eastern Unired
States.

Inlernofionol Brocdcosl ing. I f  you're new to
short wave listening, or you just plain want
to listen and keep DXing down to minimum,
then the International Bands, 31 through 13

/\ocKoBCKOE PAAI4O
A ^ H  h c n . r p d h n  h o c l B . ,  p d A n o  l . \ .  N !  . , . _

I t sc l r ,  U$R

Juiy 24, 1954

C. : .  s tdbury  I I

Cry : ia l  leec l ,  Cn i i l i o ,

f,ear trr. 3vo.J;rt,

!E : . : :  Jor  ve ly  i f c : :c : ; - - r .  le .e_ , i i J t r  !e - rc : ts  oE or
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meters (see Table A) will interest you most.
That boost in the F2 layer will certainly
make things better than in the summer. But
reception will be slightly poorer than last
winter.

The 13 meter band will be open many days
to all parts of the world with north and south
paths having an edge. Europe will be best
during daylight hours on the 19 and 16 meter
bands and then at night on the 31 and 25
meter bands. Africa will follow a roughly
similar pattern. The 19 and 16 meter bands
may remain open the first few hours of dark-
ness with both Europe and Asia received.
Such a path will occasionally hold up most
of the night with the 25 meter band providing
an alternate band for evening reception of
the Orient. During the hours after midnight
both 25 and 31 -ete"s will produce signils

from Asia and the Pacific. Technicallv this
would be the best time for such listenine but
most broadcasts to North America are irade
during the more convenient evening hours:
Thus 19, 25 and 31 become bands for all parts
of the world with the latter pair mosi de-
pendable.

Possibly you gathered from these predic-
tions the increasing importance of 31 meters.
As the sunspot count continues to drop it will
become almost irreplaceable in international
broadcasting. Unfortunately, it may have to
be replaced. Crowding on this band is fast
reaching an intolerable saturation, even for
the comparatively hardy SWL. As an ex-
ample, listen to the 15 kc spread between
9585 and 9600. During the evening we have
no less than 5 transmitters in this tiny
portion of the radio spectrum. Radio Cana-

TABIE Ar  EEST BANDS BY NIGHT AND DAY

TABLE B_GOOD SHORTWAVE

G O U N T R Y  F R E Q U E N C Y  T I M E *
tN KC/S (EST)

L I S T E N  I  N G

S T A T I O N  A N D  D E T A I L S

W I  N D W A R D
tsLAt{ Ds

r500.2115
1500-r730

3365, 15085
5010

West Indies Broadcast Seryice. Here we have the
hapFy c i rcumstance o f  a  semi . loca l  b rsa i l cas ter  us ing
an in te rna t iona l  band (a f te r  7 :30) .  Th is  one in .
tended fo r  the  Car ibbean Federa t ion  (Br i t i sh  West
Ind ies)  fea tures  a  var ie ty  o f  loca l  p roqrams wh ich
are  a  h lend o f  Br i t i sh ,  Car ibbean and Amer ican
cu l t  u  res .

2230 unti l Another semi.local program in international terri-
fadeout  to ry .  Th is  w i l l  g ive  you a  g00d idea what  the  Eng-

l i sh  and Af r i kaan (Dutch)  o f  Cent ra l  and South
Africa consider ent€rtainment. Pfogfams d0 n0t in-
c lude news.  Recept ion  w i l l  be  bes t  on  the  Pac i f i c
Coast.

Has  sunspot  repor t  once a  month .

d a  ( C K L P ) ,  R a d i o
Nederland, Radio Cul-
tura de Bahia (ZYN
2 9 ) ,  R a d i o  M o s c o w ,
Radio Republik Indo-
nesia (YDF6) and the
Brit ish Broadcasting
Corp. (GRY). Of this
group, ZYN29 and YD
F6 would be the new-
er, and it is this con-
tinuous stream of new
tropical stations com-
ing on the band which
is mainly responsible
fo r  such over loaded
channe ls .  Of  course
they have as much
right here as any other
country.

T h e  I n t e r n a t i o n a l
Te l  ecommunica t ions
Union is taking steps
to alleviate this situa-
tion but the ITU does
not have enforcement
powers.

If the malady is not
cured, or at least ar-
res ted ,  b roadcas ters
w i l l  e i t h e r  h a v e  t o
concentrate on 25 me-
ters, in which case that
band might soon look
like 31, or switch their
programs to less ad-
vantageous afternoon
periods.

MOZAM BIQU E 11760

C0NG0 11725 2L00.2145 Radio Brazzavilte. African news from a French Doint
REPUBLIC d f  v iew.  A lso  French mus ic  and French lesson i .
ISRAEL 9008 1530.1600 Ko l  l s rae l  (o r  Ko l  Z ion) ,  Z ion is t  p ic tu re  o f  Near

(or 9725) East news, l imited anount of folk music.
SWt fZ fnLAlO 1 fS65.9535 2030. t2 f5  Swiss  droadcas t ing  Corpora t ion .  Neut ra t  in te rna .

and 6165 and tional news (government) t0llowed by democratic
23L5-2400 West European viewpoint from Swiss newspapers.

NETHERLANDS 15220 (or
16 meters)
l r l 5 5  a n d

9590
(or 9715)

to13-r /u)

2t30-22t0

Radi0 Nederland. l l lost interestin0 features here are
in te rna t iona l  news and to0 ica l  ta lks .

GREAT Severa l 1600.2200 General 0verseas Service, Brit ish Broadcastin0 Cor-
poration. Good example of conservative Brit ish pro-
gramming and thou0ht .

Radio Japan. Features on Japan and a l imited
arnount of Japro folk music. _
Radio Australia. Most important feature here is
news from the fifth continent. Remainder of proqram
is primarily entertainment.

B R I T A  I  N frequencies
throughout
the bands

JAPAN 17655, 15235 1930-2015
and 11705

AUSTRALIA 1]710
11810

0714.0845
I0t4-1145

A R G E N T I  N A 9690 2200-2300
(or 15345) and

0000-0100

B.A.E.  Compate  the  po l i shed Arqent ine  mus ic  w i th
the more interesting Latin vatieties easily heard on
49 and 60 meters.

$ Time is oiven on the 24.hour clock- 1200 is 12 noon, 1300 is I pm, 2400 is midnight, and so on.
In other words, for t imes past noon subtract 1200 to get Eastern Standafd Time.

I Ffequencies l isted in brackets are alternate possibil i t ies. lf you fail to hear a program on the
channels l istsd tirst, try these.
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Speoker muling foot switch' X indicotes disconnec'

tion of tronsformer leod from loudspeoker'

through the grommet into the metal box.
Mouni the switch, separate the parallel con-
ductors, and connect them and solder. Wrap
tape around the cord next to the grommet on
the inside of the metal box as a strain relief.
The box may be fastened to the floor with
four small brickets attached to the sides. The
connection to the line and to a specific power
tool can be made permanent, too. If current
exceeds 5 amps, a permanent installation is
desirable.

Several switches are listed in the materials
list. Pick the one that suits your function and
current requirements. Note that you can ob-
tain a norrially on switch which will turn off
when you place your foot on it. This type
of swiich placed near the phone with -radio
or TV set Connected to the outlet is handy for
turning either of these blaring contraptions
off during a phone conversation' An alternate
scheme *hiCh utilizes a normally on switch
to mute the audio on a TV set from your
easy chair during commercials is shown in
Figure 3. In this case the switch is connected
in the speaker coil circuit and does not control
high voltages or currents.-Fnewx Wooos, Jn.

MATERIALS L IST-FOOT SWITCH
Reo.  Descr iP t ion
switch. either a nomentary contact type, such as 72 amn'
normaily off (Grayhil l 4001) ot /2 aml, nornallv on (6ravh l l
4002)  o r  l0  amp,  normal lv  o f i  (Gravh i l l  220 I )  o r  I0  amp.
normilly on (Grathil l  2202) or a positive contact tvpe' 4 amp'
Dush on-push o f f  (Car l ing  I10 'SP) '
7V4x2t/BxL5B" metal box (Bud CU-210I)
ion-veniince dutlet extension (electrical or variety st0re)

No.
t

1
1

Hqndy Foot Switch
FOOT switch on your table saw or drill
press may limit the damage that can
occur in the event of an accident. A

foot switch comes in handy at the telephone
to mute a blaring radio or near your easy
chair to kill TV commercials. There are uses
for the foot switch in the kitchen, too.

There are several types of switches that
may be employed for foot switch duty. Sev-
eral commercial foot switches, some of them
in the form of a mat, are available. But these
switches are rather expensive. You can make
your own from inexpensive basic -switch
units, enabling you to choose according to
your power and function requirements. -- 

You'll want either a positive action switch,
which remains on orce you switch it, or a mo-
mentary contact switch, which is only on
when you hold it on. A positive action switch
may be desirable for a foot switch for your'
wife's electric mixer; a momentary contact
switch is desirable for power tools since the
natural tendency in an emergency is to re-
lease the switch.

Power handling ability is important too.
Switches are rated by volts and amps rather
than by watts, To determine the ampera-ge
of an appliance. divide the wattage of the de-
vice by the voltage, usually about 120. Thus,
the switch required for a 600 watt appliance
must have at least a 5 amp, rating at 120 v.
Another point to remember is that switches

ll ,oo, .*,r., .,*.r,, OUTLET

are rated for resistive loads. Devices which
involve coils or capacitors (for example, any-
thing containing a motor) usually dem-and
currents in excess of the current computed by
this method. It's usually desirable to use a
switch that can handle more current than the
controlled appliance requires.

The circuit for a practical foot switch is
shown in Figure 1. The SPST switch is con-
nected in one side of the ac line. A plug
is provided for easy connection to any ac out-
let. A receptacle is provided so that the switch
may be uJed to control any or several appli-
anCes. The back view of the unit is shown in
Fiqure 2. The switch is housed in a small
metal box. A V2-ir'. hole drilled in or near the
center of the front side of the box is required
for the switch. A 3/a-in. hole is needed in the
end of the box for the line cord. Insert a rub-
ber grommet in the end hole. Double a con-
venience outlet extension cord on itself near
the outlet end, and push the doubled end

OUTPUT
TRANSFORI',1ER

I  SPEAKER IVUTING F00T SWITCH

Chossis view of swirch before aitoching bock.

FOOT SWITCH
( NORMALLY

" 0 N "  
)

x
I N D I C A T E S

D ISCONNECTION
OF TRANSFORIVER

L E A D  F R O M
L O U D S P E A K E R
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Transmitter for the Jr|ovice

#'#
Novice tronsmitter shown here otop o Knighr-Kir
receiver, is powered by cn externol power sup-
ply, permitting fixed or mobile use. Inset shows

closeup of tronsmitter fqce.

By ALICE ROLF, KNSSEL

ERE'S a compact ?5-watt transmitter
.that even a Novice YL can build. In
fact, a Novice XYL did build it after

her husband drilled the panel and took over
as babysitter. The rig puts out a good signal
on 40 and 80 meters, featuring bandswitching,
and ean be used either at home or in the car
with a suitable power supply.

The two-tube circuit shown in Fig. 2 fits
into a U.S. Army 30 cal. ammunition tin,
available at surplus stores. The 31/+x6s/+x
70r/4-in. cabinet is modern enough to enhance
any shack, and small enough to fit comforta-
bly under the dash of even a foreign ear. If
an ammo tin is not available, the circuit can
easily be enclosed in a small commercial

C I
.o47 MF

X TAL
3 . 5  0 R  7 0 M C

metal cabinet available from radio supply
houses.

The transmitter is built in a Ss/axg\/a-in.
hardboard chassis, with a 3r/qx]i}r/e-in metal
panel bracket-attached. Use two brackets of
any convenient size and sturdy enough to
support the panel, which extends about 7a-in.
below the Masonite.

Drill all the panel holes before fastening
the panel to the chassis. The power socket-,
key jack, band switch, tuning capacitors, diai
light jewel, and antenna jack m^ount on this
panel, the remainder of the components
mount on the chassis. The 80? socket-mounts
on an aluminum bracket 73/+-in. high at the
right-rear of the chassis, leaving llenty of

3 0 M M F

R F C z - S E E  C 5
T E X T  , O O I M F

R 4

25K

R F C  I
2 . 5  M H Y

v2
l n  5
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1 2  A  7 l
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MATERIALS LIST_I'IOVI CE TRAI'ISM ITTER

Description Desiq. Description

.047 nfd 200 wv tubular Rl 47,000 ohn, t/2 wall
ib mmfd mica RZ 47'000 ohm, l-watt..
iO mriitO mica Rt 12,500 ohm' 10 watt
.Obi nru f tv, alsc R4 ? ,000 ohm, 10 watt_ _
.ddi riJ i.S iv iututat 51 SPST toqsle switch (Arrow'Hart & Hesnen #20994NV)
3tFm;id sinsle gang broadcast tvpe Yariable (Philmore) vl ' 5J5 vacuum tuhe
S-iOO mmtU viriabte-(Aud MC 1873) t!2 807 vacuum tube
.-OO,ii mit i tv, Oisc Xtal 80. or 4O.meter crystal-for l iovic€ band 3750 KC t0

.ooi'miJ, i lv, 'oisi 3800 Kc (80 lv) or 7150 to 7200 KG (40 M)

.OOf rntA. t fv Oisc 20 6'32 x /4tt machine scr€ws and nuts

.00I rnfd, I kv, disc l0 #8 terminal lugs
phono jac t ,  s ing le  c i rcu i t  (Ma l lo ty )  2  s ing le  lug  te rmina l  s t r ips

i?"illl'.';Ti iXlln.r,u .ro* w'und on r" rorm, tapped i l;?ilil:#eiocret reisl
15 turns from bottom
lo turns #22 enameled close wound over top .h-alf of Ll 1 s-Prong socket (607)

io ti;r'; !?i oi iiisini;eleo ,i'Ji."'ii,''i7,;ii''ii' 
-- 

i ::|ii ii,t;'.i31*il'-Jii1'rni 
Power sockets)

t1455 I8-V pi lot  lamP
lls'lirt't. iob'ntin'i ' if,ole (National) l ot hardboard /a x 5 x 10" (chassis)

;;;.;iii; '.;;i. ; li 'tri ' i i-+22 oi #18 enameled wound lry l/ld'steel or aluminum 31a x I0" (p?nel)

6fii 'Sii:oiil, f.wa:it ,.iistot 
' - 

6 ft 4.wire rubber insulaied cable (insulated for 1000 volts)

t35

Desig.
c t
c2
c3
c4
c5
c5
c7
c8
c9
cr0
c11
JI
J2
L1

L2
L7
La
RFC I
RFC 2

room for the 807. Place the tank coil be-
tween the panel and the 807 (Fig. 3).

Mount the socket for the 6J5 on the left
side of the chassis. Clip the mounting saddle
of the socket away with a pair oI snips and
drill holes in the hardboard so that the socket
solder lugs extend through the chassis. These
holes are aligned by first drilling the tey
hole for the liey pin of the 6J5. Put a drop
of finger-nail polish on the pins o{ the 6J5
and piess it against the chassis with the key
in the drilled hole. The polish will mark
hole locations. A{ter drilling, press the lugs
into the holes until the socket is
flush with the chassis. Bend the lugs
back so that they lock the socket in
place.

Mount the remainder of the com-
ponents on f 8 terminal lugs which
are fastened to the hardboard bY
6-32 x 1/q,-in. machine screws-except
for the two connections of RFC1.
This choke is mounted on two single
lug terminal strips in order to isolate
th; hieh RF potentials from the
metal cabinet. Parts laYout is not
critical, but should be sirnilar to that
shown in Fig. 3.

Extend a length oI ft12 wire across
the front of the chassis and ground
it to the panel for a ground bus bar.
Connect the 807 mounting bracket
to this bar. Alt ground leads should
be connected to this bus, the Panel,
ol the 807 mounting bracket.

Connect the leads to the 6J5 socket
aird bring them to the toP of the
chassis through holes drilled around
the tube socket. Indicator lamp ter-
minals must not be grounded; they are sup-
ported by two pieces of solid wire.

Coils L1 and L2 are #22 enameled copper
wire wound in a 1-in. dia. form. This form
can be a commercial unit with mounting
brackets, or a cardboaxd or plastic tube 7r/z-

in. long. L1 is wound with the connection
for C5 at the bottom of the form, nearest the
chassis, and the ground connection at the top.

The tap for the bandswitch is placed 12
turns from the bottom of the coil. Twist
the wire into a loop for the bandswitch con-
nection and wind the other 15 turns. Coil
L2 is wound over the top of L1 between the
bandswitch tap connection and the top of the
form. Wind it over a layer of Scotch tape
with the connection to C7 at the top of the
form.

Coil L3 consists of 10 turns of if22 or f 18

mounled on qn oluminum brocket ond the 5J5 socket mounts

similqr to sockets in printed circuilry. A wofer-type oclol socket

is used for the crYstol.

enameled wire close-wound on a Yz-in. form;
RFC 2 ean eithel be a commercial parasitii
choke of five turns of 522 or f 18 enameled
wire wound on a 47 ohm, 1-watt resistor. For
the antenna jack (J2 in Fig. 2) use a rninia-
ture connector jack of a coax tYPe.

Componenls sre mounied on terminol lugs. ihe 807 socket is



RECI
5U4-GA

6 / : - - . 8

136 RADIO-TV EXPENIMENTER
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POWER SUPPLY PARTS L IST
Des i0 .  Descr iF t ion
C1 12. mfd. 700 W.V.D.C. etectrolytic capacitor (Corneil Du.

b i l ie r  BRHV 712,  o r  equ iv . )
GHI 7 0r 8. hy. 200 to 250 ma. fi l ter choke (Thordarson 20C5d,

or equiv. )
Fus€ 3  amp fuse ,  w i th  ho lder
La #47 pilot lamp, with holder
PL L ine  cord ,  heavy  du ty
SWI  SPST swi tch ' (0n .0 f f  sw i tch)
Tt 1200 volt c.t. @ 200 to 260 ma. power transformer with

5  v o l t , 3  a m p ,  w i n d i n g ; 6 . 4  v o t t , 3  i m p ,  w i n d i n 0 .  ( S t a n c o r
PC--E414, or Burstein-Applebee Go., t{ansas City, speciat
#38164, or equiv.)

Rect  5U4.GA tube
Misc :2  oc ta l  sockets ,  chass is ,  mount inq  screws,  e tc .
Note: BA #38164 transforner has 350 volt tap, at I0 ma, and

5 vo l t ,  a t  2  amp. ,  w ind ings  in  secondary .  These shou id  he
left unconnected if the unit is used.

Power supply for novice tronsmi$er,

Antenno recommended for use with novice lrons-
mitter. Should be os high qnd cleor of obslocles os
possible. Solder inner conductor of coox coble to one
side of cenfer insulotor, ond ouier conductor to other
side. Tope cqble to insulotor to relieve siroin on
soldered ioints, Ground outer conductor of coble ct

the tronsmitter.

With C6 at about half scale, the indicator
lamp and the 60-watt lamp will show some
sign of output. Adjust C6 and C? until the
indicator lamp (La) glows brightest. Check
the plate of the 807; if it is red, replace CB
with a 50 mmfd. capacitor. This will increase
the drive from the 6J5 and allow the final
tube to run cool.

If available, a grid-dip meter (or an ab-
sorption frequency meter) should be used to
check the transmitter's frequency and har-
monic output at twice the crystal frequency,
and to note the keying characteristics. ii
carefully constructed. the rig will be clean.

After the transmitter has been tested. place
it in the cabinet. Before doine this. how-ever,.
driil a number of l/z-i:n. holeJ in tire rear of
the cabinet and directly above the 80? tube
location for ventilation. Then cement a piece
of thin Bakelite plastic or three or four livers
of "Salan 

Wrap" to the bottom of the cabinet
to insulate the screw heads and 6J5 socket
lugs from the cabinet's metal bottom. Secure
the unit in the cabinet with two small wood
screws on the underside which fasten into
the Masonite chassis. Cement rubber feet on
the cabinet to avoid scratching surface on
which unit stands.

The transmitter will work with most types
of popular amateur antennas. We had eood
results with the antenna r.ig shown in Fg. 5.
The ground lead of the antenna conneclion
should be connected to a good ground. Ca-
pacitors C6 and C7 are adjusted until the
indicator glows brightest. At this point the
transmitter is loaded, and with a good an-
tenna, is capable of working just a6out anv
station within range that cin Ue heard oir
either 80 or. 40 meters.

On 80 meters, the daytime range is 50-75
miles and night range is 800-900 miles with
40 to 75 watts input. On 40 meters, with the
same input, daytime range is about 200 miles.
night range is several thousand miles.

Use a 3- or 4-wire cable to connect the
transmitter to the power supply. The power
supply should be capable of delivering from
500 to 750 o at 150 ma for plate voltage, and
6.3 o at 7.2 amps filament voltage. For fixed
use, an inexpensive full-wave rectifier cir-
cuit will work. For mobile work use a dyna-
motor or heavy duty vibrapack. At b00 o,
the input will be about 50 watts; with 750 o.
about 75 watts. A power supply circuit which
will serve well is shown in Fie. 4.

Tesl lhe Unit on " tton--"Lllic surface
before putting it in the cabinet. Plug in the
plweg cable, key, and a 40- or 80-meter crys-
tal. Switch the bandswitch to the band ihe
crystal operates in. Remove the 80T and turn
on the power supply. After the tubes have
had time to warm up, key the transmitter
and listen for the oscillator signal with a
shortwave receiver. If nothing is heard,
check the oscillator wiring and try a smaller
value for C2.

If the oscillator is working, turn off the
power supply and insert the 80?. If the power
supply does not have a bleeder resistor.-short
the B-plus to ground before replacing tire 807
or handling the chassis to avoid shock. Con-
nect a 60-watt light bulb to the antenna ter-
minals and again turn on the power. place
C7 at about half scale and rotate C6 while
holding the key down.

*  i 2  C O P P E R  O R  S T R A N D E D  -
y '  ANTENNA WtRE-?SOLDER

ozI rr. rorue ron eo m 6 2 2 - F T .  L O N G  F O R  8 0 M

3 2 ; F T .  L o N G  F o R  4 0 t 1

ANY LENGTH OF73 OR T5J' l .COAX
C A B L E  ( T Y P E S  R G - I I / U  O R  R G - 5 9 / U )
T O  T R A N S M I T T E R
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principle exploins this vitol, modern processIhe simple "tontrol-impedon(e"

By C. F. ROCKEY

OT all amplification is electronic. Fun-
damentally, amplification is any process
in which a great amount of power is

controlled by a lesser amount. The throttle
valve of an automobile, through which the
full power of a several hundred hp engine is
controlled by the touch of a toe, is a crude
amplification system.

Because electronic amplification first found
wide use in radio, however, this process is
firmly linked with electronics in most peo-
pel's minds. Although technicians frequently
speak of "current amplication" or 'lvoltage

gain," the most fundamental form of amplifi-
cation is polJJer amplification:

Power Output
Power Amnlification:

Power Input

Power Output refers to the large amount of
power being controlled; Power Input, the
much smaller amount of power that does the
controlling. Often, in industrial usage, the
power input may be called the "control sig-
nal." Both quantities in the fraction may be
in ergs per second, joules per second, kilocal-
ories per second, horsepower, or other power
units, but uatts or kr,Louatts are most widely
used in electrical systems. Since both numer-
ator and denominator must be exoressed in
the same units, it is seen that power ampli-
fication is a dimensionless, "pure ratio," with-
out units in itself.

Power omplificqtion is considered most fun-
damental here because neither current nor
voltage amplification can occur without the
simultaneous occurrence of power amplifica-
tion. This is the case in the vacuum tube, the
transistor, the magnetic amplifier, and all
other true amplifying devices used today.
For instance, although a transformer can
readily step up electrical voltage, it does so
at the expense of a proportionately decreased
amount of available current, Therelore the
power available for exerting any use{ul func-

LOAD CONTROL
- OUTPUT

CURRENT ERISTIC
VARIATION

LOAD
CURRENT

tion has not been increased, and in practice
it is usually decreased slightly. Thus a trans-
former. in itself. is not an amplifier,

The basis of all amplification is control. No
amplifier generates power, it merely makes it
possible for a small amount to control a large
amount. Thus the essence of an amplifier is
what engineers call a control impe-d"ance, a
device whose ability to pass electric current
is at the direct command of a small control
signal-a relatively small electrical current or
voltage. In Fig. 1 the input control signal is
shown as an alternating voltage generator
and the supply voltage as a direct-current
source, but this is by no means always the
case. Amplifiers may be made to work with
either ac or dc signals or supply sources. All
that is needed fundamentally is an input or
control signal, a eontrol impedance, a rela-
tively large power source, and a load. The
lood (represented in Fig. 1 as a resistor)
may be an electric motor, solenoid coil, trans-
former, lighting circuit, loudspeaker, radio
transmitting antenna, heating coil, or any
other device capable of applying electrical
power to a useful function.

The high-energy source in the output cir-
cuit of an amplifier causes a steady current
to flow through the control impedance and
load, normally, even when no control signal
exists at the input terminals. When the in-
put control signal, either voltage or current
as the case may be, increases, it decreases the
opposition which the control impedance of-
fels to the flow of current from the high-
energy source, and more current flows
through it and the load. The load then con-
sumes more power, normally, in proportion
to the input signal. If the control signal de-
creases to zero, the current supplied to the
load decreases to its resting value.

Now, should the control signal reverse in

g
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distorted. In certain scientific or industrial
applications, aceurate reproduction of the in-
put signal by the output current is not nec-
essary, and more efficiency can be secured by
purposely distorting it. Then a highly curved
control characteristic is advantageous. Other
problems, such as feedback from the output
to the input of the system may sometimes
arise to complicate the designer's plans for
a successful amplifier.

The earliest, highly successful control im-
pedance applied to electrical amplification-
the device still called "the king of amplifiers"
-is the three-element vacuum tube. First
made for "wireless detection" bv Dr. Lee
DeForest in the.early 1-900's, the vaiuum tube
was the amplifier until 1947.

The triode yccuun lube consists first of all
of a bulb full of nothing; that is, an evacu-
ated envelope. Placed within this envelope
iS an electrically heated wire or metal tube
called the cathode. When heated to a red, or
higher temperature, the cathode boils off
millions of negatively charged eleetrons. Sur-
r:ounding the cathode is a spiral of wire called
the grid. Finally a (frequently) cylindrical
electrode, called the plate is mounted coax-
ially with the cathode and grid, and outward
from the latter, as shown in Fig. 4.

Vacuum tubes of myriad shapes and sizes
have been made and used since about 1908,
but the one diagrammed in Fig. 4 illustrates
the principle as well as any. The connections
of a basic triode vacuum-tube amplifier cir-
cuit are diagrammed in standard schematic
symbols in Fig. 5. For simplicity, batteries
are shown as the dc supply sources, but they
are seldom used in modern practice. Instead,
an electronic power supply, operating from
the commercial power line is most often sub-
stituted. Basic principles remain the same.

When the cathode of the vacuum tube is
heated, clouds of electrons collect about it.
When a positive potential (positive with re-
spect to the cathode) is placed upon the
plate, the negatively charged blectrons are
attracted to it, and current flows between
cathode and plate, around through the load
and plate battery and back to the cathode.
These electrons must, however, pass be-
tween the wires of the grid enroute to the
plate.

Normally, the grid is connected to a slight-
ly negative clc potential, and this causes it
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polarity, it will increase the opposition to cur-
rent flow in the load circuit, causing the load
to consume less than the resting current
value. The control signal at the input ter-
minals directly regulates the internal oppo-
sition to current flor,v by the control imped-
ance. Since the power supplied to the load
is the product of the cur-rent flowing through
it times the voltage acr-oss it, changing its
current supply directly affeets the power con-
sumed by the load. And because the load
current is a function of the input control
signal's intensity and polarity, power ampli-
fication is the result.

The confrol choroclerisl ic is a graph (or
curve, as engineers call it) relating output or
load current to input signal magnitude. Al-
though the control characteristic of tubes,
transistors, or magnetic amplifiers may be
quite irregular in practice, it is represented
in Fig. 2 as a smooth, gradually curving line.
The output current magnitude is found on
the vertical, the control signal magnitude on
the horizontal line.

To show how an engineer uses the control
characteristic to predict the behavior of a
control impedance as an amplifying device,
a hypothetical alternating-control signal is
projected in Fig. 3 upon the characteristic
curve's horizontal axis.

Note in Fig. 3 that there is a specific value
of load curreart for each instantaneous value
of control signal magnitude. Thus the output
or load current is under constant, direct con-
trol by the input signal. And, since the out-
put or load power may be large in compari-
son with the input signal (sometimes several
hundred times larger), we have true amTii-
fying action.

The exact shape of the control character-
istic may be of the utmost importance to
the engineer. For instance, where voice, tele-
vision, or music signals are being amplified,
it is essential that this curve be a nearlv
straight line. Otherwise, the output ".r.."tit
will not resemble the input signal, it will be
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THT HYBRID (OIt

One most  in te res t ing  mod i f i ca t ion  o f  the  ampl i f ie r  ex is ts .
A l though i t  i s  an  o ld  idea,  compara t ive ly  few peop le  a re
aware  o f  i t .

As  everyone knows,  te lephone s igna ls  lose  the i r  "k ick"

rap id ly  as  they  t rave l  down the  l ine .  A f te r  t ravers ing
about  30  mi les  o f  o rd inary  cab le  pa i r ,  the  vo ice  s igna ls
have been reduced to  one- thousandth  o f  the i r  o r ig ina l
strength. Thus, amplif ication becomes necessary to long-
distance telephony.

But  the  te lephone is  a  two-way dev ice .  Mrs .  Smi th  in
Boston wants both to talk and to l isten to Mrs. Brown
in  san Franc isco .  In  fac t ,  bo th  lad ies  are  o f ten  ta lk ing
at  the  same t ime,  How can we ar range a  two-way ampl i -
f ie r  tha t  w i l l  ampl i f y  the  s igna ls  equa l ly  we l l  in  bo th
d i rec t ions  w i thout  complex  swi tch ing ,  and w i thout  ge t t ing
the  s igna ls  mixed up?

The answer  l ies  in  a  spec ia l  k ind  o f  t rans former  ca l led
a hybr id  co i l  i see  F ig .  A) .  Two ident ica l ,  care fu l l y  ba l -
anced co i l s ,  the  l ine  co i l s ,  a re  connected  in  ser ies  w i th
the  two w i res  o f  the  l ine .  A  th i rd  w ind ing ,  the  ou tpu t
€o i l ,  i s  a r ranged to  coup le  i t s  magnet ic  f ie ld  equa l ly  in to
both  o f  the  l ine  co i l s .  The ou tpu t  co i l  i s  connecfed  to
the  ou tpu t  te rmina ls  o f  the  ampl i f y ing  dev ice ,  wh ich  may
be e i ther  a  vacuum- tube or  a  t rans is to r .  The inDut  te rmi -
na ls  o f  the  ampl i f ie r  a re  connected  to  the  two center -
taps  o f  the  two l ine  co i l s  (see  F ig .  B) .

The two l ine  co i l s  have smal l  res is tance,  about  tha t
o f  a  mi le  o r  two o f  l ine ,  so  the  s igna l  can  pass  th rough
them wi th  I i t t le  loss .  And s ince  the  inDut  o f  the  amDl i f ie r
is connected to the two center taps, it is effectively con-
nec ted  across  the  l ine .  Thus  the  vo ice  s igna ls  f rom e i ther
Mrs .  Brown 's  o r  Mrs .  Smi th 's  phone w i l l  be  fed  equa l ly  we l l
in to  the  ampl i f ie r .

These signals act to vary the battery current in the
outpu t  c i rcu i t  v ia  the  cont ro l  impedance.  There fore ,  a
grea t ly  en la rged rep l i ca  o f  e i ther  o r  bo th  vo ice  cur ren ts
f lows th rough the  ou tpu t  w ind ing  o f  the  hybr id  co i l .
These s t rong vo ice  cur ren ts  cause a  chang ing  magnet ic
f lux  to  pass  th rough bo th  l ine  co i l s  in  the  r igh t  d i rec t ion ,

BATT.

thus  induc ing  a  la rge  vo ice  vo l tage back  in to  the  l ine .
Th is  g rea t ly -ampl i f ied  s igna l  p ropagates  down the  l ine
in  bo th  d i rec t ions ,  g iv ing  bo th  par t ies  the  benef i t  o f  the
DOOST.

Because the  input  o f  the  ampl i f ie r  i s  connected  to  the
exac t  cen ter  o f  each o f  the  co i l s ,  and s ince  ha l f  o f  the
s igna l  i s  sen t  each way down the  l ine ,  the  ampl i f ie r ' s
ou tpu t  vo l tage is  cance l led  ou t  a t  i t s  own input  te rmina ls .
Thus ,  when th ings  are  ad jus ted  proper ly ,  the  vo ice  s igna ls
may be  ampl i f ied  many t imes w i fhout  annoy ing  "s ing ing , "

or feedback.
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to have a definite repulsive effect upon the
electrons. The control-signal voltage source
is connected in series with the grid battery
so that its variations will add to and subtract
from the negative, fixed grid voltage. Thus
the signal voltage will make the grid instan-
taneously more or less negative with respect
to the cathode. When the grid becomes less
negative, it repels the electrons less strongly,
and the cathode-plate-load current increases.
When the signal makes the grid more nega-
tive, it repels more electrons, reducing the
load current. Thus the triode vacuum tube
acts as a control impedance whose internal
opposition to load current flow is at the com-
mand of the grid voltage.

Like all practical devices, the vacuum tube
can develop "indigestion" which interferes
with its action under some circumstances. To
avoid this, more grids have been added which,
when properly connected, vastly improve its
universality. Also, vacuum tubes ranging
from pea-size (for hearing-aids and micro-
wave use) to 1O0-kilowatt giants have been
built and are in use as amplifiers on all sorts
of jobs today. They're made of metal, glass
and special cetamics. Vacuum tubes are shot
into outer space on satellites, and are operat-
ing miles beneath the surface of the ocean as

transoceanic cable amplifiers. They work.
The Tronsislor. In 1947, after countless hours

of cogitation upon solid-state physics, quan-
tum mechanics, statistical theory, and (pos-
sibly) voodoo, Drs. Bardeen and Brattain, of
the Bell Telephone Laboratories brought
forth a remarkable new control impedance
called the transistor. Unlike the vacuum tube,
the transistor makes use of conduction
through a special kind of solid substanee
called a semiconductor instead of through a
vacuum. The stuff most of the practical ones
are made of today is element No. 32, gerrno,-
nium, an element recovered as a by-product
from the combustion of certain coals.

When it's pure, germanium is an almost
perfect insulator. But when the minutest
whiff of indium, arsenic, gallium, aluminum,
or certain other elements are added, it be-
comes a semiconductor. By adding the right
stuff, in the right amount, one may make at
will ttoo difierent types of semi-conducting
germanium, either N-type, or P-type. An
N-type germanium conducts practically like
copper does, that is, by means of free elec-
trons which may move about inside the crys-
tal. The P-type, however, is missing a few
electrons which it should normally contain.
These missing electrons, called holes, can
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move around inside the crystal and conduct
eleetricity too.-^However, siirce they're i *i""-
ing .electrons," they're positively charged
partlcles and move in the opposite direction
througtr the system. But ttiey still conduct,
nevertheless.

The art of semiconductor fabrication has
advanced so far as to allow different zones of
the sonle chunk of germanium to be made
into either N- or P-type material. In fact,
su_ch technique is necessary in tti" ,;"ti;;
fabrication of a modern transistor. A modern"junction" 

transistor, the presently most com-
-mon and practical type is made of a small
bar.of germanium about /a in. long and about
L116 in. square. This little bar is divided into
three alternate zones of P- and N-type mate-
rial. The finished bar is sealed in a neat case,
for convenience and securitv.

As Figs. 6.4. and 68 show, two tvpes of
junction transistors are thus possibleipNp
and NPN, Both oper.ate upon the same basic
theory, the main difference being in the polar-
ity of the supply voltages.

-_Iundamentally, in schematic terms, an
NPN transistor is connected into its most
generally practical amplifier circuit in the
manner shown in Fig. 6C. The magnitude of
the.voltages and current shown apply to the
typical experimenter's transistor. powel
transistors are made whieh are capable of
dealing with much greater voltages ind cur-
rents when necessarv.

Connections madJ to the ends of the bar
of N-type germanium are designated the
emitter and the collector, while the thin
layer of P-type material in the center of the
bar is called the bose. In normal operation
an electron current of about one milliampere
flows from the grounded side of the supolv
battery into the emitter end of the transLior.
and up toward the base. Here, within the
transistor, it divides, about g5% of it flowine
through the entire bar and into the loal
through the collector connection. The re-
maining 5/6 fl,ows out of the base connection.
through the base resistor, and back to the
positive terminal of the battery. This is the
resting state of the circuit.

When the control signal source is ener-

gized, it_causes an alternating signal current
to flow between the base and Jmitter con-
nections of the transistor. We reeall that an
alternating current can_ flow readily through
the coupling capacitor, but that this capaciitr
acts as an open,eircuit for unvarying, dc bat_
tery current. Thus the capacitor preilents the
generator from short-circuiting lhe base re_
sistor, while allowing the ac control sienal
current to flow with relative ease.
., From one point of view, we may think of
tne base section acting somethine like a
semi-permeable wall, allowing eleJtrons to
pass through it in proportion tolhe base-emit_
ter current. When the signal source current
acts in such a direction as to add to the
steady,base current, its permeability is in_
creasecl, and more current can flow from the
emitter to the collector through the load.
On.the other hand, when the sftnal current
suDtracts lrom the battery current from base
to,emitter, base permeabillty decreases, the
colleetor-load current is forced to decrease
i_n proportion. Thus the load current is at the
direct control. of the base current from the
signal source; the transistor, like the vacuum
tube, acts as a true control imped..r"u. Arrd
since the magnitude of the baie signal cur-
rent change is always much less thai the cor_
responding load current change, transistors
are effective amplifiers.

-It_ is most important to observe here that
while the ."u^.r* tube attd iL" t*"rrJi*J
are both control impedances, and thus ampli-
fiers, they differ drastically in one importint
operational aspect, Whereas the vacuuh tube
is a voltage-controlled impedance, the tran-
sistor is a current-controlled device. Thus,
while these two devices may often do similar
jobs, they-are by no means interchangeable,
either in theory or in praetice.

Both the vacuum-tube and the transistor
have. particular_amplifying jobs to do at
wnrch each excels. At present, high_quality
vacuum tubes are relatively inexpensivi,
easy to manufacture on a mass scale uni-
formly, and operate well when the control
signal changes rapidly with time. that is. at
high frequencies. On the other hand thev are
relatively bulky, mechanically fragile," and
require e-xcessive operating powe.r in the form
ot cathode-heating requirements.

The transistor is exceedinqlv compact. oo-
erates well with a low-voltage supply source,
requires no -heating power, and laughs at
mechanical shock that would shatte, i ,rac-
gqm !rbe. But, transistors are exceedingly
difficult to manufacture to within close till
erances. Every production run includes a
high precentage of rejects which do not meet
government and c omm e r c i a I standards.
(These culls are what you and I buy for ex-
perimenter's projects today, unless we pay
over' $5 pel unit.) Furthermore. transistors
are extremely subject to quick and fatal elec-
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trieal damage if wrongly connected or al-
Iowed to become too warm. Truly effective
high-power or high-frequency transistors re-
main extremely expensive, if indeed they are
available to ordinary mortals at all, while
vacuum tubes capable of supplying hundleds
of watts at hundreds of megacycles may be
bought over the counter for a few dollars
almost anywhere.

Mognefic Amplif,ers: While the vacuum-
tube or transistor is still necessary for ampli-
fication of signals which change magnitude
appreciably in less than one-thousandth of a
second, slower signals may be effectively han-
dled by the magnettc ampltfier.

This interesting device depends for its op-
eration upon the fact that an iron-alloy core,
similar to that used in transformers, can' so
to speak, pass only a limited number of mag-

MAGNETIC
IRON CORE

C O  N T R O L
W I N D I N G
T E R  M I  N A L S
( I N P U T  C I R C U M

(OUTPUT C IRCUIT )

current in the load circuit to a small number
of amperes. In other words, the load winding
acts ai an efficient "choke coil" in the oc load
circuit, opposing the flow of current therein.

But now let us pass a small current through
the control windings. This current now adds
a second set of magnetic flux lines to those
present due to the load current. Eut, as we
have just said, the iron core can only contain
a certain maximum number of total magnetic
lines. Since an appreciable amount of the
core's magnetic capacity is now being used by
the dc control flux, the oc load current can
no longer produce as great a changing field
within the core as formerly. Since the oppos-
ing voltage induced with in the load winding
is directly proportional to its own changing
field, and this must be appreciably less than
formerly, the load winding's "choking' effect
is less, illowing more load current to flow.

Increasing the steady current further leaves
still less "space" within the core for the
changing flux about the load coil, so th-e
choking-effect of the latter is reduced still
further. Finally, we may increase the control
winding current to the point where it almost
fills. or="saturates" the ilon core. Then, even
though the oc load current is still changing
as rapldly as before, it can produce little or
no changing flux within the coil.

Thus we see that the magnetic amplifier is
really nothing but a variable choke coil,
whose current:opposing effect is at the direct
control of a small direct current in the con-
trol windings. Though relatively slow-in,re-
sponse, it is a powerful amplifier, finding
much use in multi-kilowatt applications. By
its use, thousands of horsepower involved in
the rolling-mills of a large steel plant may
be perfectly synchronized and contlolled in
an automatized steel-plate production system'

OI course, numerous improvements at'e
possible, and are frequently appiied in mag-
netic amplifier practice. By inserting a recti-
fier, or electricll "one-way valve" between
the control source and the control windings,
a magnetic amplifier may be made to amplify
low-fiequency- cc control signals. Also, a
feedback circuit by which some of the out-
put power is reapplied to the input circuit,
inav-improve the-iction and response-speed
of itre device. Where its inherent slowness
is not a disadvantage, the magnetic amplifier
is certain to find increasingly wider use, since
it is the simplest, longest-lived (praclically

immortal), most rugged high-powered am-
plifier we have available at present.

lil
t
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C O N T R O L  W I N O I N G

BASIC ARRANGEMENT OF SIMPLE MAGNETIC AMPLIFIER

netic force (flux) lines per square-inch of
cross-section area. When such a core has been
fiIIed with magnetic flux it becomes very diffi-
cult to force any more to pass through it.

The heavy alternating current to the load
is made to pass through the load winding
(see Fig 7), while a small, possibly slowly
changing unidirectional (dc) control current
passes through the control windings. - Ee-
cause the two control windings consist of the
same number of turns effectively wound in
opposite directions, the heavy load current
induces equal but opposite voltages into each
winding, which thus effectively cancel-out in
the conlrol circuit. By this means, effective
electrical isolation is maintained between con-
trol and load circuits. On the other hand, the
control currents may still magnetize the core,
and exert control action.

A more easily understood schematic dia-
gram of a simple magnetic amplifier circuit
is shown in Fig. 8. Assume that the control
resistor is of such high resistance that neg-
lieible current flows through the control
wlnding. The ac load current then flows
througli the load winding, developing-a large
and constantly changing magnetic field within
the iron core. This continually changing mag-
netic field induces an opposi,ng ac voltage
back into the turns of the load winding. This
ooposing. self-induced voltage subtracts from
the ac generator voitage, thus, reducing the
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-|HIS super-small set can-honestly-be called

I a Wrist, CIip-On, or Pend,ant Rodio,. its mi-
I nute size lends itself to these applications with-

out forcing the name upon it as is done so often
with sets that should have been Iabeled Pocket
Radios Onlg. It's one-third smaller, and TSVo

lighter, than a diminu-
tive hearing aid whose
manufacturer advertises
his unit as tiny enough
to be hidden in milady's
hair. Only slightly larger
than a book of paper
matches, it still has up
to twice the volume and
selectivity of ordinary
transistor or transistor-
diode circuits.

In spite of its tiny di-
mensions, all parts for
the set are readily avail-
able. The poiystyrene
plastic case you'll find
o n  t h e  " C o s m e t i c s "

counters of any dime
store. There also you'll
find the versatile clip
which attaches to the
case, The trade name is
"Lady Ellen Curl Clips."
Get the l-7s-in. size.

For the chassis, we
used a 177\671\5/16 in. piece of linen
impregnated Bakelite. Thin fiber or card-
board can aiso be used. Lay out and
punch the 17f6 in. hoies (Fig. 2A) with
a paper punch and pierce the /.32 in.
holes for diode and transistor with a
needle. If you use cardboard for the
chassis, dip it in shellac, remove and
allow to dry after making mounting
holes. Repeat if necessary to give the
cardboard the sti.ffness that fiber or
Bakelite has.

Insert the germanium diode and tran-
sistor "pigtail" leads into their mount-
ing holes and bend to right angles on
the underside of the chassis (Fie. 3).

This gives rigidity to circuit components without
resorting to ultra-miniature clips and sockets.

Make the battery clips from strips of brass,
copper or tinplate as in Fig. 28. To hold the
brass cap end of the battery securely, dent or
dimple one of the clips with a Ye-in.flat punch, or

WRIST RADIO

Lell, the versctile curl clip is lostenEd to the
cqse with screw qnd wqsher. Holes in end
oI cqse qre lor phone clips cnd qnlennc coil.
Above, underside ol chsssis. Virtuolly cll
wiring is done with pigtcil lecds ol circuit

componenta.

SATTER' CUPS
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SCHE[4AIIC

MATERIALS L IST-WRIST RADIO

No.  Descr ip t ion
I Plastic uti l i ty box, 2/e x Lya x T8 in.
1  Genera l  purpose d iode ( IN34,  1N66,  IN48,  o r  1N65)
I  T rans is to r  (C l ( -722,  RR-38 0r  2N107)
L  Fer r i te  an tenna c0 i l  (M i l le r ,  S tanwyck ,  Grayburne,  e tc . )
I Ceramic fixed capacitor (120 mmf. to tune 1590-860 kc.;

220 mmt. to tune EE0-550 kc.)
L  Pa i r  s tandard  maonet ic  headphones,  o r  min ia tu re  earphone (0 .C.

res is tance sh0u ld  be  2000 ohms nr in imum)
I  Min ia tu re  l lash l igh t  ba t te ry  (Ray-0-Vac #7L6 o t  any  o the f

s ize  "N"  L /2  v .  ce l l .  l f  mercu fy  type  ce l l  shou ld .be  used.  no te
t ta t  cap  is  n r i rus .  no t  p lus  as  w i th  re0u l l r  l ra t te f res)

3 Tube pin c0ntacts salya(,ed from octal wafer socket
5 2-56 x l,/s in. brass machine screws and nuts
I  4 -40  nu t  o r  4 -40  knob fo r  tuner  sc rew
]  Smal l  a l l iqa t0r  c l ip  (0 r  " f r i c t iona l "  paper  c l ip )
I  3  f t .  lenu th  l i0h t .  f lex ib le  h00k-up w i re
1 "Lady Ellen" curl cl ip,7z/a" size

machine screw. To prevent the smooth, zinc shell
end of the battery from sliding out of position,
pierce the other clip with a prick punch or nai1.

Fasten the battery clips to the chassis with 2-56
machine screws and nuts not more than Ys irr
Iong and the phone clips with 2-56 screws.

The set uses either standard-size or hearing-
aid-size magnetic phones. Standard-size phones

have cords fitted with tips, but with the minia-
ture phone you'll have to add them. To do this,

carefully remove about 1A in. of the insulation
from the cord to expose its tinsel conductors.
Then place a common pin parallel with the tin-

sel conductors, and bind pin and tinsel together

with a single strand of ordinary stranded fixture

wire, snip off the protruding end of the pin and
solder.

Suppose you use standard-size phones-then

what about the jacks we used? We1l, these are
nothing more than the pin clips used in cheap

octal wafer tube sockets. A 5y' socket yields 8

of them if you don't have an old socket from

which you can salvage the 3 used in this project.

If your standard-size phone tips don't fit, simply

compress the clips with a pliers until they do.

Except for the coil connections, wire all com-
ponents on the underside of the chassis with the

transistor and diode pigtail leads (Fig. 3); sep-

arate hook-up wire is not required. When
soldering to the screw terminal points, use a
thumbnail-size wad of wet cleansing tissue
pressed over the pigtail lead so that heat is not

DtODI

Set wifh cqse open. Il meqsures only 2Vaxls/ax1/B '8,

transmitted up into the diode or transistor. Just
as soon as the solder sets, move the wad over
the hot connection so that it will cool rapidly.
This protects transistor and diode from damage.
Electrical connections are shown in Fig. 4;
physical connections, in Fig. 5.

In order to provide the most efficient match
between the high-impedance resonant circuit of
coil and capacitor and the iow-impedance diode
detector-which, in turn, feeds into the low im-
pedance transistor-the ferrite slug-tuned an-
tenna coil is tapped 16 turns from the outside
end of the winding. Using the coil shown in

Fig. 3, which has a progressive type winding,
you needn't count off turns; just unwind 21

inches of wire. This is equal to 16 turns. Care-

fullg scrape off the cotton insuiation and form

a small loop, then rewind the coil wire as closely
as possible into its originai space and pie-layer

arrangement and reconnect the end of the coil

to the terrninal lug, No great harm will result,

CARACITOft

ffi+iffi illi;ii

ffi
ffi

ff#;
PHONI  CLIPS;
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however, if you "scramble wind" the turns back
on the eoil form.

With two short lengths of light stranded, plas-
tic-covered hook-up wire, connect one coil lug
and the tap to chassis components. With a third
length, connect the inside coil lug to another
octal socket clip. This is the antenna connec-
tion. A 3 ft. length of wire fitted with a small
alligator clip and brass weatherstrip nail or
phone tip attaches to it. Removed from the set
when not in use, this type of antenna eliminates
dangling wires.

A fixed ceramic capacitor connected across
the coil lugs completes the wiring. Its value will
depend upon stations operating in your area. If
stations tune in between 1590 and 880 kc., the
value of the capacitor should be about 120 mmf.
To tune from 880 kc. to the top of the dial, 550
kc., use 220 mmf. Solder a 4-40 brass nut to the
end of the threaded coil slug, or a small bakelite
knob with a 4-40 lock nut, to turn the coil's
tuning slug in and out.'When 

testing the set before installing in its
case, attach the alligator clip to the finger stop
or metal box of your telephone. If wiring is cor-
rect, and the correct size capacitor for your area
is across the coil, you may find that powerful
local stations are so loud that the earphone is
overloaded and reception distorted. If this hap-
pens, remove the alligator clip from the phone.
The volume will still be loud, but the set will
be free of distortion-and quite selective.

Try the antenna clip on metal lamp bases,
screens, bedsprings, etc., but you will probably
find you can let it hang free and still get good
reception.

With the set tested, it's ready for mounting in
the case. Drill two r/s-in. holes for the phone
clips and a r'1'y6-in. hole for mounting the tuning
coil (Fig. 1). Drill a1//ts-in. hole in the back of
the case for securing the curl clip and slip a
iia-in. dia. washer over a 2-56 screw and clamp
the clip between washer and case. The chassis
with its wiring friction-fits in the case.

The antenna lead passes through a niche filed
between case lid and cover. (Fig. 6.) When not
in use, it's tucked inside. Since the case is
transparent, a snapshot, colorful floral print or
decal can be inserted under the lid when the
set is used as a Pendant Radio. There is a Ye-in.
hole in the curl clip to which either a ribbon or
chain may be attached. As a Wrist Radio, a
plain leather strap is all that is required-the
set clips to the strap-and as a Clip-On Radio,
it clips to tie, shirt pocket, belt.

We've obtained fair results with an aluminum-
foillined hat as a walking antenna, receiving 50
kw. stations located 20 airline miles away. For
so tiny a receiver, mobility is asking a lot, but
in many areas this stunt is possible. Note that
no ground connection is required for normal re-
ception. In remote areas, of course, a ground
may be connected to the battery's minus ter-
minal.-Tnouas A. Br,ercnlno,

I don't obiecl lo your doing-it-yours€lt-but I do drqw tbe line at growing Yout owl
needles!



Code Praclico 0scillators
Ihe ortitle destribes fwo code prottice oscil'

lofor kits thot ore eosy lo build, instrucfive,

ond inexpensive

ODE practice oscillators are
compalativelY simPle elec-
tronic devices' The simPlest

use only a single transistor or

tube. The outPut is an audible
tone, genet'all1. between 400 and
2,000 ciycles per second, which the

user can hear in an earPhone'
The LafaYette KT-72 kit is

available for $2.99 from Lafayette
Radio. 165-08 LibertY Avenue, Ja-

maica 33. New Yolk. It comes

complete with keY, but the head-

nhone must be bought seParatelY'
hhu t<ttigttt 83Y239 kit is available
from Allied Radio, 100 N. Western
At"rr,ru. Chicago 80. Iilinois. for

$3.95. The keY and the headPhone
aru not included in the kit  and

cost $3.33 more'--itt"o"y. 
A small signal voltage at the input

to the base of the first transistor shown rn

i.ie. t*ill produce a larger sign-a-l at the sec-

ond transistor (TR2) output '-  Now e\ ' ,en rr

there's no signal at the input ot the ampll i tel"

there's still a very small signal- at the flr'st

iransistot collector made up of noise gen-

;;;1;e within the tlansistor and the circuit

;;;;;";;6. This noise is amPlified bY the

second transistor.-'ii; 
*"t" t" feed the output of this ampli-

fiel back to its input (thlough a resistance

to keep the low-impedance input lrom pat '-

ii"ffv lftoiti"g ihe higher impedance output) '

this noise would pass through the ampllner-'

It would again appeai- at the output-amplt-

fied this time-and it would continue to re-

;it""i;; in this way until it r'vas prevented

il;T;;;ifu anv-louder bY the.value of
lutt;ty voltafe and the par:ts values em-
oloved in the cilcuit.^ 

Oia t intentionally use two tlansistors to

illustrate this? Yes. The transistor cilcuit

"o"fldt"tio" used in the circuit of Fig' 2 is

"uii"i u commoll emittel circuit because one

;;t;; terminal and one input terminal (in-

;i;;i;e uv ttt" ground svmbol) a'e connected

ir"irr" "*iti"t." rn. amplifier: in Fig' 2 con-

sists of two cascaded common emitter con-

nected transistors.

f i : f ; ! l l S

t : : :n , . , iS : . r * i

d : i  
] | : : j : ' l i ] i a r ] : j : : : : | . ' . ' . ]

fhe lofoyette Tronsistor Code Proctice Kil compleled'

*J
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The common emitter circuit configuration
is more popular than the common collector
and the common base circuits shown in Figs.
3A and 38 because the common emitter cir-
cuit has greater power gain and because onlv
one battery power supply is required to op'_
erate it. But the common emitter circuit in-
verts the_signal (see Fig. 2). Thus, if we fed
some of the output of a single transistor back
to its input, the signal would subtract and
cancel the.tendency to oscillate. This type of
reeooacK ts descnbed as degenerative.

However, if two of these tiansistor stases
are cascaded, the signal will be inverted" a
second time, and when a portion of the out_
put is fed to. the. input o[ tl-ris two-stage am_
plrh€r, the signals are in phase. This results
in the build-up required for oscillation.
. If a resonating circuit consisting of an in-

ductance (a pair of headphones inlhe case of
this code practice oscillitor) and a suitable
capacitance ac voltage divider combination
lor feedback is provided, one transistor will
produce oscillations. In this case the LC (in_
ductance and capacitor) combination tends
to oscillate -at a given frequency depending
on the product of their values. But-the inl
ternal dc resistance of the headphone wind-
ings- dissipates energy, and the combination
needs a reculr ing kick of energy-from some_
where-{or continued oscillation.

A single transistor can furnish the kick.
This typ-e of oscillator is generally known
as _a Colpitts oscillator, and this circuit is
yfilizSp in the Lafayette KT-72 code practice
kit .  The circuit  is shown in Fie. 4.

The osciliator circuit of the Knight kit also
utilizes a resonant LC circuit, but i-n this case
feedback is introduced with " t.u"rf*-"..
The circuit is shown in Fie. 5.
_ The instruci ions which come with the La-
fayette code practice oscillator kit include a
step-by-step wiring sequence. Many of the
connections are made without any soldering
and rely instead on screws and nuts ant
Fahnestock clips.
- The components are mounted on a per-
forated Masonite board before anv wir ins is
attempted. The shaft for the volume conlrol
must be cut to about 3/s-in. length before it
is inserted in the volume control. The 50-K
volume control is connected as a rheostai
(only two terminals are used) instead of as a
potentiometer (where three terminals would
be used) .

The K_night transistor code practice oscilla-
lgt kil fits in a compact Bakelite case lsla x
2t/ex4 in. with an aluminum front panel. I t
operates- from a single 172-v penl i te cel l .  Ter-
mrnals for connecting key and headphones
are provided on the front panel.

The parts in both kits are covered bv a
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EXTENDING CODE PRACTICE OSCILLATOR UTILITY

t47

A CONNECTING 2 KEYS
AND PHONES

,. i.,\' .#

KTY

sm$

Fig. 68. This kind of operation is a lo-t oi fun
a.rd it will help you and your friends learn
the code faster.

In comparing the two kits, I find it difficult
to recommend one over the other. The Knight
Kit is simpler to construct and can be built
in less time. It is housed in a very attractivo
functional package. The Lafayette 5it, on
the other hand, ii less expensive and it in-
cludes the key.-F.H.F.

Soldering "Pen" Absorbs Heol
r Soldering iron heat can ruin transistors
and other imall electronic parts, unless you
use a heat sink. Pliers are often too bulky
and heavy for the job, especially in the cor-
ners of chassis wiring, or working on minia-

E,,;l.l.,,,' ' l l 
'

Front-ponel view of the Knight Trqnsistorized Code
Prqctice Kit.

standard RETMA 90-day warranty. Any,de-
fective parts will be replaced within 90 days
provided the damage was not due to care-
i""".r"r" or abuse. Each of the suppliers will

iroubleshoot your kit for a nominal cost if

vou can't mak" it work yourself, br'rt the

.hun"" that you'll have trouble with either is

verv small.
Almost any kind of magnetic headphones

of 1.000 ohms or greater impedance may be

used with either oscillator. Lafayette recom-

mends a single headphone which may be-or-
dered from ih"* ". AM-15-1 at $1.18. Allied

recommends a unit which sells for $1'08
(59Y112, their catalog numb-er). The-k^ey for

the Knight Kit may be Allied's ?6 PO53 at

$2.25 or Lafayette's MS-309 at $1.25.' 
If vou wish to use either code practice os-

cillator with another person' another key and
headset may be added as shown in Fig.-6l\' If
you wish to get as many as four people into
the circuit. connect the keys rn parallel ano

the headphones in series-parallel as shown in

turized cilcuits. Remove the ink eartridge
from an old ball point pen, and saw off the
tip about '/z-in. ft'orn the end. Then heat the
back end oi a Mueller #88 test clip and force
it into the pen han<ile. A drop of cement com-
pletes this handy tool.

Drqftsmqn's TdPe Holds Tight
o Draftsman's tape makes an excellent "third

hand" to hold electronic components together
during assembly or soldering.' Due to its high

insulalion, the tape can be left on permanent-

ly' or can be peeled ou ""t3;. 
A. McRo'rnrs
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Adqpter Unit Checks Tubes
With Your Multimeter

n

This.adapter unit enabfes you
to check tubes with your volt-
ohmmeter, makes a'f ine f i la-
men+ source for experimental
setups, and provides mult i-ac
f  a p s  f  o r  m e a s u r e m e n t  a n d

calibration work

Figure 2A shows the filament
continuity test in schematic form,
If a neon tube is connected to an
a p p r o p r i a t e _  v o l t a g e  s o u r c e ,
t],rrough a tube filament, it wili
glow brightly. If the filament is
open, the neon tube will stay dark.
Simi_larly, if any of the elements

Adcpter unit ot left obove (ond below) used wirh
volt-ohmmeter for checking fubes.

By TOM JASKI

THp most common and one of the simplest
I lylq tests which ca.n give reasonably re-. lraole rnrormatlon about a vacuum tube is

the emission test. Together with tests for con-
tinuity of the filament, shorts and opens of
the elements, these are the tests that are made
when you take your tube to a service shon
for a free tube test, and these are also thL
tests which you perform on do-it-yourself
tube testers. With the unit described here
and with your volt-ohmmeter you can make
these tests yourself.

are shorted, and the neoniube ir-";;;;;i;;
thlough both of them to its source, it will
glow again brightly (Fig. 2B). UJ"lly ;;
are interested in shorts to cathode. beiause
they are the most commonly fo"rrd'.fiori, i,
tubes.

.Wlen a tube is in good condition, the cath-
ode is capable of emitting all the electrons
which can be demanded by plate and grid
voltages. Actually, the catirode can deli"ver
many .more electrons, but there is a finite
lrmrt, the saturation current. When a vacuum_
t_ube cathode starts to deteriorate, the first in-
dication is a drop in saturation current. Thus
by testing what the saturation current is. we
can pretty well determine the condition of
the tube. We do this by tying the cathode
to ground, heating the filament normally, and
applying an ac voltage to all tJre other'ele_
ments together. Then we measure the current
through the tube, this is the emission test.
(See Fig. 3.) Since this measured emission
cunent is the total of that received bv all of
the elements, when we remove orr" o-f th"-
from the circuit, there will be a sllght drop in
cuuent. Not much, but enough 1o be per-
ceptible and enough to indicate whether-the
element in question is open. The recom-
mended mari,mum time to take a reading is
three seconds.

Multimefer R.equirenents. The schematic is
shown in Fig. 4. The transformer for the
adapter unit is a tube checker transformer
with many voltages tapped off. The tapped
voltages are supplied to jacks. There are- hve
jacks to a _red lead; these supply ac to the
elements of the tube under test. There are
three black pin-jacks; these are grounded.
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One of these must be used for one side of the
filament, one for the cathode and one is a
spare in case you want to ground the sup-
pressor grid also. There are two jacks for the
meter, one red for the positive prod, one
black for the negative meter prod. The neon
tube circuit was shown in Fig. 2. Each lead
of the group of nine flexible black leads with
phone tips on the ends is connected to a num-
bered pin on the tube test socket S. Lead one
connects to all the ff1 pins, lead two to all
the S2 pins, etc. These are plugged into the
appropriate jacks when you are using the
uhit.

The meter must have at least a 100 rno scale
and preferably a higher one. If your mul-
timeter does not have a scale as high as 100
rna, make a shunt to use with whatever scales
you have. If you have only an ordinary 1- rno
meter, you can use this provided you make
a shunt for it which has a resistance of Yqgth
of the meter internal resistance, for the 100
rn& range, or %gsth for the 200 ma range. The
reason your meter needs these high ranges is
that the saturation current of cathodes is con-
siderable. in some cases over 200 ma. (In
regular emission tube checkers, this is com-

lyPe

5U40
5Y3
5Y/t
tzg

6AG5
5AH6
6AK'
6Al5
6AO5
6AU6
63A6
6BC'
6C4
6t5
616
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TABTE A

EMISSION CURRENT AND TE5I VOTIAGE OF
REPRESENTATIVE TUBE5

Fcr other tuber, reler lo tub€ mcnuol. Similority fo. smittion

tert  G.n be ludged from mqximum dissipot ion, moxlmum plole

Gurrenl ond vohoge cr mor. Gothode currenl.

(For duol tube', the figurer refer lo eoch tection tePqrotely

with the other section snconnected.)

g
E MI  SSION TEST

A N D  T E S T  F O R
O P E N  E L E M E N T S

pensated for by a dc voltage circuit which
counteracts the deflection of the meter.)

Plug in the adapter unit, but do not yet
turn it on. Find the base connections of the
tube you wish to check from a tube manual.
(Electronic supply stores have good tube
manuals available for from 25C to 75C.) Plug
one of the filament terminals into a black pin-
jack, the other into the appropriate voltage
jack. For split filament tubes, use the entire
filament. For example a 12AX? can be used
on 6.3 and L2.6 u, but in this case you would
use the 12.6-o tap and apply it to either pin

f4 or pin f,5, rvith the other one connected
to the ground jack. Next, determine what the
cathode is. On 7-pin miniature tubes, for ex-

F I L A M E N T
C O N T I N U I T Y

(l-,-'-t-
tlr-.-):'-

SHORTS TEST  BLACK
(SHOW\ FOR SHORTS

TO CATHODE}

RED PIN JACKS
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SK
2

in Fig. 1; internal construction in
Fig. 5. The flexible leads are an-
chored on the tie-point strips, so
thev won't pull out. You 

-could,

soJdel thern di lect ly to one of
the tu,be sockets. but then they
must be made lonser. There ii
nothing critical about the layout,
just make sure the leads are long
enough to leach al l  of the jacksl
A bayonet type socket is included
for testing pilot lamps. If you ex-
pect to check other types of tubes,
with different bases. there is noth-
ing to keep you from including as
many different kinds as are avail-
able-simply use a larger box.

The shorts and filament conti-
nuity tests have not been dis-
cussed in detail, but once you
know how to set up a tube for the
emission check. it is obvious from
Figs. 2A and B what must be

S K
I

<< LD-

r a
i l o  t q

+{ \P
S I

(  S L I D E )

t ^ ^
,V l?  /  r . ^  - -  op l oNAL  pusH  -
L E A U  q / ' l  

R r  B U T T O N  H E R E

{ ron [- ,
+  (RED)  I  zw l ie racr ) -

J 20 Ct O..r rg
F L E X I B L E  L E A D
F O R  G R I D  C A P

S C H E M A T I C

[ 4 E T E R

USE IOO IVA SCALE
A N D  I  A I V P  S C A L E

ample, it will usually be either pin #2 or #7.
Plug it into a black pin-jack. IT the suppres-
sor grid is internally tied to the caihode.
ignore i ts pin # lead. I f  i t  isn't ,  plug i t  into
a reo JacK.

Norv plug all the remaining element leads
which are appropriate into red jacks. Of
course on a 7-pin tube you will have two un-
used leads. If a tube socket has no connection
to, say, pin $6, this lead will not be used.
Hang the leads away from the box, in case
there is an internal connection in thc tube.

Insert the meter prods, and make sure the
meter is at least on the 700-ma range. Ob-
serve meter poiari ty. (Note that so far we
have done nothing with the red lead which
supplied oc to the red jacks.) Turn the unit
on, and let the tube warm up for about a
minute. Then select the proper ac voltage
and plug in the red tip to that particul"ar
jack. In table A, a representative group o[
tube types are listed, together with the ;olt-
age which should be used to test them and the
current the meter should read for a good
tube. Tubes which belong to the same tamitv
can be found in your tu6e manual. For ex-
ample a 12AY7 is tested with the same volt-
ages as a 724U7, draws a bit more current.
_ As soon as you plug in the red lead, read

the meter and unplug it again. Don't leave
the red lead connected any longer than neces-
sary._ If _yo_u don't want to plug and unplug a
hot lead, build in a normally open 

-"te;t"

pusllbutton so that this lead can 6e plugged
in ahead of time and pushed on as needed.

If the tube reads the approximate current
listed, in Table A, or a value you calculate
must be about right from similaf tube listings,
it passes the emission test. If it reads onlv
60% of these values, the tube is doubtfui.
If it reads only 50/6, reject the tube.

Consiruclion, Front paneJ. layout is shown

done for the others. Simply plug in the ap-
propriate leads, one at a time on the shorts
test. Don't be alarmed if the neon tube glows
siightly when you test the cathode to fila-
ment short (which is done by simply plug-
ging the cathode lead in the "short" jack).
There is always some leakage between cath-
ode_ and filament, and only if the tube lights
up brightly should the tube be rejected. 

-

S K
3

J 5

J 3

J 2

5  R E D  J A C K S

3 l t
2
I

1

M A T E R I A L S  L I S T _ A D A P T E R  U N I T
No.  Req 'd  Descr ip t ion

I transformer (T1) Stancor P-1834.3-tube checker trans-
fo f lner  (o r  equ iva len t )

I  oc ta l  socket
I  7 .p in  min ia tu re  socket
1  9"p in  min ia tu re  socket

2L  phone. t ip  jacks
10 phone t ips

res is to r ,  (R l )  10  ohms,  2  wat ts
res is to r .  (R2)  10 ,000 ohms,  7 ,  wat t
pilot lamp socket, bayonet tyfe-
NE2 neon lamp
DPST s l ide  swi tch  (51)
g f rp -cap c0nnect0r
extra flexible test lead
5-po in t  t ie -po in t  s t r ips
3 x 4 x 6 , t  b o x
hardware, wire and solder, decals
pushbutton switch for "Test" (optional)

, r 86 t  , t  n r  r i - l ! 0

Under-chossis view of odopter unit.

E

.-j-./€)Js
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How one slring and on eorPhone
m.rke music for You

t 5 t

\ / ELLOW. rich and vibrant
f\/l "tu the tones Produced bY
I Y I this experimental unit. It
can be built in an evening, and
will play notes ranging through
1Yz octaves.

Ordinarily, the magnets in an
earphone cause the diaPhragm to
vibrate, making sound. This in-
strument uses fhe same PrinciPle
in reverse: when the steel string
(Fig. 1) vibrates, voltage induced
iir [he'coils produces a musicalin the corls procluces a muslcar
tone when fed through an amPli-
fier, You can pluq the unit intofier. You can plug the unit into

PHONO CABLE 
\

R H  W O O D

,
S C R E W

BEND ROLLER
SHADE BRACKET

# leo  te*

METAL STRIP
IMBEDDED IN SLOT

onu-r-d'
HOLEWING

NUT
I
t

STEEL GUITAR
STRING E( IST) .OR

0ne-string Electric Guitar

EY ART TRAUFFTR

SOLDER ONE LEAD TO OUTSIDE PHONO CEMENT PHONE TO WOOD

SHELL OF PHONO PLUG PIN PLUG

LAMP CORD OR SHIELDED

the phono jack of a radio, TV set,
phono amplifier or tape recorder,
and when you move the sliding

lllf tlk']l tli"n'fll"it t|; , ''';'; r' ,'':,.'',., , ,fu.�f '-"-,',i"i*,.i1i,fi
string' 

a piece of straight 1 x 2-in. Efit '' ' ' e**-t4t;iitittdr+ltt

lumber about 28-in. long. Sand it Connect the one srring electric guitor to lhe phono plug of your

perfectly smooth (the block must omplifier, rodio. TV set, or lope recorder. Be sure lhqt your set

"lid" "."ily), and ihen give it two is properly grounded for sofety.

coats of varnish or shellac. About
ii;. f*; each end center the lr/+-in.long rh supplied with a loop or factory mad-e c-ollar

wood screws. These screws allow for height at one end. Fasten this to one end ot the

.ai"rt*""t .nd their slots support the strtg board, *iq th^" nail and washer assembly

above the board. shown in Fig. 2.
you can use either a "IJ" or "E" steel The tie polt which holds the other end of

"tri"e. Obtainable in any music store, these the string 
-is 

m-ade of a roller rn'indow shade

;;;G; ";; ili; il; nignuit pitched strings on mounting.bracket. Drill the center hole out

" rt"-"a"ta 6-string giitar. 
-Usually 

they are to Ya in., bend the bracket as in Fig. 2, and

HEAD BOLT
J o u
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M A T E R I A L S  L I S T - . , O N E . S T R I N G  E L E C T R O N I C  G U t T A R , ,
Amt .  Descr iF t ron

cuts the lines of force between the poles and
induces a small  e.m.f.  (electromoti ie i ; ; t
in the coi ls. This c.m.f.  is ampli t ieci bv an
audio ampli f ier. or by the audio .e"t io""of a
radio or TV, and then rcproduced by a ioud_
speaker. -The tone you hear depends on the
rate of vibration of the string. A 1000 c.p.s.
tone means that the string is- vibratine 1b00
times per second. The amplitude of thE tone
depends on the strength of tt " "irirre; ,it.*
tion, the gain of the audio amplifier. and on
the spacing between the stiing ind the
magnets.

i ilz; :i::, li'.X.iil,;"'o
i i':,:'),'Ytrn'r"iJ 3;,n,? r/4" xS itr 'w'ood irews
2 Vc', x 5 rh wood screws
l t/a-20 wing-nul
I  Y4x20x I , ,  b rass  bo l t ,  hex .head
r  ro t te r .shade brack€t
I  1 , ,  f in ish inq  na i l ,  o r  fh  na i l
I 36,f dia. washer
I hjgi-impeda.nce magnetic earphone (1.000-2,00O ohm, higher

9 ft i'l#;trt tilt:Ttt#,).,oro ,nono or mike cabre
r  phono D in  l luo
I Gibson steel q-uitar string (E or B)

mount it on the end of the board with two
s/a,-in. rh wood screws. Now drill a %a-in. hole
for the string through the head of a t/4-20 x
l-in. hex-head screw.' 

The pickup is made of a discarded ear-
plgne 9f high impedance, between 1,000 and
2,000 ohms dc resistance, and with magnet
coils in good working condition. Remove the
outsidS screw cap and the metal diaphragm
disc. Then cement, or screw the phone oito
the wood board about S-in. from one end. If
your earphone has cord terminals on the back
side, you may have to cut grooves in the
board for the cord. This connecting cord can
be made of ordinary lamp cord, witf, a phono-
pin plug soldered at one end. However. if
you find later that there is objectionable hum
pickup, you may have to substitute shielded
phono or mike cable.

^. Y.\u the sliding wood block 1 in. wide by
3/a in. high and about 2 in. lone. With a thin-
bladed hacksaw, cut the sloiin the top to
accept a thin strip of sheet metal.

Stretch the strings over the heads of the
supporting screws, thread the end throush
the hole and twist the end securely. Turn ti-re
wing -nut slowly until the string is taut
enough to produce a medium pitch. For best
results-the space between the string and the
tops of the magnets should be as-small as
possible, but not so the string hits the ohone
when it is plucked. Plug thJ phono tip into
the jack of your hi-fi amplifiei, a radib, TV
or recorder. The instrument is now readv
to play.

Safety note. In most types of ac-dc radios
(having no power transformer), the chassis
is hot and hence, if the power is not polarized,
the string of the instrument could also be"hot," and serious electrical shock could r.e-
sult. Be cautious about using this instrument
on, or near damp floors, or near radiators.
etc., and if in doubt, have your phono inoui
jacks checked for safety by a radio r"rufo"-
man.

How lt Works. In theory, this one-string"guitar" works like a musician's electric
guitar with magnetic pickup. When the
steel guitar string vibrates in the magnetic
field of the earphone pole pieces, the itring

Qlomp Holds Wire for Soldering
o -When tinning the tips of electric wires and
;oldpring on lugs, use a large paper clamp to
nold the wire still and keep it from rollins
while you touch the iron and solder to 

-ihE

wire's tip.-JoHN A. Cousrocr<.

Dri l l ing Chossis Hotes
r  W h e n  d r i l l i n e
holes in the meta]
chassis of electron-
ics gear, there's a
good possibility that
some of the metal
chips will fall be-
tween contact points
on the underside of
t h e  e h a s s i s  a n d
cause a short cir-

SOTUTION TO
ETECTRON

TUBE
ANAGRAM
Poge I30

cuit. .To prevent this, apply a wide strip of
masking tape to the underside of chassis
where the drill will come through, to catch
and,hold the chips. Once the hoju'h". b"""
onlted, remove the tape, being especiallv
careful not to spill the meial chip's.

l
I

I
(
I
(
t
(
t
t

c
p
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The fo r - f lung  connect ions  mode by  the
connectors  in  the  fo reground o f  the
photo  o t  r igh t  o re  o l l  b rought  in to  one
p lane fo r  eosy  hond l ing  in  the  po tch-
pone l .  A  po tch  p lug  ond pc tch  cord
ore  shown p lugged in  fo  connect  in -
puts of one unil io outpuls of others,
On the chossis, lettering stonds for:
R ond [ ,  s te reo  heod;  H l  ond tO M-AG. ,
AUX,  TAPE lN,  MlC. ,  ond TUNER,  te r -
minolions found on reor ponel of o
DB-l l0 omplif ier; AM ond Fii l ore
tuner  ou tpu ts ,  os  i s  RECORDER OUT;
RECORD PICKUP iock  connects  ro  mon.
ouro l  d isc  heod;  AUXI I IARY AMPLl .
F IER,  H l  qnd [O re fe r  to  inpurs  o f  o
second ampl i f ie r  fo r  s te reo ;  AUDIO lN-
PUT FROM ond AUDIO OUTPUT TO
refer lo color coding rhor simplif ies

mok ing  connect ions .

J-ASY to wire in an evening, this audio
I patch panel wi i l  enable you to set up
l- practically any combination of audio
components without delay, and without
fumbling for matched cords and connectors.

For many years, audio engineers have used
patchboards to quickly connect combinations
of equipment in broadcast stations, recording
studios, and theatres. These panels offer not
only convenience, but a complete variety of
possible combinations. But the broadcaster
has a great advantage over the hi-fi enthusiast
in that most of his lines are low impedance
and thus less vulnerable to screaming or hum.

This article describes an easily assembled
high-impedance patch panel that will greatly
facilitate the connection changes required for
straight play-back of records, dubbing discs
onto tapes, or any other connection it might
be desirable to make. With it. all innuts be-
come accessible in one location, eliminating
the need to pull amplifiers off shelves or out
of cabinets to get access to lear or underside
ter:minals. It also sirnplifies the adapter fitting
problem that plagues most audiophiles be-
cause all changes are made with RCA type
plugs.

BADIO,TV EXPERIMENTER

Audio Patch-Pattel
Build this $10 version of o broodtost stotion
pofchboord to brooden the use of your hi-fi

componenls
BY DOI{ SCHROEDER

Cons l ruc t ion .  The pa tch  pane l  shown in
Fig. 1 was designed for use with a Bogen
DB-110 amplifier. It therefore includes all
those jacks that are present on the back of
that model amplifier. It will probably be
necessary to change these to suit your partic-
ular amplifier. The important thing to bear in

Inierior wiring is not diff iculr ond is further simplif ied
by  the  use  o f  doub le  jocks .  A l l  sh ie lds  o re  g rounded
in  the  bsx  bu i  on ly  one is  g rounded o t  fhe  p lugs
go ing  lo  qny  one un i f ,  io  ovo id  g round loops  ond
hum. Two poirs of jocks ore connecled together oi
the right. These toke core of the tuners which usuolly

come equipped with on output cord.
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fwo plugs ore soldered together to mcke the potch
cord (left), the inner connectors being ioined wirh
shielded wire. Note rhot only rhe righr plug connects
fo rhe shield on the poich cord, the other end being
insulated with tope to prevent ground loops. At right,

potch plug.

mind is to keep those combinations most like-
ly to be in constant use above and below each
other, For instance, the magnetic input will
most often be connected to the masnetic
cartridge. Therelore those jacks rep."s"nti.tg
magnetic input and magnetic cartridge should
be vertically aligned. The same is true of a
tape input and a tape output.

Double jacks are used to keep hole drilling
to a minimum, two less mounting screws be-
ing necessary. Handi-Grip plugs were used
on the patch cords to make plugging easier.
Several of these plugs were soldered directly
together to providd easy vertical patching.

Betwegn patch and interconnecting cords a
considerable amount of shielded wire strin-
ping is required. For this I usually use a dull
knife, a scriber, soldering aid, or nut pick, and
a pair of scissors. Cut a ring around the outer
jacket about 1 in. from the end and pull the
piece of jacket off the wire. Now unravel the
shield, pull the strands to one side, and twist
them together. Where no termination is to be
made to the shield, fan the wires and cut them
off. lhen wrap with two turns of any kind of
tape.'With as iittle pressure as possible cut a
circle in the inner plastic insulation-no
closer than 126 in. to the earlier cut-and pull
the plastic off the end. It is now possible to
unravel the protective threads. Bend the
inner wires to one side. Then, gripping all
the threads, cut them ofl at the plastic.

Often in the course of soldering, an excess
of heat melts the plastic insulation. Skill is
the most effective means of avoiding this but
a clean, thoroughly tinned and heated solder-
ing iron is a great help. If you use a soldering

MATERIALS L IST_PATCH PANEL
Descr io t ion

Hardi-Grip pin plugs, solder type BA +f12A904. Mfg.
by Workman TV

Doub le  p in  jack .  BA #12A576,  MfO.  by  H.  H.  Smi th ,
nl2L4

miirophone cable, Belden 841I, BA #2AI02
gray afuminum box, I x 3 x23/+il, 8A F20A50t, LMB

tI37
binder head screws and nuts 6-32xWt, BA #198863

and 19A1014
conneclors to match inputs and outputs of existin0

components in system.
Suppliers parts nunbers aboye are for Burstein.Apple-

bee, 1012 McGee St., Kansas City, Mo,

gun, trigger it and allow it to get hot enough
to melt solder before touching it to the wire.
Sirnultaneously touching tip, wire, and solder
together allows the rosin to run on the wire,
giving maximum flux when it is needed. High
heat, rapidly applied and quickly removed,
does far less damage than prolonged heating
at subsoldering temperature.

To minimize the danger of hum from
ground loops, shields were connected only at
one plug of all patch cords, the other end be-
ing carefully insulated with a piece of plastic
tape. The same was true of lines running to
the units when more than one line ran to the
same unit. Only one of the wires going to
the amplifier is grounded at both ends. Again
these iines were carefully insulated with plas-
tic tape against accidental grounding.

Generally a good rule of thumb with high-
impedance lines is that they should not ex-
ceed 20 ft. in length. Actually, the shorter the
better, If your equipment is spread around
the walls of the room it might be wise to
regroup it to keep line lengths to a minimum.
Should hum occur it can sometimes be re-
lieved by use of the larger Belden #840I
shielded wire in place of the smaller Belden
ff8411 specified in the Materials List.

Aside from the care required in grounding,
construction is straightforward and no difli-
culty should be encountered. "Audio" Tekni-
cals wele used to put the finishing touch on
the unit These are applied like any decal,
wetting the surface to ease positioning. Care-
ful blotting with a dry rag sets them in posi-
tion. After at least 12 hours drying time the
decal can be permanently attached by a very
light brushing with clear "Cutex" nail polish.

If you have been having a battle keeping
track of your audio terminations, try this unit.
It pays big dividends in frustration reduction.

No. Reqd.
t 0

I

s0 ft.

Ib



Portable Radio-Phonograph
Here's o lronsisforized rodio und

phonogroph turntoble thol op-

erotes ofi botleries. You con luke

it, ond use il, onywhere

By HOMER L. DAVIDSON

Belting ond cotch on cose ore ovqil-
qble in dime stores.

RADIO-TV EXPENIMENTER

In  the  home,  on  fhe  beoch,  in  the  o i r ,  overseos-wherever  you

hoppen to  be  or  go ,  rh is  rod io -phono combino i ion  con go  w i th  you.

J-HE RF section of the radio circuit of this portable

I consists of three RF transistors and a fixed diode rec-
r tifier (see Fig. 3). Transistor TR1 is the oscillator

mixer stage, TR2 and TR3 are IF amplifiers. The inter-
mediate frequency is 445 kilocycles. This IF signal is
rectified to audio frequency by the fixed crystal diode.

A 3 x 11-in. printed cireuit board is used as a subchas-
sis for the RF and audio circuit (see Fig. 5 for RF section

155

Desi0.

cr, c2

c3, c4, c6, c7, c8
cl0, cu, c12

c5
c8
c13
Rl,  R5, R5
R2

c14
cl5
R10
Rlt
R12
R}'
R14
R15, R16
TR4
TR5, TR6
T4

t pt.
I

R9
RIO
L1
L2
ft, T2
f3
TRl,  TR2, TR3
diod€

AUDIO  SECTION

M A T E R I A L S  L I S T - P O R T A B L E  B A D I O . P H O N O G R A P H
Descr ip t ion  Des ig .

R F  S E C T I O N
var iab le  canac i to r .  BF sec t ion  6 .3  lo  L23.1  R3

mmfd;  osc .  sec t ion  5 .7  t0  76 .2  mfd-  R4,  R7,  R8
Lafayette M5261

.01  mfd  d isc  capac i to rs

.005 mfd disc capacitor
10 mfd 25 v elec. capacitor
50 mfd 25 v elec. capacitor
100k ohm, Z2 watt resistor
1000 ohm, Z2 watt resistor

8 mfd 25 v electrolytic capacitor T5
.05 mfd 200 v paper capacitor
10ft Yolume control, with sw SWI
470k ohm, l,/2 watt resistor Batteri€s
t2k ohm, tZ-watt tesistor SPk' jack

3000 ohm, l/2 watt resistor I
68 ohn, t/2 watt resistor
I0 ohm, Yz watt resistor 1
2 N 1 0 7  G E  t r a n s i s t o r  ( P N P )
2N188 GE t rans is to t  (PNP)  SW2
AR109 Arsonne t rans former  d r iver  PRI  10 ,000 f

ohm;  sec .  2000 C.T .
P R I N T E D  C I R C U I T

PE.5  l iou id  e tchant  I
XXXP copner  laminated  board  (3  x  1 I "  cu t  I  t0 l l

from 12" piece)

Descri Ption

330 ohm, /2 watt resistor
4.7k ohm, /2 watt resistor
2700 ohm, Z2 watt resistor
33k ohn. t/c watt resistor
ant. loop, 700 mh (Lafayette M5-264)
osc. c0il (Lafayette MS-255 or equiv.)
Meisner t6-9002 455 kc lF transforner
Meisner 16-9014 455 kc output lF transformer
Raytheon 2N4l .4A t rans is to rs  (PNP)
Raytheon 1N295 f i xed  d iode

ARt19 Atgonne output transformer PRI 500
ohm C.  T . ;  sec .  3 .2  ohm

SPST switch on rear of R10
9-volt (Eveready #276 o( equir')
standard female phono jack
pickup arm and crystal (PK.89 ph0n0 arm

and cartridge, Lafayette)
6.voft phono motor, 45 rpm, 33Vs, 16 tpn

(Lafayette)
ro ta t ino  DP0T swi tch
6.vo l t  ha t te ry  (Eveready  #409 or  equ iv ' )

PRLT ba l l  po in t  Pen
tape resist



156 NADIO.W EXPEilMENTER

" , " i  t
R 8 <

7 A O : .

I
I

T 2

l 6 - 9 0 0 2

R 5
t 0 0

R 4
4 . 7
X

tR 3 : l
3ao <n r

I

l c o
1 0 1

I

1

ANT,
cor  L

LI

;trl
I

I
I

I

c  i 3
5 0
M F

R I
t 0 0  K

. o l

o s c .
c o i L

L 2

@

T

T R 3

2 N 4  r 4 A

T 3

r 6  -  9 0 t 4r!_e
2 N 4 t 4 A

5 V  - 7 V

TO VAR. CAPACITOR
o s c -  s E c r l o N

switched into the pho-
riograph circuit, with a
separate battery for
this circuit since the
radio operates ofi 9 r-r.

Prinfed Circuif. Wash
the copper side of the
PC board  w i th  soap
and water, and their
trace on it the RF and
audio circuits through
carbon paper. Unroll
resist tape and apply,
using a sharp pocket
knife to cut all cor-
ners. Dots can be made
with a ball-point resist
paint by simply press-
ing down on the ball
point of the pen.

W h e n  t h e  c i r c u i t s
have been completely
laid out on the printed
b o a r d ,  p o u r  e n o u g h

8 -  9 V

c).

*lrkr N 2 s 5  ,  A -

ezl  Ai

t  r o o K

I

a 4

5

R F  S E C T ] O N  S C H E I I I A T i C I T

and Fig. 6 for audio section portions of the
PC board). The audio circuit consists of an
audio amplifier with a volume control in the
base circuit of TR4. The last two audio stages
are opbrated push-pull for greater amplifica-
tion. This little portable has two 5 x 7-in. PM
speakers in the output and pulls only 10 rno
with full volume. A 6-o nhono-motor is

c t 2
. 0 i

10 ,'
A U D ] O

c 9
o

etching solution into a
tray to sufficiently cover the board. The solu-
tion should be agitated or rocked back and
forth to quicken the etching process. It will
take about one hour to complete the process.
Wash the finished board in cold-running wa-
ter, wash out the etching tray or dish, and
pour the remaining solution back into the
bottle. It can be used again. Remove the tape

;  M O U N T I N G- 
ho[ES

CAPACITOR
T O  A N ' .  C O I L  L I

S E C O N D A R Y

o t
t

tor -  9
T R 2

T ]
".-
dris I

R F  S t C T I O N  P . C .  ( S E E  f l G . 3 l

( A O T U A L  S I Z E )



and pen resist paint.
Now drill all holes in
t h e  p r i n t e d  c i r c u i t
board before mounting
a n y  p a r t s .  A  v e r y
small drill should be
used for all small parts
such as resistor, capac-
i to rs ,  and t rans is to r
wires. The phono and
s p e a k e r  j a c k s  t a k e
3/s-in. dia. holes. At
the two ends of the
printed circuit board
drill Y+-in. holes for
m o u n t i n g  t h e  P C
board on the wooden
cabinet.

Mounting Cornponenls.
All the small parts are
mounted as they are
wired into the circuit.
W a i t  u n t i l  t h e  l a s t
t h i n g  t o  s o l d e r  t h e
transistors into the cir-
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cuit so that excessive heat on a given point do the IF and RF receiver alignment. (See

will not ruin them. The variable capacitor 
"How To Align Superhet Circuits," p. 66, Ro-

and volume control are bolted to the printed dza-TV Erperi.menter, No. 559, 75C from
chassis, as are the phono and speaker jacks. Science and Mechan'ics, 450 East Ohio-Street,
The smatl antenna is temporarily taped to Chicago 11, i[.) If not, the local radio and
the printed board while alignment and television shop can-easily do__a professional
-or-,tting is done (see Fig. ?). If you have job of alignment of the small portable re-
a signal generator, you already know how to ceiver.

S P K  R .
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P H O N O
J A C K { uou*r,*n
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CONN ECT I ON S
P H O N O  S W I T C H

,/
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looking up into cobinet. Speokers mount ot opposite
ends of cose.

Test the audio portion of the printed circuit
board first. Do all alignment and testing of
the chassis before it is mounted in the cabi-
net. Turn the switch on and the volume up
half-way, and plug the crystal pickup arrir
into the audio phono jack. A noise should be
heard. Rub your finger over the needle and
a scratchy sound will be audible. The radio
portion can be checked by simply turning the
switch to the radio position, and aligning first
the IF stages with a signal generator, then
the RF section.

Cobinet Conslruction. After the receiver and
phonograph printed circuit board has been
thoroughly tested it is ready to be mounted
into the cabinet. The cabinet can be made
h'om 3/s-in. plywood. If you already have a
case, be sule it is large enough to take both
chassis and speakers.

The speakers mount at the ends of the
cabinet (see Fig. 8). A piece of r/+-in. Mason-
ite was cut and drilled for the top panel to

RADIO-W EXPENIMENTER

PHONO MOTOR
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CUT OUT

TOP

P A N E L

S P E A K E R  I
OPENING -. \  

I
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\ r r . l -

SPEAKER
O P E N J N G

I\44 IN

9qqr

BOTTO[4
PANEL

I IASON ITE

EIffi f@ .or'r., .o*.ror..,on,

hold the record player and phono pickup arm,
and another pieee of 7a-in. Masonite was cut
and drilled for the bottom, as in Fig. 10.

Cover the cabinet with plastic grille cloth,
stapling it to the case. Apply glue around the
speaker holes before stapling. Both Mason-
ite panels and the top phono-lid were sprayed
with red enamel paint.

The small batteries were bracketed to the
bottom Masonite panel. A small wooden block
and No. 8 wire form a holder (see Fig. 9) to
secure the phono arm to the cabinet when
transporting this portable.

i . : "r ] . . r : i . i .L i i i r ,  : i ,  r  :  ; .1-;-r : r* ,  .  : - - . . , - i  i ,  l i ' j i ; i ;*r , i



MeasuringConductivityLiquids
NTDIO.IV EI(PENIMENTEN

Adding  o  feospoonfu l  o f  so lu rq led  so lu l ion  common so l t  f rom

beoker of left to tesf ior of wofer, upped voltmeter reoding from
l 0  f o  l l 2 .

OME liquids conduct electricity better
than others. You can test this fact with
the setup shown in Fig. 2. Two strips of

0fthe
ls9

I t N

TERMINAL FOR
C O P P E R  S T R I P

6-32 /
S C R E W
WASHER

LAMP
TERIVINAL

TO

I  v  zxz "
P L A S T I C  D I S C
C O V  E  R S
L  I V E

TERMINAL
FOR

25 WAIT
LAiV P

P O R C E L A I N
S O C K E I

# r 1 8  o R  2 0  P L A S T I C
]NSULATED FLEXIBLE

W I R E ,  I 8 ' '  L O N G

T O  A , C . +
VO LTMEIER
PANEL TYPE,

0-150 v

PEANUT BUTTER
J A R

I  c l rnn '
o PLAsTlc

B A S E

C O P P E R
S T R I P

LAMP T0 i lo- tzo V
TERMINAL  L INE  

\

sheet copper secured to the underside of a
plastic disc are immersed in the liquid to be
tested. A meter connected across the lamp
telminals indicates voltage applied to the
Iamp.

With this setup, we fcund, for example,
that the voltmeter registered 10 volts with
pure water in the peanut butter jar. We then

Teospoonful of soturofed bicorbonote of sodo re-

su l ted  in  o  l igh ted  lcmp ond 108-vo l t  reod ing .

C O N D U C T I V I T Y

added one teaspoonful of a saturated solution
of common salt to the pure water (Fig. 1)'
The voltmeter reading jumped up to 112 volts,
and the lamp burned brightly. No wonder
medical technicians use salt-soaked pads
when attaching various types of electrical
equipment to the body!

Figure 3 shows an experiment using a tea-
sooonful of bicarbonate of soda from a satu-
rited solution placed in a fresh jar of water'
Here the voltmeter registers J.08 volts, as
against 112 for salt .

Figure 4 shows how a teaspoon of vinegar
results in 58 volts to the lamp, indicating
conductivity better than water but not nearly

I E RIV IN ALS
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POW.R
BOOSTER

' itzs a poweffyl booster
. . . or &n etnplified coupler !
proyides sharp, clear TU pictures on

lr 2 or more TU sets with only I antenna
'straight-thru'eircuit provides up to 10 db
gain as a powerful one-set booster
'couple-two' circuit provides up to 5 db gain
(per sei) as an amplified two-set coupler
'straight-thru'circuit and B-T 4-set coupler
provide no-loss 4-set distribution system

Employs new frame-grid tube 6DJ8, new
circuitry to achieve highest signal gain and
"lower-than-cascodet' noise factor. Pro-
vides full broadband ampliffcation covering
low and high VHF channels. Features
"NO-STRIP" 300 ohm terminals for posi-
tive, electrical connections in seconds. Has
ttonloff" switch.
Improve TV reception today on lr 2 ot
more TV sets with a single antenna.

Available at parts distributors. For details wfite:
BIoNDER-TONGUE LABORATORTES, tNC.

9 Alling Street, Dept. RX-60, Newark 2, N. J.

'ff1

ln Canada: Telequipment Mfs. Co,, Ltd,. London. ont. Erlort:
Morhan Export Corp:, N. Y. 134N. Y. a hi.fi componehts. UHF'con.
verters . master IV systems . industrial TV cameras . tm.AM ladi0s

RADIO-TV EXPENIMENTER

Teospoonful of vinegor produced reoding of 58 volts.

so high as either salt or soda.
For accurate comparisons, use the same

quantity of each additive, e.g. a teaspoonful.
You'll find salammoniac (ammonium chlo-
ride) similar to salt in conductivitv. A few
drops of dilute sulphuric acid (battery aeid)
will show a surprising degree of added con-
dtrctivity to water.

Cqulion: Do not tr.y any but aqua solutions
-an in{lammable liquid could easily be
touched off in contact with the copper elec-
trodes. Also, don't leave your test setup
plugged in, or out where youngsters can
poke around its live terminals under the
plastic guald ring.-Henor,o P. SrnaNo.

Film Spools As Wire Srqnd-Offs

. Those plastic spools that 120 film comes
wound around can be made into low-loss, no-
cost stand-off insulators for wires such as
radio lead-in. Cut the spool in half, drill a
hole through the inside and insert a long
wood-screw. Wrap one turn of the wire
around the insulatbr near the flange as shown.
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Every efiort hqs been mgde lo eqsure occurocy gf the informclion lisled in this pub'
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f,c. Wave t eagtft W.P. | fic. Wove lenglfi *.e.
540-555.5 . 
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WDAK Columbus, Ga, 5000lwooF Dothan, Ala' Sqqqd
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- 
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$,[Er #ffitl:',fiit:r's33 | !19--521
frsri"st]"L'i,,iirlivrri."*' EodolcxErcranhrooLq.c. lSqq
iaoFu 
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Kc. Wove Lenglh w.P.
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600499.7
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KGEZ Kali$ell. Mont. 2000
WCVP Murphy, N.C. , lm0d
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WRC Washington, D.C. 8000
WDVH Gainesv i l l c ,  F la .  500M.
WTOT Marianna, FIA 1000d
WBOP Ponsacola, Fla. l000d
WLOD Pompano Brach, Fla. t000d
WKLY Hartwell, Ga. \ t000d
WB Blt Porry, ca. S00d
WBIP Bossyil lo, ca. E00d
KUPI  ldaho Fa l l s ,  ldaho t t [od
WITY Danv i l lo ,  t l t .  t000(OKA Shreyeport, La. 5000d
WCAP Lovell, Ma$. t000d
WPBC Minneaoo l is .  M inn-  t000d
Ul_ClE lt4ccomb, Miss. t000d I
KM-BC Kansds City, Mo. 5Q0O
KSqil Sto. conetiavo, Mo. 5b0
KVEB Clov is ,  N .Mox.  t000
KMIN Grants, N. M€x.. t000d
W_r_BY T!gy, N.Y. 5000
WKLM -W. i ln ing ton .  N.q .  S000d
WAAA Win . -Sa l€m,  N,C.  t0000
WONE Dayton. Ohio 5000
W!LK Wilkes-Barro, Pa. b00{,
KDSI Deadvood, S.Dak. t000
WSIX Nashyil le, Tend. 5000
l(FRD Bosenb€r!, Tcx. t00Od
I(SVC Bichffeld, Utah 500C
WF_EG Bristdl. Va. 5000
W.M_El(-.Ch.are City,- Va. 500q
KUTI  Yak ima,  Wash.  5000d
WHAW W€ston, W.Va. 1000d .
WCUB Manitowoc, Wis, 1000d'
WPRE Pra i r ioduChion .  Wi5 .  500d

190-302.8 ' i
CBW Winnipo!, Man. 50000
CBT Grand Fa l l s ,  N .F .  l00O i
WWWF Fayetto, Ala. ttx|0d
WTCB Flomalon, Ala, ;S00d ,"
KTKT Tucson, Ariz. 10000d
KKIS P i t tsburg ,  Ca l i t .  5000
KLIR Denver .  Co lo ,  1000d :
WBZY Tor r ing ton ,  Cont r .  t000d" .  1
WHOO Or lando,  F la .  10000 j , .
WDWD Dayson,  ca .  1000d i
KOOD Hono lu lu ,  Hawai i  1000
WCAZ Carthage, l l l . l0l0d.
WITZ Jasper, Ind. 1000d i .
KAYL Storm Lake, lova 250d !
I(RSL Russell. Kans. 250d
WIMR Nca Orl6an5, La. 250d
l (R lH Bawi l l c ,  La :  250d
WABO Wayn6boro, MlF8. 25lld .: '  .
KRMO Monet t ,  Mo.  250d : : . ,
KSVP Art€6ia, lr l.Mox. 1000 ,
WEEB Southorn  P inos .  N.C.1000d
WJEH Gal l ipo l i s ,  Oh io  1000d
WTIG Mass i l lon ,  Oh io  250d i  . ,
KABY Albany, Qrco. 25dd
WlBg Ph i lade lph ia ,  Pa.  50000
WVSC Son€rsct. Pa. 250d
WBRA Mayaguez, P.B. 10000
WAKN,Aiken,  S .C.  l f i l od  1 :  '
WNOX Knoxyil le, Tcnn. 10000. ' ,
KWAM M€nphis, Tcnn. l000d , l
KTRJ!  Bmumon!  Tex .  lQ00 . i " ' rl(At[L Kenody, Tex, 250
KSYD Wichita.FallE, Tex, ' 10000
KDYL Tooele, Utah 1000d
WNRVNarrows, 'Va .  1000d
WANT Richnond, Va. J000d
w KLJ Sparta, Wts. 250

| 000-299.8
CKBW Bridlevator, N.S. 1000
WGFL Chicaso, l l l . 50000
I(TOK Okla. City, Okla. 5000
KSTA Coloman. Tex. e50d
KIAT H€nderson, Tox. 250d
WHWB Rut land,  V t ,  t000d
KOMO Seattle, Wash. 50000,

|  0l  0-296.9 {.
CBX Ednonton. Atta. 50000 : l
CFRB Toronto, Ont. 50000 i I
KVNC Wins lov .  Ar iz .  l0o0
KLBA Litt le Rock, Ark. 10000
KCHJ Delano, Calif. 5000
KCilJ Paln Spres., Calif. 1000
KSAY San Fran,, Calif. - lqxxld
WCNU Crestview, Fla. 1000d.
WZRO Jacksonvil lo Boach, \ . 

'
Florida 1000d

WGUN Decatur, ca, 5000M
WCSI Columbus, Ind. 500d' i
I(SMN ilason City, loua 1000d
KIND.  Inde0endonco,  Kans .  250d
KDLA DoRiddor, La. 'J000d
WSID Baltinore. Md. 1000d

WHITE'S NADIO LOC
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. i : :1 . : .
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(c. Wcve Lenglft W.P.l(c. Wove lengfft w.P.
r0000
5000

1000d
50000

t000
10000

*OntU bivannil, renr, zsOalQrlF,o Edmonton, Alta, 10000
keti Amariilo. tex. 5966l KSCO Santa Cruz, Calif. tfi)0
iailiiv'ilffii;;;'r;:-' tsddlV-r_rc-H?rtford.,.conn_. 5qqq0
iiilj{ Ciirioiieivirle, va. roooal YKLo Loulsvillgr . Ky. qQqo
iiil E'i, rri;;i;;,-V;:--' 

- - 
i0d0J I woAP ovosso, Mich. 250d

'iiiSr- di*eGvsprcs.,w.va. isoul!Y-Ysl-- Kenmo.e, N.Y-' - !qg-od
ii6Fi stivitiip{; 1ti;:' 

- -i 
00dd [ [€y,o"l.i*i11,11,16g,;J... i00333

l620-293.t 
' [W_e_eg littpruiel, e'i. idodu

KPOP Los Anc€les, catif '  50001 
KBLD Dallas' Tex' 50000

wclL carbondale, l l l . 1000d | | 090!275.1
WPEO P€or ia ,  l l l .  1000d |  : : :
XDKA Pittsburgh, Pa. 50000lcHE-c Lethbridg0' Alta. 5000

ICHIC Brampton,  Ont .  250
1030-291.1  IGHRS s t .  Jban, 'Quo.  l00o

!!tgz-B_osren,-Mass:- sgssslSlii !#"'io"T,.li,.o'*. u3333
wB?A.sprincfield,_M_a$. .laAalkn*sWiili:i"i,'rii,ii lo66iKoB Albuquerque, N.|[€x. !lggql*ririi a;tiin;;;,' M;, 

'5-0-0bb
KCrA Corpus chrisri, rex. 5000odl*|it B6iiiril-fuisl'-' ifrinr
t04o-288.3 l['ttt"T"'ii[:"rl/"l[:'n [3333

KCH I Chil l icotho, Mo. 250d I KFBI Wichita, Kan6.
KjCF F6tu6, i lo, s{X}00dlKHllO Hannibal, Mo.
KRVN Lox ing ton ,  Ncbr .  25000d lwHPE Hi th  Po in t ,  N .c .
wlNs Nev York, N.Y. 50000 | wDlA Memphis, Tenn.
WABZ Atbermar te .  N,C.  t000d l  KOpy A l ice ,  T€x .
WELS K ins ton ,  N.C,  l000d lWKOW Madison,  Wis .
wlol N€v Eoston. Ohio 500dWlOl N€v Boston, Ohio 500d
wrTT Lewisburg, Pa. 2s0d | 1080-277.6
W3[[ SXllllii]'lTi*. '333i 

lslrp ^erlnon-ton, 4rt3,
keti Amarii lo. tex. 5966l KSCO Santa Cruz, Calif.
iiiliiv'ilffii;;;'r;:-' tsddlw.r_rc_H?rtford-,.conn.
iieui' Amiriiio,'rex. 

' 
soool-t!.s:QQ Santa Cruz-, calif.

iinl* i,iiiiin, i"x. 
- 

25s4 | !y-T_lc-H$uord.,.conn_.
WELI( Charlottesvil le, Va. l000dl-ryKLU -Loulsvlu-e, . Ky.
*i lEi niurion, Vu. roooolYQ4.p Ovosso, Mich.
tiiiisr e'i*eGv sprus.,w.va, isoo I V,YS L- Ken more, N'Y'
ii6Fi St,ii,iii p-i; q i ;:' 

- -i 
00dd | [S]1 o": iJ# i,Xl't'"; J' c.' - - - -  

|  K W J J  P o r t t a n d ,  O r o g .

| 020-2g3.t lw_e_ee eittsruish, ie'i,
I KBLD Dallas, Tex.

KPOP Los Anc€les, Calit, 50001'-"-- 
--"-- '

wFLb'flfi,il"lii:"'' l333tl!0?0-275.1
KDKA Pittsbursh, Pa. 5000019I4C-Lethbrid!iiotcn piitsllich, pa. 500001 qI lc -Lethbridss, Alta.

ICHIC BramDton-  On l -
|  030_291.1  lcH Rs s t .  Jban. 'euo.

wBz.B_osren,-Mass:. sglsslSlii !H"'30"T,'li,.o'*'wB?A .sprincfield, _M_a$. . laAa I kn*s Wiili:i"i.'rii,iiKoB Albuquerque, N. |tt€x. !!ggq I ii i;ii B;iiiil;;,' T;,KCrA Corpus christi, rex. 5000odl*|it B6iiiril-fuisl'-'

KHYH Honolulu. l lavail 5000
wHo Dos Moines, lova sooorilll00-272'6
KIXL Dallas, Tex. l000dlKFAX San Francisco, Calit. t000d

I o5o-285.5 I Wltr "c3;'f]llli: $1v. ,,ffi31
cFCp cmnda prr i r ie_ Attr_ t100{l lKYW Cleveland, Ohio 50000
I Uau-zoe.r I WH Lt Hemnstead, N.y. t0000d
CFGp cmnde prairie, Atta. t000Ol !!.y^W _Ct_evgland, Ohio 80000
CkSe Si. 'Bonitiee. tritan. 

- 
i0000lWGPA B€thlehem, pa" 250d

cJlC Sault Sto. Mafie, Ont 250
cHUM roronto,.ont. soodll | 10_270.1
WRF9 Alexatrder City, Ala. loqqqlCFML Cornyail, Ont t{X}o
wCRl scottsboro, Ala.. ?!9{lcrrr catt, oni.--- 

' t io

KvwM show Low, Ariz, 250d1 KRLA pas;d6n ; Calif. tood$
t0000d

1000
5000d
50000
50000
5000wlvY Jacksonyii lo, FIa. tw0d I KBND Bend, ore!, 5000

WHBO Tampa, Fla. 250d I WNAR N0rristown, Pa" E00d
WBMF T i tusv i l le ,  F la .  500d lWVJP Caouas,  P .B,  250
WIAZ A lbany ,  Ga.  l000d lWH|M Pr0v idonce,  B . l .  1000d

WBif 'fJ,1.,t3 3f: '333$lr rzo-ze z.z
K z l N  C o c u r  D ' A l e n e ,  l d a h o  2 5 0 d '  w l c yKZIN Cocur D'4lene, ldato _?I941 WUST Bcth6da, Md. 250rrwD! D catur, lll. .- !Q994l xrrrox si' r_6uisl' riro. s-o-oioKNCO Gardon C i ty ,  Kans .  10001 lwwou Buf ia lo ,  N .y .  1000dyllf 99yjl0j9Lr,5^y:-^ , - '!gll I iiil-f c-r.ij"iir""', iti: 

't;6d

Si lve i  SDr ! . ,  Md.  l000d l ' ' - - -
Ann Arbor. Mich. l000dlCKWX Vancouvor, B.C. 50000
p ioes ton€.  i t inn ,  t000d l | (SDO San D ieg0,  Ca l i t .  5000
Coiumbus. Miss. t000dJ KWt(H Shrov€port, La. b0000
,edalia. Mb. t000dlt!{C48 D0troit. i t ich. s0000

ht'"J"'"t"ii $-',339$lWREil, $lliTfi'11'iu.91"" 33333
WACR Columbus,
KSIS Sedalia, Mo.
KRBO Las vesas,

*me M uev Ybrk,-.N-.Y. 509!qlcKXL catsary, Atra. t0000
wBrLFarmvi i le, - r . r .c .  ?! ! { lxnArst0i i6; , 'd ; i i f .  

-5ddo
WFSC Frankl in,  N,C, 500dlWM|E tr t iami, ' r fa.  IOOOO
WLON L inco ln ton ,  N.C.  l000d lKGEM Bo isc ,  idaho l000o
W\rycP ganford, N.C. l000d l WSlv Pekin; i l t. t000d
KCCO Lawton.  Ok la .  250d1 KLPR Oktahoma Ci ty ,  Ok la .1000d
KFMI  Tu lsa ,  Ok la .  l000d lWITA San Juan.  P . -R.  500
KUBE Pcndleton, Or€gr l000dl KSoO Sioux Fa[s, S.Dak. t0000
KEED. Springfeld, oreg. 1000d I KORC Mincral Wells. Tex. 250
WBUT Butler, Pa. .250dlWBVA Richmond, Va. 50000

W!il9 U,il'.,fT.1il: "" 13331| r r so-ze o.z
K L E N  K i l l e s n ,  T e x .  2 5 0 d '  n r e ^
WSMT SDarta, Tonn. l000dl I l5U-ZOS.,
KLEN Kil lesn, Tex. 250dft'fii'i'iii,;-,'dr;l: ?i!418$8i*i1,",'TJ,l;:'ii.#". 1333wGAr Gate oity, v_a, -?!9ql ciao-c Hiiliriii i. 'oni:' GddowBRG Lynchburs. va' !9994 | cxx-eiinidir,- i*ian.'-' SodowcMsNorfork,.va.. lgggr.lcittn-irriii 'htii;il"'oue. ifio
KNBx Kirkland, wash. l000dlwbc;\'eii-dii;iir-;,Tii. roddl
wcqF earkorsburs, ._w.va.  r99!dlwcEA Geievi ,Ala, '  i r jodc
WECL Eau ClaiE! Wis. t9!94lWjnO tusmio-oii.'l la- 50-0b
WCEF Parkorsburs ,_ .V ,va .  l00od lWGEA Geneva,  A la , '  1000d
wEcL Eau ctaiE! wis. lgqgdlwjRD tusmio-oii l ' l ta. so-oo
wllp Kenosha, wis. ?E94 | irci(V c;;t ids;;-h;i;. '  iooo
KWlv Douslas, Wyo. 250d I i( iLti trto.'t- ift i l  i i ict<, nrr. idoo

t060-282.8 l'['*?g tn,^X'""j:i;,ltii'r. 3333
CFCN Catsary, Atta, IOOOOI !!r,4L Santa Rosa, Cqlif. 5000
i i  i r i '  o i i ' r l i . '6r ie ' .  

- . '  
5000 1 . | ! ' .q  ! !q E_nslevood. colo.  1000d

i'p-riVlcii.ir-ld"rii. tfiooolYSEIlil.iddlelown'c!nn. 9qqqft'p-ri'vtr,i.ii, 'diili. r6ooolYQ|!Ilu_iddl€torn,c!nn. qqgd
iiio-e r'jiw-brt"irii, t-a. soooolWQEL wilminston' Del' - 5000
ii'iFE eiiitori'H-iilo'1 

' ----- 
LW!-SE -Davtona-,Bch.' Fla. -!!90' - -  -  

t i t ic t r .  t000dlWTMP Tampa, FIa. ,  s000d
WMAP Monme, l,t.C. zsoo | !!{if_t!t .Fo.rt valley, tca. lqggd
iidriiw Ciiiionl orriti roooclllF_lil _va.ldost_a, Ga... lqqqd
,ljnbV'pf,iii,t"ipftia, pa. 10000lK-ANl,o-qhu, Hau.aii -.!Q!0

I W G G H  M a r i o n ,  l l l .  5 0 0 0 d

lOlO-2802 lKwr(YaDes rloines' lova 
llflgI I(SAL Salina, Kans, 5000

CBA Sackv i l lo ,  N .B.  50000 lwMST Mt .  S ter l ins .  Kv .  500d
CHOK Sarn ia .  Ont .  5000 lwLoC Muml0rdv i l lo ,  Ky .  1000d
WAPI  B i rmingham,  A la .  50000 lWlBO Baton Rouge,  La .  5000
KilX Los Angoles, Calif. 50000lWGHM Skowhegan, tlaino 5000d
WVGG Coral Gables. Fla. l000dlWCOP Boston, Mass. 5000
WIBC tnd ianapo l is ,  tnd .  500001WqEry  Mt .  P le4 lan t ,  M ich ,  1000

I  KASM Albany ,  Minn ,  1000d
IWXTN Lexinston, MisE. 500d

164 WHITE'S RADIO LOGIKRMS osase-Beich, Mo, 1000d

l(c. Wove Lengfft W.P,
KSEN Shelby, tlont. - t000
KDEF A lbuquGrque,  N.Mex.  1000d
WRUN Ut ica ,  N.Y.  5000
WBAG Bur l ins ton ,  N.C.  t000d
WGBR Goldsbom, N.C. 5000
WCU E Akron, Ohio 1000d
WIMA L ina ,  Oh io  t000
l (NED McAles ter ,  Ok la .  t000
KAGO Klamath Falls, Ores. b000
WHUN Hunt insdon,  Pa.  1000d
WKPA New KensinOton, Pa. le00d
WORA Mayagucz, P.B, 1000
WRNO Oran!ebur!, S.C. 5000
WT\rC Bock Hil l. S.C. 1000d
WSNW Soneca Toynship,

South Carolina 1000d
WAP0 Chattanoosa, Tenn, 5000
WCRK Morrist0Un, Tenn. 1000
WTAW Bryaf Tex. 1000d
KCCT CArpus Christi, Tex. 1000d
KIZZ El Paso,Tex, l0fi ld
KJBC il idland, Tox. 1000d
KPNG Port Noches, T€x. I l5O
KOLI Quanah, Tex. 500d
KOFE Pu l lman,  Wash.  1000d
KAYO Ssattle. Wash; 5000
KKEY Vancouvor, Wash. 1000d
WELC Welch, W,Va. l000d
WAXX Chippeva Falls, Wis.5000d
WISN MilYaukee, Wis, 5000

I t60J258.5
WJID Chicaso, l l l , 50000
KSL Salt Lake City, Utah 50000

r | 7G-256.3
Ctl{S Saskatoon, Sask. 1000
WCOV li lontsom€ry, Ala 10000
KCBQ San Dieso, Calif 50000
KLOK San Jose, Calif. 10000
KoHO Hono lu lu ,  Haya i i  1000
WLBH Mattoon, l l l . 250d
KSTT Davenport, lowa 1000
KVOO Tulsa, Okla. 50000
WLEO Ponco, P,R. 250
KPUG Bell inbham, Wash. !000
WWVA Wheelins, W.Va, 50000

I | 80-254.I
WLDS Jaeksonvil l€. l l l . 1000d
WHAM Bochcster, N.Y. 50000

I t 90-252.0
KEZY Anahein, Calif, 1000
KNBA Vallojo,rcalif. 250d
WOWO Ft. Wayne, Ind. 50000
WANN Annaoo l is .  l l l d .  10000d
WKOX Fram'gham, Mass. 1000d
WLIB Nov York ,  N.Y.  1000d
KEX Portland, Ore!. 50000
KLIF Dallas, Tex. 50000

1200-24.r.9
WOAI San Atrtonio, Tox. 50000

t2ro-247,8
WCNT Centralia, l l l , 1000d
WKNX Sag inaw,  Mich .  t000d
WADE Wad€sboro, N.C. 1000d
WAVI Dayton, Ohio 250d
WCAU Philadelphia, Pa. 50000

l220-245.8
CJOC Lothbridre, Alta. 10000
CKDA V ic to r ia ,  8 .C.  10000
CJBL KGnora. Ont- t000
CKEC New claslov, N.S. 250
CKCW Moncton .  N.B.  t0000
CJSS Cornwall. Ont. t000
CKSM Shawinigan, Quebec t000
WEZB B i rmingham,  A la .  t000d
WPRN But lo r ,  A la .  t000d
KVSA Moc€heo, Ark. t000d
KIBE Pa lo  A l to ,  Ca l i f .  t000d
KFSCDenver , .Co lo ,  t000d
WTTT Arlinstdn. Fla. 250d
WKBX X iss inheo,  F l&  250d
WFEC Miami ,  F la .  250d
WCLB Cami l la ,  ca ,  1000d
WPLK Rocknart, ca. .250d
WSFT Thomaston, Ga. 250d
WLPO Lasalls, l l l . t000d
WKRS Waukeqan,  l l l .  t000d
WSLM Sa lem,  Ind .  1000d(JAN Atlantio, lowa 250d
KOFO Ottawa, Kans. 25M
WFKll Franklin, Ky. 250d
KBCL Bossier City, La, 250d
WLBI  Denhan Spr inss ,  La ,  250d
WSME Sanford ,  Ma ino  t000d
WBCH Hast inos ,  Mich ,  250d
WAVN St i l lwa ter ,  M inn .  1000d
WMDC Hazlehurst, Miss. 250d
KBH ttl Branso[, Mo. 1000d
KGMO Cape cirardeau, l l l0, 250d
KLPW Union .  Mo.  1000d
WKBK Keene,  N.H,  1000d
WGNY Nevburgh,  N.Y.  1000d
WJMK N,  Syracuse,  N.  Y ,  1000d
WKMT K inss  Mtn . ,  N .C.  1000d
WBEV R€ idsv i l lo ,  N .C.  250d

Itc. Wave Length W.p.
WENC Whi tev i l le ,  N ,C.  t000d
KEYD Oak6, N,Dak, t000d
WGAR Cleveland, Ohio 50000
WERT Van Wert, Ohio 2sod
KGYN Guynon, Okla. , I000d
WJUN Mex ico ,  Pa.  

-  
2S0d

WRIB Proy idence,  F . l .  1000d
WALD Walterboro, S.C. t000d
WFWL Camden, Tcnn. 250
WCPH Etowah. Tcnn. 1000d
WHEY Mi l l ing ton ,  Tenn.  250

,lrt."E UJi{n'il''J.u]fi',. ?3gi
WLSD BiO Stone caD, Va, to00d
WFAX Falls Church, Va. 1000d
KASY Auburn, W$h. 2S0d

| 230-243.8
CFCW Camroso, Alta.  l00O
C H F C  C h u r c h i l l ,  M a n .  2 f i
CFI(L Schef iervi l le,  Que, 2i0

FGR Gravelbourg, Sask. 250

SiJd Bii"',1i,3'"v;tYukon r. roo
CFPA Port Arthur. Ont. t0O0

8[hB IX''rl''"'#. $it.*' q!'" ;gg
Ufl0B "u';,'Bl8i"; dli: lgg
WAUD Auburn ,  A la .  O
WJBB Ha lewi l le .  A la .  ,sn
WBHP Huntsy i l le .  A la .  2S0

WIH'Z lflll3138ili. fl,t egg
KIFW Sitka, Alaska 2S0
f(SUN Bisbee, Ariz. 2SO
KAAA K insnan,  Ar iz .  250
KBIZ Pho€n ix ,  Ar iz .  2S0
KCON Conyry. Ark, 2s0
KFPW Ft, Smith. Ark. 2so

['EIHdlt8'"3$[ia.t*rr. 3gB
KWTC Barstow, Calif. 2SO
KfBS B ishoD,  Ca l i f .  25O
KXO El Centro, Calif. 2so

i'8ff I* f,iiJ,ti.',#ii+. BE|
KPRL Ptro Robtos, Cat i f ,  

'2S0

[S".n.S:it;l:'.9ft1i'' gE|
llEil3 f,:?11,'1:'13;r"9d" ;:g
KDZA Pueb lo .  Co lo .  9so

SffF'r'l?'il'il&;f'.i3i". tg8
Wflflfl f,#,'*:]f:5 ;ifi
W S B B  N e v  S m y r n a  B c h , .  F l a . 2 S 0
WNVY Pcnsacola, Fla. 2S0
JTYCNH Quincy, Fla. 250
r y J N O  W .  P a l m  B € a c h .  F l a . 2 5 0
WBIA Aususta. ca, 2sn

WPtl Bfr['i?l;3,f: ,339
WFOM Marietta,  ca. 2SO

wiq,i ",0xi,#fg %1. ?93
it8f;f 3,",i,1i1;,if.1nfl0"r," ?gB
NRXK Rexburo, ldaho 250
W J B C  B l o o m i n s t o n .  t l l .  2 5 0
w t l u A  i l o l i n e .  l l l .  2 5 0
W H 9 O  S p a r t a ,  l l l .  

' 2 S 0

W J O B  H a m m o n d ,  l n d .  2 s o
WSAL Logansport .  Ind. 250
WTCJ Tel l  City,  Ind. 2S0
WBOW Tcrre Hautc. lnd. 250
l(FlB Marshal l toun, lowa 2S0
WH I R Danvi l lo,  Ky. 25o
W H 0 P  H o p k i n s v i l l e ,  K y .  2 5 0
W M L F  P i n e v i l l e .  K v .  2 s 0
K L I C  M o n r o e ,  L a .  2 S 0
WJBW New Orleans. La. 2s0
KSLo opelousas, La, 2S0
W Q D Y  C a l a i s .  M a i n e  2 5 0
W I T H  B a l t i m o r e .  M d .  2 s 0
W C U M  C u m b € r l a n d ,  M d -  2 5 o
WMNB No. Adams, Mass. 2S0
WESX Sal€m, Mass, 250
WN EB Worcester.  Mass. 250
W . I E F  G r a n d  R a p i d s ,  M i c h ,  5 0 o
W f l ( B  l r o n  R i y o r ,  M i c h ,  2 5 0
W M P C  L a p e e r ,  M i c h .  2 5 0
WSOO Slt .  Sto, Marie, Mich. 250
WSTR Stur0is,  Mich. 256
W K L I (  C l o q u e t ,  M i n n .  2 5 0
KYSM Mankato, Minn. 250
K T R F  T h i o f  R i v .  F l l s . , M i n n .  2 5 0
K W N O  W i n o n a ,  M i n n .  2 5 0
WCMA Corinth, MisE, 280
WHSY Hatt iesbuio, Miss. 250
WSSO Starkvi l le,  Miss. 250
WAZF Yazoo City,  Miss. 250
K O D E  J o D l i n .  M o .  2 5 0
I(LWT L€banon. Mo, 250
K N C M  M o b € r l y ,  M o .  2 5 0
KANA Anaconda, Mont 250
KBMN Bozeman, l lont.  250
KXLO Lewlston, Mont.  250
KLCB Libby, Motrt .  250
KTNC Fal ls City,  Nebr.  100
KHAS Hast ings, Nebr.  250
K E L Y  E l y ,  N e v .  2 5 0
KLAS Las Vooas. Ney. 250
KDOT Reno. Nev. 250
W M O U  B e r l i n ,  N . H .  2 5 0





lc.' Wdve Length l{.P.11(c. Wcve ldngfh W'P.l

r',lt0-2t:2,4 l&,fF.ti3lJllii,Jiil' ont. rr000l
CFAM Altona, Man. 5000|WJAM Marion, Ala. 5000d I
GKSL Lotrdon. ont. 5000lKBUZ Mosa, Ariz. 50001
WTHG Jackson, Al8, l000dl KBoK Malvcrn. Ark, 1000d I
WtLS Sylacauga, Ala. l000dlKWBB Oalland, Calit. 10001
l(EO8 Flacstafi, Ariz. 10001 KTKB Taft, Calif, 500d I
xcuB Tud6bn, Ariz. 10001 KFKA Groel€y, colo. 1000 I
KDffs El Dofadd, Ark, 5000d J wlCH Norwich, Gonn. 1000 |
KUOA Siloan Sorqs., Ark. 5000d I WOOO Doland, Fla. 5000d I
KHSL Ch ic0 .  Ca l i f .  5000IWAUO Wauchu la ,  F la ,  500d1
KPER Gilroy, Calif. I000d I wBRO wavn€sboro, G& 1000d I
KITO San B6rnardin0, Calif. 5000lwBMK W*t Point, Ga. 1000 |
VOCC Hartfdd, conn. 500d1 KLIX Tuir Falls, ldaho 10001
WTUX Wi lminr ton ,  De l .  1 ! l0od lw lSH lnd ianapo l is ,  lnd .  5000 l
WTMC Ocala, Fla. 1000 | KoKX Keokuk, lowa 1000 l
WSCM Panama City Boach, IWTTL MadisonYille' Kv. ,S994 r

- Florida 500d I wD0C Prostonsburc, Ky. 5000d I
WIBK W,  Pa lm Bch, ,  F la .  5000 lK |KS Su lphur ,  La ,  '  500  |
WDEC Americus, Ga. I000d I KUZN W. Monroe, La. 1000d I
WCHK CantoD, Ga. l000dlWLOB Porlland, Maino 1000d I
WTOC Savannah, Ga, 5000IWORC Worcest€r, Mass. 50001
KYTE Pocatello, ldaho l000dlWKMH Dearborn, l, l ich. 5000 |
WIHL Peor ia ,  l l l .  5000 lKRBI  S t .  Pe ter ,  M inn .  l800d I
WCBL B€nton, l(y. 1000d I WXXX Hattiesburg, Mlss. 1000d I
XJEF Jenn inos ,  La .  l000d l  KFSB lop l in ,  Mo.  5000 |
WHGB Houghton Lake, IKFBB Great Falls, Mont. 5l)00 |

Mich igan 5000d lWJLK Asbury  Park ,  N.J .  2501
WI IL  N i lod ,  Mlch .  sood lWGAM Camden,  N. r .  250 1
WOIA Sa l ino ,  Mich .  500d lKARA A lbuquorqu! ,  N .M,  l {XX}d l
KBMO B0nson,  Minn .  500d IWVIP Mt ,  K isco ,  N.Y.  1000d I
WBLE Batesvil le, luiss, 1000d I WTLB Utica, N,Y. 1000 |
KALII Thayor, Mo. l0oodlwlsE Ashevil le, N.C. 5000 |
KGVO l l i saou la ,  Mont .  5000 lWKTC Char lo t t€ ,  N .C.  10001
KOIL  Onaha,  Nebr .  5000 lWTrK Durham,  N.C.  10001
wKt{E .l(eene. N,H. 5000lKN0X Grand Fotks, N.Dak, 5000 |
KSRC Socor ro .  N.M.  1000d I  WFAH A l l ianc€,  Oh io  1000d I
WGLI Babylon, l,LY, l0{olKNPT NeYport, Ores. 50001
WI iBF B in lhanton ,  N.Y.  5000 lWBFD Bodford ,  Pa.  1000d
WHKY Hiekory, N.C. 5000|WGSA Enhrata, Pa. l000d
WEYE Sanfod, N.C. 1000d IWNAE Warr€n, Pa. 5000d
WOMP Bsllairo, Ohio 1000d IWDKD Kinsstr€o, S.C. 5000d
WH lO Dayton, Ohio ' 5000 I WDOD Chattanoosa, Tonn, 5000
KUMA P€ndleton, OreI, 5000lWDX| Jacks0n, Tcnn. 5000
KLIQ Portland, Oreg. 1000d I WBNT Oneida, Tonn. l0o0d
WTRN Tyrons, Pa, 1000d I KZIP Amaril lo, T€x. 1000d
WICE Pmvidence,  B . l .  5000 |WRR Dal las ,  T€x .  5000
WFIG Suntor ,  S .C.  l000 lKOYL Odessa,  T€x .  .500d
WATO Oak Bidgo, Tenn. 10001 KUBO San Antonio, Tex. 5000d
rBLT B ig  Lake,  Tox .  lo0od lWEEL Fa i r fax ,  Va.  l0O0
KIVY Crockott, Tex, 500d I WGH Newrort N€ws, Va. 5000
KRGV,W6lac0, Tsx. 5000lKARY Pross€n Wash. l000d
KTBl' l \y.lclrlta falls, Tox. qggqlwlBA Madison. Wis. 5000
WPVA Co lon ia l  Hr ts , ,  Va ,  5000d1
wAGE Leosbur ! ,va .  1000d11320-227.1

Wil9I"\iffi l i#'i l i i. '3333lsle!'.vanmver, e.c. - re!-oo
*d-tiw'ipuii, *is, toooa IQKEO Nov Glassov' N's. 1000

I CJSO Sorel, P.Q. 1000
1300-230.6  ICKKW Ki tchen€r '  Ont .  1000

.BAF r.ncron, N.B. **lWffifi B?llil'rf"'ft: o'". JSdtl
CJME Bet ina ,  Sask .  l000 lKBLU Yuma,  Ar iz ,  500d
WAVC Boaz, Ala, 500d1 I(WHN Fort Snith, Ark, 5000
WTLS Tallassee, Ala. 1000d I KRLW Walnut Ridg€, Ark. 1000d
KWCB S€arcy, Ark. loo0dlKHSJ Homot, Calif. 500d
KRoP Brayley, Oalif. l000lI(UOE Ocoanside,'Calif. 500
KYNO Fresno,  Ca l i t .  l000 lKCnA Sacranent0 .  Ca l i f .  5000
KWKW Pasadona, Calif. 1000 | l(AVl Bocky Ford, C010, 1000d
KVOR.Colo, Sprcs., Colo.' l000iWATB waterbury. Conn. t000
WAVZ Nov Haven,  Conn.  1000IWGMA Hol lwood.  F la .  t000d
WnKT Cocoa Beach, Fla. 500qlWJHp Jacks;nvitt;. Fla. 5000'Y ,SOL Tampa,  F la .  5000d lWHtE c r i f fn .  ca . '  5000d
WMTM Moul t r ie ,  Ga,  50md IWNEG Toccoa.  ca .  1000d
Wl i lO Winder .  Gr .  l000d lWKAN l (ankakee.  l l l .  l000dr
KOZE Lcri8ton, ldaho 60001 KMAQ Ma0uoketa, loya 500il
WTAO Lacrange, l l l . 5001 KLWN Lawrence, Kans. 500{F
WFRX W,  Frank for t ,  l l l ,  1000d IWBRT Bards town.  Ky .  1000d
WHLT Hunt ing ton ,  Ind .  500d lWNGO May ie ld .  Ky .  t000d
WMFT Torr3 Hauto, Ind. 50Qd I KVH L Homer. La. 

- 
1000d

KGLO ilason City. lowa 5000lWlCO Salisbury. l l ld. 1000d
WBLG Lcx ing ton ,  Ky .  1000 lWARA At t tebo i0 ,  Mass .  t000
WIBR Baton  R0uc8,  La .  looo lw l ls  Lans inc .  [ , l i ch . '  5000
KLUE Shroveport, La. l000dlWDMI Marouotto. Mich. 1000
WFBB Ba l t imore ,  Md,  5000 ly6p6 Houston .  Miss .  5000d
WJDA quincy' Mass. 1000d IWBIW Picayune. Miss. 5000d
WOOD Grand Rap ids ,  Mich ,  50001 KXLW Glay ton .  Mo,  t000d
WRBC Jqcksqn,. M!gs, . glql KoLT Scotisbtdtr, Ncbr, 5{Xm
l ( i lMo Mamhal l ,  Mo.  1000d IyWHG Haine t i :  i ! . t .  s000d
KBBL MGCook,  Nobr .  l000d ly46y  Fores t  C i tv .  fu .C.  500d
KPTL CaNon CitJ4 Nev. 5000|WCOG Gr€ensboro: i l .C. 5000
WAAT Trenton ,  N.J .  250d1 KODY Minot ,  N .Dak.  t000d
WOSC Fu l ton ,  N.Y.  1000d IWHOK Lancas tor ,  Oh io  1000d
WGOL.  Go ldsboro ,  N;C.  1000d I  KWOE Ct in ton .  ok la .  lo00d
WSYD ilt. Airy. N.C. 5000 lt1|(4p Atlontown. Pa. t000
WERE Cloyeland, ohio 5000 IWAMP Pittsburoh. Pa. 5000
WMVO Mt .  V€rnon,  oh io  500 IWSCR Scranton .  Pa-  1000
KOME Tu lsa ,  Ok la .  5000 lWR|O Rio  P i rd ras ,  P .R.  5000
KDOV Medford ,  Or€9.  5000dIWMSC Columbia .  S .C.  1000
KACI  Th6 Da l les ,  Or€9.  l000d lKELO S ioux  Fa i l s .  S .Dak.  5000
WTIL Mayagucz, P.B. 1000lWKlN Kinqs!0rt. T€nn. ,5000d
WCKI Gr€€r, S.C, 1000d IWMSR Manchester. Tenn. 1000d
KOLY Mphr id0e, .S .Dak.  1000d I  KVMC C010.  C i ty ,  Tex .  1000d
WMTN Moilistovn, Tenn. 5000d I KXYZ Houston, Tex. 5000
WMAK Nashyil lo, Tenn^ 5000 | KCPX Salt Lako City, Utal 5000
KVET Aust in .  Tsx .  looo lWLLY Richmond,  Va.  1000d
KTFY Brovnfield,Tex. l000dlI(XRO AberdesL Wash. 1000
KKAS Silsbes, Tox. 500d I KH tT Walla Waila, Wash. 1000d
KOL Seattle, Wa6h. 5000|WOMN Superior, Wis, 1000d

WRLB 9,1'lillH:v5Yl i3331 | r E 3o-22E.4
t3t0-228.e lsi$Jcllli:i.x;,ti,". ,01;39
c oY ottava' ont' .**l[Pf8lli'""f;Sil'; ."tt. !33$

IWARN Ft .  P is rce .  F la . .  1000d' t30 WHt|rE'S B^ADIO LOGIIVYSE Lakotand. Fta. t000d



(c. Wcve Lengfl W,P, Kc. Wave LenElh W.P. 1f,c. liYove lcngfl W.P.
KBNT Dss Molnes, loya 5000r KCBV Caruthe$vil lo, M0. |OOOOIW|(Rf Murphy, N.C. { nd
KMAN Manhattan, Kans, 500dlI(XLF Butte, Mont 5000IWEED Rocky Mount, N.G 5{X}0
WLOU Louisvil le, Ky. 5000d I KAWL York, l lebr. 500d IWADA Shelby, N.C. 50Od
IVSMB Nev Orleans, La. s000lWFEA Mancho8tor, N.H. 50001(!q!l Mi!9t, N.Dak. 5000
WDEA Ellsworth, Me. l000dlWALK Patchoguo, l{,Y. 500dlWOHP B€llefontain€, Ohio 500d
IVHMI  Howel l ,  M ich .  500 lWSAY Roch€ster ,  N .Y.  5000IWMPO Midd lopor t .Pomroy ,

WSMB Nev Orleans, La. 5000lWFEA Mancho8tor, N.H. 50001fll.fq Mi!9t' N.Dak. 5000
WDEA Ellsworth, Me. l000dlWALK Patchoguo, l{,Y. 500dlWOHP B€llefontain€, Ohio 500d
WHMI Howel l ,  M ich .  500 lWSAY Roch€ster ,  N .Y.  5000IWMPO Midd lopor t .Pomroy ,
KDIO Or tonv i l le ,  M inn .  loo0d lWLTC Gaston ia ,  N.C.  l000d l  Oh io  lmod
WCMP Pine  C i ty ,  M i t rn .  l000d lWTAB Tabor  C i ty ,  N .C.  5000d lWFMl  Younss toun,  Oh io  5000'WKOZ Kosciusto, Miss. 5000d1 KFJM Gmnd Forks, N.D. l000dl KqEQ Enid, Okla. 1000
KCH R Charleston, Mo. 1000d I WSPD Toledo, Ohio 5000 | K.QL-ll_l- Salen, Orog- 5000
KBBX O'Neitl, Nebr. lOO0dl(49T Astoria OreI. l000lW!:{! Lancaster,-Pa. 1000
WLNH Laconia, i l .H, 5000d IWOTR Corry, Pa. 1000 | l,VIl-B -Belton, S.Cl 500d
KABQ Albuqucrqr€, t{.M. 5000lWPAZ Pottstovn, Pa. l000dl!{qsq Charl€ston, S.C, 5000
wcgA cornins, i\ i .Y. 

- . '- 
f000dlwKMc R0aring snrg6., Pa. l000dlUfls lackson, T€nn. 5000

WRNY Rome,  i l ,Y ,  500d lw lvv  v ioques ;  P .B;  10001! (u !=P E l  campo '  Tex '  500d

KABQ Albuqucrq[€, t{.M. 50001 wPAz Pottstovn, Pa. 1000d I lY-9u9 unarl€ston, 5.c, 5t 00
wcgA corn ins , i \ i .Y .  

- . ' -  
f000d lwKMc R0ar ingsprss . ,Pa.  l000d lUf ls lackson,T€nn.  5000

WBNY Rome,  N,Y,  sooc lw lvv  v ioques ;  P .R;  tooo l l !UL!  E l  ca-mpo ' .Tex .  500d
WHtP Mooresv i l l0 ,  N .C.  l000d l  WDEF Chat tanoosa,  Tenn.  5000 |  KBEC Warahach ie ,  Tex .  500d
KQDI Bismarek, N.D. 500d I wDxE Lavrenceburg, Tonn, 1000d l -K-L-qry- Lo!-an' Utah 1000d
WADC Akron,  Oh io  5000 lWBGS Rogersv i l le ,  Tenn.  l000d l -W-EAU Ar l ins lon ,  V-a .  900
wcHl  Ch i l l i cb the ,  oh io  500d l I (OKE Auat in ,  Tox .  l000d lWlv^o_D- lvnchbu. rs ,  va .  qq00
| (RHD Duncan,  Ok la .  250 lKFBO Lonsv iow,  Tex .  t0001 KLOQ Yst ina ,  Wash '  1000

$,'olt'illi:"f* o*''' 9333 | [g#3 {"'nt]f}b,,", r.un 150009$ | I 400-21 4.2
W D A R  D a r l i n g t o n ,  S . C .  ( 5 0 0 d l W B T N  B e n n i n g t o n ,  V t .  5 0 0 d l C K B C  B a t h u r s t  l l . B .  2 5 0
W G S W  G r e e n w o o d ,  S . C .  l 0 0 0 d l W H E E  M a r t i n s v i l l e ,  V a .  l 0 0 0 d l C K C Y  S a u l t S t o .  M a r i e ,  O n l .  2 5 0
W B K M  C a r t h a g e .  T e n n ,  5 0 0 d l W J W S  S o u t h  H i l l ,  V a .  l 0 0 0 d l C J F P  R i v i € r e - d u - L a u p ,  Q u € ,  1 0 0 0
KTXJ JasDer, Tex. l000d i  KPoR Quincy, Wash. 1000d I  CKRN Rouyn. Quo. 250

WDAR Dar l ing ton ,  S .C.  { ,500d lWBTN Benn ing ton ,  V t .  500d lCKBC Bathurs t  l l .B .  250
WGSW Greenwood,  S .C.  l000d lWHEE Mar t insv i l le ,  Va.  l000d lCKCY Sau l tS to .  Mar ie ,  On l .  250
WBKM Car thage.  Tenn,  500d lWJWS South  H i l l ,  Va .  l000d lCJFP Riv i€ re-du-Laup,  Qu€,  1000
KTXJ Jasper, Tex. l000d j KPoR Quincy, Wash. 1000d I CKRN Rouyn, Quo. 250
KCoR San Ant0n io .  Tex .  5000 lwMOD Moundsy i l l0 ,  W.Va.  l000d lcKsw swi l t  cur ron t ,  Sask .  250
WBLT B€df0rd ,  Va.  l000d lWCCN N€i l l sv i l le ,  Wis .  5000d lWMSL Docatur ,  A la .  250
WNVA Nor ton ,  Va.  5000dI  KVWO Choyenno,  Wyo.  1000 l ! ,XAL Demopo l is ,  A la .  250
WAVY portsmouth, Va. 50001 - _ , l!{E.p4 _Et, payne, Ala. ?S0wpDR portase, wis. roooalt3S0-2r7.3 lwjhB 53lii,i"1Tif'" tg3
| 360_220.4 | cF.DA victoriayills_, quo. . lqgq I KSFLV Sitka, Ataska 2s0

I CKPC Brantford, Ont. 10000 I KGLF Ctifton. Artz. 250
WWWB ,sper, Ala. 1000d ICK-LC _ K-ins8ton,. ont. qggg I KXIV Phoonix, Ariz. 250
| 360-220.4 | cF-q! victoriaYilts, Quo.

ICKPC Brantford, Ont.
wwwB ,sper ,  A la ,  t000d l9KLq K in ls ton ,  on t .
WM FC Monioevil le, Ala. 1000d | !!-G-Yy Grsenvil l€r Ala'
WELR Roanoke,  A la .  1000d I  (qXF-  N.  L i t t l s  nock ,  A l
KBUX Glondal0, Ariz. 5000j Kq!/M Lancastff, Calif,
I(LYR Clarksvil ie. Ark, g}od lI(GMS Sacramento, Cali l

wwwB ,sper, Ala. 1000d l9KLq Kinr8ton, ont, 5000 | Kxlv Phoonix, Ariz. 250
WM FC Monio€vil le, Ala. 1000d | !!_G-Yy Grsenvil l€r Ala, 1000d I KTUC Tuc8on, Ariz. 250
WELR Roanoke, Ala. 1000d I (qxF- N. Litt ls nock, Arkl !q00ql (Yqy Yuqra, Ariz. ?50
KBUXGlonda l0 ,Ar iz .  5000 jKq! /M Lancas t f f ,Ca l i f ,  l000d lKELD E lDo jadq,Ark .  ?50
f(LYR Clarksvil ie. Ark, 5O0d I KGMS Sacramenlo, Calif. 1000 | KCLA Pine Blufi, Arlc 250
KFFA He lena,  Ark  fooo lKSBW Sa l inas ,  Ca l i f .  5000 lKWYN Wyrne,Ark .  r  250
f(Ffv Mod€std, calif. 10001 KFLJ wals€nburs, colo, 100041 !!BE,Berk€lev1c.qlif. '  ?50
KRCK Ridsec;osi, Calif. t000d I wAMs wilminston, Del, r00d | !!8_Eq lndio, cauf, __ ?50
f(cB San ticso. 

-Calif. 
t000 I WLIZ Lake Worth, Fla 500d | !(994 Reddins, Callt .-- 2-rQ

f(LYR Clarksvil ie. Ark, 5O0d I KGMS Sacramenlo, Calif. 1000 | KCLA Pine Blufi, Arlc 250
KFFA He lena,  Ark  fooo lKSBW Sa l inas ,  Ca l i f .  5000 lKWYN Wyrne,Ark .  r  250
f(Ffv Mod€std, calif. 10001 KFLJ wals€nburs, colo, 100041 !!BE,Berk€lev1c.qlif. '  ?50
KRCK Ridsec;osi, Calif. t000d I wAMs wilminston, Del, r00d | !!8_Eq lndio, cauf, __ ?50
f (GB San D icso ,  Ca l i f .  t000 lw l , l z -Lake wor th ,  F la  500d I  KSDA Eedd i ls '  Qa l l f .  . - .  ?50
wDnc t ia r l io io - , ' co i i i .  s00d lwaxAormondBdh. ,F la .  l000d l l !9 .P^4gantaPau la- . "ca l i t .  .250
iioits j;; iG#til le, Fi;. 50d0d IwLcY st. Petersburil, Fla' 50001 KHoE -Truckw, cglif. 1400
wkAi  Mi tn i i  e ; i ih , 'F ta ,  

-sb00 lwAoK 
At tan ta ,  ca . -  5000 lKUK|  uk iah '  ca l i f .  25o

*ioo sinroro,-Fli. '  
- -- ' 

sooi l l iELit.aleyii ihA ba..- Sdod l ISI'IG- visalia' .calit '- ?50
*rrui winti ihaviri. rra. rooool(PPi !ff i iuit; i iai;1i sd'inl!!!!t! Qa1-on Qitv' colo' 750
w^7^ a.inh,i ida n. rnnna lwliE Brazit- i ira amd I I(DTA Dolta, Colo. 250
wlog sanford .  F ta . '  5o0d lwRwH c tevc tand,  ca .  sooa l ! !9 l t -Q
WINT Win ter  Haven,  F la .  l000d l  KPg!  Hono lu lu '  Hawai i  500nrKHLN
wli2h eiiiijriiisd.-da:'- i000;lltirE, E-ru-ir, iird.---- SSdlSPIL
WLAW Laurenccvi l le,  Ga. 1000d |  !YK-J_G Ft.  Wayle, Ind, 500n I  Ki  I  M

*LeK oek;rb,-iii.-' 
-- -s00dl$.qi$.c-airorrlrldii -- 

f!*l$,8+3
WVMC Mt. Caimel, til. b00dlWMTA Cenqal City, Ky. 5001
t(xct Ft. Madison, towa looot IWW-rSJ ]uidcrrgsiei-,'riv-.' rdooi l1{Lt--t.
r sb i s i o i r i ' c i t v , ' r 6 i r i - ' so i r o l *Y ! r  Ea to .n  nous ! '  ( ; '  5b0 ; rwF rL
i(-{fo-ei-rloria-61 riris-. SdddlWSI.i ffril ' i6"; !t0.''ddd;lWhTft
i.i'Flw titoniicetli, iii.- t000dlwrU Port Huron, tllich. 100
KDB. Mansn€rd, La. roooaliiii i_e"rii ' i,,i..i '!i inii.' '"' r{!qdlVE!!
KvlM New tberia, La. roooo l(AqE wilot;, Mii;; i000: rwrRR
KrLD ranurah, La. sooo I iiioti iiriiiiioii,'iiiiis. 

'5dd: I wcos
wEBB Dundatk, Md. roooolrt,u-g!^i<?il,i:iEid,'-Iiii. l[ddilwsec
wtiru tvnn,"niiii.-r000t1[Y#;'fufg1ti;.'d;;. f$trlW[,Ei

wvMc Mt:'caimol; ltl. sooa lw!!tI-4- Qp.tlgal citv, -Kv. -500d I wsrc stantord' uonn' zbu
i<*e r- rt. iriaiibii, iriiJa ltOo; I WW-ISJ tlfrchgJtei'tit-.' tooou I WLt--t. w-illi-mantic' Sonnl ?s0
rsbisioiri'citv,'r6iri- 

'50a)0lwv!-( d;6i-n0nir;,'L;, 
'5-0-0;lwFrL Ft. Laudordalo. Fla. 250

KBro Et Dorado, Kans. 5ss6lli51.t-fftiiiti6n; i'to.' 1[[[ilwtna Ft' Pierco' Fla' 23o
wFLw Monticello, Kv. r00ool{iilJl pori tliioi', ii i it. 

-idoilwRHc Jacksonville' Fla' 250
KDBc Mansn€td,La. roooaliiii i-e"fiiti"i"i '!iinii.' '"' 1[[[ilweBY Perrv'Fla' 250
KvlM New tberia, La. roooo l(AqE wilot;, Mifi; i000; lwrRR sanlord' Fla. 250
KrLD ratlulah, La. soooliiioti iiriii i ioii ' ' i i i i is. 

'5od;lwcos Alma' Ga' 250
wEBB Dundatk, Md. rooooltt,u-g!^i<?il'i:iEid"-ltii. ldddilwscc Elberton' Ga' 25o
wLYN Lvnn, Mass.  ,ooool(*1.s- t - !u i i " l " r i ib ' - ' - '  

' ;b i l lwNEx Macon'  Ga'  250
wKMl Karamazoo, Mich. sooolii.rlyh--E"ldieiite,'lt 'elr. 5dd;lWMGA liloultrio' Ga' 25o
KLRs Mountain crove, Mo. r000d lWA!i-? :aii'ph;1-ti' ri:i: ' Ei6; I wcoH N€wnan' G& 2fi

.^" .1*er, ixN;v 'V; ; i i : i i :V.  5 i '6dl !y9:4P1'ql ' t1hj-q1 3:9

WINT Winter Haven, Fla. IOOOOI-(l-O! Hono-l-ulu' Hawaii 9OOl!!!LN uanon urrv' uo!
*li2it Eiiitirliisd,-tia. 

'-' 
idodo lwltE Brdit, l;d. 500d ll(Dra Dolta' colo'

*LA* r.iwrincdvilri, ea. rooool!Y5l-q !1. ii-ai'ii i, lno, 5qq0 lIEIU.Ft.-Horsan'-col
*Lrtk D;ia;rl;;-in. 

-' -- -50iii 
I Kcir,t cairott,- ioivi 

- 
ioobl rEZl l=a lulta! c010.

wvuc Mt:'caimol; ltl. sooa lWtU.!f- Qe.ltrit ciiv, -xv. -iqqd lwsrc stanr'rd' conn'
r(xGr Ft. Madison. rowa rooor llw-ti-Y wlfrchlJtei'tit-.' tood lulLLJ, wjlli.mantic'^o^ol

w

w tsEE uunqar(, Mo. ouuuo l'ri*k-S1'.-ttu-ii'.riib.."". 
."5b66 

| wN EX V_acon,. ca: Zso
Wk[n! k{ll;1133]'r'.n. 

'3333trl.lVi--'!"nieiite,'rt'err. ;fr;liiinGA'tiioultiio; Ga' ' 250
iil*s Mountain eiove, rio. 'rrrl}i-fl$,i ii*'+al-t t+. trE$lWtS! $1'"llil'n:fq. |frwNIl !o!ton, N,J. 9QQ4lri[oS-Airriviirir-,'-h.d," s00i l KABT Jerome, td ho ?s0ww-B_z v.ineland, N.r-.. -_ lqqqlwfoB Wii,-std;:$i;t, x.C. 6ooilKRPL Moscory, td4to. ?50wKoP Binshaqrtgn, N.Y. .-sS!qlWivlz [o]li-ri,"orriii-' 

"'-' 
si6;l-(_s-?I-sendeoin!, lde.ho ?50wM.N_s o.lean, N.Y. __ - lQqlql*eRo viiviiiv,'ij i io rddoilWDlls_ctratrpaisn,..lll. ?5owcHL chapol Hill,!u.c. l0qqqlftS*o'r-i.ii-,i,il 'olii. ' i6dilwClL qalesbur-r, lll._ 2-ia

l (EYz wi l l is ton,  N.D. 5000l i i i tUS i r r i i ibsee,"okla.  i00i lwEoA Evansvi l le ,  Ind '  ?50
wsAr cincinnati, ohio 5000li(iicti iiieiri-G-(e, iirec. t{idd; IWBAT Marion._.lnd. ?50
wwow conn€aut, ohio 500d t KSRV nnr'.in nren anh I KCoG c€ntenille, lgva !00
l(.U_l-K_H-illrboro, ores. toqq4liiib-e-r<iitian-iiiir,"ia. lddo'ilrvro Fort Dodc.e' lova ?50
wMcK ruckeg.sjior! ?a. lqqql*AiZ tt'atn;aadid,'p.j. i000: lKvqE Emporiq' Kans. ?5o
teFA-Foiiiviiie,_Fa. 

- 
_tsesl,ijiiFi w;;ili(_"ldii.i: isssilSwR ti1i.n,5il,'.*". ?33wELP Eastey. s.c. l000dl*At-S_Bis!;tJiii;:^b-_e: " iq!Q:rwler- Etizabethtoyn, Ky. 250wLcM Lancaster' s.c. toood l(9in-t-pidtiiv.s.iiir." . qo: rwrre London, t(y. 2sowNAH Nashvill€, Tenr. 1000d l iajET BdumontiiJi. 

- " 
tdoi.^, ,"r"" Hamnond, La, 250KRAY Anarillo, T€x. sooolrewoJrownqooc, rer. l6yt rnor Lake chartes, La. 250KA_c_r_ Andrevs, rrx. tss9{ | lsgll gla!;;f;I:' 

- -- 
r00!y r wnoo Aususta, Maine 250l(wBA Baytown, Tex. 1qq0l KTSM E! paio, rex. i0001 iiib;E iiiierrii,i. ii i i i i i i Zso

!(gyg qsrplrs chrijri, T€x. !E-01 KMUL Muresh6o, fel. 500dliiwfii d;iti;;;;,-Mri; lsor(xo|- Ft. worth. Tox. 5000lx_Bop preasantoir, Tei. tsas{ I,frAii- rlti-.iiivril, ii i i is. zsowBoB Garax, va. . .- !!994lwsve Builand, Vt. s000liiit_x Loiven"iiisi.---' isoy!_BG !arrisonburs,-va.. sqqqdlw$.8_,c_3icrrmoid,Va. qSqSli{E-i,iFji;,lii l iniiiiojr', rr,ra*. iaoKFDB Grand C0ulee, wash. l000dlK-RKo Evemtt,-Wlsh.' leSqlWEII eiiilo-dielil il i icri. zsoKMo racoma, wash._ _99Q9lweet- Boloia;'Wia; 
- 

5000liir-ie DJtrcit,-rrtitii i. 
"- -"' 

iso
W H J C  M a t a w a n ,  W . V a ,  l 0 0 0 d l  /  t w H n F .  H . n n h r . n  u i . h  2 i n

,vuuu t^h^u Eyerus, wasn, luuu I  WELL Batf lO Creek, Mich. 250KMo racoma, wash. qgqq lwBEL Boloit, Wis, sooo l Wr-ie- 5;tn;it.-ili icfi. 
"' -'-' 

iso
WH_r_q. Matawan, W.v-a.-- lqqq4 | r I iii-n-o-F x-,iirlriioirl- riilcrr. t50WMOV Rav€nswood, W.Va. loQodl1390-215.7 l*Mle i runis ino.  Mich.-  250
Wi#u,qi3il"?l"ri'lg.'' 3333lir<-i* ru"r*"i.c.- '000lttsi-t'- s;;i;;;"'n'!iei';' ?b0
iii,"r,ie'M€nmoi,ia, wis. 1s6661fr!-lilri;i;iii"i,lAp. iisilW?tT.r ?t;"J8i3Bne,l9l'h,,n. l!3i<Vns nocr spiings' wio. tooo I lf P9* g'-9-1'-"n,^4.'k' ,19991 xEVt'r-i,i'ri Fiiiiiiiiuiirir-.'' zso
t 37o_2r s.8 | ii6.qn" ili"'0"'dt{i,1'e"rir. '-;iiS 

I SST-' Sf,i"..lti: #"iiil.n,"". 3i3I KTUR Turlock, Calif. 100(
wByE ca tera ,  A ta ,  t000d l  KFML D€nver ,  co to .  t000f  IwHLB v i r l in ia '  M inn-  250,
KBuc corona. carir. '  1000 rwAvp Avon park. Fra. roooi lYRI^P^ s^og^1":i l.!t ' . lu:t '  3:R

l6ts_B lurrock, -caiir. lssq I WSLE 
"iiil.;jl, 'fii;h:'""' tts6WB.Y-E -calera, Ala.- lgQQ{ l.l_(.tt'l.l D€nver, colo.. !SSSq tiiElp ea,,;;iifiG, iiii i.- t50

KqucQorona,cql i f - -  1SSSIyAyf  Av.onPark,Fla.  taaa{I i i r , l i ice i6 i , i r i i ; ; 'Mt ; ; '  iso
I(EEN. qar roser csllf, .!SqqlW-qE-s- c_hicq!|g,_ll.lj. !aa9lW'ion HiiiGtlr'i, '-rr,l ' is. zsoKGEN rulare. calif. 1000d I wFlw _Fairnold,_lll. .I9e4l iijo-d'tiirr:6;.-ili iri,-'--. zsoWHYS ocala, Fla. l000dlWICD Seymour, Ind. l000dlii 'tr,t-Bt-[i;;;;: iil;:l 2s0
wco.A P€nsacora,. Fta .q9!q l5a!! clint0n, rowa. lq9qq I iiFhu ciiriii 'rii i. 'uo. zso
WHYS Ocala, Fla. l000dlWJCD Seymour, Ind. l000dli i i{-B-Ci,i;;;;: i i i ; : z5o
WCqA P€nsacola, Ft!r. .q00q I KcLN clint0n, lowa 1000d I i iFhu Citri i i 'r i i i .  uo. zso
WAXE yoro Beach, FIa. !gg!q l[CCC_ Des Moines,-,l0wa !gg0 | i i i i iu s-i i."i i irn 

'ui - '  
t io

WBGR ,osup, ca. !S0g{ l.{,ry9.S, co.ncordia, Kans. !SS{ | i i i is Sii i i-ori ird,'r i lo. zso
wFDR Manchester.Ga. l000dl!!|AN^Y.Albany,.{y. tqaa4 li( idN--ti i i ir i in-'min1. t1o
WKLE washinston, ca. 1000dlwl(lc Hazard, Ky. 5000dli i; idii die-iTri irsl '- l i i6irt. Z5b
WPRQ l inco ln ,  l l l .  q0q4 l  KNOE Monroe,  La .  50001 KCOW Al l iancc ,  Nebr ,  250
wrrs Bloomlriston, lnd. 50qql.WQ4I- qFnqe,_!ua:!. !!-0g4li i i l l i 'Li ' i ;f i :- i\t; i l :" zso
WGRY Gary, Ind. 500d lW.lLU Pymourh, -!!a$. qqqqd.l kBtti i  tt"nti i ioi i, '  tt iv. 250
l (DTH Dubuquo,  lowa t000 lWCER Char lo t te ,  M ich .  l000d l  iawNh Winn imuica .  Nev .  250
KGNO DodseCi ly .  Kans .  5000 lKRFO Ouatonna,  Minn .  500d lWTSL Hanover .  N .H.  250
WGOH Grayson,  Ky .  5000d lWROA Gul fpor t ,  M iss ,  l000d lKGFL Rosuo l l .  N ,  Mex.  250
KAPB Marksv i l le ,  La .  l000d lWQ|C Mor id ian ,  Miss .  5000d1 KTRC Santa  Fe,  N.Mer .  250
WKIK L€onardtovn, Md. - l000dl KENN Earmln0t0n, N,lUSl, qqgql KCHS Truth or Conseqlen es, -
KAHE Marxsvr l le ,  La ,  IOUUOIWqIU Mor roran ,  Mrss .  cuuuo l  KTRG santa  Fe,  N.MeI .  z5u
WKIK Leonard tovn ,  Md.  1000d I  KENN Farminoton ,  N,Mex,  50001 KCHS Tru th  o r  Consequences ,
WGHN Grand Haven,  Mich .  500d lWEOK Poughkoeps ie ,  N.Y.  l000d l  Nev  Mcx ico  250
KsuM Fa i rmont ,  M inn .  l000 lwRlv  R ivorh€ad,  N.Y.  l000d l  KTNM Tuct rnc i r i ,  N .Mex.  250
WDOB Canton,  Miss .  1000d IWFBL Syracus€,N.Y.  5000IWOND Pleasantv i l le ,  N .J ,  250
KWRT Boonvil le, Mo. l000d|WFNC Fhyettevil le, N,C. 5000IWABY Albany, i l .Y, 260

KGLF Clifton, Arlz, 250
KXIV Phoonix, Ariz. 250
KTUC Tucson, Ariz. 250
KVOY Yuma, Ariz. 250
KELD El Dorado. Ark. 250

250
t, 250
)olo, 250

250
Col0 250
o. 250
[n. 250
conn. 250

CFUN Vancouver. B.O. 10000
WALA Mobilc, Ala, 5000
KTCS Fort Smith, Ark, 500d
KERN Bakemflold, Calif. 50O
KRML Carmol, Calif. 500i1
KMYC Marysvil lo, Calif. 5000
KCAL Redlands. Calif. 1000d
KCOL Ft. Coll ins, Colo, lulo
WPOP Hartford. Conn. 5000
IVDOV Dover, Del. 1000d
WMYB Fort Myors, Fla, 5000
WBIL Leesburc ,  F la .  1000d.
WDAX McRae, Ga. 1000d i
WLAQ Rome, ca. 1000
WBMN Els in ,  l l l .  50Od
WTI M Tayloryil le, l l l . 1000d
KGRil Grinnell, lova 50Od
KLEM LeMars ,  lova  1000d
KCLO LeaYenworth, Kans, 50qld
KWBB Wichita, Kans. 5000
WLBJ Bovling creen, l(y, 5000
WHLN Harlan, Ky. 5000d
KDBS Alexandria. La. l000d
WG RD Grand Rap. ,  M ich .  l0o0d
KLFD Litchffeld, Minn, 500d
WDSK Cleveland, Miss. 1000d
WBKN Newton,  Miss .  500d
WHTG Eatontovn, N.J. 500d 6
WDOE Dunk i rk ,  N .Y.  500
WEGO Concord. N.C. 1000d
WSRC Durham,  N.C.  1000d
WING Dayton, Ohio 5000
KPAM Portland, Oro!, 5000d
WLSH Lansford. Pa. 100fi1
KQV Pittsbursh, Pa, 60m
WYMB Mann inc ,  S .C.  1000d
WCMT Martin, Tenn. l000d
KBUD Athens. Tex. l000d
KBAN Bovio. Tex. 

'500d

KVLB Clevoland, Tex. 500
KXIT Dalhart, T€x. 500d
KADO Marshall, T€x. 500
KRIG Odcssa, Tex, 1000
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f ,c . '  tvcze' 'Lengui  w.P.
KBAL 8a Saba, Tox. 500d
l(llA|. Vlctoria, Tex. 500
lvFtg Bdanoke, Va. 5000d
WKBH Laerosss, Wis. 5000
.KWYO Stcriqqn, Wyo.. 1000

t420-2tl.l
I O.XPT Poterbomush, Ont. 1000

OJIIT Chicoutimi, Quo. 1000
CKOII Saskrtoon, Sask. 5000
r,YACT Tuscaloosa. Ala. 5000d
KHFH S ier ra  V is ta ,  Ar iz .  1000d
KPOC Pocahontas, Ark. 1000d
KSTN Stoolton, Califr 1000
WLIS Old Saybroot, Conn. 500d

fWBRD Bmdonton, Fla. l0{0
VDEFI Delray Bcaci, Fla. 500d
WSTN St. Augustine, FIa. 1000dlWAYO Avondalo Estat€s, Ga. 500d"WBBL Columbus, ca. 5000
WLET Toccoa, Ga. 5000d
WlNl i lurphyEboro, l l l . 500d
Wlltls Michisan City. ltrd. 1000
WOC Davenport, lowa 5000
KJCK Junction City, l(ans. 1000d
YYTCR Ashland, Ky. 5000d
WNPI! Harrodsburt, Ky. 1000d
lvVIS Ovonsboro, Ky. 1000
KPEL Lafayotto, Lr. 1000
SESU Ntu Bodtord, Ma6s, loo0
WBEC Pittsffeld. Mass. 1000
WAMM F l in t ,  M ioh .  500
KTOE Mankato, Minn. 5000
VYSUH Oxfod, Miss. 1000d
WQBC Vicksbur!, Miss. 1000
KBTltl Neosho, i lo, 500d'l(O0O Omolu, llebr. 500d
UAI'Y Herlim€r, N.Y. 1000d
-.WAGK'Nc*ark, ta.Y, 500
UrLflA Ps€kskil l, N.Y. 1000d
WllYil ilayodan, N.O, -- 500
WGAS S. Gastonia, N.O. 500d
WllYil ilayodan, N.O, -- 500
WGAS S. Gastonia, N.O. 500d
WVoT Wi lson,  N:C.  1000
livtlK CtoYeland. Ohio 5000
KTJS Hobart, okla,. 1000d
KYf{G Coos Bay, Ot€g. 1000d
WCOI Coat€svil lo, Pa. 5000
r'VCED DuBois. Pa. 5000
W'EUC Ponce. P;R, 1000
WCRE Cheravfs.c, 1000d
KAiBR Aberd6€n. S.D. 1000d
WEMB €ruln! Tonn, 5000d
,WKSR Pulaski, Tenn. 1000
KFY[{ Bonham. Tex. 250d
KrBE Lutkin, Tox. l00s
KGNB t{eu Bmunfols, Tcx. 1000d
(PEP San Anselo, Tex, l00od
WWSB St. Albans, Vt, 1000d

,WDDY Gloucoster, va. loood
WKCW Warr€nton, Va. 5000d
KlTl Chshali!, Wash. 1000d
KUJ Walla Walla, Wash. 5000
WPLY Plymouth, Wis. 500d

14?0-209,7
CKFH Toronto, ont, 5000
ryFH K Pcll Oity, Ala, 1000d
KfIBM Monticello, A.k. 1000d
I(AMP El Centro. Calif. 1000d
KARiI Fresno, Calif. 5000
KALI Pasadena, Calif. 5000
KOSI Aurora, Colo. 5000
WSD& Homostead, Fla. 500d
WLAK. Lakoland, Fla. 5000
WPCF Patrana City, Fla. 5000
WOFS Covirqton, Ga. 1000d
WBCD Dalton. Ga. 1000d

KSAN San Frandisco, Calif.
KROG &nora, Calif.
KVEN Ventura, calif,
KAGR Yuba City, Calif.
KGIW A lamosa,  Co lo .
KYOU Greeley, Colo.
WNAB Br idgeDor t ,  Conn,
WILM Wi ln ins ton ,  De l ,
WOL Wdsh ins lon ,  D.C.
WWJB.  Brooksv i l le ,  F la ,
WMFJ Oaytona Beach, Fla.
WSKP Mian i .  F la ,
WBSR F€nsacola, Fla,
WSPS Sarasota, Fla,
WSTU Stuart, FIa,
WTNT Tallahassoo, Fla.
WGPC Albany ,  ca .  ,
WBHF Cartorsvil lo. ca,
WCoN Cornelia, ca.
IryKEU Griffn. Ga-

WWGS Tlfton, Ga. 5000d
WCMY Ottava, l l l . 500d
fflRE Indianaoolis, lnd, 5000
KASI Ames, lova 1000d
KMRC Moruan City, La. 500d
WilAV Annapolis; Md. 1000
WHIL ilodford, Mass, 5000d
WION lonia. 'Mich, 5B0d
Y{BBB Mt. Clomens, Mich. 500d
IYLAU Lauml, Miss. 5000d
Wl,L St, Loui8, Mo, 5000.KRGI Grand lsland, Ncbr. 1000
WNJB xovark, N.J. 5000
WENE Enrticott- fr.Y. 5000
WIINC ilorlartolL N.C. 5000d
WRXo, Rorboro, N.c. 1000d
WFOB Fostoria. Ohio 1000
WCLT ]{evark, Ohio 500d
KALV Alva, Okla. 500
KTUL Tclsa, Okla, 5000
KGAY Salem, Ore0. 5000d
WVAII Altoora. Pa, 1000
WFRA Fmnklin, Pa. 500d
.WBLB Batosburc, 8.C.
WATP Mariotr, S.C.
l(BBK Brookinls, S, Dak,
WEIO Urdison, Tonn.
TTVHER ilemDhis, Tsnr.
KSTB Breclenridge, Tex.
KSIJ Gladevater; Tex.
KCOH Houston, Ter.
KLO Oiden, Utah
KBBC Mt. v€rnbn, wsh.
VEIB ryciltotr, w.va.
I'VBEV Board Dam, Wis.

wglr,s.BADIO

. '  \  I  
t  '  

' : d : l

! ,  l

I(c. Wove LczgfD W,P.
WZEP DoFmial Snrints,

Florida 1000d
WMBB labksonyittc, f la. i 5000
WDMF Buford, Gd. 1000d
WBOY Garn i ,  l l l .  1000d
WKAM Goshen. lnd. 1000d
WOCH North Vernon, lrd. 500d
KSO D6 Moines, lowa 5000
KCRB Chanute, Kans. 1000d -
WRVI( Mt, Vernor, Ky. 500d
WAIL Baton Bouq€, La, 5000
KBSF Springhil l, La. . 1000d
WBET Brockton, Mass. 1000
WBBN Bis  Bap ids ,  Mich .  1000d
WPON Pontiac, Mich. 500
KDMA Uontev ideo,  Mi rn -  1000
WELZ Belzoni, Miss, l0d0d
KADY St. Charles, t{0. 5000d
KRNY Kearney, Nebr. 5000d
KENO Las Vesas, Nov. 1000
WOKO Albany, N,Y. 5000
WVOX Neu Rochclle, N.Y. 50{d
WHEC Bochestor, l{.Y, 5000
WFVG Fuquay Sprss., N.C. l(xxld
WIIMH Marshall, N.O. 500d
WaNS Coluntfus, Ohio 5000
WPVL Painesyil le, Obi0 500d
KPI-K Dallas, Oreg. 1000d
WMBA Ambridle, Pa. 500d
WCMB Harrisburg, Pa, 5000
WBCU Unior .  S .C.  1000
WGOG Walhalla, S.C. 500d
WJAK Jackson, T€nn. 1000d
WEEN Lafayette, T€nn. 1000d
I(BBZ Froeport, Tex. 500d
KLLL Lubbock, Tox. l000d
WAGo Waco, Tex. 1000
WPBW Manassas, Va. 500d
WRAD Radford, Va. 5000
Kl MA Yakima. Wash. 5000
WRAC Racine, Wis. 500d '

1470-204.0
CHOW Welland, Ontario 500d
CFOX Pointo Ciaire, Quo, 1000 

'.
WBLO Evor[reen, Ala. 1000d
KBLO Hot Sprinls, Art. .1000d
KBMX Coalinga, Calif. 5{X}d
KUTY Palndale, Calif, 1000d
KXOA Saoramento, Cali l. 1000
WMMW Mor iden,  Conn.  1000d
WPOiI PomDano Beach. Fla. 5000d
WDCL Tarpon Sprcs., Fla. 5000d
WAAG Ade l ,  Ga.  1000d
WDOL Athens, ca. 1000d
WoLA Claxton, ca. 1000
WRGA Rone, ca. 5000
WIIIBD Poorla, l l l . 5000
WCBe Ande$on, lqd. 1000d
KTRI Sioux City, losr 5000
KWVY WaYerly, lowa 1000d
KARE Atchison, Kaffi. 1000
WSAC Fort Knox, Ki. l000d
KPLC Lakc Charles, La. 5000
WLAM Lcuiston, l lai[e . 5000
WJDY Salisbury, Md. 5000d
WTTfi Westminster. Md. 1000d
WSRO Marlboroudh, Uass. ;1000d
WN BP N€vburyport, Mass. . 500d
WKMF F l in t .  M ich .  '  1000
WKLZ Kalamazoo. Mioh. 500d
KANO Anoka, Minn. 1000d
WCHJ Brookhaven. Miss. 1000d
WNAU N€w Albany, Mlss. )500d
KGHM BrooktrEld, Mo. 500d
KTCB Malden, Mo. lmod
WTKO lthaca, N.Y. 1000d
WPDM Potsdan, N,Y. 1000d
WBIG, Grecnsboro, N.C. 5000
WPNO Plymoutft, N,C. 1000d
W\TOE Spruce Pine, N.O. lC00d
WOHO To ledo.  Oh io  1000
f(VLH Pauls Valley, okla. 250d.
KVIN Vinita, Okla. s00d
WSAN AllontoYn, Pa, 5000
WFAR Far re l l ,  Pa .  1  ,1000d
WOIC Columbia, S.C. 5000d
WEAG Aleoa, Tenn. 1000d
WH ER Momphis, Tenn. 1000d
WVOL Nashvil le, Tenn. 1000d
I(BBC Alri leno, T€x. 5l)00
KWRD Honderson. Tex, 500d
I(ONY San Maroos, Tox. 250d
I(ELA centralia, Wash. 5000
KSEM Mosos Lako. Wash.i 5000
WPLH Huntinoton: W.Va. 5000d
wBKV Wost  Bond.  Wis .  500d
KTWO Osper, wyo. 5000

1480-202.5
WABB Mobi le.  Ala. 5000
KHAT Phoenix.  Ar iz,  500
KGLU Safford, Ar iz,  1000
KTCN Beryvi l le,  Ark. l f i )O
KIEM Eureka, Cal i f . .  5000
KYOS Merced, Cal i f .  5000
KWIZ Sdlta Ana, Cal i ! .  1000
KTUX Pueblo, Colo. l000d
WAPG Arcadia, Fla. 1000d
WEZY Cocoa, Fla. 1000d
wTHR Panama Beach. Fla. f l )o!wTHR Paoaina Beach, Fla. 500d
WYZE Atlanta. Ga. 5000d
WBDw Autusta, Ga. 5000
WTHI Terre Haute. lnd. 1000
WRSW WaBaYf lnd. 500



. t(c. ttove LcngIh W.P.
KYoK ilouston, T.r. 5000
kCBO Lubbook. Tor. 1000
kBUg Meris, Ter. 500d
NTOD Sinton, TeI' 1000d
WEZL Bichmond, Va. 5000d
KllX scaftto, Wash. '5000d

: WSWW Ptattovil lo' Wis. 1000d
.WTEW Tvo RiveFJwis. 1000d

. KCIIY Cftoyonne, WYo. 1000d
t

, 1600-187.5
CHVCrNialara Falls. Ont 5000
WEUPI HuntsYil ls, Ala. 5000d
'WAPX Montcomory, Ala. 1000

' KOST Frostro, Callf. 1000d
l(wow Pomora, Cali|' l00o

.KUBA Yuba Citv, calif. 1000

' j  
"  

: .

(c; WAve Length W.P.
(LAK Lakauood, Colo. 1000
WKEN Doyor, Del, , 500d
WKTX Atlantlc Beach, Fla. lf i)od
WKWF K6y W€st, Fla 5ll0
WH EW Biviera B€ach, Fla. I000d

(c. lVoYe Leaollr W.P.
KLVI Vivian, La. 

- 
500d

WINX Rockvil lo. i ld. 1000
WBOS Bmqklino. Mass. 5000
WTYM East Longmoadov,

Mass. fl)00d
WHBV Ann Arbor, Mich. 1000
WTFU Muskegon, Mich. 5000
WKDL.Clarksda le .Miss .  1000d
KATZ St. Louis, Mo. : 5000
KTTN Tr€nton. Mo. 500d
KNCY Nebraska City, NebL 500d
WONG Ore ida ,  N,Y.  l000d
wwRL woodsido, N.Y. 5000
WGIV Charlotte, N,C. 1000d
WIDU Fayottevil le, N.C. 1000d
WFBC Reidsv i l lo ,  N .C.  1000
WKSK W. Jeff€60n, N.C. 1000d
WBLY Sprinsfield, ohio l0q0d
WTTF Tiffn, Ohio 500d

U. S. qnd Cqnqdicrn AM Stqtions by Locgtion
Abbreviorions, C,[., coll lefiers; Kc., frequency in kilocycles; N.A., network qfiiliotion-A: Americon Broodcosting Co.,

l,- ,, C: Columbio Broodcosiing Systbm, Inc,; M: Mutuql Broddcosting System; Nr Notiopcl Broodccsting Co', Inc.

WOKB Wintor Gard€n, Fla. 1000d
WGKA Atlahta, Ga. 1000d
WCGO Chicaso Hqts . ,  l l l .  1000d
WMGW Haryard. l l l . 500d
W'BTO Linton, Ind. 500d
WARU Peru. Ind. 1000d
KLGA Algona, loua 5000d
KCRG Codar Rapids, lowa F000
KMDO Ft-Srott, Katrs.. 500d
WNES C€ntral City, KY. 50Od
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bcatlon C.L. Kc, N,A.
Wltoclitrg, W.Va, itHLL 1600

WKIYK I4OO A
wwvA i l70  c

Wliit Castle, La. KEVL 1590
Whito Plains, N.Y. WFAS 1230
Wblls Riwr Juno,. Vt..  w w R J  9 1 0

\thltchorsc, Y,T. CFWH 1240
Whitesburl l(y. WTCW S20
Whltovtl lo, i l ,C. WENC 1220
Wiohita, Kans. KAI(E 1240 M

r  KLEO t480
KFBI  IOTO N,
KFH t330 C

KS|R goQ
t ( w B B  t 4 t 0

lrYlchlta Falls, Tox. I(SYD 990 t
|(TRN t290
t(wFT 620 C

Wi ldwood,  N.J ,  WoMC 1230
Wilkes.Barro, Pa. wBAx 1240 M

WBRE I34O N
w l L K  9 8 0  A

Will iansburt, Ky. WEzJ 1440
Will iamson. W.Va. WBTH 1400 t't
Will iansDort, Pa. WLYC 1050

W B A K  I 4 O O  N
wwPA 1340 c

Wi l l iamston .  N.C.  WIAM 900
Wlltimantlc. Conn. WlLl t400

t "
focslicn G.!. l(c. t{,4,
Wil l t s ton ,  N.D.  KEYZ 1360
Willmar, Mlnr. KWLM 1340 A
Willov gprircs, Mo. KUKU 1330
Wi lmin l ton ,  D€| .  WAMS 1380 M

W D E L  I I S O  N
wtli.t t450 a
WTUX t290

Wi lming ton ,  N,C.  WMFD 630 A
WKLM 980
lycNl  t340 M

Wilson, f{,C. WGTM 5s0 C
wvoT t420 M

Winchester, Ky, WW KY 1380
WinchoDtor, T€nn. WCDT 1340
Winchest*. Va, Wl NC 1400 A
Winder .  Ga.  Wl  MO 1300
Windom,  Minn .  l (OOM 1580
Windsor ,  N .S.  CFAB 1450
Windsor. Ont. CBE 1550

CKLW 800 M
Winlham, Ont. Cl(NX 920
Winnomucca, N6v. KWNA 1400
Winnneld, La. KVCL 1270
Winn€r, S.Dak. KWYR 1260
Winn ipeg,  Man.  CBW 990

. ct(Rc 630
cKY 580

cJoB 680
Winnsboro ,  La .  KMAB 1570
Winona, i l inn. Kwllo 1230 A

Loc,oflon C.L. l(c. f{;I.
KAGE I38O

Winotra, i l lss. WONA 1570
Wiosloy, Ariz. KVI{C l0l0 A
Winston-Salen, N.C,

WAAA 980
wAtB t340
wsjs 600 N

wToB t380 M-O
Wintor carden, Fla, WOKB 1600
Winter Hayen, Fla. WSI B 1490 M

w t N T  t 3 6 0
Wintor Park. Fla. WABR 1440 M
Wisoonsir Bapids, Wis.

W F H R  I 3 4 O  M
Wolf Pi.. Mont KVCK 1450 M
Woods ide .  N.Y.  WWRL 1600
Woodstock, N,B. CJCJ 920
Woodstock, Ont. CKOX 1340
Wooduard, Okla, KSIW 1450
Woonsockc t ,  R , l .  WNRI  1380

wwoN 1240
Woostor. Ohio WWST 960
Worcoster, ilass.

WAAB I44O M.N.A
wNEB 1230
w o R c  t 3 l 0
WTAG 580 C

Worland, Wyo. KWOR 1340 M
WorthinCton, Minn, KWOA 7S0
Wor th ins ton .  0h io  WBFD 880

Locolfon C.1,. Hc.
D. C.

washinlton WASII.FM 97.1
wFAt {  100.3

W G M S - F M  1 0 3 . 5
W M A L . F M  1 0 7 . 3

woL-FM 98.7
{  WRC-FM S3.9

wToP-FM 36.3
w w D c - F M  t 0 t , l

FIORIDA
Coral Gabl6 WVCG.FM 105.1
Daytona Beach WNDB-Fm 94.5
For t  Laudorda lo  WWIL.FM 103.5
G a i n e s v i l l o  W R U F - F M r l 0 4 , l
. lacksonv i l lo  WIAX-FM 95.1

wzFM 96.9
W M B R - F M  9 6 , I

Miaml  WAFM 93.  I
wcKR-FM 97.3
wGBS-FM 96.3

w r H s  * 9 1 . 7
' t V W P B . F M  1 0 1 . 5

Miami  Boaoh WKAT.FM 93.1.  W M E T . F M  9 3 . 9
or lando WDB0-FM 92.3

w H o 0 - F M  9 6 . 5
wKrs-FM t00 .3

Paln Beact WOXT-FM 97.9
Ta l lahassoe WFSU-FM*91.5
Tampa WDAE-FM 100.7

WFLA-FM 93.3
WPKM 104.7
WTUN *88.9

Win ts r  Park  WPBK '91 .5

GEORGIA
Athens WGAU-FM 102.5
Atlanta WABE *90. I

w P L O . F M  t 0 3 . 3
W G K A . F M  9 2 . 9

wsB-FM 98.5
Augusta  WAUG.FM 105.7

WBBQ.FM I03 .7
Co lunbus WRBL-FM 93.3
G a i n e s v i l l o  W D U N - F M 1 0 3 . 9
Lagmn0o WL.AG-FM 104.1
Macon WMAZ-FM 99.  I
Mar ie t ta  W,BIE-FM 101.5
Ncwnan WCOH-FM 96.7
Savannah WTOC-FM 97.3
Swainsboro W.lAT.Fltl 101.7
Toccoa WLET.FM 106.1

HAWAII
Hono lu lu  KAIM-FM 95.5

t (uoH *90 .5
KVoK *88.1

l lUNots
Anna WBAr-FM 92.7
Ar l ing ton  Ho i0h ts  WNWC 92,7
B l o o m i n t t o n  W J B C - F M I 0 l . 5
Carmi  WBOY-FM 97.3
Chanpa icn  WDWS-FM 97.5
Chicaco WBBM-FM 96.3

w B E Z  * S t . 5
w c L M  1 0 1 . 9
WDH F 95 ,5
wEBH 93.9
wEFM 99.5
WEHA 97.9

wENB.FIn  94 .7

bcdtion C.t. Kc. N.A.
Wynne, Ark. KWYN 1400
WytheYillo, Va" WYYE 1280
Yakima. Wash. KIT 1280.KIMA 1460 C

KUTI  980
I (YAK I39O M

Yankton, S,D. l(YNT 1450
WNAX 570 C

Yarmouth,, N.S. CJLS 1340.
Yazoo City, Miss. WAZF 1230
Yellovknife, N.W,T, CFYK 1340
York, Nebr. KAWL 1370
York, Pa- WNOW 1250

w o R K  t 3 5 0  N
.  WSBA 9 IO A-M

Yorl, s.c, wYcL tb80
Yorklon, Sask, CJGX 940
Youncstou, Ohio WBBW 1240 A

,  WFMJ 1990 N
WKBN 570 C

Yr€ka, Calif. I(SYC 1490
Yuba City, Calif. KUBA 1600

KAGB I45O
Yuna,  Ar iz .  l (oFA 1240

KBLU I32O
KVOY t400 A

I (YUM 560 N
Zanesvil le, Ohio WHIZ 1240 N
Zarophath, lt,J. WAWZ 1380

Unired Sfotes FM Stotions
Abbreviolionsr Mc., megocycles, oslerisk til indicotes educotionql stotion-

lacstlon G,L. lllc.
!  ALABAMA

Albsr tv i l le  WAVU-FM 105.1
A loxandor  C l ty  WBFS.FM 106.1
Anda lus ia  WCTA-FM 98.1
Amis ton  WHMA-FM 100.5
Athons WIOF 104.3
B i rmingham WAPI-FM 99.5

W B R C - F M  t 0 6 . 9
wsFM 93.7

Clan ton  /  WKLF.FM 100.9
Cul lnan WFMH.F i l  l0 l . l
Dolatur WHoS-Ffr' l  102.1
Homovood WJLN 104.7
Huntsvil lo WAH R 99. I
Mob i l€  WI (RG.FM 99.9
TuEcaloosa WTBC.FM 95,7

w u o A  * 9 t . 7

ARIZONA
Globo KWJB.FII 100.3
tl€sa KBUZ.FM l(}4.z
Phoon ix  KELE 95.5

KFCA *88.5
Tucsor KFMM 99,5

AR,KANSAS
I i tythovil lo t<lCn-fm ge.t
F t .  Smi th  KFPW-FM 94.9
Jonsboro  KBTI I I -FM 101.9

.  t (Asu 9 t .9
Itlammoth SDfinos KAIttS 103.9
P in6  B lu f f  KOTN-FM 92.3
giloan Sprinos KUOA-FM 105.7

Locofion C.L,
Marysvil le I(MYC-FM
Modesto  KBEE.FM

K T B B - F M
Mounta in  V ies  KFJC
Oak land KAFE
ontar io  KASI ( .FM
Oxnard KAAR
Palm"Springr KPSR
Pasadona KPCS
BivoF ido  KPLI

KACE.  FM
K D  U O

Saffamento KCRA-Fltl
K F B K - F M

K E B R
K J M L

., KSFM
KXRO

KXOA.FM
San Bornardino KVCB

K F M W
Ean Dieso KFSO-FM

K F M B - F M.  
K G B - F M

KITT
KSDS

San Francisco KALW
KBAY.FM
.KGBS- FM

K D F C
K E A R

KGO
K N  B C .  F M
K R O N . F M

KSFR
KYA.FM

San ,oso KSJO-FM
K R P M

San Lu is  Ob ispo (ATY-FM
San Mateo ; KCSMganta Ana l(WlZ-FM
Santa Barbara I(RCW
Santa Clara KSCU
Santa Maria KEYM

KSMA-FM
Santa Monioa KCBW
Stockton KCVN

K R A  K .  F M
W$t CoYina KDWC

cotoRADo
Boulder  KBNW
ColoEdo Snrinls KBCC

K F M  H
KSHS

DenYor  KFML-FM
.  K D E N . F M

K L I  B .  F M
KTGM

Manitou Sprinls KCMS-FM

CONNECTICUT
Brookf eld WG tl F
Danbury  WLAD.FM
Hartford WHCN

W D R C . F M' 
Ii, RTC. F M
W T I C - F M

Msr iden WBMI
Now Havon WNHC-FM
Stanford WSTC-FM
Stor6 WH US

DELAWARE

Docatur
D e  K a l  b
Efrn0ham
E l 0 i n
gmvood Park
EVansr0n

Harr isbur0
.lacksonvi lls
J o l  i e t
Macomb
Mattoon
Mt. Vernon
Oak Park
o l n e y
Paris
Park Ridgo
Peoria
quincy

Bockford
Bock ls land
Spri  ngf iold
Urbatra

INDIANA
Bloominc ton  WFIU *103.2
Columbu!  WCSI-FM 98.3
Connorsv i l le  WCNB-FMlO0.3
CEwfordsvil lo WBAS.FM 106.3
E lkhar t  WCMR.FM 95.1
.  WTRC-FM 100.7

Evansvil lo ' Wl KY-FM 104. I.  wEvc  *9 t .5
wPsB 90.7

Fort Wayno WPTH 95.1
Gary  WqVE +88.1
Gosh€n WGcS 9 l . l
Greohc* t lo  WGBE *9 t .7
Hammond WJoB.FM 92.3
Harttord City wHCl *91.9
Hunt inq ton  WVSH *91.9
lnd ianano l is  WAJC *104.5

W F B M - F M  9 4 . 7
WFMS 95.5
wtAN r90 .1

Jasper  WITZ-FM 104.7
t r |ad ison WORX-FM 96.7
Ma. ion  WMFI-FM 106.9
Munc l€  WMUN 104.1

w w H l  * 9 1 . 5
ilcw Albany WI{AS *88.1
N€w Cast lo  WCTW-FM 102,5

W Y S N  * 9 r . 1
South B6nd WETL *91.9
Terre Hauto WTH l.FM 99.9
Wabash WSKS *91.3
War8av WBSW-FM 107,3
Wash ing ton  WFML 106.5

lowA
A mes
Boon€
Clinton
Davonport
Dos Moines

Duluque
loya Oity
MaEotr city

wot .FM *90. r
KFGQ *99.3

KR0S.FM 96.1
woc.FM 103.7

KDPS *88.1
w H o . F M  1 0 0 . 3

wDBO t03 .3
KSUI  *9r , '

KGLO.FM , t01 .  I

*lc.
99.9

t03.3
104. I*88,5
98.1
93.5

1n4.7
92.1
89.3
99. I
92.7
97.5
96. I
96.9

r00.5
95.3
96.9
98.5

107.9
*9 t ,9
99.9
94. I

t00,7
t 0  t . 5
t05.3+88.3
*91,7
tI)4.5
98.9

t02. I
97.3

103,7

s6.5
94.9
93.3

9&5
96.1*90.9
96.7
97.5*s0. I
99. I

r02 .5
*89.9
* 9 t . 3
92.9
98.3

97.319r .3
96.5*s0 5
98.5
99.5

t00.3
t05 .  I
102,7

95,1
98.3

t05.9
102.9
*89.3

96.5
95.7
99. I
96,7r90.5

focofion \ C.1,. Mc.
wFMF 100.3
W F M S  t 0 7 , 5
WFMT 98.7
wKFt t |  103.5

W M A Q - F M  I O I . I
w N t B  9 7 . r
wsEL 104.3

wsoY-FM t02 .9
w N l c  * 9 t . 1
wsEt  95 .7

WEPS *88. t
wxFM t05 ,9
WEAW 105.1
wNUR *89.3

WEBQ-FM 99.9
wLDS-F[ i  t00 .5
wjoL .FM 96.7

wwKs *9 t ,3
WLBH.FM 96.9
wMrx-FM e4. l
woPA-FM t02 .7
wvLN-FM 92.9
wPRS.FM 98.3

WMTH *88.5
W M B D - F M  9 2 . 5
W G E M . F M  I O 5 . I
WTAD.FM 99.5
wRqK-FM 97.5
W H  B F - F M  . 9 8 . 8
WTAX-FM t0S.7
wtLL.FM *90.9

T CALIFORNIA
. Afaneda KIAZ 92,7
I  Ar l in l ton  KNFP *89.7

Athorton KPEil l0l.S
, Bakdrsfl€ld :KERN-FM 94.1

l (QxR 101.5
Borkcley I(PFA 94.1

KPFB *89.3
l (BE-FM 102.9

Claromont KSPC *88,9
E l  Ca jon  KUFM 93.3
Eureka KRED-Fll l 96.3"Frcsno KARM-FM 101.9

K M J . F M  9 7 . 9
KRFM 93,7

.  G lenda lo  KFMU 97.1"  K U T E  I O I . 9
l rg lsvood l (TYM.FM 103.9
Lon!  Beach KFOX.FM 102.3

KL0N *88.1
KNOB 97.9

.  Los  An le los  KABC.FM 95.5
K B B I  I M . 5

KBCA 105.1
KBMS t05 .9
KCBH 98.7

l(FAC-FM 92.3
K G L A * I 0 3 . 5

K H J  t 0 t . l
KMLA IOO.3

Ki lX-FM 33. I
KBtQ t04 .3

KPOL-FM S3.9
t (RHM 94.7

KBKD'FM 96.3
K U S C  * 9 1 . 5
KXLU *88.7

:  KHoF 99.5

I78. WHITE'S RADIO LOG
Dover WDOV.FM 94.7
Wi lmin l ton  WDEL.FM 93, ,

wlBR 99,r



Locatior C.t. tfc. I tocqlion c.t. Mc. ILocolion c.t. Mc' llocofion c.L. Mc'

MuEcatin€ KWeC.FM ss.z I g. Lrnsinr WKAE-F1I '90.5 | Ney Ygrk WAB-Q.--F!I1 9s.5 | Frdnont WFRO:E-IN Ss.t
sioiii-Gre rAvr--rn roi.sll '-"-"' t-s!v-U"CCtll '--- 

-- 
#"lr4l ,3?:31""'',,0n rVf{tlrii.iwaverrv K*AB 8s'rl['.'"1'o ""0'0" -,,tiF5''iiil . #8'iS:Fl{ ili:ilf*,,,. ##o�[-F# 

.8f;J

Locatior c.1,. lfc. I tocqlion c.t. Mc. i Locolion G.L. Mc' lLocdltot G.L. if c.

MuEcatin€ KWeC.FM ss.z I g. Lrnsinr WKAE-F1I '90.5 | Nev Ygrk WAB-Q.--F!I1 9s.5 | Fri 'nont WFRO:E-IN S9'3

illifl;;ri' Rri',iit'g[:il;;";"-"'," $-n";g..H| ;ii1"# tli,ilill;':" .r-]Y.,fgf{ii
KANsAs I 

- *" "' -- 
JlF$:i$ il:A I t wEvDi'uv .36:9 | '.?fl'f'�"'� sifff:FM 'noli

Empor ia  xs re  ,eg .z  I  H ieh tand pk .  
"  - ' { . t l ' p j  ' !8 . i  I  wHoi l -FM s2 .3  |  Mar ion  WMRN-FM 106.9

ffi*!"":'" ,s'd! ,',iiltilju,,' 
- 

v^}t{.ilil ,}JSIF$ iil,ilil.t:ljrrn WF,iil ili,iMinh;ii;n rsoi.Fn -sil:tl oak Pqrk V-lqlU ..9!,
Nevton KjRG-FM sz.r I  Foi ir 'ol i  wQa( ledi i  I  wNYc'FM e3'e 

lorrord S8IR 
.39:i

bttari Krro.Fr .*'l;;;;;";"" 
*"ifilF,8 

'Si:il 
...Vgtilillt Siiileo.ts,ou.r .wpn_VtFri,i roq.rwichita *'-t-,i,I 133:? I sirui' il"di'H:iiili ,65:i I w*[8:Fi[ 8g:?lgld-, v'l$:.,H, lta..]

|  |  W 8 F M  | 0 s . | l s p r i n s f i e l d  w B L Y - q t ! !  1 0 9 . 9
KENTUCKY I MINNESoTA lNia'ara Farrs Stbor:tr1n 3g:tli:i:l:"'"'' WSIU:FM i3l3

Slflll'o ''" UFIJ-FM '3?:3 | $ix#i'8.". -{f,t;i$ l$l'! | r't'i"c* Wi'^5:Fil '33:l | -!H-BF :3?:i
Fui ton  

-  
WFUL-FM t04 .e  I  (wEl t !  9Z ' !  I  Pe€ksk i l l  WLNA-FM 100.7  I  WTOLIFIU 104.7
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Ccnodiqn Television Siorions
Locolfon C.t.

. , A[8ER,TA
Locatlon C.t. Cion.

ONTARIO

P'T"i?* r'8tY't--tu I
,E l l io t  Lake CKSO-TV- |  a
Hami l to t r  C I iCH.TV I  I
_ {apusk6 ln !  CFCL-TV- t  s
Kcnora  CBWAT I
K ings ton  CKWS-TV t i
K i tchoner  CKCO.TV 13
London CFPL-TV t0
Nor th  Bay  CKGN-TV t0
Peterboroulh CHEX-TV t2
Ottava CBOFT 9

CBOT 4
Port Arthur CFCJ.TV 2
Sault Stc, Mario CJ|C-TV 2
Sudbury CKSO.TV 5
T immins  CFCL-TV 6
Toronto. CBLT 6
Windsor  CKLW-TV 9
Winsham CKI {X-TV I

PRINCE EDWARD
IStAND

CharlottetoYn CFCY-TV t3

Locolion G.L, C[on.'

OUEBEC
Clernont  CFCV-TV- l  7b
Estcouft CTES.TV-I 70
Jonqu iere  C| (RS-TV t2
Matane CKBL-TV g
Montroal CBFT 2

C B M T  6
N€y Car l i s lo  CHAU-TV s
Queboc CFCM-TV 4

c K M t - T V  5
Rinousk l  CJBB-TV 3
Rouyn cKRi l -TV 4
Sh€rbrooke CHLT.TV 7
Throc Riv€F CKTM-TV tg

SASKATCHEWAN
Moose Jav  CHAB.TV 4
Prlnco Albert OKBI-TV 5
Be0 ina  CKCK-TV 2
Saskatoon CFQC-TV I
Svift Current CFJB.TV 5
Yorkton CKoS-TV S

Cal!ery
, Ednonton

L€thbrid!o
rl ledicinc Hat
nrd Deor

CHCT.TV
CFRN-TV
CJ LH.TV
CHAT.TV
CHCA.TV

t

3

6
6

\ .
BRITISH COTUMBIA

Dauson Creek OJDC.TV s
KFmloops CFCR-TV 4
l(hloma CHBC-TV 2

cHGP_TV- t  72
Ol ivor ,  ,  CHBC.TV.3  8
Ponticton CHBC-TV tg
Vancouver CBUT 2
V. rnqn CHBC-TV 7
Victoria CH EK.TV 6

TABRADOR
Gooso Bay CFLA.TV 8

World-Wide Shorr-Wcrve Stotions
'  

Most  internot ionol  broodcost ing is  donJwirhin f requency l imi ts ogreed upon ot  METER BANDS

,I#fr:::J$55Tf''1';:'l:::J:fffiT5J:IJffil;';i:';1,:i,.'"re' ot the rish'' 47soto so;6okc/st6omaellovu'l
-  

I  Recepl ion in the voi ious bonds vor ies occording to fhe t ime of  doy ond seoson 59.5oIo 6200kc/ .s l lgneferbond)
^q 

of  the yeo; .  Recept ion in the 60,  49 qnd 4l  mJter  bonds is  best  ot  n i jht  dur ing the 7100to 73OOkc/s l4 l  meterbondl
winfer  monfhs.  Receot ion in the 3l  onQ 25 M. bonds is  best  o!  n ight ,  but  o l l  ydor.  9500t; .9775kc/s l3 lmeferbond|
Recept ion in fhe 19,  16,  13 ond l l  M. bonds is  besr dur ing r t 'e  O-oy,  o lso,or  n ighr I1700to l ISTSkc/s l21meferbond)

.  dur ing. the summer in the l6 ond l9 M. bonds,
j ,  .  Abbr. ,  AIR-Al l  l r id io Rodio;  RAt-Rodiorelevis ione l to l iono;  RTF-Rodiodi f fusion 

1.510oto15450kc/s t  19 meferbqnd)

Televis ion Froncoise;  VOA-:Voice of  Americo;  RFE-Rodio f r . "  f r r "o" .  .a."ot"r  177OOt.o \T9OOkc/s116melerbond|
s lqt ions beomihg evening (U.S.)  broodcosts to the U.S.,  tmorning or  of ternoon 2l45Oto2l75Okc/s l l3melerbond)

.  .  Sroodcosts.  256ooto26lookc/s( l  I  meterbondl

, fics. Colf qnd Locallon

, .  4 $ O  H e G B l ,  Q u i t o ,  E c u a .
. O 6 5  H I E F ,  C a l i ,  C o l .
4770 El-WA, Monroyia. Lib.
4 7 7 0  Y V M W ,  P u n t o  F i j i ,  V o n .
,U75 Librevi l16, cabon R€p.
i f t8o;YYLA. Valencia. Ven.'  ,4t90,YVQN, Puerto La Cruz,

,  ,  Von.
4795 Ran0oon, Burna
4m)5 ZYS8, Mi laus, Braz.
,1810 YVMG, Maracaibo, Ven.

,  l |8:10 YVOA. San Cristobal-
Ven.

i l8:15 HJKE, Bosot4 Cot.
48/O Lourenco Mareu€s, Moz.
48,10 YVOI, Valcra, V€n.
4845 HJGF, Bucaramanga, Col.
4850 YVMA, Barquisimoto.

Ven.
4870 Cotonou, Dahomey Rer.
4E80 YVKF,Caracas. V€n.

. 4893 Dakar. Mali Fed.
48S5 PRF6, Manaus, Braz.
4808 HJAG, BarranquiUa, Cot,
4900 YVKP, Caracas, Von.
4905 HBQN, Puerto Cort6s,

H o n .

(cs. Cofl oad Locollon
4 9 4 5  H I C W ,  B o t o t a ,  C o l .
4945 Paradys, So. Afr.
4950 Dakar,  Mai i  Fed.
4950 YVMM. Coro. Ven.
4955 CR6RZ, Luanda, Ang.
4960 YVQA, Cumana. Von.
4970 YVLK, Cafacas, V€n.
4075 Yaounde. Cameroun
4990 Laros, Nigeria
4 9 9 0  Y V M Q ,  B a r q u i s i m e t o ,

Von-
5 0 1 0  H C R C X ,  Q u i t l ,  E c u a .
5010 St Geor!€, Gionada,

B . W . t .
5020 HJ FW, Manizales, Col.
5020 Niamey, Ni0er Rep.
5030 YYKM. Caracas. Vs.
5040 YVMA, Maracaibo, Vcn.
5045 Lome, Togo
5050 YVKD. Caracas. Ven,
5075 HIGC, Bogota, Col.
5873 HRN, Tegucigalpa, Hond.
5940 l | loscov, U.S.S.R.
5952 TGNA, Guatomala, Guat,
5954 TlQ, Puerto Linon, C. R.
5960 HJCF, Borota, Col.
5S65 YNWW, Granada, Nic,
5980 TGAR, Guatemala, Guat.
59Bl GeorgQtown, Br.  Guiana
5982 4VB, Port-au.Princo,

Hait i
,5990 Andorra.' Andorra
/5990 TqJA, cuatemala, cuat.
5995 Fort-de-Fmnc€, Mart.
6002 4VEC, CaD Hait ien, Hait i
6005 RIAS. Berl in.  cer.
6006 TIHBG, San Joso, C. R.
6010 XEOL, Mexico City,

.  Mcxico
6015 PRA8, Reifc,  Bmz.

(cs. Colf cad Locofion
6020 Amman, Jordan
6020 Kiev, Ukrainian S.S.n.
6025 Kuala Lumpur, Mal i la
6025 Hi lvcEum. Neth-
6030 Baghdad, l raq
6035 Bangoon, Burma
6035 HRTL, Tegucigalpa,

H o n d .
6037 TIFC, San Jose. C. B.
6037 Monte Carlo.  Mon.
6040 HJLB, lbague, Col.

,6045 YDF, Oiakarta, Indon.' 6 0 4 5  H O U 3 l ,  D a v l d .  p a n .
6050 HCJB, Quito,  Ecua.
6050 BBC, London, Eng.
6 0 5 5  H I E X ,  C a l i ,  C o l .
6055 lOZ2, Tokyo, laoan
6060 RAl,  Caltanissetta. l t ,
6065 XEXG, Leon. Mex,
6065 Horby, Sveden
6070 Sofa, Bulgaria
6070 BBC, London, Eng.
6075 l{ordon, cer.
6080 ZL7, Wel l inston, I{ .2.
6082 OAX4Z, Lima. Peru
6085 Munich, Ger.
6000 VLl6, Sydney, AuE.
6090 Luxombour!,  Lux.
60S0 XECMT, C. El Mante,

Mex,
6035 ZYB7, Sao Paulo, Braz.
6100 VOA, MuniGh, cor.
6100. Belgrado, Yuso.
6 1 0 3  P e k i n s .  C h i n a
6 1 0 5  X E Q M ,  M e r i d a ,  M e x .
6 1 0 5  T u n i s .  T u n i s i a
6 l l 0  B B C ,  L o n d o n ,  E n s .
6 1 1 5  Z Y C 7 .  R i o  d c  J a n . .  B r a z .
6l  l5 Khabamwk, U.S,S.R.
8120 LBXI, Euonos Air6

Kcs. Csff and Locatlon
6t20 BBC, Linassol, Cyprus
6130 Port l l lsesby, Neu Guinca
6130 Madr id ,  Spa in  o
6135 HRMF,  La  Ce iba ,  Hond.
6135 Paoeete. Tahiti
6135 Sinqapor€, Sing.
6140 HCOVs, A:otu6, Ecua.
61,t0 VLW6, Porth, Aue.
6145 A lg ic6 ,  A lser ia
61,17 PRLS. Bio do Jan.. Braz.
6150 VLR6,  Me lbourne,  Aus .
6150 BBC, London, Ens.
6155 4VWA, cap Haitien, r

H a i t i
6155 V0A, Salonika, Groee
6160 HJKJ;  Bogota ,  Co l .
6160 FEN,  Tokyo,  lapan
6165 HER3,  Bern .  Swi tz . ' .
6165 XEWW, Mexico Citrf,

M ex.
6165 Sa i !on ,  V is tnam
6l70 BBC, Limassol, Cyprus
6170 Cay€nne, Fr. Guiana
6175 RTF,  Par is ,  Fmnce
6180 BBC,  London,  En l land
6185 HJCT, Borota. Col.
6l90 VOA, l l lunich, cen
6190 HVJ, Vatican City
6195 HJEZ,  Ca l i .  Co l .
6195 HRD2, La Ceiha, Hond.
6195 Pyongyang, N. Korea
6200 Ht2LR,  C.  Tru j i l l o ,  D .R.
62m 4VHW, Port.au-Princo,

Haiti
6208 TGHC, cuatemala. cuat
6215 Pyongyatrg, N. Koroa
6225 Pokin!, China
6305 Ahdorra. Andorm I
6327 COCF, Havana, Outa
6345 Ulah Batrr, llon!.I82'. WEITE'S BA,DIO IOG

' \
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tes; Cqlf ond Locolion
6373 Lisbon, Port.' 6790 BBC, Linassol, CYPrus
7 1 0 5  M a d r i d ,  S P a i n
7 l  l 0  V O A .  C o l o m b o .  C e y l o n
7 l l 0  B B C .  L o n d o n ,  E n q l a n d
7 l  l 5  R a b a t ,  M o r o c c o
7 l  1 5  R  F  E ,  G e r m .
7 1 2 0  B B C ,  L o n d o n ,  E n i l r n d
7 1 2 0  B B C ,  S i n g a p o r G
7125 warsay. Poland
7140 i lontc Carlo,  Xonacc
7 1 4 5  R F E ,  G . r .
7150 KhabaroFt U,SS.8.
7160 RT F, Paris,  Fr|mc
7160 VOA, Tant i . r ,  i lor,
7 1 6 5  R F E ,  G c r n .
7 1 7 0  A l s i e 6 .  A l q .
7180 Baghdad, l raq
7 1 8 5  B S C ,  L o n d o n ,  E n ! .
7200 BBC, London, Eni.
7200 R, Malaya, Sing.
7200 Ondurman, Sudan
7205 VOA, Salonika, Gr.
7 2 1 0  B B C ,  L o r d o n ,  E n g .
7 2 l O  D a k a r ,  M a l i  F € d .
72lo Khabi lovsk, U.s.S.R.
7220 V LD7, Melbourne, Aus.
7220 Budapest,  Hun0.
7230 BBC, London, Eng,
7 2 3 5  T a i p o i ,  T a i w a n ,  C h i n a
7 2 3 5  V O A ,  M u n i c h ,  G e r ,
7240 RTF. Paris.  Franco
7250 BBC,. London, Eng.
7255 Soffa, Bulg.
7260 Saigon, Vietnam
7270 Motola, Sweden
7270 Maoadan, U.S.S.B.
7 2 7 5  R A l .  R o m e ,  l t .
7280 Teh€ran, l ran
7 2 8 0  H V J ,  V a t .  C i t Y
7285 Ankara, Turk.
7 2 9 0  R A l ,  R o m e ,  l t .
7295 Makassar,  Celebes
7 2 9 5  B F E .  G e r .
7320 BBC, London, En0.
7398 DanNtus. U.A,B.
7 5 0 5  P e k i n s .  C h i n a
7 6 5 0  Y N M S .  L e o n ,  N i c .
7670 Sofa, Bulg.
7850 Timna, Alb.
8002 Beirut,  Leb.
8900 HC.lC3, Zaruma, Eeua.
90{9 TQI AviY, lsracl
9026 COBZ, Havana, Cuba
9 0 0 5  P € k i n s ,  C h i n a
9 2 1 0  L e o p o l d v i l l e ,  C o n g o
9 3 6 0  M a d r i d ,  s p a i n  o
9363 COBC. Havana, Cuba
9380 Alma Ata, Kazakh S.S.B.
g g B 5  L e o p o l d v i l l e ,  C o n g o
9 4 1 0  B B C ,  L o n d o n ,  E n g .
9,t40 CP38, La Paz, Bol.
9 4 5 8  P e k i n s ,  C h i n a
9 5 0 0  X E W W ,  M e x i c o  9 i t y ,

M ex.
9500 Maqadan, U.S.S.R.
95tX) Moscow. U.S,S.R.
9505 PRB22, Sao Paulo, Braz.
9505 nabat,  Mor.
9505 HOLA, Colon, Pan,
9 5 1 0  P e k i n 0 ,  C h i n a

. 95lO VOA, Tanqier,  l i tor,
9 5 1 5  R A l ,  C a l t a n i s s e t t a ,  l t ,
9515 Ankara, Turkey .
9520 Colombo, C€ylon
9520 Copenhagen, DeD a
9520 VOA, Salonika, Gr.
9520 OAX8E, lqui tos, Poru
9523 Paradys, S. Afr.
9 5 2 5  B B C ,  L o n d o n ,  E n g .
9525 JOB9, Tokyo, Japan
9525 Warsav. Poland
9530 COCO, Havana, Cuba
9530 VOA, Munich, Ger.
9 5 3 0  A l R ,  D e l h i ,  I n d i a
9530 VOA, Courier,  Rhodos
9530 YvMz, Maracaibo, VGn.
9535 Lagos, Nigeria
9 5 3 5  V O A ,  M a n i l a ,  P . l .
S535 HER4. B€rn. Switz.  a
S540 ZL2, Wetl inqton, M.Z.
990 Waruaw, Poland
9540 Omdurman, Sudan
9545 zYS43. Cu. i t iba, Braz,
9 5 4 5  H E D 5 ,  B e r n ,  S w i t z .
9950 Pra0u€, Czecho, .
9 5 5 0  A l R ,  B o n b a y ,  I n d i a
9 5 5 0  O A X I Z ,  T u m b e s ,  P e r u
9555 CP6, La Paz, Bol,
9 5 5 5  B B C ,  L o n d o n ,  E n g .
9 5 5 5  X E T T ,  M B x i c o  C i t y ,  M € x .
9560 RTF, Paris,  Franco

, 9560 Tokyo, Japan
9 5 6 3  O A X 4 R .  L i m a .  P e r u
9565 ZYK3, Recife,  Braz,

'  9565 Radio Liberty,  Ger.
9565 l(habaroYsk. U,S.S.B,
9570 Bucharest,  Rom, o
9 5 7 5  Z Y Z 2 7 ,  B i o  d e  J a n . ,  B r a z ,
9 5 7 5  T a i p e i ,  F o r m o s a
3575 RAl,  Bome, l taly a
9580 VLAS, Melhourne, Aus.
95a0 .BBC, London, En0.
9585 ZYR56, Sao Paulo. Bra2,
9585 RTF, Paris.  Franco
9 5 8 8  P e k i n g ,  C h i n a
9590 Djakarta, lndon,

f(cr. Cdf ord lpcclbe
9s90 Hll6!r, tdi.
9590 BElrct R.L a
9595 JOZ!, Toly., Jrpu
959E CEt6o, smta.ro, Chlle
9O0O aBC, L.ndon, En!,
96Gi Coletnc, Gar.
9f07 Ath.ns. Gr.eco
9610 VLXg, Pcrth, Aus.
9610 ZYC8, Rio d6 Jan.,  Braa
9 6 1 0  O s l o ,  N o r y a y .
9610 OAX8C, lqui tos, Peru
9615 VOA, Tangier,  Morocco
9620 ZYB98, Sao Paulo, Braz.
9620 Pekin!,  China
9620.VOA, Tangier,  Mor.
9620 Saison, Vietnam
9625 Brazzavi l le,  Equat.  Un,
9625 BBC, London, Eng.
9625 OAX8I(,  lqui tos, Peru
9 6 2 5  M o s c o w ,  U . S . S . B .
9630 CRORL, Luanda, Ane. '
9630 VLGg, Melbourne, Au6,
9630 RAl,  Bome. l taly
9630 Komsomolsk, U.S.S,R.
9635 ZYR83, Aparecida, Braa
9 6 3 5  V O A ,  M u n i c h ,  G e r .
9635 Lisbon, Portugal o
9 6 4 0  B B C ,  L o n d o n ,  E n g .
9640 Cologno, Gormany a
9640 Accra, Ghana
9 6 4 0  H L K s ,  S e o u l ,  l ( o r e a
9 6 4 0  M o s c o w ,  U . S . S . B ,
9 6 4 5  T I F C ,  S a n  l o s o ,  C , B ,
9645 HVJ, Vat ican Citr f
9650 BBC, Limassol,  Cyprus
9655 Radio Free Europo, Ger.
9660 LBX, Buenos Aires, Arg.
9660 VLQg, Brisbane, Aus,
9660 Radio Liberty,  Ger.
9660 Teheran, l ran
9660 Kohsonolsk, U.S,S,B.
9665 Moscow. U.S.S.R.
9 6 6 7  H a r g e i s a ,  S o m a l i a
9667 TG NA, Guatemala, Guat a
9670 COCO, Havana, Cuba
9670 Pracuo, Czecho.
9675 BBC, Lon'don, Eng,
9675 RTF. Paris.  Franco
9675 J089, ToWo, Japan
9675 Warcav, Poland a
9680 VLHg, M€lbourne, Aus.
9680 XEQQ, Mexico City,  Mox.
9 6 8 0  V O A ,  T a n g i e r ,  M o r .
9680 Paradys, S. Afr.
9 6 8 5  A l g i c r s ,  A l g € r i a
9690 LRA, Buenos Air6,

Arg. a
9 6 9 0  B B C ,  L o n d o n ,  E n q .
9 6 9 0  B B C ,  S i n g a o o r e
9700 Sof ia,  Bulgaria a
9700 Rabat,  Morocco
9705 Kabul,  Afghan.
9 7 0 5  B r u s s € l s ,  B e l s .
9 7 0 5  A l R .  D e l h i .  I n d i a
9705 Radio Free Europe, PorL
9 7 1 0  B B C ,  L o n d o n ,  E t r g .
9 7 1 0  R A l .  B o m e .  l t .
9 7 1 5  H i l v o r s u m ,  N e t h ,  .
g7l5 Radio Free Europe, G8f.
9720 Paradys, S. Afr .
9725 Tel AYiv, lsrael
9 7 2 5  R F E ,  P o r t .
9725 BBC, Singapore
9730 Brazzavi l le,  Equat.  Un.
9730 Leipzig, E. Ger.
S 7 3 O  D Z H 7 ,  M a n i l a ,  P . l .
S Z 3 5  P e k i n q ,  C h i n a
9 7 3 5  B B C ,  L o n d o n ,  E n g .
9735 Cologne, Gornany
9 7 3 5  A I R .  M a d r a s .  l n d i a
9740 VOA, Tan! ier,  Mor.
3742 LRSI, Buenos Aires, Arg.
9745 Brussels,  B€lg.
9 7 4 5  H C J B ,  Q u i i o ,  E c u a .  a
9745 Ankara, Turk.
9745 Moscow, U.S.S,R.
9750 BBC, London, Eng.
9750 Badio Free Eurupe, Pott .
9750 Khabarovsk, U.S.S.R.
9755 ZY,W23, coiania, Braz.
9755 BTF, Paris.  Franco
9 7 5 5  S a i g o n ,  V i o t n a m
9 7 6 0  B B C ,  L o n d o n ,  E n g .
9 7 6 2  H a n o i ,  N .  V i e t n a m
9 7 6 5  M o s c o w ,  U . S . S , R .
9770 Brazzavi l le,  Equat.  Un.
9 7 7 0  B B C ,  L o n d o n ,  E n q .
9 7 7 5  M o s c o w ,  U . S . S . R .
9 7 9 5  C a i r o ,  U . A . R .  .
s B 0 0  P e k i n q ,  C h i n a '
S 8 0 0  M o s c o w ,  U . S . S . R .
9 8 0 5  C a i r o ,  U . A . R .
9 8 2 5  B B C ,  L o n d o n ,  E n g .  O
g B 3 3  B u d a p e s t ,  H u n g .  a
9840 H.anoi,  N, Vietnam
9 8 5 0  A l B ,  D e l h i ,  I n d i a
9 8 6 0  P o k i n g , . C h i n a
9870 Djakarta, Indon.
9895 Eengazi,  Libya
9 9 1 5  B B C .  L o n d o n ,  E n g .
9 9 7 3  P e k i n s ,  C h i n a

1 0 3 3 5  U l a n  B a t o r ,  M o n g ,
10530 Alma Ata. Kazakh S.S.B,
|  1 2 9 0  P e k i n 0 ,  C h i n a
1 1 5 7 0  M o s c o v ,  U . S . S . F .
1 1 6 0 0  P G k i n s ,  C h i n a
1 1 6 3 0  M o s c o v ,  U . S . S . R .

f,cs. Golf ond bcafion
|  1 6 5 0  f e k i n g ,  ' C h i n a
1 1 6 6 5  C a i m ,  U . A . R .
1 1 6 7 5  P e k i n g ,  C h i n a
1 1 6 7 5  K a r a c h i .  P a k ,
1 1 6 8 0  B B C ,  L o n d o n ,  E n E .
1 1 6 8 5  H V J .  V a t .  C i t y
I  l 6 S 0  M o s c o w ,  U . S . S . R . -  a
1 1 7 0 0  R T F ,  P a r i s ,  F r a n c e
|  1 7 0 5  J O A I  I ,  T o k y o ,  J a p a d
1 1 7 0 5  H o r b y ,  S w e d e n
1 1 7 0 5  M o s c o v ,  U . S . S , R .
l l 7 l 0  V L B l l ,  M e l b o u r n e ,  A u s .  t
l l 7 l 0  A l R .  D e l h i .  l n d i a
l l 7 l 0  W B O U ,  N e v  Y o r k ,  N . Y .
l l 7 l 5  V O A ,  M u n i c h ,  G e r .
l l 7 l 5  M o s c o v ,  U . S . S . R .
I  l 7 l 7  A t h € n s ,  G . e e c o
1 1 7 2 0  B r a z i l i a ,  B r a ! i l
1 1 7 2 0  B B C ,  L i m a s s o l ,  C y p r u s
11725 Brazzavi l le,  Equat,  Un.
1 1 7 2 5  P r a s u e ,  C z e c h o .
1 1 7 2 5  B B C ,  S i n 0 a p o r o
|  1 7 3 0  H i l Y e r s u m ,  N e t h .  a
1 1 7 3 5  R a b a t ,  M o r o c c o
1 1 7 3 5  M o s c o w .  U . S . S . R ,  a
|  1 7 4 0  V L C I  I ,  M o l b o u r n e ,  A u s .
1 1 7 4 0  C E l 1 7 4 ,  S a n t i a g o ,  C h i l o
|  1 7 4 0  P e k i n g ,  C h i n a
1 1 7 4 0  V O A ,  T a n g i a r ,  M o r .
1 1 7 4 5  R F E .  G o r m .
1 1 7 5 0  B B C ,  L o n d o n ,  E n g ,
1 1 7 5 0  F E N ,  T o k y o ,  J a p a n
1 1 7 5 5  R F E ,  P o r t .
| 1 7 5 5  H i l v e r s u n ,  N e t h ,  .
1 1 7 5 5  K o m s o m o l s k ,  U . S . S , R .
1 1 7 6 0  V L B l l ,  M e l b o u r n o ,  A u s .
1 1 7 6 0  V O A ,  M u n i c h ,  G € r ;
|  1 7 6 0  V O A ,  T a n g i o r ,  M o r .
11760 Lour€nco Marques, Moz.
1 1 7 6 0  H a n o i .  N ;  V i e t n a m
| 1765 ZY88, Sao Paulo, Braz.

- 1 1 7 6 5  B e r l i n ,  E .  G o r m a n y
|  1 7 7 0  C o l o m b o ,  C € y l o n
11770 BBC, London, Eng.
1 1 7 7 5  Z Y Z 2 a .  B i o  d €  J a n . .  B r a z .
1 1 7 7 5  M o s c o w ,  U . S . S . R .
1 1 7 8 0  B B C ,  L o n d o n ,  E n g .  a
1 1 7 8 5  D i a k a r t a ,  I n d o n .
11785 VOA, Tangier,  Morocco
1 1 7 9 0  B B C ,  L o n d o n ,  E n q .
1 1 7 9 0  V O A ,  M a n i l a ,  P . l ,
1 1 7 9 0  M o s c o w ,  U . S . S , R .
l l 7 g 5  C o l o g n o ,  G G r .  .
1 1 7 9 5  D j a k a r t a ,  l n d o n .
l l 8 0 O  B B C ,  L o n d o n ,  E n g .
|  1802 Warcaw, Poland a
l l B 0 5  R A l ,  R o m e ,  l t .
l l B 0 5  V O A ,  C o u r i e r ,  R h o d e s
I  l 8 l 0  V L B I  I ,  M e l b o u r n e ,  A u s ,  f
l l B l 0  R A l .  R o m o .  l t .
I  l 8 l 0  A m m a n ,  J o r d a n
l l 8 l 0  B u c h a r e s t ,  R o m ,  a
l l 8 l 0  H o r b y ,  S w e d e n  a  ,
l l B l 5  M a d r i d ,  S D a i n
|  1 8 2 0  P e k i n s ,  C h i n a
1 1 8 2 0  B B C ,  L o n d o n ,  E n g .
|  1 8 2 0  X E B R .  H o r m o s i l l o ,  M e x .
1 1 8 2 5  E L W A ,  M o n r o v i a ,  L i b .
|  1 8 3 0  W R U L ,  B o s t o n ,  U . S . A .
1 1 8 8 0  M o s c o v .  U . S . S . R ,
1 1 8 3 5  A l g i € 6 ,  A l g .
1 1 8 3 5  V O A ,  C o l o n b o ,  C e y l o n
1 1 8 3 5  C X A l 9 ,  M o n t e Y i d e o ,  U r u g .
11840 Pratu€, Czecho.
1 1 8 4 0  V O A ,  T a n g i c r ,  M o r .
1 1 8 4 0  L i s b o n .  P o r t .  .
I  lB40 Khabarovsk, U.S.S,R,
1 1 8 4 0  H a n o i ,  N ,  V i e t n a m
1 1 8 4 5  R T F .  P a r i s .  F r a n c o
1 1 8 4 5  K a r a c h i ,  P a k .
1 1 8 5 0  S o f l a ,  B u l s .
|  1 8 5 0  A l R ,  B o m b a y ,  l n d i a
1 1 8 5 0  O s l o ,  N o r w a y  .
1 1 8 5 5  B r u s s e l s ,  B e l s ,  o
1 1 8 5 5  R a d i o  F r e e  E u r o p s ,  G e r .
1 1 8 5 5  D Z H 8 ,  M a n i l a ,  P . l .
1 1 8 6 0  P e k i n g ,  C h i n a
1 1 8 6 0  B B C ,  L o n d o n ,  E n ! .
1 1 8 6 0  M o s c o w ,  U . S . S . R .
1 1 8 6 5  P R A 8 ,  R e c i t e ,  B r a z .
l l 8 6 5  V o A ,  T a n s i o r ,  M o r .
1 1 8 6 5  H E R s ,  B s r n ,  S w i t z .  a
1 1 8 6 5  T u n i s ,  T u n ,
|  1 8 7 0  M o s c o s ;  U . S . S . R .
l l B 7 5  z Y N 3 2 ,  S a l v a d o r ,  B r a z .
1 1 8 7 5  V O A ,  C o l o m b o ,  C e y l o n
l l B 7 5  V O A ,  T a n g i e r ,  M o r .
l l B 8 0  B S C ,  L o n d o n ,  E n o .
1 1 8 8 0  X E H H ,  M € x i c o  C i t y ,  M 6 x .
I  l B 8 5  P € k i n g ,  C h i n a
1 1 8 8 5  K a f a c h i .  P a k .
1 1 8 8 5  R a d i o  F r e e  E u r o p e ,  G e t
1 1 8 9 0  M o s c o v ,  U . S . S . B .
1 1 8 9 5  O a k a r ,  M a l i  F e d .
1 1 8 9 5  V O A ,  T a n q i e r ,  M o r .
1 1 8 9 5  V O A .  M a n i l a .  P . l .
l l g 0 0  B i r c h a r € s t ,  B u m a n i a  a
1 1 9 0 0  C X A l 0 .  M o n t e v i d e o ,  U L
1 1 9 0 0  M o s c o w ,  U . S . S . R .
1 1 9 0 5  R A l ,  R o m e ,  l t a l y  .
1 1 9 0 5  W D S I ,  N e w  Y o r k ,  U . S , A .
l l 9 l 0  B B C ,  L o n d o n ,  E n s .
I  l g l 0  B u d a p € s t ,  H u n g .  a
l l 9 l 0  B a n s k o k ,  T h a i .
l l 9 l 5  H C J B .  S u i t o  E c u a .  a
I  l 9 l 5  H i l v € f s u m ,  N € t h ,
1 1 9 2 0  R A l ,  P a r i s ,  F r a n c o

l(cs.- Cqlf. oad Locsllor
|  1920 DXF2,  Man i la ,  P . l .
|  1920 WLWO, C ino innat i ,

u.s.A,
11925 ZYR78. Sao Paulo, Braz.
1 1 9 2 5  H L I ( 6 ,  S e o u l ,  K o r € a  I
1 1 9 2 5  W a w s a w ,  P o l ,
1 1 9 2 5  M o s c o w .  U . S , S . R ,
t 1 9 3 0  B B C ,  L o n d o n ,  E n G
|  1 9 3 0  B B C ,  S i n g a [ o r e
1 1 9 3 5  R a d i 0  L i b e r t y ,  G e r .
1 1 9 4 0  C E l l 9 0 ,  V a l p a r a i s o ,  C h i l a
|  1 9 4 0  J O B I  l ,  T o k y o ,  l a p a n
1 1 9 4 5  P e k i n s ,  C h i n a
1 1 9 4 5  B B C ,  L o n d o n ,  E n 0 .
1 1 9 4 5  C o l o g n e ,  G e r m a n y  a
11950 Warsav, Pbland
| 1950 Jidda, Saudi Arab.
1 1 9 5 0  M o s c o w ,  U . S , S , R ,
1 1 9 5 5  B B C ,  L o n d o n ,  E n g .
1 1 9 5 5  B B C ,  S i n s a p o r e
1 1 9 6 0  C E l l 9 6 ,  S a r t i a g o ,  C h .
1 1 9 6 0  M o s c o w ,  U . S . S . R .  .
11965 Radio Liberty,  Ger,
11970 Caracas. Ven.
11972 Brazzaville, Equat. Un. a
1 1 9 7 5  P e k i n t ,  C h i n a
1 1 9 7 5  M o s c o w ,  U . S . S . R .  a
l l 9 B 5  M o s c o w ,  U . S . S . R .
|  1986 E LWA, Monrovia, Lib.  a
11990 Praguo, Czocho.
12000 Mscov, U.S.,S.B.
1 2 0 1 0  H a n o i .  V i e t n a m
1 2 0 2 0  A l R .  D e l h i .  l n d i a
1 2 0 2 0  M o s c o w ,  U . S , S . R .
1 2 0 4 0  B B C ,  L o n d o n ,  E n g .
1 2 0 5 0  C a i r o .  U . A . B .
1 2 0 3 5  B B C ,  L o n d o n ,  E n g .
1 5 0 2 0  H a n o i .  N .  V i € t n a m
1 5 0 3 0  P e k i n g ,  C h i n a
1 5 0 6 0  P € k i n g ,  C h i n a
1 5 0 7 0  B B C ,  L o n d o n ,  E n g .
15085 Gronada, Windward ls. ,

B W I
1 5 0 9 5  P € k i n 0 ,  C h i n a
1 5 1 0 0  L i s b o n ,  P o r t .  \
1 5 1 0 0  M o s c o w ,  U S S R
15105 ZYZ32, Rio de Jan.,  Brc.
1 5 t 0 5  A l B .  D e l h i .  l n d i a
l 5 l  I 0  B B C ,  L o n d o n ,  E n g ,
l 5 l l 0  M o s c o v ,  U S S R  . .
l 5 l l 5  H C J B ,  q . u i t o ,  E c u a d o r  a
l 5 l  l 5  P e k i n 0 ,  C h i n a
1 5 1 2 0  C o l o m b o ,  C e y l o n
1 5 1 2 0  R A l ,  R o m e ,  l t a l y
1 5 1 2 0  W a N a w .  P o l a t r d  t
1 5 1 2 0  H V l ,  V a t i c a n  C i t y
1 5 1 2 5  Z Y N 3 l ,  S a l v a d o r ,  B r a z i l
1 5 1 2 5  P r a g u e ,  C z e c h o .
1 5 1 2 5  S e o u l ,  l ( o r o a  .
1 5 1 2 5  V O A ,  M a n i l a ,  P , l .
1 5 1 2 5  L i s b o n ,  P o r t u g a l  .
1 5 1 3 0  R T F .  P a r i s .  F r a n c e
1 5 1 3 0  V O A .  M a n i l a .  P . l .
1 5 1 3 0  l ( C B R ,  D e l a n o .  C a l i f .
1 5 1 3 0  W B O U ,  N e w  Y o r k .  U S A
1 5 1 3 0  M o s c o w .  U S S R
1 5 1 3 5  P R B 2 3 ,  S a o  P a u l o ,  B r a z .
1 5 1 3 5  l O B l 5 ,  T o k y o ,  J a p a n
1 5 1 3 5  R a d i o  F r e e  E u r o p e ,  P o r t .
1 5 1 4 0  P e k i n s ,  C h i n a
1 5 1 4 0  B B C ,  L o n d o n ,  E n s .
1 5 1 4 0  A l R .  D € ! h i .  l n d i a
1 5 1 4 0  l ( o m s o m o l s k ,  U S S R
1 5 1 4 5  Z Y I ( 3 3 .  R e c i f € .  B r a z i l
1 5 1 4 5  B d d i o  F r € e  E u r o p € ,  P o r t
l 5 l 4 8  C E l 5 l 5 ,  S a r t i a s o ,  C h i l e
1 5 1 5 0  D i a k a r t a ,  I n d o n e s i a
1 5 1 5 0  L o u r e n c o  M a r q u e s ,  M o z .
1 5 1 5 0  L i s b o n ,  P o r t u q a l
1 5 1 5 0  M o s c o w ,  U S S B .
1 5 1 5 3  O A X 4 T ,  L i m a ,  P € r u
15155 ZYB0, Sao Paulo, Brazi ' l
1 5 1 5 5  l ( a r a c h i ,  P a k i s t a n
1 5 1 5 5  V O A .  M a n i l a .  P , l .
1 5 1 5 5  W B O U ,  N e w  Y o r k ,  U S A
1 5 1 5 5  M o s o o w ,  U S S R
1 5 1 6 0  V L A l 5 .  M € l h o u r n e ,  A u E .
1 5 1 6 0  R T F ,  P a r i s ,  F r a n c o
1 5 1 6 0  X E W W ,  M e x i c o  o i t y ,  M e x ,
1 5 1 6 0  A n k a r a ,  T u r k e y '
1 5 1 6 0  M o s c o w ,  U S S R
15165 ZYN7. Fortaleza. Braz.
1 5 1 6 5  C o p o n h a g e n ,  D € n n a r k
1 5 1 6 5  D a n a s c u s .  U A R
1 5 1 7 0  T r o n s o ,  N o r w a y
1 5 1 7 0  O B X 4 C .  L i m a .  P e r u
1 5 1 7 0  R a d i o  F r e e  E u r o p e ,  P 0 r t .
1 5 1 7 5  P e k i n q ,  C h i n a
1 5 1 7 5  O s l o ,  N o r w a y  o
1 5 1 8 0  B B C ,  L o n d o n ,  E n g .
l 5 l B 0  A l R ,  O e l h i ,  I n d i a
1 5 1 8 0  M o s c o w ,  U S S R
l 5 l B 5  V O A .  M a n i l a .  P . l ,
1 5 1 8 5  R a d i o  F r e o  E u r o p e ,  P o r t .
1 5 , 8 5  W D S I ,  N e w  Y o r k ,  U S A
1 5 1 9 0  B r a z z a v i l l € ,  C o n g o  R e p .
l 5 l g 0  H e l s i n k i .  F i n l a n d  t
1 5 1 9 0  l ( o m s o m o l s k ,  U S S R
1 5 1 9 0  M o s c o w ,  U S S R
1 5 1 9 5  P . a g u € ,  C z e c h o .
1 5 1 9 5  R a d i o  F r e e  E u r o p e ,  G e r ,
1 5 1 9 5  A n k a r a ,  T u r k e y
15200 Paradys, South Afr ica
1 5 2 0 0  W D S I .  N e w  Y o r k .  U S A
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f,tE, Cs{orrJfoqctlon
15900 t|osor, USSR
ldElts XESC. Mexico CitY, Mex,
ls285 wDSl, New York, usA
l53 le  VLGl5 ,  Me lbourm,  Aus .
l52 lO VOA.  Man i la ,  P . l .' l 52 l0  KCBR,  Do lano,  Ca l . ,  USA'l52lO Moscov,"USSB
15215 Radlo Fr@ Eumpe. Port.
t52t5 voA, okinawa, nvukvu ls.
lil20 HilYersum,' ileth. t
lCf25 Tairei, Taiwan, China

..15225 Fadio Libertv, Gormany
l5!25 Moscow, US$R
15230 vLHl5 .  Me lbourne,  Aus .

i 15230 VOA, Colombo, Cevlon', 15230 BBc, London, Eng.
\ 15a35 Joal5, Tokyo, Japan

15235 vOA, Tangier, Morueco
15235 Komsomolsk, USSB
15240 VLAl5, Melbourno, Aus.
15240 Horby, Sveden
15240 Moscoy, USSR
15240 Belsrade, YugoslaYia
15245 ZYE2l, Bclem, Brazil
15250 VOA, Manila" P.l.
1j250 Bucharest, Rumania .
1s250 WLWO, C inc innat i ,  USA
15255 Radio Free EumDe, Port.
15257 FEN,  Tokyo,  Japan
15260 BBc, London, England
15265 Colombo, Ceylon
me.65 MoEcov, USSR
t52t0 Pekins, China .
15a70 AlR, Bombay, India
15t70 VoA, Tangior, Morocco
15970 WBOU, New York, (VOA)
Te70 WDSI. New York, UgA
15275 Coloqno, Germany
15275 Kamohi, Pakistan
15275 VOA, Manila, P.l,
lm?5 Warsav, Poland o t
15280 ZL4, Wollington, N,Z.
l5g80 Moscou. USSR i
15285 Brussels, B€ll ium
15285 Praguo, Czecho.
15285 A lR,  Bombay,  Ind ia

, 15285 WBOU, Nev Yor*, UsA
l-3290 LBU. Busnos Aires, Arg.

, 15290 Pskins, China
: 15290 KCBR, Delano, cal.,,USA

162s0 WLWO. Cincintlati, USA
15295 Rio de Jan€iro,, Bmzil
15295 RTF. Pafis, France
15295 VOA. Tdqier, Morocco

, 15295 Modcou, USSR .' 
15:mo BBC. London, Ens. i

\ 15300 DZHg, Manila, P.l.
15805 Dacca, Pakistal
15905 Moscow, ussR
l53 lo  BBc '  London '  Eng land '' 
l!3i8 "*BB'lliJ'1ffi1"c^,., uso
15315 VLCl5 .  Me lbourne '  Aus '
15815 Pok ins ,  ch ina
t$15 HEU6,  Bsn,  Swi tz .  .
15315 Moscoy, USSR
15320 VLCl5 ,  l l l o lboume'  Aus '-  
l5320 A lR,  De lh i ,  Ind ia
l5:t20 V0A, Tantler, [t lomco
15325 ZYR228, Sao Paulo' Braz.' 
15325 RAl, Fone,,ltaly' 
15325 J0Bt5, Tokyo, JaPan .
t5380 VOA. Munich, Germany
15330 VOo, Salonika, Gre€ce
15t30 wBou, New York' u!4
i5a3o wcEo, s{henectady' usA
15335 Bnussc ls ,  Be lg ium t\ t5335 ZYU68, Porto Alegro, Braz.
15t35 Karachi, Pakistan
t5335 VOA,  Man i la ,  P . l .
15335 |(omsonolsk, USSR
til4o Radio Liberty' GermanY
15340 Mo$cow. USSR
15345 LRA, Buenos Alres' Arg'
15345 TaiDsi, Taivan' China
t5345 Athus, Gro€ce

G.l: bcalim
CBNX St. John's, Nlld.
CKNA Mortrcal, Quo'*
CHAY Montroal, Quo.*
CFCX Nontreal, Que.
CJCX/SYdneY, N.S.
cFVF c6lrarv, Alta,
cKBz itbntrcal, Quo.+

WHITE'S"RADIO LOG

Kcl
{970
s70
6090
6005
6010
6030
6060
- - ,
t8{

'  
i  i .

'  
:  

1  t  '  . .

(cs. Cctl cnd L.ollon
15345 Babat, Mo.occo
15350 RTF- Paris.  Fmnce|5350 RTF. Paris, Fmnce
15350 wLWO, Cincinnati, USA
15355 Badio Free Eump€, Port
15360 BBC, London, England
15360 Moscov. USSR

|5350 RTF, Paris, Fmnce I
15350 wLWO, Cincinnati, USA'
15355 Badio Free Eump€, Port
15360 BBC, London, England

ftcr. Colf ond forotlsn

t 5 3 6 5  W L W O ,  C i n c i n n a t i ,  O h j o
15370 ZYCg, Rio de lan.,  BrAz.
15370 Radio Liborty,  Csrmily
1 5 3 7 5  B B C ,  L o n d o n ,  E n g .
15375 Cologno, Germany f
15380 VOA, Tangier,  Morocco
15380 VOA, Okinawa, Ryukyu ls.
15380 WBUL, Boston, USA
1 5 3 8 5  D Z F 3 ,  M a n i l a ,  P . l .
15385 CXA60, MonteYid6o, Urug.
15385 Moscow, USSR
15390 BBC, London, En!.
15390 Moscow,\ USSR
15395 Radio Liborty,  G€rmany
15400 RTF, Paris,  France
15400 RAl,  Bome, l taly
16405 Cologne, Gernary
15405 Moscoy, USSR
15407 Paramaribo. Surinam
15410 Praoue, Czecho. .
15410 Radio Lib€rty,  G€rmany
t5410 VOA, Tangier,  Morocct
1 5 4 1 5  A F R S ,  M u n i c h ,  G e r m a n y
I  g l 5  B u d a p 6 t ,  H  u R g a r y  .
1 5 4 1 7  P e k i n g ,  C h i n a
1i l20 BrazzaYi l le,  Congo Bep.
1 5 4 1 7  B B C ,  L o n d o n ,  E n ! .
15420 Madrid. Spain
15420 Moscow, USSB
15425 VLXl5, Perth, Aus.
15425 Hi lve6um, Npth.
15430 Peking, China .
l g 3 0  C a i r o ,  U A R
15430 Moscor,  USSR
15435 BBC, Londqn, EnO.
15435 BBC, Sinsaporo
1 5 4 4 0  V O A .  M u n i c h .  c e r m a n v
15,140 ll4oscbw. usSR
lS45 Bruzavi l le,  Congo Bep.
15,145 Hi lYemum. N€th-
1 5 4 4 7  B B C ,  L o n d o n ,  E n ! .
15450 Komsomolsk, USSR
15465 Paranaribo, Surinam
15470 Moscov, USSR
l S 7 5  C a i r o ,  U A B
1fi80 P€king, China
1 5 4 8 0  A l R ,  D e l h i ,  I n d i a
1 5 5 2 0  P € k i n s ,  C h i n a
15555 Peking, China
l 5 6 l O  P € k i n g ,  C h i n a
17605 Pekino, China
17675 Peking, China
17690 Cairo. UAR
17695 BBC, London, Ens.
17700 SBC, London, Eng:
17700 Moscov, USSR
1 7 7 0 5  A l R ,  D e l h i ,  I n d i a
17705 VOA, TangieI '  Morocco
l 7 7 l O  V L G l 7 ,  M e l b o u r n o ,  A u s .
l 7 7 l O .  W L W O ,  C i n c i n n a t i ,  U S A
l77lO t loscov. USSR
1 7 7 1 5  B B C ,  L o n d o n ,  E n ! .  .
1 7 7 1 5  Y 0 A ,  C o l o m b o ,  C o y l o n
1 7 7 2 0  R o k i n g , . C h i n a  .
1772t Bnzz ville, Congo Rop,
17720 Radio Liberty,  Germany
17720 Moscov. USSR
17722 &n Jose dos CamFos,

Braz.
17725 Radio Free Eurcpe, Port.
17725 AlR. Dolhi ,  India
1 7 7 3 0  B B C ,  L o n d o n ,  E n g .
17730 Radio Libertv.  Germanv
17735 Radio Frw Europe, Port
17735 KCBB. Dalano, Cal i f .
17735 HVl,  Vat ican CitY
17740 WLWO, Cincinnat i ,  USA
17740 BBC, Lordon, Eng.
17740 Moscov, USSR
17745 BBO. Londdn, Eng.

tO. Cincinnati, USA
2. 8io de lan., Bmz.

17875 Coloone. G€rmany
17s75 Radib Frec EuroPe, Port .

Concldiqn Short'Wqve-Domestic'rnd
*Tr<rnsmifier ot Sockville, New Brunswick

17880 Lisbon, Portucal
1 7 8 8 0  T u n i s .  T u n i s i a
17880 Komsomolsk, USSR a
17880 Moscov. USSR
17885 Radio Frce EuroPe, Port .
17888 Taioei,  Formosa, China
17890 HCJB. Qui lo,  Ecuador
178s0 BBC, London, Eno.
17890 HLK42, S€oul,  KoEa a
178s2 Voice of Frs Afr ioa
17895 Lisbon, Port .
17895 Moscow, USSB

I f(c. C.L. bcalion | 
(c. C'l' l'ocatfo{

I eozo crRx Toronto, Ont. | 9630 C|(LO Montrcal, Que'*
| 66'86 dktf Viri iori i 'r-, e.c. I O7l0 cHLR Montoal, Que'*
| 6660 diti i i  i ,tJntrml, Que. I s740 cHFo Montreal, Que'*
| ;dr-d dftijB- rii-oiiiiiir,'due.. 1 il705 CBFY Uontreal, Qut..
I b' i-3b c'i ix' i l i t i iui, ' t ' t .s. l l1705 cKxA -Montroal' 

quo'*

| 6i60 d-dijt Vinc'ouv-er, e.C, | 11720 CBFL Montreal' guo.-
| 6'i6-d i'[Ie !ioi':iiar, irei' 1 il720 cHoL Montreal, _Quc.*
| 

-r'st-o 
b'd'Fu iionireil, riue. | | t760 cBFA l-t'!0ntreal, Que'"

I dis-i C'kLF- ilidntrs-ii, due;. | 11760 CKRA Montreal, Quo.* |
| 

-s-6i6 
biiFx i ' tontroai, Que' | | l90o cKEx Montrual' Que'*

I ddid dfrLS ti iori i iei i, lque.i I l le45 cKEx !-lontroal, Quo'*
| 

-r-6i6 
cdFo uontreat,0us. I t5090 cl(Lx Montreal' Que.*

walch ior the SCIENCE EXPERIII|IENTER
0n Ssle lUovember Isf

.lF

7773 Athens. Grcaoo
7775 HilYemum, Noth.
7780 WSOU, Nev York, USA
7?80 VOA, Manila, P.l.
7780 Moscov, USSR \
7785 HZR7, Bsrn8, Switz.
7785 A ln ,  Do lh i ,  Ind ia
77aa f4ipei, Formosa, China
7790 BBq, London, Eng.
7790 Praguo, Crecho.
7790 A lB,  De lh i ,  lnd ia  i
7795 KGEI ,  San Fran. ,  UsA
7795 WLWO, Cincinnati. USA
7795 Moscow, USSR

lniernotionol

Xc. C.L. locollott
15105 CKUS Montreal, Quo.*
15t90 CBFZ Montrcal, QuG.
15190 CKCX i lon t rca l ,  quq*
15255 CKSB Montrsal, Quo.*
15275 Cl(BR Montrcal, QuG.n
t5320 CKCS Montroal, Quo'* I
17710 CHSB Montroal, que.*
17735 CtIRX Montr€al, Quo.*
t7820 CKNC ilontr@1, Que.*
17865 CHYS Montreal, Que.*
2t600 CKRP Montroal, Quo.*
2l7lo CHLA Montroal, Qus.+

t79m Fokinc ohlnn
r79t0 caim. UAB
t8080 BBC, London, Ehg. "
2145O Pmouo, Czecho.
21455 VOA, Tangier, i lorccco
21460 KCB8. Delano, Galit.
2 t460 WRUi .  Bos ton ,  usA
21470 BBC, London, Eng.
21480 HilvcFun, l, loth.
2til85 Radio Fr€e EuroPe, PorL
2l48lt WLWO. Cin!itrnatl, U8A
2t4go BBc, bndon, Eng.
21490 Cologno, Gormany
21495 Lisbon, Port.
2 l i l95  DZl8 ,  Man i la ,  P '1 ,
21sfi) Brazzavil lq Cotrro RoP.
21505 ltrDsl, ]{cv York, USA
21505 MoEcou, USSF
21510 Bru lso l ! ,  Bo lg idn
21515 HVJ,  Vat ic8n  C i tY
21520 HEB& Berno, Suita
21525 Moscov. USSB
21530 BBC, Londdn, Ens'
21535 ELWA. Monrovia,

Liberla a



Moil Posfog e-Free Card

$AMPrr 1E$$0tl
Shows you how eosyr practical

rnEt
it is lo

RADIOfrain at Home for
TELEI|ISIOII ELECTRONICSi I ll,'.:i; 1i;i;i|::' :;;:

:,'.";l'lg:;;:t"'

1..:l':;*t

i$ffiOldest ond torgest Home Study Rodio=
Television Troining Sehool. N.R"l. hsE
Troined Thsusqnds for Good Fay Jobs
S i n c e  l 9 l 4 for  mo-re lhan 40 years-N,R. l .  has been l ra in ing
ambi i ious men al  home in spare l ime for  Radio-TV. Lel  us send yoi
a sample lesson lo help prove you can leep your iob and TRAIN
AT HO-ME in your spare l ime {or  bet ler  pay and a br ighler  {u}ure.
We wi l l  a lso send N.R. l . 's  64-page catalog to rhow ycu thal  Radio-
Televis ion is  loday's f ie ld of  OPPORTUNITY for  proper iy t ra ined men,
Television Making Good Jobsn Prosperity

l l .B, l .  is fhe Tested Way to Belter Fay

WHAT N.R.I. GRADUATES DO AND SAY

Has Owh Red io .TV

' ' W e  h s r e  a r  a ! p t i r D c f
3 !4 re  *  i rh  R lC i iF  I \
rF rv ic i rg .  Dur  i i , c  Arn l r
:F rv i f ,e ,  IR I  t ra i ! r in -
I re lped n1r  gc t  id }  iu (Ht
Job ' ' -W.  l l  1 { l t l I )NER,
a a i r r a x , 5 .  D ,

e h i e t  E n g i n e e r  w i l h  F e i d  1 6 r  i n r t ' u m e n t 6
KGCU f ro f r  Ea.n ings

" l  anr  Cf r i . f  lng ineF l  , .1  an  dr l ing  i . r r j  (se l l
*  i r t r  {g ! i ! rn  a ! i l j  a ls r r  i t r  sFa.e  r ln re
hare  nr t  o r {n  lparc  [ i iD$s  have !h iec  Tv
a i m €  s c l s i e i n g  b u s i  j r h s  s r i ! i n g  n 1 . , , 6 \
neFs ' " -n  BAf tN! : fTE.  . * ,  Hrd io i  , r ;  t s
ts lsurerek .  N,  U SLqMAN,  !  1  \ . .  )

See Other Side lF
Wirhour Extro Chorge i---
NRt SendsEquipmeniforl tT,:'-"�

Prqcticql Experience!
Train ing is  based on LEARNtNG.BY- !
D0lNG. N.R. l .  t ra in ing includes k i ts  I
of  parts which you use to bui ld equip-
mcnt.  and get  pract ical  exper ience
on eirouits eommon to both Radio and

T e l c v i s i o n .
Shown at lcft
i s  l ow -power
Broad ca st  i  n g
T r a n s m i t t e r
y o u  b u i l d  a s
par l .  o l  N"n. t ,
C o m  m u I i e a "
t i ons  Cou rsc .
FREE Catalog
s h o w s  o t h e f
e q u i p m e n t
you get ,  th ings
you learn.

B U S I N E S S  R E P L Y  C A R D
No Pc3tsge $tomp Necer:ory l f  Mqi led ln The Urired slale3

P O S T A G E  W I L L  B E  P A I D  8 Y

N A T I O N A T  R A D I O  I N S T I T U T E

Woshington 16, D. C.



t.smrm ffisdlo Teilewfrsilor$
Clsffrsnlcs

Fesf Growing Fletrd Sffers You
f :# - fl# xr S x * :,fr {;*, "$ Ttf; ht -fJ{t**gsScny Goed J*hs in [nd!o=TV $ervirirrg

end (ammuni{stionr lcr Trcin*d ffien

Sfurt $corr te Mske $IS*$15 u
Week Exfrq in Your Spere Tim*

AC-DC Receivsr shqwn $r*re.

Bigger

' " . J ,

r r r r r  v r v r r r 1 9 ,  r l o r  r  r r r t

,; ipff i..{ hdc gpelidi appeal to ambitibus men not satisfied birh their tulura
!f d&m prospect;. Morc ihan 4,000 Radio and TY St:l ions use trained
t f r * f f i#  techn ic ianr .  150 mi l l ion  homo and au lo  lad ios  and 40  mi l t ion  TV
1P -  

f f i )  se t l  mur l  be  kep i  in  serv ice .  Co lor  TV promises  added oopor lun i .
-A ' , :Wf f i  ,  l i es .  fhere  6rs  qood iqb : .  b r iqh l  lu tu r is  in  Rad io-TY Serv ic ino  or
;WFi f""-m ii:,,1; :l: ;, "r.,T:" ? "l' l]t r? i ?ffi,i'ii, I #: +f, : "1" :il?l; i

and r l i l l  g rowing .  ThaFs why Rad io .Te lev is ion
to  6mbi t iou i  men no l  sa t is f ied  * i rh  the i r  fu lu ra

W|"i f""-ilT iT:',lj lli ;, "r',T:" ? "lt l"t r? i ?ffi,i'ji, I #: if, : "1" :il?l; i
t . t .  jmt tn , -  f rdn  i i . !aoked up  lo  doe.s_ , imPor t -an l  work ,  ge is  good pay .  Keep

-  -  Y O U f  I O D  W n r l e  l f t s l n l n d .  W r t n  N . K  I  v O U  l e e r n  r l  h o m .  i n  r d n r .

r l A f i  O O w  f O  q e !  I n t D  { 6 t l i ! . 1 Y .  l h e  t g c h n i C d t
l o  d o e s  i m p o r t a n l  w o r k .  q e t 5  g o o r j  p a y ,  K e e B
i n i n q .  W i t h  N . R . l .  y o u  l e a r n  a l  h o m e  i n  s p a r e
a O-DE5T ind LARGEST home siudy Radio,TY

- - ' - . - " ' : . ' ; ' ,  your  job  vh i le  t r ts ia inq .  Wi ih  N.R. l .  you  learn  a t  home in  so ;
rourde t ' i l . { . r  t im€.  N R. l .  i r  rhe  O.  D€ST *nd  LARGEST home s tudy  Rad ib .

:choal, lt: malhods heve proved succes:fui for more lhan ,f0 vea4  :  s c h o o l .  l | t  m e t h o d s  h e " e  p r o v e d  s u c c e-tu; $ee Other Side
more lhan,10  yea15"

-  * - - s H n s r n x r l

C[.|T SUT AND MAIL TT{IS
$ample Lessen & $4-Fage eatalog

CARD NOW

tso&$r FRffiffi
i l(! STfiffiP I{ETI}[D_WE PIY FN$TAGE

NAITOI*AL RAOIO INSIITUTE
oept. OJB3, Vjo:hinglsn 16. O. C.

Mail ne Ssn:nle te:ron end $tr-page eatal$g. (No
dalesman wii! cali. Please write plrirly')

t jaME AcE_

ADNNESS

D_--SfATE-

ACCREDIIEB MEA.ISET, NATIONAT H6M[ S!iJOY COUTICI!


