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+ RADIO BOOKS + The New 2-Volt

SERVICE MANUAL
RAMSAY HAAN RADIO MANUAL Tubes at $ 1 .00

HE new 2-volt tubes are the 230 general
‘ purpose tube, the 231 power tube and the

232 screen grid tube. They are principally
for battery operation. Due to
low current drain they are a
boon to all who use battery-
operated receivers. The Rex-
tron 2-volt tubes are subject
| to 8 money-back guarantee
i as stated below, and are
Vprlced at only $1.00 each.
| The 230 and 232 draw .08
f ampere filament current each
(60 milliamperes), and each
requires about 65 ohms to
drop 8 6-volt source to 3
volts for fllament, or 15
ohms to drop a 3-volt source
to 2 volts. The character-
istics follows:

230 General Purpose Tube
Filament voltage .... 3 volts
Filament current .. .06 amp.
Plate voltage....... 90 volts
Plate current (ampuﬂ;r)

Offigial
Radio Service
Manual

and

TROUBLE SHOOTING
ENNOR HaavEE

Comnlete Directory

+ Commercial Wiring Diagrams

The new edition of ‘““The Racic
gnnun:; ;:Ilwen questions about
. e priaciples, methods, or ap-
'E‘pb"l;'"';: paratus of radio transmitting anc

m.a.
Amplifler bias ....4% volts

Radie by recelving. A complete tr Detector bias .......9 volts
Ramsey,  PhD.. - LA ol . o
B g a0 UTGR WRATES (| o Power Tube Sroliuim et w8
ans nivers; si B
b mentary KElectrielty and Mag-
recelvers and power 355 pages, 188 il- netism; M Genera!
amplifiers; 352 pages; lustrations. Cloth Storage er:lelugnd Chu::l 232 SCREEN GRID TUBE
esurse en Cireuits; The Vscuum Tubs; Cir- Filament voltage .........ece.ciocuienenn 2 volts
servising. Weight, cuits Emplond ia Vseuum Tube Filament current .................... .06 ampere
3% 1bs. ~ Complete Transmitters; Modulating Systems Plate voltage 135 volts
§-page index. Flex- The index to the commercial wiring dia- e, by and 100% Modulation; Warve- ey I BT TP e LI T i
ible Jestherette eover, grams takes up flve pages alone. The sey, 374 pages, meters; Plezo-Electrie Oscillators Plate current (amplifler) 1.5 milliamperes
Toose-leaf binding. index 18 an alphabetical array of the manu- 402  fllustrations. Wave Traps. Nesrly ¢80 pages, Screen voltage ..............ei.ieen..o, 45 volts
Order Cat. OBSM fscturers’ names, with mndel names and Order Cat RFM 369 illustrations; flexible fabrikoi¢ Ampli i 3 volf
@............ 858 numbers stated. @ru. e . $3.50  ‘cover. Order Cat MAN @ $8.00 Mplifiers bies) i imdirers s

Detector bias ......

Amplification constant ..... .os 440
BOOKS BY JOHN F RIDER Plate resistance ..................... 800.1 000 ohms
.
' 231 POWER TUBE

new books by Ridsr are: Fil ¢ volt 3 volt
(1)—"Pﬂc‘iﬂll Radie B’Dlmﬂl Hints,”” a handbook for ament voltage ......................... volts
the radio worker. Replete with facts and figures, hints and Filament current .13 smpere
kinks. No Theory. No Formulse. Im 1t you will find ex- Plate voltage 135 volts

planstions of the modern radio systems, sutomatic volume t 8
watrl circuits. new forms of volulo distribution . . . auo- Plate current ..:..............ccocieneenn. ma.
gwilo radio sets, publie a L3 4 Amplifler bias ... 22.5 volts
L pooag 2.00 Plate resistance ..... 4,000 ohms

P 5

tlo(n’)ol a and teal g"un:h. id s eollcc Amplification constant ...... ... ...iiiieeal.. 3.5

of

the gervice man, professional se buflder and 'xwrunonm
Among tbe many testing systems described im this book sre
tube testers, , signal 8
radio frequency oseillators, audio oscills ators, vaeuum tube
voltmeters, resistance testers, continuity testers, ste. Material
for the man who wants a simple test uni or res a labora-
ory srrangement. Order Cst. PTB ........ @ $1.00
Other books by Rider
‘“Trouble Shooter’'s Manusl,”” the first ecomprehemsive volume
devoted exclusively to the tople. It 1s not only & treatise for
sorvice men, telling them how to overcome their most serious
problems, and diagramming the solutions, but 1t 15 a course
in how to become & service man. It gives details of servicing
and includes more tham 100 actual factory-drawn diagrams
of commercial reeelven 240 pages, 3 x 11,” 200 muggn'lomo
3.5

Money - Back Guarantee on
All Rextron Tubes

HE economic d ion and resul pre-
I dicament of some tube manufacturers have
resulted in the dumping on the market of
tubes of inferlor calibre, tubes that failed in the
factory test for ‘‘firsts,’”” and were sold to distress
merchandise operators *‘as i3’ at & few cents aplece.
These tubes often are in private brand cartons, but
do_not bear the name of the real manufacturer.

Order Cat. TSM . 00000GO000000bN0b000BBGE Rextron tubes are made by Relxtron.
*‘Bupplement No. 1,” econtaining 115 dhxnm of commercta lven. supplementing the diagrams in ’“Trouble mTS‘ee %s:eigé:%act’:aoTiimtl\fx?)catu::;rkzt“i? ;e’h Ig:a;‘l:?ﬁ
Sbooter's Manual,” but not duplicating sny. These 115 disgrams are supplied loote. They are s mecessary adjunct by the guarantee that backs up the tube. Replace-
te those in “Trouble Shooter’s Msnual™ Order Cat. SUPP- 1'; ............................................ @ $i.20 ment guarantees are encouraging but not concluslve
'] “Mathematics of Badio.,”” by Rider. 128 pages, 8% x 11", 119 illustrations, bridges the gap between the novice Noththg less than “money-back’’ will do now.
and the college professor. It gives s theoretical blck:round 50 nocsunry mr s Proper understanding of radio and sudio tron tubes are sold on a 10-DAY MONEY- BAcK
elrcuits and their servicing. Formulas for capacity, ind ete., are explained. Flexible cover. GUARANTEE. Use them ten days. If not fully
(1T e ¥ {05 TG 8E - - 500 800060 008060000 00008000 000000600600 00 00 GO C 00000000080 EBEEDAEABE0 BEBAN S e = s i S @ $2.00 satisfied, return the tubes and your money will be
refunded at once.
Each tube is packed in an especially rugged and
Two MASTERPIECES BY PROF MORECROFT securs carton with ‘‘Holed-Tight’* safety wrapper
inside, as precaution against damage in transit.
“Principles of Radio Communication.”” by Prof., Joha “FElements of Radio Communieation,”” written in plsin We — NOT YOU — run the damage risk.
H.  Morecroft, second edition. Prof. Morecroft, of the language, requiring little foundation knowledge of radio, is L ,
Wlectrical Engineering Department of Columbis University another flne Morecroft book. The book is a complete Llst of Tubes and Pnces
and Dpast president of the Institute of Radio Engineers, course on the eelments of radio, conteining much material
is 8 noted suthority. Prior electrical and mathematical never before publisbed. 226 pages, 170 illustrations and $1.00
owledge required. 1,001 pages and 831 {llustrations. s complete index. Cloth bound. This 18 one book you 1°00
Cloth-bound. Order Cat. M-PRIN. ....cccccce. @ $7.50 must have in your library. Order Cat. M-ELEM. @ $3.00 1.00
2.95
2.95
THREE BOOKS BY MOYER AND WOSTREL 1.0
IiOO
eed f n up-to-date book on radio tubes that answers all the important questions has been flled by James 95
A.Th;(a:sr. Dnlrre:wr 'iwr University Extension. and John F. Wostrel, instructor in radio engineering. Division of SPECIAL TUBES
University Estension, Massachusetts Oepartment of Education. Thll book is a complete discussion of tube prin. 3 !
eiples, lunctiom and uses. The esaenthl prineiples underlylng the operstion of vacuum tubes are explained in ss Telion, neon gas tube,
non cal as 18 with . The book covers the costructfon, action, reactivation testing for television .. $3.85
and use or ucuum tubes as well as specifications for vacuum tubes and abDplications for distant control of industrial Photo-electric cell, 2-
processes and Drecision measurements. 297 pages, cloth bound. Order Cat. MWT. .....ccv.verncrncacncoses a inch cell height $4.50
“‘Practical Radlo,’” {including the testing of radio receiving sets. 378 pages, 233 illustrations. Clmhe b?gxi
BrAr  OBL  MWP. . evoneoneeeessossssnsssnsanssneesesssnssesensesnnsneesssnnnnnssseesssssenssennnnns
“*Practical Radie Construction and Repair [ ] complnion volume to the sbove. New _edition,
BOW DHCO  OF30F CAL MWC. wvvevvsnsssrssssessnssnnnsenssnnssnnssossre i e 0T v @ $2.50 RELIABLE RADIO CO.
143 West 45th Street, New York, N. Y.
Radle World, 145 West 45th Street. New York, N. Y. Enclosed please find $.......... for which
Bnclosed please find $.......... for which pleass O o ship at once, on 10-day money-back guar-
send st once. postpaid. books indicated by my crosses R t th antee, the following tubes:
O Cat. ORSM @ $350 [JCat. TSM @ 3.50 emi wl 0 230 0 240 0 226 It c.0.np
O cat. HAAN @ 3.00 [ Cat. SUP.1 @ L.20 023 0 Ux-199 (3 280 Is  desired
O cat. REX @ 2.75 [J Cat. MOR @ 2.00 0 232 0O Uv.198 [0 222 O please  put
9] RFM @ 350 [JcCat. M-PRIN @ 7.50 gia  gr2o 0 210 a_ cross In
CJCett MAN @€ 6.00 [JCat. M-ELEM @ 3.00 raer or 0 i71 O wp-12  [J 250 square  at
JcCst. DRA @& 6.00 O Cat. T @ 250 0 ti2A 4 200. O 28t foft,
FljCat. PRK @ 350 [JCat MWP @ 250 02 0 224 O Teilon
OJ cat. PRRH g sz; 00 DDé:att é»gry{c g ;.gg 3 201A 0 245 0 Photo cell
o Raaiie dibic - Books and
Name ............. Cerereeienitesnniiinonncanans
MREI® ....covcncoseccacnscstssssasascsanss DO0OGO00ED
(T e e e e, We Pay Postage AAGLOFE] 50l uRrrataiefiss/s's ols efifels's's s GILET 3 5.0 shoorn srormteiore
CIY ..iciaisnntosorssnsoes State .....c..0000nnn 000 City] exbinlan el T e State ...... s
D Check here if C. 0. D. is desired.
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RADIO BARGAIN
CATALOG

FoaRanio Seavicemen-RapiorRICIANS-Rapio DEALERS

i RADIO
TRADING Co.

25 WEST BROADWAY
NEw YORK CITY ]

Replete with 52

new hookups and cir-
cuit diagrams—110 large
illustrations.

For the first time in the history of
the radio mail order business, a
catalog such as the one offered
FREE, by the Radio Trading
Company, with such useful service
information has been issued. In the
preparation of this Radio Service
Treatise the problems of the Ser-
vice Man, Radiotrician and Dealer
were always kept in mind, hence a
wealth of technical information is
to be found within its pages. Even
among the catalog portion of this
catalog will be found helpful dia-
grams of transformers, checks, re-
placement blocks and other parts.

Partial Contents of the
Radio Service Treatise

Modernizing old radio sets; How to
convert battery to power sets; Se-
lection of tubes; The detector tube;
The power tube; Changes in grid or
“C” bias circuits; Push-pull ampli-
fiers; Replacing audio transformers;
Phonograph attachments; How to
choose power transformers; Voltage
dividers; Wattage of power trans-
formers; Selectmg and installing re-
placement parts in radxo sets; Filter
condensers; Repairing “B” ehmma-
tors; ALL BRAND NEW MATE-
RIAL—-NO REPRINT ARTICLES,
BUT FULL OF REAL RADIO
INFORMATION all the way
through.

Write today—enclose two-cent stamp for
postage. Treatise sent by return mail.

Radio Trading Co.
25R West Broadway
New York, N. Y.

RADIO MAP

OF NORTH AMERICA
22 x 22 inches, printed in two
colors, bound in cover.

Shows every city from Balboa
to Edmonton which has a
broadcasting station.

Indexed by states, provinces
and cities with key for instant
location on map.

Call letters, power and fre-
quency given for each station.

Accurate; up-to-date

Scale in miles gives distances
between any two cities. Time
zones correctly marked.

Just what you have been wanting.

25 cents
THE RADEX PRESS

1368 E. 6th St. Cleveland, Ohio

Ansonia
SPEAKER
$3.67

Magnetic speaker in genuine, beau-
tiful walnut cabinet. Order Cat.
AN at $3.67.

Guaranty Radio Goods Co.
143 West 45th St, New York, N. Y.

SUBSCRIBE NOW!

Rapio WorLp, 145 West 45th St, New
York City. Enclosed please find my remit-
tance for subscription iur Rapio WORLD.
one copy each week for specified period:

[ $10.00 for two years, 104 issues.

[ $6 for one year, 52 issues.

0O $3 for six months, 26 issues.

[ $1.50 for three months, 13 issues.

] This is a renewal of an existing mail

subscription (Check off if true).
YOUr Name ..ececcenvncaccncee 50000 R000 00

Address

ceseess000000s00s000000000000 RS

...................................

Ready NOW!

New, Complete

ELECTRAD CATALOG

36 pages of valuable data on Resistors, Voltage
Controls and Loftin-White Amplifiers. Write
Dept. RW-221 for your copy. Enclose 10 cents
(stamps or coin) for mailing cost.

17% Varick 8t,'New York, N.Y.

R ELECT

FREA AnanaAnA

~ CICO CELL~—

PRACTICAL PHOTO-SENSITIVE CELL OF MERIT
SMALL ~ UNBREAKABLE ~ POSITIVE
A SWITCH THAT 1S OPERATED

= B8Y A BEAM OF LIGHT.
SUITABLE FOR COUNTING, SORTING,
~= TRAFFIC CONTROL,ALARMS &ETC,|

PRICE % 5.50 - POSTPAID

CLARK INSTRUMENT CO.

19 N. 4™ ST., CAMOEN, N.J.

DEALERS and SERVICE MEN !
STANDARDIZE ON =

| IRl | H

RESISTORS
Wyeite for descriptive camlogu “w
LYNCH MFQ@. CO., INC.. 17753 Brsadway, New Yerx

Orders Inqulru:s

PoLr
and Mailing List Catalog

Gives counts and prices on over 8.000
different .lines of business. No matter
what your business, In this book you
will find the number of your prospec-
tive customers listed.

‘Valuable information is also ¢iven as to
how you can use the malls to secure
orders and inquirles for your products
OF services.

Write for Your FREE Cony
R. L. POLK & CO., Detroit, Mich.

Largesy City Directory Pubiishers in the World
Mailing List Compilers—Business Statistics
Producers of Direct Mall Advertistng

MIDGET
SHORT-WAVE
ASSEMBLIES

For use as earphone receivers or
as adapters to work a speaker
through a broadcast sel or
power amplifier.

AC.Model, 2147, all parts, including
cabinet and filament transformer
(less three 227 tubes).............. $19.64

Battery Model, 2145, for 2-volt 231

tubes all parts, etc. (less three
BUDES tiiviit i 17.14
Battery Model, 2146, (all parts, less
three tubes) .........oviiiia. $16.22

Polo Engineering Laboratories
125 West 45th Street, New York, N. Y.
New York, N. Y.

Telephone: BRyant 9-8093
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The SUPERHETERODYNE
This 13 a new volume by Anderson and Bernard A WIDE CHOICE
dealing with the principles snd practice of the
Superheterodyne method of recelving. Tt explains
the function of the oscillator, the modulstor, the
pre-modulator selector, and the intermediate fre. A
aulentci an:’pllﬂler. It ehxpdhln{l the cl:‘lll!e of repeat
Doints snd gives methods for avolding them of
minimizing their effect. It expounds the relative UNSHIELDED BROADCAST COILS
- ave advantages and disadvantages of high and low ON 3’ DIAMETER BAKELITE
intermediate frequencics. and shows the effect of Cat. 8QT-5)—Three circult tuned for .0005 wfd.
selectivity on the quality. condenser, for use where the untuned high impedance
It fllustrates various forms of oseillators and orimary {a in the plate eircult of a screen grid tube.
‘ v t tells of the -dnmu{euk of eltP‘L Dlﬂaranl‘lm:; Trr‘: tuned secondary mas be connecied to any type
of modulators and pick-up syatems are explain BUDE  ain s s W5 daioiaiparmoimne oo 008 Bole ol e o./a e o o000 3
On ver er and thelrzl ldv:n(algl stated. Different methods iCat. 8QGT-3)—Same as above, only for .00035 mfd
of coubling in the intermediate frequency amplifier ‘C:ﬂtﬂd;"l';{,) .38&(.'1’ o enoed 't;ﬁ:.c.r'l‘&r. el
re shown s i -
'rh 1 A U 't ““Umags inerference 1y discussed In detall an¢ tuned orimary in plate circult of & screen grid
. 1= nt methods given by which 1t may be redueed. (‘tu‘be. tzalnmned BECONARLY . . o\t ittt irraitiannnons
A special method of ganging the oselllator to (Giat, %boé?‘?&m 28 Cat. 5- except that 1t is
HE de luxe mniodel all-wave converter the radio frequency condensers 1s explained, a “.,;"" hons g R B e s e S ] P iy v
o ‘2t. T-5)—Standard 3-circuit tuner for .0003 mfd.,
tunes from 15 to 600 meters, using two method which sllows either the high or the low where Drimary is for any type of tube other thag
tuned circuits, with a Hammarlund con- O e tore et RS e listonted sluy] {mieatis) of] 3 Dlate_clrcult of scroen grid tube........... .80
denser in each, and a total of five plug-in One section 13 given over to eofl design fc N hBnirer nste @ or O )
coils of the tube base type This model, the the radlo frequency tuners, the oscillator, amo (Cat. 2-R5)—Radlo frequency transformer for 0005
1-A Unit, consists of the intermediate frequency fiter. mfd  condenser where high impedance untuned
a beautifully finished Audlo amplifierr suitable for Buperheterodynes primary g fn plate elrcuit of a screen grid tube,
" ~ are also described. These include transformer, and secondary {3 tuned by .0008 mfd............. d
bakelite front panel y 24
and sub - panel, "with r;gstﬁlére, and push-pull amplifiers both for AC 10:016032’-R3r)d—~8llmle as 3-H3, except that it 1s for »
o ol LS a ; 5 Mid. OO0 J0d b (xheigs it Wi e e - - e y
National modernistic While the book is primarily fintended to e (Cat. ;-TT‘)—mdlo‘ frequency transformer for use
dial. pound the principles of the Superheterodyne, the where primary {s tuned and placed in plate circult

Three screen id practical phase has not been neglected. Detalled of screen grid tube, while secondary 1s not tumed.
tubes are used. Fila- descriptions of AC and DC Buperheterodynes, de- For 0000 mfd ....0hes0)msceidgiting.oerais 83
ment transfor roi built-i hil c signed in comformity with best practice and sound {Cat. 3-TP)—8ame as Cst. 5-TP. except that it 1a

itch i stormer 1s built-in, while A applications of the principles, have been included for 00035 mfd.  tUDINR...ee. .0 tuuennnnnnn.n.. .58
switch is on the front panel. in the book. ‘These descriptions are weg l.liugo (C“fd B{‘-Gl)—nad':o hqu;:rzj uu:nformclr fg .010(:5

i i E J Ord t . . m uning, where un primary s plate
mm:gas::;nuﬁi{nlgs x:gtél;]én:tgld and self-sup Lt rderiOxt ABSH - circuit of any type tube except screen grid Useful
» .

This model is of the very finest type, and FOOTHOLD ON RADIO ‘C.ﬂlﬂs-o ‘;;"g;liz?‘::“m:?lgﬂ.{ *
gives you the advantage of triple s'crecn In simple Englisk that any one can understand for .0N0RS mrd. tuntdg...........ocovvininnnnnns .55
grid ina de luxe assembly. Consistent direct thel Loetiuical_side L lof Szaclo 16 inresanted] by RADIO FREQUENCY CHOKES
reception of Europe i A -0351,5 DG Anderson and Bernard in their book, ‘'Foothold et iCat. 50-MLH)—A radio frequency choke cotl for

puon of Lurope is reported by users of Radio.” Any one who can read English cae iraticn 1l el | i i of Tolte
the 1-A il in broadcaat use, as fn scree: P!
- u:derst:n'dezm_umebook. A “.‘;I {-n:nded‘ for h!ﬁe l(ealds. partlcu)lar}y do‘t,oclor plate, or In thsei output
2 2 sheer norice. tr . . it L. 4 rter, 135
Al parts ‘“cl“g‘e“g filament transformer The origin of he brosdcast wase, ils radiation. Urachmt Sucplied Nor AHOAGE o Ao 47
?:bcsh;:def-uc tb?s‘: 0@?115. but not 1reo:e:mon. ;llndpllgu;l'm are ;olt J’or'tfmpll;! t}lgl:; 1Cat. kQMIf)_AI a.dlo frequ‘zncylﬁgke for s‘a{wn-;ue
» At 1-8 @sdvrgiwedindes anguage. 6 ban are explain . work only. nductance, m enry. yound on

1 types of receiving circuits are {llustrated. de- %'’ diameter bakelite rod, with connecting lugs a
Wired model. Cat. 1-AW, @ setibed’ 1nd contrusted. 4 chapter 1y devoted to end. ‘and mounting  bracket .47

Precision 3" diameter plug-in coils can be L ey o puming (Rl Tazent N InTtandiths FILTER AND BY-PASS CONDENSERS
supplied instead of the tu e base type. These ﬁ:’,ﬁf{”";u?fmmcﬁﬁrpr?gz"".“’r"duf ':::m:&: :-hm. tCat. HY-1)—Compact 1 mfd ﬁllir condenser. for use
coils are wound on 97% air dielectric. Nine action of the sacuum tube, with s special analyss ;’:5ﬂl‘?g,,s":::zl:{o:"u?h.::ﬂ? ’.,‘,’é“‘?,“.’." ot{n JJ?,Z'.‘
coils are_supplied, to tune from 10 to 600 of plate current and its behavior. Those who have i raceives 5 P i Sl Nl
meters. These coils fit 5-prong tube sockets been thirsting for a book that readily rerveals the (Cat. 'HV-2)—Compact " ot o denser for 245 B
used as coil sockets. Order Cat. K-9 @ $12.00 marvels of the radle sclence will appreclste this O Lor b e e 9

If precision coils are desired with kits or little volume. FPaper cover 60 pages, '““é ’,‘:“;,’ (Cat. AVX-8)—Compact 8 mfd. Aerovox dry elec-
wnrenf models of 1-A Unit, order Cat. 1-A-K trated.  Order Cat. For ................ : éroli:lpcplgondemer with mounting bracket, for 243 -
or Cat. 1-A-WK @ ............ $8.25 extra i -

PR {Cat. LVY-1)—1 low. y-
RC-27 C t RADIO WORLD (aing 200 3. BC nting e
- onver er at. -d)— mid. oW -¥0, ge . 4
passing. 200 v. DC ratdn@.....cov0eeivvononnnsn 1.0
XTREMELY high sensitivity is achieved V45 uWiest L Sth TS trest, | Nev Y oght IN e (Cat. LV-4)4 mfd,” low-coliase condenser "tor ‘by- '
3 p passing. v. T T T T R
E in the very latest short-wave converter, (CI:. SUP-31)—Thres 0.1 mfd. bypass condensers
q fat.. RC-27, qtslmg l:“’o 227 tlﬁ)CS anle“ls In one compact case. 200 v. DC rating.......... 57
uned circuit. with the new Hammarlun KN 1ALS
Junior midline condenser, covering 30-135 | HAYDEN’S (Cat. KNB-z)—z-lgc?ns dl;Aur:‘elt)er Dmoulded bakelite
meters without plug-in coils. A coil switch biack knob, no polinter; %°’ shaft. T }
changes the wave band. Used with any | ? (Cat. KNB-15)—1%”  dismeter mi te
fairly good receiver, this AC model con- DANDY MIDGEI i black knob, no pointer: %" shaft .. .08
verter penetrates uncanny distance. as users | | (C::'lnu?ﬂ(go.bls);tlh%poln%:l'm'::r’ et gl
lr:mgs direct reception of European trans- '} Al parts, com- (Cbalt.d\)lcnlbl)—'l\lllar.? vernier dial; moulded bakelite; -
" | y ack: pllot ['4 WINAOW. ... cuivnccnacanrronnaes o
9 1 (Cat. NAT-H)—National velvet vernier drum dial,
All parts, exactly as tsr;)e:x)ﬁed by Her | | | plete, as specified :‘m JL, 7lth moderaistic excutcheon. color wheel
an rnar €ss tubes), order t. rai CATULO) o Zuad WA o % S it 5 b s o J
RC-ZZ @ ovvevorernn) s < $10.00 bY Herbert E. (Cat. NAT-G)—Nationai ‘velvet vernler'ﬂnl type dlar}.
Wired Tgdel (less tubes), order Cat.. Hayden, including ﬁ%’gl:fem’w?rﬁ' fhonts Damal’ osimite DAL Soam 2os
-2/ TR RO — S 12.00 color ProJection ! g dw s s smsn i @ - s b bl nms wee
! cabin et (less 2 2 46 | (Cat. }R;T!;V'BID)—Nnuomldl ;elvetl bvlemie‘rl lbllek
< e, mould: kelite circular dial, variable ratio lever,
Polo Engineering Laboratories | ! tubes) . ......... ° | 83"t 20-1% reads 0-100-0: with dial lht and 70
i DIBIOKEL Bl bwu abd-ommsdsonnpss besddvwryis  rormerirese 1
125 WEST 45TH STREET | |
R 3 BLUEPRINTS
NEW YORK, N.Y. Guaranty Radio Goods Co. | tex meas_mudhREy iditube _Superune
g 1 hort - e converter, using 2 ubes; amen!
Telephone: BRyant '9-3093 143 West 45th Street | :r:nsf:rger extvernnl; coll winding dsta, "1ist of
Our Entire Line on Exhibition .ar Our Office New York, N, Y. | (cﬁr"hf’ﬁ}g%%le-nd:::;:mt l:crlu%egiﬁ;é"s'ridr'v."iv'a'v.o
l converter, using two National VBD dials, two Ham-
| marlund SKFL 0005, preelsion plug-in coils......
| (Cat. BP-33)—Blueprint of the HB-33, seven-tube
screen-grid battery set, using 222¢ for RF, push- 75
Dull“N\TA | OUTERIY 'y woih W g i e ey igiitens i b S W b - -
(Cn‘!l.. BP-44)—Blueprint of the HB-44, eight-tube
Acd screen-ggl? :ol. 245 push-pull output; -screen- T
Erid power delecton . .somgesst s o 58 Sa93 ol #4 - .
Cat. BP-3GD-4)—Blue t of 4-tube battery Dia-
v v ! l:mnd of the Alr, one stage RF 222, regenerative
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More Volume Achieved
in Stable Resistance Audio

By Herman Bernard
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A regenerative screen grid
broadcast tuner with elec-
trolytic condenser isolating
the first and second audio
stage voltages for stabilized
volume increase. The coil
switches enable short-wave
reception,

AIN in the radio frequency amplifier is being pressed

farther and farther as new circuits appear for pit con-

struction and for commercial production, with reduction
in the amount of audio-frequency amplification. So we see
factory-made sets with one stage of audio to work a loudspeaker,
and these include even tuned radio frequency receivers. The
last stage (which 1s the only audio stage), may be even push-
pull, as the detector is worked at a high bias, and the radio
frequency amplitude is built up so greatly by the RF amplifier
that a screen grid detector’s output will be enough to load up
the push-pull pair.

Proper Load for Plate
Experimenters with resistance-coupled audio frequency ampli-

fication know that the gain with the system is likely to be
less than when transformer coupling is used. However, it is a

14000 ) J
Y

CONNECT To TAP
LOWER THAN ONE
USED FOR OPPOSITE
S £RD

fact that the screen grid tube, worked with a resistive plate
load, can produce as much amplification as a general purpose
tube, such as the 227, and a 1-to-5 ratio transformer.

The next step to consider is whether to use the screen grid
tube as the first audio amplifier, to feed a 245 output tube.
The sensitivity of the screen grid tube as a power detector is
good, partly because the tube’s mwu, ie, amplification factor,
is high. Capitalization of this high mu is attained only by
use of a high impedance plate load, which is more conveniently
a resistor, although a choke coil of enormous inductance, around
1,000 henries, also would provide good amphﬁcatlon Never-
theless, the tonal characteristics when a resistor is used are
likely to be superior to those attained when a choke coil is
the plate lead.

The same advantage of high amplification is present when
the screen grid tube is used as an audio amplifier, so the gain

(Continued on next page)




RADIO WORLD

February 21, 1931

Large Isolating Capacity Up

ro€
£

(0035

0008005 MFD-

S G e T =T . PR LSMLN D4 MFD. BuFp
| x e ; =
i L e I y
‘ | o~ : , BACH 2 8 3
, : : : 32 3 s ¢
e o 15 0035 82 2 £
X MFO. >
£ p. X
THREE €
0AMFP
1 R A e
Y
y. ‘g
5 < - S € S
L . 3 S
O ™ ‘

>,
A

v N

800
F-W‘-‘v‘]r
°
n
F 4
)
=

o
| —annan.

{0

i

:m_lx__f\_lL

6,000 £~

.,||I_¢

pL. 1SY

]
J
)

)
)

9

17,1004 )

Ve

254,000,

CONNECT To TAP LoweER
THAN ONE USED FOR
OPPOSITE ENOD

Fig. 2 j
A bandpass filter tuner with the new method of boosting volume in a resistance-coupled audio amplifier. This audio
amplifier, the same as that in Fig. 1, positively does not motor boat.

(Continued from preceding page)
will be greater than if a 227 were used in this position, since
the gain is comparable to the working mu of the tubes. In the
case of the screen grid tube it would be around 60, in general
practice, and for the 227, around 7.

This is quite a substantial difference, but the moment the
two-stage resistance-coupled amplifier is worked as a high-gain
system, dangers arise that would be absent from a similar circuit
with a 227 for first-stage audio amplification.

‘One of the problems is motorboating. This may evidence
itself as a put-put sound that wholly destroys all semblance
of tone quality, and makes listening unbearable. Then one might
be prompted to wonder where resistance coupling acquires all
its vaunted graces.

Cures for this evil include the use of enormous filter and
by-pass capacities, in voltage circuits serving the audio tubes.
One such amplifier, with screen grid tube in the first stage,
was built, and it motorboated. Capacity was added, until finally
there was a total capacity of 108 mfd. across the voltage
divider. Only then did motorboating stop. The condensers
cost $13.

An(?ther consideration is the negative grid bias that the tubes
require. For the 224 the bias might be or 4 volts, and
the signal amplitude at this point might be great enough, on
several stations, to overload the first audio tube. The effective
plate voltage is relatively low, as a 250,000 ohm plate resistor
would be used, so that less than 1 milliampere of plate-screen
current would flow, and the biasing resistor would be around

Bias for the 227 Tube

The recommended value of the plate resistor, if a 227 is
used, is 100,000 ohms, largely for support of high audio fre-
quency response that would be attenuated by a larger resistor,
due to the increased input capacity, effective as bypassing
these high frequencies.

So, with 100,000 ohms in the plate circuit, the voltage drop
in the resistor, at 1 ma plate current, would be 100 volts,
and since the applied plate voltage is 180 volts, there will be 80
volts effective on the plate. Yet the negative grid bias may
be the same as if there were no drop in the plate resistor, since
the mu of the 227 tube does not depend on the plate voltage,
whereas with the screen grid tube change in plate volt§ge
does change the mu, the screen voltage normally not being
changed. It is assumed that adequate plate voltage is applied.

Therefore we may use 10 volts negative bias, theoretically,
for the 227 tube, although in actual practice it has been found

that the tube amplifies a little better when the bias is some-
what lower than the theoretical value. At 1 ma of plate current,
a 6,000 ohm resistor in the cathode B minus lead would pro-
vide 6 volts negative bias, the practical amplification would
be about 7, so a swing of 84 volts on the power tube stage
would be accommodated pro-rata by the first audio tube without
overloading, which is satsisfactory.

More Amplification Desired

This is represented approximately by the negative bias on
the output tube, which is 50 volts, the peak swing being 100
volts, measuring the points of highest amplitude in the alter-
ations of signal voltage. The doubling of the negative bias
value to attain the peak load value arises from the fact that
an alternation is half a cycle.

For the higher bias reason alone it is preferable to use
the 227 as first audio amplifier, although the ready solution
of the motorboating problem is no slight advantage either, nor
is the economy feature, which enables use of smaller filter and
bypass capacities.

It has been said the amplification is less, but since excellent
tonal characteristics prevail, the benefit endures, only in another
form. Two stages of resistance coupling are inexpensive and
easily accommodated in small space, which are incidental advan-
tages. The only point about the system that runs somewhat
counter to popular demand is the fact that push-pull can not
be instituted, as this requires a coil of some kind, to constitute
an effective and reliable push-pull circuit. Methods of using
resistance coupling by phase-shifting tubes and similar devices
are not very reliable.

It can be seen, therefore, that the two stages may be built
with great satisfaction, to serve a high-gain radio frequency
amplifier, and yet there is every reason to look forward to a
two-stage resistance-coupled audio amplifier that safely wili
provide even greater gain, to do justice to a modest tuner.

There is a method of accomplishing this, and it is represented
in the schematic diagrams of two circuits herewith. Fig. 1, a
two-stage RF amplifier, regenerative detector and two-stage
resistance-coupled audio amplifier, and Fig. 2, a band pass filter
two-stage radio frequency amplifier, detector and two-stage
resistance-coupled audio amplifier, are the examples.

If the capacity between the plate of the first audio tube
and the grid of the second audio tube is made large, the effect
is one of positive feedback at audio frequencies, a highly substan-
tial gain, and yet without introducing any instability. The first
discovery of this secret occurred when a 72 mid. electrolytic
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Fig. 3

A band pass filter six-circuit tuner, with screen grid detector and built-in filament supply.
the secondary of the power transformer.

condenser was cut in between these positions, across an .0l
mfd. condenser. The volume was four times as loud with the
72 mid. in circuit, as when only the .01 mfd. was used.
The total volume from the audio amplifier compared favorably
with that of a two-stage transformer-coupled channel with
push-puil output, so here was a circuit suitable for even modest
tuners.

It was supposed that the volume could be built up with
four-fold gain once more, by using a large condenser from plate
of the detector to grid of the first audio tube, but volume
declined. So .01 mfd. was retained as the isolating capacity
in the first stage and finally 8 mfd. of electrolytic condenser
used from plate of first audio stage to grid of the output tube, since
the ear disclosed no volume difference between 72 mifd. and

8 mid.
A Gratifying Result

The overall result was most gratifying, even though in some
respects baffling. It had been supposed that the larger the
capacity isolating the circuits, providing the grid resistors were
held constant, the greater the tendency toward motorboating.
In fact, in the first stage this well-accepted theory or fact
was authenticated, for even when the capacity used was 0.3 mfd,,
with 8 mfd. in the next stage, motorboating did exist. It was
not of the type plainly audible, but it did injure tone quality.

The motorboating could bhe “seen” in a milliammeter in the
power tube’s plate circuit. The needle wiggled greatly on both
sides of the position for steady current value, in fact, hit both
extremes of the meter scale. The frequency was 6 cycles.

When the first capacity was reduced to .01 mfd. the motor-
boating stopped.

One theory advanced for the gain accomplished by using
8 mid. to the grid of the output tube was that the amplification
of that tube was increased. However, when the effect on the
preceding stage was one of reduction of amplification, it was
assumed the principal cause was feedback, that in the one
instance it turned out to be positive, and increased amplifica-
tion, while in the cther it proved to be negative, and reduced
the amiplification.

Good Low-Frequency AF Response

An incidental, but still valuable, advantage of the improved
gain at audio frequencies was a new opportunity to work the
radio frequency amplifier with stability. The limit of the radio
frequency amplifier is, in general, the squealing point. A tuner
that squealed at the higher radio frequencies, under conditions
purposely introduced so that the lower radio frequency channels
would come in strong, with these conditions removed now
could be made perfectly stable at any point on the dial, without

the trace of a squeal, and yet with satisfactory response
throughout. ) ) ] )
The two-stage resistance-coupled amplifiers included in

Figs. 1 and 2 are stable. The resistor values should not differ
from specifications. It is true that 1 meg. may be used in the
last grid circuit instead of 0.5 meg., but the amplifier, while
generally good, will be of the “trigger” type, whereby it may
start to motorboat after the set has been played for an hour
or two. Touching an audio grid lead may start this audio

The heaters are in series across

oscillation, or sudden tuning in of a strong signal may do it.
Hence the amplifier would be like the trigger of a gun, likely
to cause the gun to “go off” under the slightest shock.

The shock-proof audio amplifier is due to the values of the
resistors and the isolating condensers, and to the bypass capaci-
ties. The grid leaks are 0.5 meg. each, and still support most
excellent Jow audio frequency response.

Screen Grid Tube As Detector

It is because amplifiers build up low audio frequencies too
pronouncedly that motorboating of the put-put-put type exists,
so there can be no good reason for using only so much ampli-
fication in this region as the amplifier and associated equipment
will stand and stay stable. It is in principle the same operation
as neutralizing a tuner, since the cause of oscillation at over-
amplified frequencies is removed. Besides, if an audio system
amplifies some frequencies to a much greater degree than it
does other frequencies, it is discriminatory, i.e., distorting.

The electrolytic condenser should be connected with anode
(cap with screw on it) to plate of first audio tube and lug on
container to grid of first audio tube. If a metal panel is used,
insulate the condenser can.

Direct current will flow through the condenser. This will
reduce the bias on the last audio tube, so the filament connec-
tion to this tube should go tc a higher point on the voltage
divider. The proper position on a Multi-Tap Voltage Divider
is shown on the diagrams Figs. 1 and 2.

The screen grid tube is used as a detector in Figs. 1, 2 and 3.
By the way, Fig. 3 represents a six-circuit band-pass filter tuner,
with filament supply. One stage of audio is included, so that
there will be no mistake about the proper load for the detector
tube. Otherwise there would be the possibility of builders
putting the primary of a transformer in the detector plate
circuit, whereas no commercial transformer has a sufficiently
high inductance for this purpose.

Circuit Pointers

Fig. 3 should be worked with an audio power amplifier.

The values in the screen grid detector circuit are: A 20,000
ohm biasing resistor, across which a bypass capacity of 1.0 mid.
is sufficient; a 250,000 ohm plate load resistor, to which are
applied the full 300 volts of a 245 B supply, and 500,000 ohms
from screen to B plus 180 volts. This puts about 150 volts
on the screen, in the interest of stability, but a somewhat larger
response may be obtained by using 1.0 meg. here. If motor-
boating is present, the smaller value of resistor may be put in
this position. However, no matter which value of resistor is
used, the bypass capacity must be high, so a capacity of 8 mfd.
is recommended.

The audio amplifier, as shown in the first two diagrams, is
assuredly stable, utterly free from motorboating, and will give
you tonal volume results that will joyfully surprise you.

Figs. 1 and 2 include an automatic volume control tube. The
theory of operation of this tube was explained in last week’s
issue, February 14th. An increase in signal amplitude increases
the negative bias, hence decreasing the amplification of the
controlled tube or tubes. The potentiometer (in the RF choke
coil circuit), is set once. and left in the desired position.
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are of three general types. In the most common at this

time the two tuned circuits are coupled with a condenser,
that is, a condenser is common to the two circuits. In the
second type the two circuits are coupled by means of a small
inductance, and in the third they are coupled by means of
mutual inductance. The inductively and the mutually coupled
circuits may be reduced to one type. The three circuits are
illustrated in Fig. 1. A is the capacitively coupled circuit, B the
inductively coupled, C the mutually coupled, and D the equiv-
alent of C. It will be noticed that D is of exactly the same
type as B, so that B, C, and D are equivalent as far as type
is concerned. The value of L in B is not the same as that of
L in D, but L in B is equal to L—M in D, and Lm in B is
equal ot 2M in D. That 1s, these equalities hold if the passed
bands are to be the same both in width and location.

SIMPLE band pass filters as used in modern radio tuners

Theory of Filters

The theory of all these filters is the same and the two
maxima may be determined by the same equation by making
the proper substitution for the impedances. One maximum is
determined by the circuit disregarding the coupling device.
For example, in A the first maximum is determined by the two
inductances L connected in series and the two capacities C
connected in series. The circuit then consists of L, L, C, and C.
The resonance point determined by these four impedances is
exactly the same as that determined by one L and one C. The
reason for this is that the inductance of the two coils in series
is twice the inductance of either coil and the capacity of the
two condensers in series is equal to one-half the capacity of
either.

This also holds for the first resonance in circuit B, in which
Lm does not enter. Circuit C is first reduced to its equivalent
form D and then the same principle holds for the first resonance.
That is, the first resonance is determined by L—M, L—M, C,
and C connected in series, or by what amounts to the same
thing, by L—M and C connected in series.

The Second Maximum

The second resonance, or maximum, is determined by each
half of the circuit, in which the common or coupling impedance
enters. For example, in A the resonance is determined by
L, C, and Cm, and in B by L, C, and Lm. In C and D the
second resonance is determined by L—M, C, and 2ZM.

We can generalize these conditions for the maxima by
two equations, The first is Z=0 and the second
Z 4+2Zm = O, in which Z stands for the impedance of L and C
and Zm the common impedance of the two circuits. The
generalized circuit is given in E. This circuit shows that the
signal voltage is introduced in series with the left circuit. In
practice this means that the voltage is introduced into the left
hand coil in circuits A, B and D. Ordinarily it is not so intro-
duced in C, and therefore not in D, because the plate circuit
of the tube ahead is connected across the coil and the condenser
in the left hand circuit. This changes the characteristics of
the filter but not enough to invalidate the theory. The signal
voltage is taken from the filter either by coupling another coil
to the second L or by connecting the grid circuit across either
the right hand coil or the right hand condenser.

Applying the General Equation

Applying the first general equation Z = O to the circuit in A
we have:
Lw—1/Cw=0

is which w is 6.2832 times the frequency. Solving this equation
we have for the first resonance point w equals the square root
of 1/LC. We get exactly the same if we apply the equation
to B. If we apply it to D, which includes C, we get w equals
the square root of 1/(L—M)C. It will be remembered that
the L in A and B is not the same as that in C and D.

If we apply the second equation to A we have:

Lw~—1/Cw—2/Cmw =0

Solving this equation we have w equals the square root of

Facts About Ba

By J. E

(1/LC + 2/LCm). Applying the equation to B we have
Lw—1/Cw <4 2Lmw =0

Solving this we have w equals the square root of 1/(L 4+ 2Lm)C.
Similarly, if we apply the equation to D and solve it we get
w equals the square root of 1/(L+M)C. In two cases the
first resonance point is independent of the coupling impedance
between the two circuits and in each case the second resonance
is dependent on the coupling impedance, as well as on the other
impedances. The width of the band passed is therefore de-
pendent on the value of the common impedance, or rather on
the ratio of the common impedance to the other impedances.

Comparing Resonance Points

The first resonance point for circuit A is obtained by setting
the 2 pi frequency to the square root of 1/LC and the second
is obtained by setting it equal to the square root of
(1/LC 4+2/LCm). It will be observed that the first of these
expressions is contained in the second and we may substitute.

Let us deal with the squares of the frequencies rather than
the frequencies themselves in order to simplify the work. Let
the first frequency be wl and the second w2- Then (wl)*=1/LC,
and the second resonance point may be written:

(w2)*= (wl)*+ 2/LCm

making the substitution suggested above. Put both frequenciées
on the same side of the equation and we have:

(w2)?— (w1)*=2/LCm

The first side of this equation may be factored and the two
factors are the sum and the difference of the two frequencies.
But the difference is the band width, or the difference in fre-
quency between the two resonance points. Moreover, the two
frequencies are so large compared with their difference that we
may put the sum equal to 2w, where w is the mean of the two
frequencies, or either of the two frequencies, just as we choose.
The error in any case will be negligible for narrow bands.

Let dw represent the band width. Then we have
dw=1/LCmw. This is a simple expression for the width of the
band. It will be noted that, since L and Cm are constant, the
band width is inversely proportional to the frequency. In
designing a band pass filter we usually have to determine the
value of the coupling impedance to give a definite band width.
For this purpose we set Cm=1/Lwdw. Suppose, then, that we
wish a band width of 10,000 cycles, or 62,832 radians, at 930 kc.
The inductance of the coil may be taken at 160 microhenries, on
the assumption that the capacity of the tuning condenser is .0005
mifd. Substituting these values we have Cm equals .017 mfd.
when the capacity of the coupling condenser is .04 mifd. the band
width is 4,260 cycles, the other values remaining the same.

Band Width With Inductance Coupling

For the inductively coupled filter we got the two expressions
(w)*=1/LC and (w2)’=1/(L4+2Lm)C
for the squares of the two resonance frequencies, and here, too,
one is contained in the other and therefore we may simplify by
substitution. We get dw=wLm/(L-+2Lm) for the band width,
using the same approximations and definitions as previously.

Since Lm and L are constants, we note that the band width
is directly proportional to the frequency w. The band width is
also directly proportional to the inductance of the coupling coil
if L and w are kept constant. In practice we are interested to
know how large the coupling coil should be to give a definite
band width at a particular frequency. For this purpose we
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Three different band pass filter circuits, A, B, and C, with the equivalent D of C and a generalized circuit E.
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write Lm=Ldw/w. Let the desired band width be 10,000 cycles,
the inductance 160 microhenries, and the frequency at which we
desire the 10,000 cycle width 930 kc. We can use kilocycles just
as well as radians since in this case we have a ratio of two
frequencies. Then Lm=.00016x10/930, 1.72 microhenries. At 550
ke the band in this case is only 5,910 cycles wide.

The formula for Lm assumes that 2Lm is very small com
pared with L. With the accurate formula Lm turns out to be
1.758.

Mutually Coupled Circuits

The circuit in D yields the same results as that in B provided
that the impedances are smitably interpreted. The impedance
of 2M should be 1.72 microhenries, and this makes the mutual
inductance between the two coils in C equal to .86 microhenries.

It should be remembered that if the frequency at which the
specified band is taken is different, the common impedance will
also be different, since for a given band width and given induc
tance in the circuit, the common impedance is inversely propor-
tional to the frequency. At 550 kc¢ the common inductance
would be larger in the proportion of the frequencies, that is, it
would be greater by the factor 930/550. If a larger tuning coil,
and hence a smaller condenser, were used, the common induc-
tance would also be larger, and in direct proportion to the
inductance.

Disadvantages of Filters

The fact that the width of the transmission band of a filter
varies with the frequency is a serious disadvantage because if
the band is specified at one end of the broadcast band it will
either be too narrow or too wide at the other end, depending
on which type of filter is used. This situation is not changed
by specifying the width of the band in the middle, say at 930%(0
However, if the band is specified at a given value at the upper
frequency in the case of the inductively coupled filter the band
will be narrowed as the frequency is reduced and the transmis-
sion characteristic will approach that of a simple tuner. Since
many receivers contain simple tuned circuits and give good
response, one containing a filter of this kind would be no worse.

The capacitively coupled filter has one advantage in that the
band width increases toward the low frequency end of the tun-
ing range, where a somewhat wider transmission band is desired
for equal transmission of the side frequencies. This is undoubt-
edly the principal reason why this type of filter is used in most
commercial receivers that use band passing at all. Another
reason for its use is that it is somewhat simpler, especially as
compared with the common coil coupled flter.

Use in Superheterodynes

In a superheterodyne intermediate frequency tuner any of the
filters discussed above may be used. The question of frequency
variation of the band width does not enter because the fre-
quency is the same all the time. Hence in such circuits the
simplest of the filters will be used, and the simplest one is the
tuned primary, tuned secondary type. To insure the proper
band-pass effect it is only necessary to make the two circuits the
same both with respect to inductances and capacities and to
make the coupling between the circuits loose. In commercial
superheterodynes the primary and the secondary coils are so
far apart that it would seem there is no coupling at all between
them. However, the distance has been adjusted very carefully
to yield a definite and predetermined transmission band.

Let us apply the formulas derived to the determination of the
mutual inductance in a special case. Suppose the intermediate
frequency is 175 ke and the desired band width is 10 ke. If the
capacity of the tuning condensers is 100 mmfd., the inductance
L should be 828 millihenries- If the band is to be 10 ke wide
one resonance point must fall at 170 kc and the other at 180 kc.
For the lower frequency we use L 4 M and for the higher L —
M. For both the capacity is 100 mmifd. and L, 8.28 millihenries.
This is enough to enable us to compute required value of M.
We get M equals .565 millihenry.

Involved Circuits

As has been emphasized, a simple band pass filter has a band
transmission characteristic because two resonant circuits are
coupled together. The voltage is introduced into one of the
circuits by means of a generator of some kind and the voltage
is transferred to the other circuit by means of the coupling
impedance. If the circuit is complex so that there is also a
voltage introduced into the other circuit from an external
source, the characteristic is altogether different and the combi-
nation can no longer be called a band pass filter. This is also
true if a voltage is introduced into the coupling impedance from
some external source.

An illustration of a complex circuit is that when the first LC

is m the input of one tube and the second LC in the input of
the next tube in an amplifier and when Cm is a condenser across
a common bias resistor. Due to the amplification in the tube
there is a voltage introduced into the second tuned circuit which
does not get there by virtue of the eoupling impedance. This
voltage is proportional to the voltage that would be introduced
in the simple tuned circuit, but it is many times greater. The
simple relationships no longer hold, and just what relationship
does exist is not easy to determine for the circuit becomes very
complex. It becomes still further involved from the fact that a
voltage is introduced into the common condenser from an
external source. It is called external because it is not introduced
in the proper direction but rather in the reverse direction.
When circuits are so arranged they should not be called coupled
circuits but entangled circuits.

Modulation

Many suppose that there is some kind of modulation involved
in filter circuits. There is none whatever. There is only
coupling of two circuits and the degree of coupling determines
the width of the transmission band. When two equal circuits
are coupled, the two being tuned to the same frequency when
one is away from the influence of the other, there are two
resonance peaks in the combined circuit. One of these reso-
nance points is higher by a certain amount than the resonance
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FIG. 2
Curves illustrating the effect of varying the coupling between
the two resonant circuits in a band pass filter such as that
in C of Fig. I.

frequency of either alone, and the other is lower by the same
amount, The distance, in frequency, between the two peaks
depends on the degree of coupling.

The statement that one resonance peak is higher and the
other lower than the resonance frequency of either alone seems
to violate the principles discussed above, since in A and B one
of the resonance points was determined by the inductance and
capacity in either circuit. There is no discrepancy, however,
if we use the proper inductance and capacity in each case. In
D of Fig. 1 the statement is obviously true. Here the inductance
in the simple circuit has been expressed correctly. What is true
of D is also true of C since they are equivalent.

Analysis of Circuit Peaks

A and B in Fig. 1 are suitable for analyzing the circuits
qualitatively to see what happens to the transmission band when
the common impedance is varied. No matter what the value of
the common impedance one of the resonance points is deter-
mined by L and C, as these are defined in this case. Hence this
point remains fixed as the common impedance is varied. The
other point is determined in part by the common impedance.
Let us consider circuit A. As Cm is decreased the coupling
between the two circuits increases and Cm exerts a greater and
greater influence on the frequency of the second resonance
point. If it is zero it alone determines the frequency. That is,
C does not exert any influence. Since the resonance frequency
of a coil of finite inductance and a zero condenser is infinite, the
band width continually increases as Cm is decreased by pushing
the second resonance point to higher and higher frequencies.

“When the coupling condenser is zero there is only one resonance

point for all practical purposes.

When Cm is increased the second resonance point moves in
the other direction, that is, toward the first. When Cm is
infinite, again, there is only one resonant point, or there are two
coincident points, which amounts to the same thing. But then
there is no coupling and no voltage gets into the second circuit
and of course the filter does not serve as a coupler.

When Coupling Is Inductive

Let us now consider circuit B. As before the first resonance
point is determined by L and C and it remains in the same place
no matter what the degree of coupling. The second resonance
point depends on Lm in the same manner as on L. Suppose
now that Lm increases. The total inductance in either circuit
increases and the frequency is lowered. When Lm is infinite
the resonance frequency is zero. Thus in this case the trans-
mission band widens by pushing the second resonance point
toward zero away from the first point. When Lm is infinite

(Concluded on next page)
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“Flat Top”

Characteristic

Transmission Band Does Not Stop the Outside Frequencies

FIG. 3
Curves illustrating the effect of combining a band pass filter
with a simple tuner and adjusting the constants so as o get
a flat top charatceristic.

there is therefore only one resonance point, that determined
by L and C

As Lm decreases the second resonance point moves in the
opposite direction toward the first, but it cannot go beyond this
point for when Lm is zero it can have no effect on the circuit.
There is then no coupling between the circuit and the filter is
not a coupling device.

Case of Mutual Coupling

Circuit D can be treated exactly the same as circuit B where
2M takes the place of Lm and L—M takes the place of L. As
2M decreases M of course alsq decreases. Therefore as the
coupling between the two coils decreases the resonance fre-
quency decreases toward that determined by L and C, and we
have the case when the two circuits in C, Fig. 2, are very far
apart. There is no coupling between the coils and the circuit
is useless as a coupling device in a circuit.

Since M is a mutual inductance between two equal coils, M
cannot have a value greater than L, which occurs when the
couplinig is unity. When this is the case L—M equals zero and
2M equals 2L. Hence the inductance in either half of the
circuit is 2L. The frequency is therefore determined by 2L and
C. As the lower peak moves to this value the other moves to
infinity because L—M equals zero, for a finite condenser and a
zero coil resonate at an infinitely high frequency.

Why Less Capacity

The fact that the finite resonance point moves to the value
determined by 2LC explains why the capacity of the tuning
condenser must be reduced to maintain the resonance at a given
frequency when the coupling increases. When the coupling is
unity the condenser should be only one half as great as when

the coupling is zero for the effective value of the inductance is
twice as great. The LC value must be constant for a given
frequency.

0
Misconception of Transmission Band

There is a common misconception about the nature of the
transmission band. It is believed by many that inside the
tyansmxssion band every frequency passes without any attenua-
tion and that outside nothing can get through at all. The fact
is that in some cases there may be no transmission inside the
band, while there may be considerable transmission outside.
The meaning of the transmission band is nothing more than the
difference in frequency between the two maxima, or peaks. If
the peaks are far apart there may be practically no transmission
inside the band, say half way between the two peaks. Yet there
may be considerable transmission just outside the peaks.

Consider Fig. 2, for example. There are two cases repre-
sented, A for moderate coupling between the two circuits, and
C for close coupling. In both cases the resonance of either
circuit alone falls at f. Curve A shows two peaks, one at fl and
another at 2. At f there is less transmission than at either
peak, but not much less because the coupling is moderate.
B also shows two peaks, but they are far apart because the
coupling is close. At f the transmission is nearly zero. At {1
it is great while at £°2 it is less but still much greater than at f.
It is the 2 peak that moves on to infinity as the coupling
increases while f'l moves to that value determined by 2LC.

Optimum Coupling

The best coupling, perhaps, is that which is called the critical-
It is that coupling at which the hollow at f just disappears.
This is determined largely by the resistance in the two circuits
for it is the resistance which determines how deep the hollow
is for a given separation between the two peaks.

In some cases, however, a little dip in the center can be toler-
ated and may be advantageous. If f is the carrier frequency
and the circuit is so adjusted that it falls exactly at the deepest
part, the low notes will not be amplified so much as the higher
and there will be some compensation for excessive selectivity
elsewhere in the receiver.

Combination Circuit

It is possible to combine a circuit having a band pass charac-
teristic like that in A, Fig. 2 and one having a single peak, that
is, a simple tuned circuit, so that the top of the combined curve
is practically flat. It will really have three vpeaks, but the
constants are so proportioned that they are equally high. The
hollows between any two adjacent peaks will then be negligible.
This is illustrated in Fig. 3 The band pass filter curve B is
combined with the simple tuner curve A to form the band
pass curve C.

Users Confused

ADIO dealers throughout the country are constantly called

upon to explain the difference between direct and alternat-

ing current sets. The answer to this question involves the
history and development of electricity over half a century,
according to Frank Aiken, chief radio engineer of the Atwater
Kent Manufacturing Company, Philadelphia.

“A direct current of electricity,” said Mr. Aiken, “might
perhaps be compared to water in a river flowing constantly in
one direction. Alternating current would be the tide moving
alternately in and out of a coastal bay or inlet. As with the
two forms of water movement, both forms of electric current
possess power and require somewhat different means to extract
this power.

First Worked on DC

“It so happened that the engineers worked first with direct
current on a considerable commercial scale. The early direct
current installations, chiefly used at that time for lighting, were
called Edison networks. For some time the direct current was

by DC and AC

accepted as the one and only system, and in a considerable
number of the larger cities Edison systems were installed.

“A little later its commercial rival, the alternating current, was
brought forward through the work of Nikola Tesla, B.
Lamme, William Stanley and other scientists and engineers. It
has turned out that for general commercial application a very
large proportion of electrical power developed and used in the
world today is of the alternating current variety; direct current
has fallen back to more or less special uses.

“Alternating current apparatus of a rugged- and reliable
character, and in very large sizes, can be built more cheaply and
operated more easily than can direct current machinery.

“The direct current system has economic limitations in the
delivery of power at any considerable distance, whereas alter-
nating current can be raised to a very high voltage for efficient
transmission, and then stepped down to service pressures.

“On the other hand, direct current motors will give finely
divided speed graduations of value for work requiring exacting
and flexible speed variations, such as the drive of electric trolley
cars, elevators and printing presses. Direct current is also
essential to electroplating, and is preferred for electric welding.”
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A Midget Short-Wave Set

It May Be Used as Receiver or as An Adapter

[In last week’s issue, February 14th, was published an article de-
scribing two battery-model short-wave receivers which may be used
also as adapters, the tubes being three 227s with heaters in series, in
one instance, and three Z30's in the other, while the third model, Fig.
3 last week, was that of an A circuit. The list of parts for the AC
circuit is published herewith, together with the schematic diagram
and a view of the finished product—FEDprTor.]

HE AC model combination short-wave receiver and adapter

has a built-in filament transformer, to supply the parallel-

connected heaters. Essentially the circuit is the same as
that of the battery models, and the performance is the same as
to all three models.

The circuit, if used as a receiver, enables earphone reception
of short waves, using two tuned circuits, and providing ade-
quate selectivity, with high sensitivity. If speaker volume is de-
sired, the plate of the last tube may be connected to the plate

LIST OF PARTS—

FOR FIG. 3—
Coils
One set of precision de luxe coils (six coils and one tickler,
total 7 coils; no base receptacle needed, as it is on panel).
One 800-turn duolateral wound radio frequency choke coil.
One 50. mlh. RF choke coil.
One Polo 235 volt filament transformer.

Condensers

Three Hammarlund .0002 mfd. short-wave midline junior tuning
condensers.

Three fixed condenser blocks, three condensers of 0.1 mfd. in
each block.

One Hammarlund equalizer (100 mmfd.).

One .00035 mfd. fixed condenser.

Resistors

One 300 ohm Electrad flexible biasing wire-wound resistor.
One 600 ohm Frost wire-wound resistor.

One Lynch .02 meg. pigtail metallized resistor.

One Lynch 0.1 meg. pigtail metallized resistor.

One Lynch 5.0 meg. pigtail metallized resistor.

Other Parts

One Hart & Hegeman shaft type switch.

Two knobs for switch and feedback condenser.

Two Ultra-Vernier REL dials.

One 7x14-inch bakelite drilled panel.

One walnut-finish midget cabinet to fit.

Three five-prong sockets.

Two wire leads for antenna and ground.

One wire lead for B plus.

One twin assembly for plugging in phones.

One dozen small nickel-plated 6/32 nuts, and one dozen 1% -inch
nickel plated round-head 6/32 machine screws.

SoMLH
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prong of a detector socket in a hroadcast receiver, from which
socket the detector tube has been removed.

The knob to the right of the front tube is for the regeneration
condenser, which is connected between the tickler coil and
ground, while the knob to the left of this tube is for the AC
switch, which is of the shaft type.

Precision type plug-in coils are used, there being a total of
six coils to plug in, or three pairs, while if the tickler winding
that is built on the receptacle s considered as an extra coil, there
are, all told, seven coils. The wave range is from 15 to 150
meters.

Sharp tuning prevails on the right-hand dial, while there is
somewhat greater leeway on the left-hand dial, except when
very weak signals are received, when the setting of both dials is
somewhat critical, but to overcome any difficulty ultra-vernier
dials are used that have a reduction ratio of 20-to-1.

Testing for Opens and Shorts

there is a break in a circuit or an instrument, or whether
there is a direct connection where non is wanted, called
a short-circuit.

A simple device to employ for testing in these cases may be
made up of a dry cell and a voltmeter, preferably of the high-
resistance type. One wire from the voltmeter is connected to
one terminal of the battery. A length of wire is then connected
to the other terminal of the battery. This wire and the remain-
ing lead from the meter become the two test leads. If these
two wires are touched together the voltmeter will register.
Similarly, if they are touched to any two points in the radio
set between which there is a metallic contact, the meter will
register.

A diagram of the receiver, showing all the connections, is a
worth-while preliminary. Any batteries in the set should be
disconnected, or if it is an AC set, turn the set off. Care
must be taken to note whether there are any external circuits
such as through the ground, through the filaments of the tubes,

T HE radio experimenter often wishes to find out whether

etc., which would affect the tests which it is intended to make.
Suppose you wish to test a fixed condenser for a short. The
test leads are touched to opposite terminals of the condenser.
A momentary movement of the meter may be noted, due te
electricity from the battery charging the condenser. No perma-
nent reading is noted, however, where there is no short or
internal break in the condenser.

In testing for a break, the test wires are touched to two
points between which the diagram indicates a metallic connec-
tion. If no reading is seen, a break is indicated.

The primary or secondary winding of an audio transformer
may be tested in this manner, although the reading of the
meter will be less than that of the battery because of the high
resistance of the fine wire used to wind the transformer.

A pair of headphones may be employed in place of the volt-
meter, although care must be taken not to be misled by clicks
caused by the capacity of condensers or other parts of the set.
A definite connection is indicated by a very strong click as
the connection is made and again as it is broken.
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Fig. 1
The circuit of a volt-ammeter with three voltage and three
current ranges made with a 0-1 milliammeter.

LL radio service men and most fans want some kind of

testing device for tubes and receivers. This device must be

cheap, accurate, and widely applicable. There are on the
market devices which meet the requirements of accuracy and
applicability, but these are expensive and they are not as
flexible as they should be to enable the user to make tests on
different receivers.

Is it not possible to combine these requirements in a single
testing device, that is in one device that will be cheap, accurate,
and flexible? It is. But in order to keep down the cost we are
confined to a single meter. To be accurate it is necessary that
this meter be of high quality, and to be flexible the single meter
must be available for both current and voltage measurements
in many different positions. This means that the meter must be
more or less independent of the test circuit, that is, it should
not be tied to a particilar function in a particular place in the
test circuit.

It is possible by means of a multiplicity of switches of different
type to throw the single meter into almost any position in the
circuit and to convert it to a voltmeter or current meter as
the case may require, and at the same time have many ranges
in each function. But a multiplicity of switches complicates the
circuit so that it is difficult to learn its many applications and
in the process of learning there is danger of causing damage to
the meter. Moreover, the switches add to the cost so that
the device is no cheaper than if several meters were used.

The most flexible device is a meter that may be used either
as current meter and that is in no way connected to anything
except when it is to be used for a particular measurement. We
might illustrate this with an analogy. A steel tape graduated in
inches and feet is applicable to the measurement of lengths
everywhere and anywhere. But suppose that steel tape is riveted
to a machine for measuring a certain dimension of that ma-
chine. The rule is then no longer useful for measuring any
other length, at least not directly. It is the same with a meter
that is tied in a circuit in a particular place.

Practically all that is needed in a tést set is a means whereby
the various leads in a receiver are made available for measure-
ment with an independent meter. There is no reason at all for
tylg the meter to anything until a particular measurement is
to be made. It is with this idea in mind that we shall de-
scribe a really flexible test set.

A suitable meter for a tester of this type is a 0-1 milliammeter.
With suitable multipliers this will make a 1,000-ohms-per-volt
meter of any desired range. Also, with suitable shunts it may
be used for measuring currents from about 50 microamperes to
100 milliamperes, or higher. These ranges will cover practically
all conditions that may be met in a receiver.

For voltage three ranges are sufficient. These might be 0-10,
0-100, and 0-500 volts. Accordingly, three multipliers are neces-
sary, R1, 16000 ohms, R2, 10,000 ohms, and R3. 500,000 ohms.
(See Fig. 2.) Only good wirewound multipliers should be used
and those which are guaranteed to be accurate to at least one
per cent, Such resistances are made by several resistor
manufacturers.

In Fig. 1 there is a switch Swl for selecting the desired
multiplier. This has four points, or stops, one for each of the

By Bruns

multipliers and one ifor zero resistance. The zero resistance stop
is used when the meter is to be used as milliammeter and must
never be used when voltage is to be measured for it would be
disastrous to the meter.

The current ranges when the meter is used as a milliammeter
should be 0-1, 0-10, and 0-100 milliamperes. The first requires
no shunt, for the meter itself is a 0-1 milliammeter. Hence the
first stop on switch Sw2 is a blank. This blank stop, by the
way, should always be used when voltages are measured for
otherwise the instrument will not be a 1,000-ohms-per-volt
instrument. The first shunt, connected to the second stop, is
for 0-10 milliamperes, and the second shunt, connected to the
third stop, is for 0-100 milliamperes. The values of these shunts
depend entirely on the internal resistance of the meter and
therefore they cannot be specified without reservation.

However, we can determine their values in terms of the
internal resistance of the meter. Suppose this resistance is R.
At full scale the current through the meter, and hence through!
R, is 1 milliampere. But since the total current is to be 10
milliamperes, the shunt resistance must be such that 9 milliam-
peres flow through it when 1 milliampere flows through the
meter. Since the voltage drop in the meter and in the shunt isg
the same we have the relation R=9R4, and the value of the
shunt should be one-ninth of the resistance of the meter. In
the Weston 301 instrument the internal resistance is 40 ohms.
Therefore the 0-10 milliampere shunt should be 40/9 ohms, that
1s, 4.444 ohms.

For the 0-100 milliampere shunt we have by the same
reasoning, R=99RS5, or RS should be R/99. If the meter is the
Weston, the 0-100 milliampere shunt should be .404 ohm. It
requires very careful adjustment to get to proper value of shunt
due to the fact that the values are so small. Heavy resistance
wire should be used or it will be almost impossible to effect the
adjustment. It may even be necessary to use copper wire, in
which case fine wire may be used.

Protection of Meter

On switch Sw2 there is also a stop to which a dead short is
connected. This is mainly for the protection of the meter. If
Sw2 is set on the short-circuit point no damage can take place
to the meter even if Swl should be set on the zero point when a
high voltage is applied. The damage will happen to the voltage
source or to the leads.

Two binding posts are provided for the meter for making any
desired connections. Binding posts are suggested in place of
the more common flexible leads used in testers because leads
may break, when it becomes necessary to open up the instru-
ment for making repairs. When binding posts are used it is only
necessary to put in other leads, which may be simple wires.

There is a double check on the meter to protect it, whether
it is used for voltage or current measurements. Switch Swl
should always be set on R3 and Sw2 on the short-circuit shunt
at the beginning. For voltage measurements the shunt switch
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Fig. 2
The circuit diagram of the tester by means of which the
various leads in the receiver are made available for measure
ments.
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should be moved gradually over to the open stop before Swl is
moved from R3. Then when Sw2 is on the open stop Swl
should be moved gradually to the correct point. But make a
step only when it is ascertained that it is safe to do so. For
example, if the reading on the meter is more than one-fifth scale
when the switch is on R3 it is not safe to move it to R2. Ii
the reading is less than one-fifth scale the switch should be
moved to R2. If now the reading is more than one-tenth scale
it is not safe to go to RI, but if it is less than one-tenth the
step should be taken. It is not safe to go to the zero stop if
there is any reading at all on step Rl.

Almost any lead in a receiver may be made accessible by
means of an arrangement such as that depicted in Fig. 2.
Two sockets are provided, one for UY tubes and another for
UX tubes. A third UY socket can be provided for terminals.
This will obviate the necessity of using a long cable permanently
attached to the test assembly. This UY terminal socket may be
used for both types of tubes provided that at the receiver end
of the cable that is used an adapter is used so that it may be
plugged into either type of socket.

On the circuit of Fig. 2 is a number of tip jacks making
connections to the various leads. Some of these are for voltage
and others for current. IFor measuring voltage the negative
terminal of the meter in Fig. 1 is connected to ground of the
receiver by means of a lead, or to B minus in case that is
different from ground. A tube is taken {rom the set and put in
the appropriate socket on the tester and the cable plug is
inserted in the socket vacated by the tube. Now the positive
terminal of the meter in Fig. 1 connected to one of the voltage
tip jacks. If it is connected to K the voltmeter will read the
grid bias on the UY tube whether this is a screen grid or a
three-element heater, but only if the bias is obtained ifrom the
drop in a resistor. If the lead is connected to F the voltmeter
will read the grid bias on the UX tube provided that the bias
is obtained from the drop in a resistance. Either of these fails
when the bias is obtained from a grid battery.

Measuring Plate Voltage

When the positive lead of the voltmeter is connected to S
the screen voltage is obtained and when it is connected to P the
plate voltage is obtained. If, however, there is any impedance
in the screen lead the reading obtained will be too low, but
nevertheless it gives a good indication. The voltage obtained
at P is always too low because the plate load impedance is in
the circuit. In the case of radio frequency amplifiers the voltage
obtained is nearly the full value but in the case of resistance
coupled amplifiers just a faint flicker may be obtained even
when the applied voltage is as high as 300 volts. Just how much
low the reading is depends on the value of the plate coupling
resistance.

The screen and plate voltages obtained in this manner,
assuming that the voltage drop in the load is negligible, is the
sum of the plate and grid voltages. The screen voltage as
measured should be subtracted from the screen and plate read-
ings to get the effective applied voltages. But it may be that
the error due to the load is greater than the screen voltage.
All testers are subject to this error, but in this tester the error
is small due to the fact that the meter is a 1,000 ohms per volt
instrument. Even so, in resistance coupled circuits the reading
must not be taken literally.

For the measurement of current it is necessary to cut the

LIST OF PARTS

R1—One 10,000 ohm wire wound resistor.

R2—Cne 100,000 ohm wire wound resistor.

R3—One 500,000 ochm wire wound resistor.

R4—One 4.444 ohm resistance.

R5—One .404 ohm resistor.

Swl, Sw2—Two four-stop switch.

One 0-1 milliammeter.

Two binding posts.

Seven plain tip jacks.

Three closed circuit tip jacks.

Two UY sockets.

One UX socket.

One connecting cable with UY plug at each end.

One adapter for matching UY plug to UX socket.

One flexible lead for connecting grid clip in set to grid cap
in tester.

Two short flexible leads for connecting meter to jacks.

One panel 5x6.5 inches.

One wooden box to match.

Ammeter-Tester
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Fig. 3
A suggested layout of the tester.

milliammeter in series with the lead the current in which is to
he measured. But the circuit must be closed when the meter is
not connected for taking a current. Thus a closed circuit jack
is required for each lead. There are tip jacks of this type avail-
able and they are recommended. There are two tip jacks for
each position, but only one of these need be of the closed circuit
type. This is such that when the tip is inserted the original
circuit is broken and the meter cut into the break.

Jack (1) and (2) are for the measurement of the sum of the
plate and the screen currents, jacks (3) and (4) for the measure-
ment of the screen current alone, and (5) and (6) for the
measurement of the plate current alone.

When a UX tube is under measurement (1) and (2) will not
vield a current for the circuit is open. When a 227 tube is in
the socket no current will be obtained in (3) and (4), for they
are then in the grid lead. Neither will the grid voltage be ob-
tained at € with the meter connected as suggested. It will be
necessary to reverse the terminals and put the negative at S and
the positive on the ground of the set, or better to put the
positive at K. When this measurement is made it must be
kept in mind that there may be a high resistance in the grid
circuit which will cause a lower reading than the bias on
the tube.

When readings are taken on screen grid tubes the grid
clip in the set must be connected to the cap on the tube in
the tester. Otherwise the currents and voltages will not be
correct, since the grid bias will be incorrect.

It will be noted that if the negative of the voltmeter be
connected to F or K and the positive to P, the plate voltage
alone is measured. This measurement is possible by virtue
of the fact that the meter is independently available for connec-
tion anvwhere. The use of F is allowable whether DC or AC
is used on the filament, because the AC does not register
on the DC voltmeter.

The instrument does not measure either filament voltage or
current, but this does not matter much. If the filament current
is up the plate current will be up, assuming normal values on
the filament current or voltage. The most suitable voltmeter
is one that measures the line voltage.
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Some circuits have local-distance switch in the antenna circuit or elsewhere to atone for low response at high wavelengths.
This circuit has a four-point switch, besides the aid of variometer regeneration.

yvet not given much attention in various trouble-shooting
articles, are failure of wave band coverage, and decline

in sensitivity on the higher wavelengths to the vanishing point.
Most articles deal with specific instances of trouble, whereby
selectivity is poor, sensitivity low throughout, receiver totally
dead (if you will forgive comparative degrees of death), motor-
boating, radio frequency oscillation, and current, resistance and
voltage checkups. The ideas are presented from the viewpoint
of a service man, to help him solve the material problems that
arise in a day’s work. But it is also within the scope of a
service man’s experience to find receivers that do not cover
the wave band or that are low in sensitivity only at high wave-
lenghts, say, from 450 meters up, for the set may be very
sensitive at the low wave end, and may even squeal then.

TWO of the commonest troubles with radio receivers, and

Verify the Complaint

On the question of wave band coverage, there is one solution
that can be introduced always, although it is not a practical
method, in the sense that the remedy may be applied quickly
and at little expense. A new tuning condenser or gang con-
denser, of considerably higher maximum capacity than the gne
now in the set, may be substituted if the complaint was that
the higher wavelength stations, say those above 526 meters,
are beyond the tuning characteristic-

Even so, it is necessary first to verify the complaint. This
does not consist of going to a notary, as no verified complaint
in the legal sense is desired, but just a check-up to determine
whether the condition complained of is due really to failure
to cover the wave band with the tuning system, or whether
failure to receive the higher wavelengths is due instead only
to decreased sensitivity in that region, perhaps plus remoteness
of all such stations from the point of reception.

As a pointed example, one man, living in New York City,
admitted that he had a great set, except for one thing, the
missing stations above 526 meters. In New York two stations,
WMCA and WNYC, are on this frequency, one at a time,
however, one must add thankfully. Therefore any stations
that would be received above 526 meters would be distant
stations.

“l don’t know why the manufacturer made an expensive
set that tunes only up to 526 meters,” stated the semi-proud
owner of the great set. “I'd give $25 to any one who would
remedy the defect.”

Service Man Smells a Rat

The service man, in a radio retail store, to whom these
remarks were addressed, quite properly asked:

“At what setting on the dial does WMCA or WNYC
come in?”

“Why, at 570,” was the reply.

He had a set that was calibrated in kilocycles and 570 kc was
simply the frequency of the two stations.

The service man then surmised the correct answer imme-
diatelv. Any manufacturer who puts out a set with dial cali-
brated in frequencies must take precious good care that the
readings at least approximate the frequencies stated. Moreover,
any failure to cover the whole band would be advertised by
such a calibrated dial, so it was assumptively a case of dimin-
ished sensitivity rendering reception impossible, not failure
to cover the wave band.

“When you turn your dial, say from 600 kc in the direction
of 570, can you turn it quite a distance farther, before reaching
the end?” asked the professional.

“Yes,” answered the customer, “but what good does it do
me? The set does not tune any higher, even though I can
rota’t’e the small knob almost a quarter turn before reaching the
end.

All Set for 25 Bucks

The “quarter-turn” of course, was accounted for by the reduc-
tion ratio of the vernier dial used. With a 5-to-1 reduction
ratio, one full turn of the knob meant one-fifth the expanse
of the dial, or 36 degrees of a circle, assuming a 180-degree total
dial rotation or condenser roto swing, and one-quarter turn,
9 degrees.

“Well, aren’t there numbers lower than 570?” asked the
service man.

“Yes, the numbers run to 550,” replied the customer.

When the service man visited the customer’s home he was
all prepared to increase the sensitivity at the high wavelengths
and collect the $25. Now, what do you suppose he did to
earn that money?

How He Got Away with It

First, he added 50 feet to the aerial length. Then he tested
the set for practical selectivity. It was still good enough, despite
the increased input to the first tube, and without cross-modu-
lation. Two stations did come in at waves higher than 526
meters. It was found that the response below 400 meters was
tremendous, and the falling off on the higher waves was gradual
but quite obvious, until near the end of the dial it was bad.

Fortunately the set did not squeal at the lower wavelength
or cross-modulate, so the service man “loosened” the shielding
around the radio frequency coils, by putting 124 inch high bush-
ings under the shield mounting feet. Then the shield absorption
was less, and the reduction of the damping effect improved
the situation sufficiently to make the customer comply with his
hasty offer and pay the $25.

It should be emphasized, however, that raising the shields
above the coils usually has no effect at less than 134 inches,
while sometimes 2 inches or more are required-

“Pretty soft for you,” remarked the customer, “collecting $25
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for half an hour's work, a few feet of wire, eight bushings and
a few nuts and screws.” )
“Well,” countered the beneficiary, “it was you who made it

soft for me.”
Manana, Was His Reply

“What would have been the normal charge for such ser-
vice?” asked the specialist in post-mortems.

“I'll tell you that tomorrow.”

And, sure enough, the next day the service man took the
pains to telephone the customer that the normal charge would
have been $2.50. The customer had paid ten times too much, yet
he wasn’t sorry, for the improvement was worth $25.

It is characteristic of tuned radio frequency that the ampli-
fication is less, the lower the frequency. This fact is generally
well-known. But how to capitalize on that knowledge, as did
this service man, is not so generally well-known. If circum-
stances permit easy remedies, such as a longer aerial and
incomplete shielding, there’s nothing to it, but if the set has a
tendency to squeal at the higher frequencies, improving the
radio frequency amplification by shield adjustment, will only
make the squealing worse, and although lower waves will come
in more strongly, the remedy will be worse than the ailment.

Therefore the squeal question is an important one in con-
nection with the application of remedies.

Adding an Audio Stage

A certain degree of volume is required from the loudspeaker
in the home. If the tuner squeals a little, even though the
volume control will check this in regenerative control fashion,
the aerial may be lengthened to build up the volume on high
wavelengths, sections of a condenser gang relined so that reso-
nance is established perfectly at a high wavelength instead of
at some low wavelength, as is more frequent, and if practical
means are present, a stage of low-gain audio frequency ampli-
fication may be added. Usually the best place is between the
detector and the first audio stages, since then no trouble with
push-pull reconnections is encountered.

The load on the detector may be made resistive, and a grid
leak put in the next audio stage, as the material for resistance
coupling including the isolating condenser of .01 mifd. or higher
capacity, takes up little room indeed. If necessary, the push-
pull stage may be made single-sided, to provide the extra socket,
although a five-prong socket would have to be substituted in
most instances, since a 227 tube would replace a 245.

A peaked radio frequency coupler to the detector is another
method introducing an extra tube.

Effect of Shielding

The question of real failure to cover the wave band is one
not so easy to solve. Apparent failure, due to insensitivity, may
be remedied as outlined, but real failure requires either that
larger shields be used than the ones now in the set, that these
new shields be of aluminum or copper, if the present ones are
tin (which is bad material indeed for radio frequency shielding),
and even the coils themselves may have to be removed so that
the secondary will be centered on the new shields. If the coil
is nearer one wall than another, whether side, top or bottom,
the losses pile up, and sensitivity is low.

A rather large capacity develops in the use of shielding,
supplementing the drop in inductance due to energy absorption.
A rough test may be made of a coil by tuning it outside a shield
and then putting it in the shield to note the difference in dial
settings. With a coil inside a shield less capacity would be
needed from the tuning condenser to establish given resonance,
were the added capacity effect of the shielding alone to be
considered, but the inductance drop is likely to be considerable.
So despite the capacity increment, much more capacity is needed
of the tuning condenser for the resonant condition. In practice
it works out just that way. Thus, if higher maximum capacity
can be obtained, without increase of minimum capacity setting,
or, preferably, accompanied by decrease of minimum capacity,
if high waves were truly outside the frequency range of the
circuit, they may be brought within the range.

Adjustment of Turns

As for number of turns, if the set actually fails to tune high
enough in wavelength (one taking care not to be fooled
by the sensitivity drop), more turns on the tuned windings will
bring in these desired waves. But this method also increases
the minimum wavelength to which the circuit will tune, so
before more turns are applied, it must be ascertained whether
the set now tunes well below 200 meters. If the lowest wave
can be tuned in, 200 meters (1,500 kc) with 10 divisions or so
to spare, a few more turns may be added with safety. How-
ever, it is usually found that a set that does not tune high
enough also does not tune low enough, due to the high losses

A radio frequency coupling system, broadly peaked around
550 meters, is used for levelling the response from the sen-
sationally sensitive MB-30 tuner, shown with power amplifier.

from tin shields, or even from aluminum shields too small for
the diameter coils used; or, a manufacturer of a cheap set
found he could not cover the wave band, so obviously concen-
trated the cut-off at one end.

Tightening the coupling will improve high wavelength re-
sponse, while reducing practical selectivity. But the set may not
be selective enough to stand this remedy. Simpler by far is the
same remedy in its earlier form, lengthening of the aerial, as
then you don’t have to fuss around with parts difficult of access
and best left alone, if that is still consistent with application

of a remedy.
Adding Turns

As adding more turns to the tuned secondary increases the
maximum wavelength that can be tuned in, and also the min-
imum wgvelength, so taking off turns reduces the maximum
and minimum waves to which the circuit will respond. The
question to settle when the set tunes high enough, but not
low enough, in wavelength is: Do you have enough capacity to
spare at the higher wavelength end, to justify taking off turns?

Sometimes a customer will provide an easy way out. (Such
things really do happen!) He may say that the set does not
tune in the local station that is his heart’s pride because his
daughter sings over it, and he would be much obliged if you
can fix up his set so that he can tune in that station. You
mayv explain to him that you can do it, all right, but he may
not be able to tune above 526 meters or so. It may be news
to him there are any stations so high in wavelength. He may
not care two cents about going up that high- Then your
remedy is simple: Take turns off the tuned windings until the
lowest waveiength is reached. This may destroy the calibration
of a dial on its frequency basis, but all such calibrated dials have
the full range of broadcast frequencies printed or engraved on
them, although sometimes this complete accounting is only on
the dial, not in the set.

Tight Coupling

The condition that brings about failure to cover the wave
band is generally due to shielding or tight coupling, or both.
When two windings in inductive relationship to each other are
close together, with the same number of turns, or with even
a 1-to-2 ratio, the capacity between them is large enough to
add substantially to the minimum capacity setting of the tuning
condenser. Failure to cover the wave band results, whether
the cut-off is at the high wavelength end or the low wavelength
end, or at both ends.

In circuits for kit construction, it is customary, since shielding
became popular, to use .0005 mfd. as the tuning capacity, as then
the danger of such a cutoff is easily avoided, simply by proper
coil design and proper shield design, material and location.

(Continued on next page)
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How to Get Selectivity

By Brainard Foote

HAT is selectivity? It is the property of a radio set

that enables it to eliminate all stations other than the

station you wish to hear, within certain limits. A select-

ive radio set is one that enables you to pick any station within

range, without hearing any other station. You can easily make

a set sensitive without making it selective, and vice versa.

Assuming that your set fails to give you the selectivity that
you think it should give, what can you do about it?

Aerial and Ground

The practical selectivity is affected considerably by the elec-
trical constants of the aerial system, which includes the ground.
If there is much resistance in the aerial system, such as would
be caused by poorly soldered joints, poor contacts, fine or broken
wires, poor ground connection, etc., the selectivity may not
be good.

In another way, the aerial affects the selectivity, depending
on its length, closeness to the ground and nearness to other
objects. A short but high aerial has a short natural wave-
length and a set used with such an aerial is usually selective.
The greater the aerial pickup, the poorer is the selectivity.

The set that is not selective because of aerial conditions
generally gives very strong volume, especially on nearer stations.
In such cases there are two remedies:

(1) Shorten the aerial to about 30 feet, including lead-in;
(2) insert a fixed condenser of about .0005 mid. capacity
between the aerial lead-in and the aerial post of your set. This
has about the same effect as shortening the aerial. If the
aerial is as short as possible, consistent with fairly good volume,
the selectivity will be very good. The volume will be less when
a shorter aerial is used, also if a series condenser is inserted,
while if both methods are adopted the volume reduction may
be altogether too great.

Interference Nearby

Those living within five miles or so of powerful broadcasting
stations are often put to it to cut out such stations to listen
to something else. As a rule, where such listeners are within
a couple of miles or so, the station operators are instructed
to assist them in attaining the desired selectivity, in many cases
going to the extent of furnishing wave traps or other devices
for the purpose.

A wave trap is an inexpensive device which is essentially

nothing more than a coil of wire and a variable condenser. The
tuned coil is coupled to the aerial system by means of a smaller
coil. When the tuning condenser is set so that it adjusts the
circuit to the wave of the interfering station, a considerable
part of the energy from the station is bypassed. The wave
trap may have some effect on the tuning of other stations, but
in thousands of radio homes a wave trap will be found service-
able to prevent interference from some station nearby. A wave
trap may be necessary in your case if you are very close to one
or more strong stations.

Set Conditions

What may be done with your set to improve the selectivity?
Naturally, the design of the set plays the biggest part in deter-
mining the selectivity. In general, it takes a number of sepa-
rately tuned circuits to achieve sufficient selectivity to cope
with conditions nowadays.

However, something can be done without actually changing
your set. If batteries are weak, resistance in them broadens
the tuning. If the various stages of the radio frequency ampli-
fier are out of adjustment, as evidenced by stations coming
in at several places nearby on the dial, selectivity will be poor
until the tuning condensers are correctly lined up again.

Modern Circuits

The tendency today is toward a radio set with about four
tuned circuits in the radio frequency amplifier. If any indi-
vidual circuit is made too selective, as can be done, the tone
qualities are interfered with. The over-selective set tends to
emphasize the low tones, giving an unnatural barrel-like tone.
And when such a set is tuned a little “off” the exact wave-
length of a station, the tone is then pinched and nasal, because
the higher notes are heard alone.

Where a number of separate and successive circuits is
used, each circuit need not be so very sharp in tuning, but
the total effect is to tune fairly uniformly over a band of waves
wide enough to admit must of the audio tones successfully,
and thus give good tone without permitting interference. )

Too modest a tuner, especially with screen grid tubes will
result in broadness. This may be all right for local reception,
but it will make distance work impossible or difficult when
any nearer station is operating: So, you see, selectivity is a
good thing unless its’s overdone.

00035 Mid. Will Not Cover Wave Band

(Continued from preceding page)
Putting on or taking off turns is not a solution, since failure to
cover the band, if present, would endure, the maximum and
minimum frequencies of response simply being shifted, a differ-
ent miss-out area being substituted.

So the .0005 mifd. capacity condenser is to be recommended
for modern circuits. You will find it in the best factory-made
sets and in the best kits, for instance the Hammarlund Roberts
Hi-Q 31. When a smaller capacity is used, it is greater than
.00035 mfd-, because with the required shielding, and the space
available, which restricts shield size, it is impossible to cover the
wave band with .00035 mid.

It is not the fault of the coil, but of the shielding requirement,
plus the tight coupling sometimes present in coils, and the real
grievance is against the choice of too low a maximum capacity
for the tuning condenser in the first place.

Use More Than .00035 Mfd.

The capacity need not be fully .0005 mfd., if the coil and
shield choices are scientific, because a maximum capacity of
00045 will cover the wave band. National Company’s screen
grid tuner, the MB-30, probably the most sensitive band pass
tuner ever developed, and which brings in stations on every
one of the ninety channels allotted to broadcasting, uses
a condenser that has a maximum capacity of .00046 mid. and
of course covers the wave band. National Company studied
the problem carefully, and solved it nicely by the use of space-
wound coils, thus reducing the distributed capacity of the coil,
and by effectuating just the right degree of coupling.

All first-class tuners and receivers cover the full wave band
Any set that misses out at either end or at both ends is in
the cheap-set class, and it may well be that full coverage can
not be attained without shield substitution, plus use of larger
maximum capacity for tuning, plus adjustments of the induct-

ance of the tuned winding (usually taking off a few turns),
so that from 200 to 545 meters the set responds nicely, and,
preferably, with a little to spare at both extremes.

A Suggestion for Rectification

0T Ma

Those desiring to experiment with a short-wave converter
with rectifier (R} built in may try this circuit. RF is the
amplifier, D the detector, O the oscillator.
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Right or

Questions

(1)—A hissing sound heard in superheterodynes and short-
wave converters at some points of the dials and sometimes
over the entire dials, is due to overloading of the modulator
tube by the oscillator and can be remedied by loosening the
coupling between the two.

2)—A battery converter is better than an AC operated con-
verter of similar design because there is less hum.

(3)—If the intermediate frequency of a short-wave converter
be placed in the brcadcast band near the 1,500 kc. limit and
the converter is provided with a coil which will tune to 200
meters, there is danger of interference when the higher short
waves are tuned in because the converter will act as a booster
to the shorter broadcast waves.

(4)—A short-wave converter may be overloaded even if there
is no audible signal coming out of the receiver.

(5)—Regeneration cannot be used in the intermediate fre-
quency of a superheterodyne short-wave converter because the
circuit will be so selective that no understandable signals can be
obtained.

(6)—The fewer the parts used in a receiver for a given
number of stages the better the circuit.

(7)—When putting shunts across a current meter to extend
the range of the meter, the resistance of the meter has no effect
on the value of the shunt.

(8)—The secondary of a push-pull input transformer may
be used as a center tapped choke for coupling a detector to a
push-pull amplifier.

(9)—Two-volt tubes are unsuitable for portable sets because
the filaments are fragile and break easily.

(10)—The two-volt 232 screen grid tube is not as good an
amplifier as the 224, because the internal resistance of its plate
circuit is much higher, while the other characteristics are approx-
imately the same.

(7)—Crackling sounds in a receiver which begin after the
circuit is well heated up often are due to intermittent opening
of the resistance in the voltage divider.

Answers

(1)—Right. This fact can be proved very easily by reducing
either the input from the antenna or radio frequency amplifier,
or by reducing the coupling between the oscillator and the

Wrong?

modulator; that is, by reducing the number of turns on the
pick-up winding. The hissing usually stops when either of these
things is done.

(2)—Wrong. One is just as good as the other, provided

reasonable precautions are taken to prevent hum. It is no more
difficult to eliminate hum from converters than from radio
frequency amplifiers.
. (3)—Right. When the converter is designed and adjusted
in this manner the converter acts as a booster of the broadcast
frequencies because the intermediate frequency channel is not
selective enough to separate the broadcast frequencies from the
intermediate frequency generated.

(4)—Right. The overloading is caused by the oscillator and
may occur even if there is no signa! impressed on the modulator.

(5)—Wrong. While the sideband suppression increases with
the selectivity and the regeneration and thus decreases the
quality, a considerable degree of regeneration can be used
before the effect is appreciable. This is especially true when
the intermediate frequency is high.

(6)—Right. This is usually the case but it does not apply to
by-pass condensers and filter chokes. It applies mainly to tuned
circuits, taps, switches and such extras often put in the receiver.

(7)—Wrong. The value of the shunt depends primarly on
the resistance of the meter. The current divides inversely as
the resistance of the shunt and that of the meter, so that the
shunt is always a certain fraction of the resistance of the meter.

(8)—Right. This is a very good use of a push-pull input
transformer when the detector is a screen grid tube, for which
the load impedance must be very high to cause effective
coupling.

(9)>—Wrong. They are the most suitable
reccivers because they require less current than any other
tubes of similar characteristics. The filaments are no more
fragile than those of many other tubes. The portable set is
not supposed to be subjected to baggage-smashers.

(10)—Wrong. As far as the amplification characteristics of
the 232 tubes are concerned these tubes are about equally
good. The plate resistances are identical.

(7)—Right. Breaks sometimes occur in the resistance wire of
the voltage divider, especially near the taps, and these breaks
are intermittent. They close when the resistance is cool and
open when it is hot. It is difficult to find such a break, for when
tests are made the unit is usually all right. It should be tested
while in use. Ultimately such resistors open permanently.

tubes for portable
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A NEW JOB!

SITUATIONS WANTED AND HELP WANTED ADVERTISEMENTS WITHOUT COST!
Address: Industrial Dept.,, RADIO WORLD, 145 W. 45th St N. Y. C.

SITUATIONS WANTED

RADIO SERVICE MAN would like to make con-
nection with store or factory or take care of radlq
service work for store on contract basis. § years
experience, 3 years outside. Rcference: National
Radio Institute, Washington, D. C. Louis Schudde,
155 Meserole St., Brooklyn, N. Y.

MEMBER OF INSTITUTE RADIO ENGI-
NEERS, 30 years of age. Many years varied
experience as asst.-Chief Engineer, Development,
Technical, and Apparatus and Research Engineer
with reliable firms. For past two years member
of techrical staff of Engineering Dept. of Arcturus
Radio Tube Business and personal refer-
ences of the highest order. Gilbert Emerson Maul,
651 Lincoln Ave.. Mountain Station, Essex Coungy,
N. J. Phone: Nassau 4-6845M.

EXPERIENCED SET CONSTRUCTOR, both
short-wave and broadcast receivers. Man 20,
desires situation. Harley Wood, Box 64, Fishers
Island. N. Y

EXPERT RADIOTRICIAN, trained and gradu-
ated by National Radio Institute, high school
education, four years' experience in sales and
service. Desires position wnh. manufacmr;ng
firm. Karl C. Fischer, Gen. Delivery, Knoxville,

enn.

YOUNG MAN, 21 YEARS OF AGE, desires
position in experimental laboratory or factory.
Has five years’ experience as radio service man.
Object is wmmwore experience rather _than large
salary. Will go any place in the United States.
Harris A. Sprague, Jr., 48 Nelson Place, Worces-
ter, Mass.

YOUNG MAN, 19 YEARS OF A'GE, desires
position in radio. Has had six years’ experience
in building broadcast sets, short-wave sets and
transmitters. Interested in servicing and research
work. George McClellan, 136 E. Armdt St,
Fond du Lac, Wis.

YOUNG ELECTRICAL ENGINEER, 25 years
of age, South American. Would like coanection
with  radio manufacturing company to open
branch in South America. Have references. D. C.
Mendez. 236 Washington Ave.. Brooklyn, N. Y.

YOUNG MAN, 25 YEARS OF AGE, with 7
months’ training in_ short-wave at the McKim
Radio and Electric School, Akron, Ohio. Would
like work in laboratory of a radio manufacturing
company. Very much interested in shortwave
work. Willing to start at the very bottom and
work up. Good character. John A. Williams,
Box 13, Star City, W. Va.

27 YEARS OF AGE, TECHNICAL GRADUATE
’23, experienced in radio work both in lahoratory
and in field, also tn location department of large
power company; speak, read and write Spanish;
desire to locate in experimental work or in field;
would consider location with some firm having
branches in Spanish speaking locality. Good
refierences on request. Address: Fairview,
McKinley, Isle of Pines. Cuha.

NATIONAL RADIO INSTITUTE STUDENT
wishes position in service and installation work.
Jewell test equipment. Experienced in servicing.
Willing to do any kind of work. Chas. C. Stutzen-
berger, 228 Turner Street, Allentown. Pa.

YOUNG MAN, 10 YEARS’ EXPERIENCE in de-
signing and building of sadio production test
equipment, production. designing home and auto-
mobile receivers, and elimination of ignition in-
terference in motor radios, desires position with
reliable company. Best of references. 3

Palm. 5815 W. Roosevelt Road. Cicero. TIl.

WANTED, SITUATION, Experienced radio serv-
ice man desires position. Call or write: Frank
Lavallee. 218 Baxter St.,, Pawtucket. R. 1.

INVENTIVELY INCLINED, and have diploma
from Radio Training Association of erica;
would like to get in touch with radio factory with
high-class laboratory. Former student in Elec-
trical & Mechanical College of University of
Kentucky. P. B. Kehoe, 2100 Lee Street, Fort
‘Myers, Florida.

YOUNG, ENERGETIC MAN; several years' ex-
perience building and servicing sets. Has worked
in  Westinghouse & Electric Manufacturing Co.
research laboratories. Excellent references., Free

to travel. Not afraid of work. Desires location
that _;vxll_ pcx:jmlt of carryi)ng on schooling in
pursuit ot a degree.  Russell J. Ramsey, Alpi
Blvd.. Wilkinsburg, Pa. g heniaca &
CERTIFIED RADIOTRICIAN. Also high school
5raduatc .and at present C. R. E. student,
an furnish satisfactory references as to char-
acter and ability. Address: H. Goodrich,
2020 Seminary St., Dubuque, Iowa.

YOUNG MAN, 33 YEARS OLD, mechanical,

electrical and radio knowledge and experience,
technical education. seeks position at anything.
Paul Weber, 1822 Bleeker St., Brooklyn, N. Y.

SER\{!CE,MAN. five years’ experience, with twe
of Chicago’s largest servicing companies. 27 yeaes
old, Al Tan.‘\gﬁ«l references. Have finest test
equipment. 1l go any place. Robert M 2
1520 Howard St.. Chicago, Il =

YQUNG MAN 19, TECHNICALLY INCLINED,
desires a position as assistant in laboratory,
High School education, several years experimenting
with radio and chemistry; formerly radio opera-
tor: interested in research work. Melvin Kecher,
Pershing, Ind.
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A Question and Answer
Department conducted by
Radio World's Technical
Staff. Only Questions
sent im by University
Clab Members are ans-
wered. Those not ans-
wered in these columns
are answered by mail

Radio University

Annual subscriptions are
accepted at $6 for 81
numbers, with the privil-
ege of obtaining answers
to radio questions for the
period of the subserip-
tion, but not if any other
premium is obtained with
the subscription.
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Fig. 892
The diagram of a six-tube receiver utilizing the two-volt tubes and suitable for a portable receiver as well as for a regular
receiver in districts where AC is not available or not desired. ,

N

Battery Tube Receiver
AM looking for a receiver incorporating two 232 screen
I grid tubes, two 230 tubes and two 231, the latter in push-
pull. Will you kindly publish a circuit diagram of such a
receiver. 1 desire to build it as a portable. You need not
specify the parts, for I can figure this out for myself.—K. L. D.

Fig. 892 gives a circuit like the one you request. You will
have to change the bias voltages to those required by the
tubes you use. The bias for the power tubes should be 22.5
volts instead of 9 volts. It is recommended that you use
a 3 volt battery for the filaments and that you adjust the
ballast resistors on this basi)sk. "

Sizzling Condensers
HAVE a receiver in which the filter condensers in the
B supply are of the electrolytic type. They often sizzle.
What is the cause of this? Can anything be done to stop
it, or does it matter whether they do or not?—B. W. R.

This sizzling indicates that the condensers have broken down,
either permanently or temporarily. The voltage across them is
too high. If you reduce the voltage and the sizzling does
not stop they have been damaged seriously and should be
replaced.

* x *
Recording Broadcasts on Dictaphone

S there a simple way of recording broadcast speeches and
I music on Dictaphone records? If so, what do you sug-

gest?—V. M. C.

You can place the loudspeaker in front of the trumpet and
have the speaker speak as an executive would in dictating
a letter. This is the simplest way. It can also be done by
putting a magnetic engraving unit in place of the present
engraving device. The same type of engraving unit as is used
in recording flat records can be used, provided it is arranged
so that it will be carried alogg :he* cylinder.

Metals Are Reflectors

F shields are effective because the electric waves are
I reflected by the metal, would not highly polished shields be

more effective than dull-finished shields? It seems to me
that this should be the case, because light waves, which are
electro-magnetic, are reflected better from polished sur-
faces—W. E. W.

Perhaps there is an advantage in polishing but it is very
slight. Polish is a relative matter and if a highly polished
surface were viewed through a high-power microscope it would
not look so smooth. The surface will appear rough with

ridges and hollows and scratches. The reflection of electro-
magnetic waves from a surface will depend on the relation
of these irregularities to the wavelength of the incident radiation.
Even a rough surface, such as dull-finished metal, may “look”
much smoother to a radio wave than the most highly polished

silver surface to a light wive.
*x

About the Pick-up Winding

HAT is meant by the pick-up in a short-wave converter
‘/‘/ and a superheterodyne?

The pick-up is the coupling device between the modu-
lator, or first detector, and the oscillator. In most instances it
is a small coil coupled to the oscillator coil and connected in
the modulator tube circuit. Strictly speaking, the pick-up is
the voltage impressed on the modulator by the oscillator, but
it is common to call the cotipligg ’:ievice the pick-up.

Field of a Condenser
HAT is meant by the field of a condenser?
W same as the field of a coil?—B. B.

The field of a condenser is the electri¢ intensity between
and around the plates. Between the plates the field is intense;
outside it is practically zero. By electric intensity is meant
the voltage change per unit distance. The field of the coil is
the magnetic flux through and around the coil. The two are
related but they can hardly* bi csmpared.

Is it the

Improvised High Resistance Voltmeter
HAVE a galvanometer which has a maximum reading of
660 microamperes. Could this be used as a high resistance
voltmeter? If so, what would be the resistance per volt
and how much should the total resistance be for making the
scale read 0-300 volts?—E. S.

It can be used for this purpose and the resistance per volt
will be 1,515 ohms. For a 0-300 volt scale the total resistance
would be 300 times the resistance per volt, or 454,000 ohms.
Since the galvanometer has not been calibrated it would be
necessary to calibrate the vc})kltn;etgr.

Use of 227 for Rectifier

DULD it be practical to use a 227 tube as rectifier in
VR/ a B supply for a short-wave converter? If so, how
many tubes would it handle? Could the same heating
winding on the supply transformer be used for both the rectifier

and the other tubes?—R. E. C.
It would be practical in some converters, provided the total
current required by the tubes does not exceed about 15 milli-
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amperes. This would include the bleeder current as well as
the plate current. The same heater winding could be used
for all the tubes, provided that the plate voltage does not
exceed about 45 volts. It would not be safe to do so if the
plate voltage is of the order of 135 volts, because then the
insulation between the heaters and the cathodes might break

down.
x % »

Works Without Ground

Y receiver works just as well without a ground as with

one. Can you explain the reason why? The set is

electric and my ground lead runs to the cold water pipe
in the kitchen—B. F, L.

It is often claimed that a receiver works just as well without
a ground as with one, but the claims are hardly ever true, they
just appear to be true. You have a lead running from the
ground post on the set to the cold water pipe, but this lead
is not the only ground, so that when you remove it you do
not really change the circuit. The set is grounded through
the power transformer and the ground on the line. Although
there is no metallic contact between this ground and the set
there is capacity, and this is large enough to ground the set
effectively.

Band Passing Receivers
HAT is the usual width of the band passed in modern
V‘/ receivers utilizing band pass filters? Is it 20 ke to
allow for 10 k¢ in each side band, or is it 10 ke to
allow 5 ke in each sideband?—B. W. L.

There is no standard width of the band passed by the different
filters used, neither is the band constant throughout the tuning
range. But the band is rarely 20 ke¢ wide. More frequently it
is less than 10 kc wide. When the coupling between the tuned
circuits is by a small inductance or by mutual inductance, the
band passed increases as the frequency increases and when
the coupling is by means of a condenser the band width
decreases as the frequency increases. As a rule, the width of
the band is determined for the mean frequency in the broad-
cast band, which is nearly 910 kc. This is the geometric mean.

* % x

Two-Tuner Converter
S it worth while to use two tuners in a converter, that is,
I to use one for the radio frequency signal and another for
What I mean is, will the selectivity and the
to justify the extra parts

the oscillator
sensitivity be improved enough
and the complications—B. W. J.

It helps to have the extra tuner, although the selectivity is
not greatly improved. However, by reducing the coupling
between the oscillator and the modulator and also by using
loose coupling between the antenna and the first tuner, the
improvement in the selectivity is considerable without any
appreciable decrease in the sensitivity.

x x x

The Best Ohmmeter
ILL you kindly explain which is the best method of
measuring the resistance value of resistors and coils in
a radio set?’ I don’t care about high accuracy but
onl}i‘ aDvalue that is close enough for practical purposes?—

If you have a voltmeter and an ammeter or milliammeter, the
best way is to measure the voltage of a batterv and the current
that flows through the unknown resistance when this measured
battery is in the circuit. Then divide the voltage by the current
expressed in amperes. See the explanation of the method in
the Feb. 14 issue of Radio World.

x ox x

Current from Dry Cells
HAT is the maximum current that should be drawn from
W a No. 6 dry cell? I am planning a receiver using four
232 screen grid tubes, one 230 and two 231 power tubes.
What will the total filament current be and how many dry
cells should be used?—M. P.

Each cell of this size will supply 0.25 ampere, but it is better
to draw less from it. The circuit you propose will draw 0.56
ampere and therefore you should connect three cells in parallel
so that each would supply 0.1865 ampere. Since you will
need 2 volts and one cell only gives 1.5 volts, you will have
to connect two in series, and therefore you will need a total
of 6 No. 6 cells qonnected in series parallel.

x x %

DC Receivers
HEN the 2 volt tubes are used in DC receivers on
W a 110 volt line, what is the best way of connecting the
filaments? I desire to use 232 tubes for radio frequency
amplifiers, 230 for audio and two 231 in push-pull for power
amplification—B. W. C.

The best way is to connect the filaments in series as far
as this is practical. If you are to use two 231 tubes in push-
pull it is best to connect the filaments of these in parallel.
The two will require 0.26 ampere, whereas each of the others
requires only 0.06 ampere. Considerable juggling is necessary
to give each tube the correct current. There is a way of con-
necting the two 231 tubes in series also, and this will simplify
the filament circuit considerably. To do this, however, it is neces-
sary to return the grids of the two power tubes independently
to the filament circuit, so as to give each the proper grid bias.

AtRiaL (BLUE)
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— SET GNOD. Post (BLACK)

SOMLH

V845070 180v. (RED)

Fig. 893
A three-tube converter circuit containing a single tuner, that
of the oscillator. The oscillator coil may be of the plug-in
type if the socket is of the UY type, or any type having
five terminals.

This requires that the secondary of the input transformpr be
split so that each side may be treated separately. . There is one
standard push-pull transformer made so that this is possible.

* x %

Midget Speakers

HERE are miany midget speakers on the market, designed
I especially for midget sets. Is it possible to get
as good quality from these as from the large speakers?—
C. T. C
It is quite possible to get equally good quality from these
speakers but not quite so much volume because they overload
more quickly. However, they will stand more than enough
for any home without distortion. Since the diameter of these
speakers is much smaller than that of the regular speakers, the
low notes will not be reproduced as well, but this can be

remedied by using the same size baffle board.

¥ % %

Three-Tube AC Converter

HAVE the parts for a three-tube short-wave converter and

should like to have a circuit diagram showing how to connect

them up. Will you kindly publish it? The parts I have
are three quarter millihenry chokes, one 50 mh. choke, a filament
transformer for 2.5 tubes, some condensers and resistors, and
some sockets for 227 tubes. I also have the tuning coil and
condenser.—M. M.

The diagram in Fig. 893 may fit the parts you have. It
does to the extent that you have listed vour parts specifically.
It is a good short-wave converter.

x x x

Small Condensers for Superheterodynes
S it practical to use midget condensers having a capacity of
.0002 mfd. in broadcast superheterodynes? That is to say,
will these condensers cover the broadcast band satisfac-
torily?—W. H. J.

It it almost impossible to cover the broadcast band with a
smaller condenser than .0005 mfd. and a .0002 mfd. is entirely
too small. If the intermediate frequency is high it is possible
to cover the band with the oscillator so that the .0002 mfd.
condenser could be used in this position. The intermediate
frequency would have to be of the order of 450 kc. The modu-
lator tuner requires a larger condenser. If you use plug-in
coils you can use the small condenser both in the oscillator
and the modulator tuners and you can not only cover the
broadcast band but the entire short-wave band as well.

s *
Principles of By-Passing
HAVE noticed that in some instances by-pass condensers
I in the plate and screen circuits are connected to ground
and in others to the cathode. Which is the better method,
or does it make any difference? Kindly give the reason why
you select one above the other, in case you do.—B. .

As a rule it is better to by-pass to the cathode when this
differs in potential from ground. The reason is that the
cathode is the source of electrons and if the by-passing is done
to it the signal current is brought back by the shortest route
and it does not produce any feedback. If it were by-passed
to ground the current would have to go through another con-
denser or resistance to get back to the cathode, for example,
the grid bias resistor and the condenser across it. There are
exceptions to this rule when expediency dictates some other
connection. One case is that when the by-pass condenser is
connected already to ground on one side and it is not desired
to use another condenser. Except in a few instances it does
not make much difference whether the by-passing is done to
ground or to the cathode.
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Washington.

Arthur Batcheller, travelling supervisor
of the Radio Division of the Department

of Commerce, has reported that the
broadcasting stations of the nation have
attained new standards of excellence. The
Supervisor recently returned from a
10,000-mile tour.

The Department has just released his
summation of the conditions in the broad-
casting field. One of the phases is the
greatly improved technical operation of
the average station. The aims attained
are the reduction of man-made interfer-
ence at the stations and reduction of the
level of extraneous noise that used to
filter in from such sources as X-ray ma-
chines, defective motors and other causes
external to the station.

In all, a total of 68 stations have been
visited.

Better Carrier Stability

Mr. Batcheller reported as follows:

“From the standpoint of carrier stabil-
ity, frequency adherence and program
improvement, radio broadcasting in the
United States has showed a decided im-
provement,

“By carrier stability is meant that the
carrier emissions of broadcasting stations
are becoming more and more stable and
not subject to the many fluctuations and
deviations that were present in the past
There has also been a very marked im-
provement in station frequency adherence.
Frequency adherence and carrier stability
are vital elements to an orderly system in
broadcasting.

Extraneous Interference Less

“Static and other natural electrical dis-
turbances continue to be a source of seri-
ous trouble, whereas great improvement
has been made by scientific research in
lessening extraneous and parasitic dis-
turbances originating in industrial electri-
cal systems and apparatus associated
therewith.

“Largely because of the vigilant service
rendered by the Commerce Department’s
radio Division in regulating broadcasting
stations, the listener is getting less and
less interference in his programs. Over-
lapping side bands, or crosstalk, carrier
inter-action or beat notes become a seri-
ous matter when broadcasting stations
deviate their assigned frequency.

Checking System Effective

“A feature of the checking system also
includes the use of mobile laboratories
installed in specially constructed automo-
biles equipped with scientific instruments
which are for the purpose of traveling to
all points in the various districts in order
to measure the character, quality and
power of the signals emanating from the
various broadcasting stations.

Tests Without a Visit

“These observations are made without
actually going into the broadcasting sta-
tion itself. These automobiles are also
equipped with apparatus for locating sta-
tions operating without a license and for
numerous other technical duties which the
radio inspectors of the Commerce Depart-
ment are called upon to perform.”

Set in Slim Cabinet

The “Columaire,” a novel set in a slim,
vertical cabinet, is announced by the
Westinghouse Electric and Manufactur-
ing Company. This new set-up occupies
a smaller floor area than existing models.

All-Around Good
Fortune

The National Broadcasting Co. has gone
and done something worth while. It has
engaged John F. Royal as director of
N. B. C. programs. Mr. Royal has had
a wide experience in the entertainment
field, having been a notable figure in
theatrical management for a number of
vears, later becoming managing director
of WTAM, Cleveland, where he distin-
guished himself as a far-sighted booker
and an executive of rare ability. The N.
B. C. is lucky—and so is our great radio
audience.

And by the same token, George Engles
becomes head of the N.B.C. Artists Ser-
vice, whose activities have been enlarged
to a degree that makes it the biggest
enterprise of its kind in radio. Mr. Engles
has had many and important contacts
with the world’s greatest artists, including
Mme. Schumann-Heink, for whom he
acted as personal booker for a period of
vears and who recently. in an interview,
paid him high tribute as a successful
representative and a loyal friend. Again
the N.B.C. is fortunate in its selection of
the right man for a difficult job.

Literature Wanted

Readers desiring radio literature from
manufacturers and jobbers concerning stand-
ard parts and accessories. new products and
new circuits, should send 6 reguest for ub-
cation ot their name and address. Send
request to Literature Editor, Rapio WozrLp,
145 West 45th Street. New York, N. Y.

Lawson Morgan, Box 655, Tulia, Tex.
Ramon Garcia, 300 W. 17th St., New York,

N. Y. ) .
William E. Jones, 93 Hamilton Place, New
York, N. Y.
Winston ©O. Headley, 213 W. 140th St., New
York, N. Y. . .
A, 0. Moen, Box 13, Clinton, Minn,
Montgomery Gallup, 425 Second St., Schenectady,

' )
Nathan Fredman, Bac‘on Science Club, 1484 Vyse

Ave., New York, N. Y. .
Raymond Fancy, 5044 W. 30th St., Cicero, IIL
Bilake Cockrum. McAllen, Tex, =
Reed Barton, 1718 Ridge St.. Coraopilis, Pa.
M. V. Glock, 4 Central Ave. Cald\vell, N. I.
Elbert Edens, Box 205, Exeter, Va.

John N. Stefanko, 411 Pacific Ave, McKees-
rt, Pa. .
p_OTames W. Webb, 814 Madison ‘St., XN. W,

Washington, D. C

JSE OF REGORDS
S IN CRUCIBLE

Much discussion is going on among
broadcasting station directors regarding
the transmission of recorded programs
made specially for radio use. The large
chains oppose such methods as being in-
imical to the highest standards of broad-
casting and not in the best interests of
either the station or the public. However,
since expense is much less, due to reduc-
tion of cost of talent and omission of tele-
phone leased wire charges, the practice of
using such records is growing, among
small stations particularly, while even a

few large ones are trying out these
records experimentally.
On behalf of interests backing the

recorded program idea the following

statement was made:

“The once adverse opinion held on the
subject of the rebroadcasting of recorded
music is undergoing a change. The old
opinion was the natural reaction, spon-
sored by the public in the first instance,
who could hardly be blamed for not ap-
preciating the quality of the electrical
transcriptions of the old days. The im-
provements in the art of recording have
undergone such revolutionary changes in
the past year that the broadcasters have
been tempted to sample the new wares,
made for radio use exclusively, and find-
ing them acceptable, have reproduced
them on the air to get an expression from
the public.

“The reaction is favorable, for the num-
ber of stations that has increased the
percentage of this form of broadcasting
has been on the increase and it is ex-
pected that this type of program soon will
be rooted in the broadcastine practice.

“One of the big advantages of the elec-
trically transcribed program is absence of
factors that tend to delay or hamper the
progress of the program, such as the an-
nouncer’s cold, or the temperamental dis-
inclination of a particular artist. Thus the
influence of physical impediments is large-
iy removed. In addition to the above, the
broadcaster may feel free to reach the
desired area when he wants to have the
program heard, and the small station, by
the use of the recorded program, is
enabled ot present the same standard of
program that the large station does, thus
assisting the station to maintain its pres-
tige without having to undergo the
expense of engaging talent.

“Another point in favor of the trans-
cribed program is the comparative absence
of extraneous noise associated with chain
station broadcasts. The new recording
processes have rendered needle scratch
inaudible. Finally, the station operator
can switch from one record to another
without interruption.”

Creditor Gets WMB]
Wave

Washington.

The Federal Radio Cmmission has sus-
tained the recommendations of Examiner
Elmer \W. Pratt, and denied the petition
of the Rev. John W. Sproul, who sought
to obtain a renewal of the broadcasting
license for WMB]J, Pittsburgh, Pa. The
frequency was assigned to William S.
\WWalker, one of the creditors of the plant

The petition of the Pittsburgh Broad-

casters, Inc., another creditor, for the
frequency assignment, was previously
denied.
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Now sll the
fans who
butld their
own sets or
gervice men
w10 are making
replacements are

asing the dry elee-
trolytic  cendenser.
It affords high, 1a
ing capacity in com-
pact form. The lug
at top represents the

anode and goes to the
positive side (B4 or C4),
while the aluminum case
s to go to the negative
#lde, usually ground. The
capacity of the condensar {3
mfd  The comdemser, a
product of Aerovox, is sdmir-
ably suited for use in flter
circulte, for use on rectified AC
or pulsating DC. The condenser
must not be used on raw AC. Marxi-
mum peak voltage, 509 volts DC.
Normal operating voltage, 4900 volts
DcC. self-healing, high capaeity,
low leakage, unafected by molsture.
Bize, 1-5/16" dlam x 4%" oversl].
Mounts in  any position. Brackets
supplied Order Cat. AV-§ @ $1.42

[#}
=4
4

BynenZonous motor tor
80-cycle lines, 105 to
123 velts, with turn-
table, produeing 80
turntable revolutions
por minute. Takes
up to 21-inch records
Sturdy and compact.
thiz motor 1» only
1Y tnches thick Not
affected by itne volt
sge fluctuations, The
compactness permits
ipstallation in eon-
ssles or any other
avallsble space. Made

New mBpeakerelay for con- by Allen - Hough.
necting two peakers to it makers of the Phono-
and playing either one (posi- lnk pickup. Ship-
tion No. 1, left); or the ping weight, T 1lbs
other (position No. 1, right); Order Cat. SYN-M
or both at once {position {(with turntable)

Do 3 by tuming the @ ... . 345

knob. Bullt inte an attrac-
tive black moulded bakellte
case. with 18-inch connecting
cords to go to the output
posts of the receiver or
amplifier. The speakers’ cords
are connected to the relay by
plugging into bullt-in jacks.
This device can be usad afso
for switching from ‘‘phono-
graph plekup” to ‘‘radle.”

Hero 1is the best buy of tne
year: A 15" diameter 130
volt D.C. dynamic chassis,
with two field colf realstances,
600 ohms AND 4.000 ochms.
Contains  push . pull output
transformer. Designed for use
with any super-power ampli- ing. made by Mpauld-
fler—for_auditorium reproduc- Ing, in two dlameters,
tlon.  Shipping welght, 25 1% Inches and

Ibs. Inches, ontstde di-

Onder Cat 1o @ 41055 gmtsh, "Gne il

Natural dakelite tup-

We algo offer the following even after wire iy
Peerleas dynamic chassis: wound on the smaller
Cat diameter
No. Size Type Price Lengthk Diam,  Price
719. 14 110 v. D.C..$14.95 Ll 1%7...s0.09
720. 12 110 5. A.C. 15.95 3% -12
(P2l 127 110 v DG ges 36 L1
I 8 v DC.. 9.95 The 11" length
1031, 10:; 110 v. AC.. 11.95 1% dlameter, ‘Cﬂn
1022 9". 110 v. AC.. 9.95 be uged for winding
1023. B". 110 v. D.C.. 785 A primary, and be
1034. 8. & v. D.C.. 7.85 Inserted.

fram battery Price. ..

serlal was removed, and tune out Interfering stattons.
booster.  Price .......................

(Cat. BPEC-3)—Rider's Supplement No. 1,
mental to those in Rider's “Trouble Shooting Manual,””

for #rid leak mount'ng.......... .. . . .. . P

series with aerial to lmprove selectivity..

output; 2

All, including chokes. in one cadmium plated steel case.
Chokes are 30 nenries each

midget receiver, not
much larger than

(acts! Imagine. not

¥ operated  portable

tubes: three 224, ome 227, one 245 and one
Perfect reproduction! Combined welght of

self-contained! 3 gang tuning condenser.

volts. 50-60 cycle AC.
Cat

An outstanding example
nf the vastly popular

as large as most battery

and lghter in weight’
The set will duplicate in
performance (considering selectivity. semaitivity angd
volume) that of its much Iarger and more contly
brothers! One diai tuning control, also switch and
volume control knob (not {llustrated.) Uses

entire
set, speaker and tubes less than 20 Ibs.! Entirely

power tuhes and push-pull electro-dynamic speaker!

Durably bullt in handeome walnut case. For 110-120

Complete set, with the six

tubes, cabinet, speaker—nothing else to buy! Order
b T @ 33

PHONOGRAPH
PICK-UP

—

$3.32

—

8
TURNVIABLE

1he famous Phono-link, made by
Allen-Hough, enables playing phono-
graph records electrically, on your set.
Volume control is built in.

Adapter, f{ree with e:ach order,
enables immediate connection to your
set. Instruction sheet enclosed. Order
Cat. PHL @ $3.32.

EXTRA-SPECIAL SPECIALS!

(Cat. SPEC-1)—Erla DC dynamic chassis. 9-inch eone.
from 6-volt stornge battery. (onnect speaker-tipped cords
set. and connect twisted pair to 8-volt storage battery. Draws % amp.

(Cat. SP'EC-2)-—Wave trap, for cutting out Interference.
to one slde of the trap, other side to antenna DOSt of recetver from which

d an invaluable
addition, for completeness, to any who Dossess Rider's manual. Price.... .73

(Cat. 8PEC-5)—Dubllter 61 mfd fized rmica condenser £
(Cat. SPEC-6)-—Dubiller 06025 mfd mica fizea condenser. with clips

(Cat. SPRC-7)—. 0001 mfd Dubiller tized eond nser, for connection in
(Cat. SPEC-RY—Power transformer. with two chokes
flitratton.  Primary. 105-125 voits. 50-A0 cycles: secondaries, all center-
sapped with red Jeads, are for hizh roltage for 980 . work 245 tubes,
single or push-pull, and rest of tubes In set up to 196 mbs; 300 vyolts DC
volts 2 emps. for 245s, stngle or push-pull;
Amperes. for 2279 and 224s. up to 8 of these; 5 volts for filament of 280.

Peerless Dynamic
w In Sonora Consolette

sood speaker, yet it com-
taing & very sensitive,
4ffictent and powerful AC
radio set, AC power paek
and a speaker that would
lo }justice reproducing
the output of the most
slaborate AC recelver!
Startling statements,
aut they sare undeniable

yes,
even

sotid,

33 4
250,

g g

S

Positively the last word in the most efficlent and
powerful reproducer made! As a fitting companion,
It is houged in a truly exquisite deep two-tone
walnut console, of rare beauty and craftmanshipl
To properly baffle the ultra-powerful Peerless
chasgls, a chamber 15’ deep, 17%’’ wide and 18"
high houses same. Front baffle of % ‘' thickneas!
Size of opening, 10 inches. Ideal for use with
the most powerful public address_ smplifier. NO
RATTLING, NO DISTORTION—JUST PERFECT
REPRODUCTION! For that matter it is equally
sulted with ordinary sets, employing the average
type of audic amplification systems.

Order Cat. S8C @ ........ SR T Y .$24.80
If cabinet only is desired (less speaker) order
at. 8CO @ .................. gy ... -$13.44)

0-600 Voltmeter
Reads Both AC and DC

Temple Dynamic
$15.34

Beautiful Carved Wood Grille
Front

Thizs ta one of the
finest dynamie apeakeri
ever made., and s
highly recommended by
us.  AC switeh 15 pro-
vided, A knobh I
bullt in for adjusting
the speaker impedance
to that of your set. An
eutput transformer and
dry rectifier are bullt
in, Connect plugged
AC ecable to 110 volty
AC, 50 to 60 cyrles
and connect tipp~d
cords to speaker poat
of recelver. This

& E
9-800 volts, high resistance; AC and DC (same
weter reads both types). DC readings accurate
to 2%, also AC readings 2% at 50-80 cyeles, but
accuracy 13 less on AC at substantially different
frequencles.

Order Cat. F-600 @............. .. ...... $3,75
0-300 volts, high resistance. Accuracy, 3% . CUase
ts full nickel finish. Long connecting cords havs

remarkable speaker
The Temple

10
chassis in the fascinetingly decorative walnut esbinet, with (rder Cat. F-300

especlally ornamental tip holders. Meter sheuld
tie read in perpendicular position,
(@ooogo o oo Moo $2.25

carved grille ornament, as lllustrated; both front and back  (-500 volta, same as above in appearance. but

fiinished.
TEM @ .. e

tor operation
to output of

............... $9.00 Pleage ship at ence the
o] 1a) J Cat. AV-B @ .. $1.42
onnect aeria E]] ga" ‘N;lI)SCEJ o 3??8
A t 3 at, 5 Fa =
“eamecmm A7 T Cat. SYN-M @ 4.25
4 by
containiog dfagrams supple- i cat. ggé g: zfﬁgﬁ

------ e ™ Cat. F-600 @. $3.75
"""""""" 3o ey 8
bt tor B

NAME e e e extd e P e

Lttty 214 Address aesvwgpe.. v e 8

Leacs !denl‘[ﬂefi'. 7.50 CltF suwel- sussmacelaions .

Cabinet t 1d tely).  Order Cat.
(Cabinet not sold separately) $15.34

Special “Buy-Now” Bargain Coupon!

GUARANTY RADIO @G00ODS CD.. 143 West 45th 8treet. New York., N. Y.

rhe range la greater
Order Cat. F-500 @....................... $3.00

(Just East of Broadway)
following:

. 1021 @... $11.99
1022 @... .95
1023 @... ;gs

Cat. TEM @... 15.34

METERS
1 Cat. F-300 @. $2.25 [ cat. F-500 @. $3.00
EXTRA-SPECIAL SPECIALS!
O Cat. SPEC.-3 @ .73 J Cat. SPEC-7
J Cat. SPEC-2 ¢ .10 [J Cat. SPEC-8 @ 7.50
0 cat. sPeC-6 @ .10
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The New Jiffy Tester

Chromium-Plated Case and Accurate Meters

NEW and improved

Jiffy Tester,improved

in both performance
and appearance, is Model
JT-N. The meters are of
the moving iron type.
Tested on precise batteries,
they show errors not ex-
ceeding 2%. As for appear-
ance, the case is first cop-
per plated, then nickel
plated, then chromium
plated, giving a lustrous,
permanent, non - peeling
non-rusting finish. It is the
same finish found on hard-
ware in fine automobiles.
The handle and lock strap
are genuine leather.

Jiffy Tester, Model JT-N, con-
sists of three double-reading
meters, with cable plug, 4-prong
adapter, test cords and screen
grid ul':le, enabling simultansous
reading of plate voltage, plate
current and filament or heater
voltage (DC or AC), when
plugged into the socket of mny
set. The ranges are filament,
heater or other AC or DC: 8-10

v, 0-140 v; plate current: 0-20, 0-100 ma; plate voltage: -6,

6-300 v. It makes a'nll tests fplr‘mer models made.

meter

[Remit $11.40 with

is also P for each range. The entire
device is built in a chromium-plated case with chromium- order for.JT-N
plated slip-cover. Instruction sheet will be found inside. and we will pay

Order Cat. JT-N.

transportation]

GUARANTY RADIO GOODS CO.
143 WEST 45th STREET (Just East of Broadway) NEW YORK, N. Y.

SOLDERING IRON

FREE!!

Works on 110-120 voits, AC or DC; power,
50 watts. A serviceable iron, with copper
tip, 5 ft. cable and male plug. Send $1.50
for 13 weeks’ subscription for Radio World
and get these freel ease state if you are
renewing existing subscription.

RADIO WORLD

145 West 45th St. N. Y. City

Three 0.1 mfd. in One Case

Three Supertone
non-inductive fixed
condensers of 0.1 mifd.
each, (250 v.) in
steel case, provided
with a 6/32 mounting
screw. built in. The
black lead is common
to the three condens-
ers, the three red
leads are the other
sides of the respective
Size, 114 square by %’ wide. Order

capacities. , i v
Cat. SUP-31, list price, $1.00; net price, 57c.

GUARANTY RADIO GOODS CO.
143 West 45th St, New York, N. Y.

Short-Wave

Converter Series

1n the November 8th issue of Rapio
WorLp there began a remarkable series
of articles dealing with the construction
of short-wave converters that really do
work, and that work well. Besides, the
cost of parts is low. One model, 30 to
110 meters, no plug-in coils, may be
built of parts costing less than $5, for
battery operation, or for AC with extra
filament transformer external, while an-
other model, 10-200 meters, two plug-in
coils, using somewhat superior parts, fila-
ment transformer built-in, can be made
up by you for less than $10. Surely
these are prices within the reach of all

Low price and high achievement go
hand in hand in these designs by Herman
Bernard.

The series ran in the November 8th,
15th, 22nd and 29th, and December 6th,
13th, and 20th issues. Send $1 and we will
forward these seven issues and a blue-
print of the AC $5 model.

RADIO WORLD, 145 West 45th Street. New
York, N. Y.

Enclosed please find $1.00 for which send me
the November 8th, 15th, 22nd and 29th, and
Dec. 6th, 13th and 20th issues, containing the
series of articles on short-wave converters of ex-
trex(;xelly low price, and a blueprint of the AC $5
model.

Name «iccacoacarorsansennses

Address

Subscribers! Important!

Note subscription expiration date on
wrapper containing your copy of RADIO
WORLD. If nearing expiration date,
please send in renewal so that you will
oot miss any copies. Subscription Dept.,
RADIO WORLD, 145 W. 45th St., New
York City.

" Quick Action Classified Ads

Radio World’s Speedy Medium for Enterprise and Sales

7 cents a word—$1.00 minimum—Cash with Order

RESISTANCES, CONDENSERS, TRANSFORM-
ERS, CHOKE-COILS, etc. Write for sensational
low price list. Bronx Wholesale Radio Company,
7 West Tremont Avenue, New York.

DRILL PRESS STAND for_the work bench. Blue-
print showing how to build it, $1.00. Inquire about
complete kit of parts. Super Engineering Labora-
tories, 1313 - 40th St., Brooklyn, N. Y

CONSTRUCTIONAL DATA—30 henry choke 50c;
laminations in stock. Radio Power, 1028 Forest
Road, Schenectady, N. Y.

FLORIDA FRUIT BOX ining 45 orange
12 grapefruit, 20 tangerines, 100 kumquats, jar
fruit preserves. Express prepaid anywhere, $3.00,
Florida Fruit Growers Packing Company, P. O
Box 282, Tampa, Fla.

HORN UNIT, $1.95—This is the Fidelity Unit and
has stood the test of time. Guaranty Radio Goods
Co., 143 W. 45th St.,, New York.

Hi-Q 31 FOR SALE. F. L. Hanson, Hion, N. Y,

H.FL MASTERTONE. [List $195. Sell $85.
World’s finest radio. W. J. Reed, Aurora, IL

“MATHEMATICS OF RADIO.”—A great help
to everybody interested in radio. $2 postpaid.
Radio World. 145 W. 45th St.. N. Y. Gity.

FILAMENT TRANSFORMERS—1%, 213, 5 wvolt,
§1.00; 214 volt, 5% amp., $1.10; 7% volt, 3 amp.,
s1.25. C. T. secondaries, primary 110 volt.  Write
L. Waterman, 2140 Kirby West, Detroit, Mich.

SMALL MOTOR GEN. 3 phase, 220 to_ 74 volts
D.C. Like new, $75. R. Campbell, 365 Edgewood
Ave., New Haven, Conn.

BARGAINS in first-class, highest grade mer-
chandise. B-B-L phonograph pick-up, theatre
type. suitable for home with vol. control, $6.57;
phono-link pick-up with_vol. control and adapter,
$3.32; steel cabinet for HB Compact, $3.00; four-
gang .00035 mid. with trimmers built in, $1.95;
"00025 mfd. Dubilier grid condenser with clips
18c. P. Cohen, Room 1214, at 143 West 45th
Street. N. Y. C,ity.

MAGICALLY CLEANS FALSE TEETH-—
WATAJOY Wonder Cleaner. Instantly removes
film. Cleans and purifies plate. Approved by
licensed chemist. Costs about Sc per mo. A big
treat awaits you. Prepaid 25cc. WATAJOY LAB,,
Alhambra, Cal.

MAJESTIC, RADIOLA, etc. Drum Dial Cable
by foot or mile, Service men’s test prods,
50c, 75¢, $1.00. Blan, the Radio Man. Inc., 89
Cortlandt St., New York.

“FORD MODEL ‘A’ CAR.” Its Construction,
Operation and Repair, By Victor W. Pagé, M.E.
$45 Pages, 251 Specially Made Engravings. $2.
pcostpaid. "Radio World, 145 W. 45th St.,, N. Y.
ity.

“A B C OF TELEVISION” by Yates—A compre-
hensive book on the subject that is attracting
attention of radioists and scientists all over the
world.  $3.00. postpaid. Radio World, 145 West
45th St., N. Y. City.
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in  the
frequencies.
/(2)—Wri+e in the |l
call letters. .-
(3)—Hub takes l/,-
inch shaft.
{(4)—Knob operates
vernier for hair-
splitting adjust-
ment. 20 to 1

ST
2

]
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ULTRA-VERDNIE

| TUNING CONTQOL
The dial, shown full size (4-inch diameter),

has a beautiful dull silver finish.

V. 4

Order Cat. REL @ 88c
(Clockwise dial [illustrated] will be sent unless otherwise ordered)

RELIABLE RADIO CO., 143 West 45th Street, New York, N. Y.

RADIO WORLD .
end “RADIO NEWS” | SHIELDED LEAD-IN WIRE

BOTH FOR :7 OO go. 18 Al:&ld Wbl!l;!. .rnmnt?” Also used to ad-

YEAR @. ¥ & 80 rubber {nsulation vantage im the

ONE @ [ J eovernlgl. 'rndb“i%':i that & wirlng of re-

covering  of ralded copper ceivers, as from

You ean obtain the two lesding radio technical 1 mesh wire, which hraid is to anteans past of
that emter to oxperimenters, service men and students, be grounded, to Prevent sir set to antenns

the first and ocly nationsl rsdio weekly and the leading plek-1p.
monthly, for ove year each, st 8 saving of $1.50. The
regulsr mail subscription rate for Radio World for one
year, a new and fascinating eopy each week for 52 weeks,
Is $6.00. Bend in $1.00 extrs, get ‘‘Radlo News’' alsc 0000 %% %Y
for & year—s new issue ceeh month for twelve months.

Total, 64 1issues for $7.00.

RADIO WORLD. 145 West 45th Street, New York. N. Y. This wire 1is exceptiemally
good for antsnna lead-im, to

ERLA-DYNAMIC CHASSIS, WEST. | irid plekup of Gaasiads >

soil, or for plate

R TEA
CERRSERITLIRR

INGHOUSE RECTIFIER. Sensitive and | sai5,duch o from el EotF g e he:
°“?°i°n$fzsdynamic speakegg ;gw(i;s- ut't GUARANTY RADIO GOODS CO.
Pprice, ; our net price, $9.95. uaranty

Radio Goods Co., 143 W. 45th St. New M3 West &5th St, New York, N. Y.
York.

Multi-Tap Voltage Divider

The expertness of de-
sign and construetiom
will be sppresiated by
those whose knowledge
teaches them ts spare-
eiate parts finely made.

When the Multi-Tap
Voitsge  Divider s
plased scross the Alt-
ored output of & B
supply which serves »
Tecelver. the voltages
are in prcportion to
the  curren:

'3
throu, the  various
resistances. By making
connection of grid re-
turns to  ground, the
y lower voltsges may be
¢ 50 30 S0 (00 I 45 a8 200 i e (1) used for negstive bias
by connecting ;i’I;ment
. center, or, in and
The resistance values between the twenty taps of the new Mules-Tap 3800, o0
Voltage Divider are givem above. The total is 17,100 ohms and affords m,h,";'b' chttodsjte]a

nineteen different wvoltages.

bl:llm nt'l hl ol

Multi-Tsp Voitsge Divider 1s useful in sk circuits, including pusb-pull and single- seetion 1s al-
lldl;?lo one“l-, in ehleh (hlo current rating of 100 millismperes is not seriously exceeded amd most  doubl

the maximum voltage is not more than 400 volts. Higher voltages may be wsed at lesser mldll,ﬂ of the pewer
lnln. Conservetive rating, 40 wetts. tubes’ Blament wimd-

GUARANTY RADIO GOODS CO. R i

143 W. 45TH ST., NEW YORK, N. Y. l‘l’l!“‘prle- $ 95

net prics..

3.000 3.000 2,000 2.008 200

SCREEN GRID SHIELDED COIL, $1.50

HESE shielded colls are especially suitable for
screen grid circuits, but are adaptable also to other
circuits.

They consist of a secondary wound on s 1%’ diameter
bakelite tubing, a layer of molsture-proof insulating fab-
ric, and primary wound over the secondary. The bakelite
tubing is firmly embedded in a veneered base, to which
an aluminum plate 1s attached at bottom, punctured to
pasg outleads and to colncide with mounting holes of the
aluminum shield. The shield size s 2 11/16” x 2 11/16"
T 3%'. The mounting method keeps the walls of the
shield equi-distant from the coll. The outleads are:
shielded wire lead to plate, red lead to B plus, dark
blue lead to grid and yellow to ground. When the coll
is used as antenna coupler a fixed condenser of .00025
mfd should be in series with the aerlal. The connections
would be: shielded wire to fixed condenser, red and yel-
low both to ground and dark blue to grid. The colls are
packed in matched sets of four. Thus they are of pre-
clslﬁ:z type, necessary for fully effectiveness from gang
tuning.

The primaries are of high impedance and the coupling to
the secondary is very tight. These featurés are desirable
for high gain in multi-stage screen grid circuits. How-
ever, for circults using other tubes, the primary turns may
be easlly reduced by the user to 10 turns, by cutting the
primary wire near where it enters the insulating cloth,
and unwinding all but 10 turns, cutting and then soldering
the two wires together.

For .0005 mfd. tuning order Cat. 40-70....,...@ $1.50
Matched set of four for .0005 mfd. Cat. 40-TOMF  $5.00
For 00035 mfd. tuning order Cat. 40-80...... @ $1.50
Matched set of four for .00035 mfd. Cat. 40-80MF $5.00

DYNAMIC TUNER ASSEMBLY, $1.25

TUNING condenser with
A a dynamic coil to mateh,

mounted on an aluminum
base that has socket built in.
The condenser ghaft goes In &
dial (not furnished). The tuned
circuit includes a fixed and a
movable winding (rotor ceil) in
series. The moving coil is used
a3 a trimmer, set once and left thus, so two separate
tuning dia's are made to read alike, or gang tuning 1»
made practical. No equalizing condensers needed. De not
couple the adjolning shafts.
For antenna circult input to any tube fitting four-prong
X socket, or for interstage coupling for 226, 201A, 199,
240 or 230, but NOT interstage for 232 or 222, order cat.
BT-L-DC -

D

order eat. BT-L-AC .........,..... P | 1.25
I-‘gr interstage coupling for 224, order cat. B
Al .

DYNAMIC RF COIL, 75¢

HE dynamic coll for either .0005 mfd. or 00035
mfd. tuning. The same coll serves either capacity,
as the serles rotor may be set in position to Increase
or reduce the total secondary inductance.
For antenna coil, all circults, and Interstage coupling for
all tubes except screen grid, order cat. BT-3A.. @ 750
For interstage coupling from plate circuit of gscreen grid
tube order cat. BT-3B . @ 75

DIAMOND PAIR COILS, $1.20

« & - The Diamond of the Alr is
a pobular circuit uslng an an-
tenna coil and a three-circult
tuner. For thils circult the
standard Diamond pair of coils
consists of two, wound on §*’
diameters, except for rotor on

smaller form. The standard palr may be obtained for

0005 or .00035 mfd. tuning. Tickler coil has single hole

panel mount.

For .0005 mfd. order SDP-5.................. @ $1.20

For. .000385 mfd order SDP-35............. 0" @ $1.20

These coils will give extreme satisfaction and are excel-

lent for the Diamond of the Air, being specified by Her-

man Bernard, the designer of the circuit.

OTHER COILS

(Cat. 5-HT)—Speclal three-circuit tuner for .0005 mfd
tuned primary in plate circult of s screen grid

tube; untuned secondary ...... S E 5)epelareiale .85
(Cat. 3-HT)—Same as Cat. 5-HT, except that

for .00035 mfd tuning ....... .95
(Cat. T-5)—Standard 3-circuit tuner for 5 mfd.
where primary is for any type of tube other than
plate circuit of screen grid tube . PRI ]
(Cat. T-3)—Same as T-5, except f mfd.
condenser instead of for 0005 ......,.......... . .80

(Cat.  2-R5)—Radlo frequency transformer for .000

mfd. condenser where high impedance untuned

primary is in plate circuit of a screen grid tube,

and secondary is tuned by .0005 mfd. ......... 60
(Cat. 2-R3)—Same as 2-RS5 except that it is for

;00035 mfd. tuning ........ .. 0. ., . oo Svals e cer. W80
(Cat. 5-TP)—Radio frequency transformer for use

where primary i3 tuned and placed in plate elrcuft

of screen grid tube, while secondary 1s not tuned.

For .0005 mfq i, 2B igke o ot o e ¥R o
(Cat. 3-TP)—Same as . 5-TP, except that it fa

for 00035 mfd. tuning .............. @ocooa R -]
(Cat. RF-5)—Radio frequency transformer for .0005

mfd. tuning, where untuned primary is in plate

clrcuit of any type tube except screen grid  Useful

also as antenna coupler ............. c oo™
(Cat. RF-3)—8ame as Cat. RF-5, except that it is

for .00035 mfd. tuning ................

Remit with order for coils and we pay transporta-
tion. C.0.D. orders filed.

SCREEN GRID COIL CO.

143 WEST 45TH STREET
NEW YORK, N. Y.
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SHORT-WAVE SPECIALTIES

EXTRA-SPECIAL FREE OFFERS OF SUBSCRIPTION PREMIUMS!

RADIO WORLD, now in its ninth year, is the first and only national radio weekly, and publishes the latest,
up-to-the-second news of circuits, both of kit types and of 1931 commercial receivers, as well as news of happenings
in the broadcasting field. Lists of broadcast and short-wave stations are published regularly. You get your informa-
tion weekly—which means quickly—and you get it accurately, so be sure to become or remain a subscriber for
RADIO WORLD. We are able to offer now specially attractive premiums, and ask you to make your choice from
the well-chosen variety of parts offered on this page and on the opposite page. When ordering, please use

coupon.

The regular subscription rates are: $6 for one year, 52 issues, one each week; $3 for 6 months, (26 weeks);
$1.50 for three months, (13 weeks); $1 for 8 weeks; 15¢ per single copy.

TUBE-BASE TYPE COILS

Three finger-handle typs plug-in coils, wound on tube-base diam-
etor, although of greater height than a tube base, for short warve
plug-in service, where a 4-prong (UX) tube socket is used as coil
receptacle. There are two separste windings, tightly coupled. The
eoil socket connections are.
ohones; erid prong to grid and ant.; filament minus to stator of a
teedback condenser. The tuning condenser (stator to grid prong.
rotor to fillament plus prong) may be 00015 or more for 15 to 110
meters; the feedback condenser .00025 mfd. B voltage 1s supplied
through pnones or audio transformer primar;. Order PR-TBC _free
(less cotl wocket) with 6 mos. (26 weeka) subscription @ $3.00.

“DIAMOND” PAIR IN STANDARD AND DE LUXE TYPES

The Diamond of the Air is a popular circult using an sntenna coll and s
three-circult tuner. For this circuit the standard Diamond pair of colls consiats
of two, wound op 3’° diasmeters, except for rotor on smsller form. The standard
pair may be obtained for .0005 ord.oogg énIf)dI; 5tum.nl%h l’)l‘llckle{mcoilf hes silr'xlgle h?le
panel mount. For .0005 mfd. order -8 -5, W ueprint, free with a six~
month subscription (26 weeks) @ . For .00035 mtd. order PR-SDP-35, free
with 6-month subscription @ $3.00. b

Th olls will give extreme satisfaction and are oxcellent tor the Dismond
of the ez?r.cbe;ng specified by Herman Bernard, the designer of the circuit.

GET THE COMPLETE DATA ON SHORT-WAVE CONVERTERS

Short-wave converters are all the rage.
kind, A seria] article by Herman Bernard, on_ this topie,

was published in the November 8th. 15th, 22nd, 29th, December 6th, 13th and 20th issues.

-3 SHORT WAVE PLUG-~IN KIT —»*

The finest short-wave colls, of de luxe construction, wound on ribs, affording 97% air dielec-
tric, and available for various capacitles of condensers, as listed below. All preciaion short-wave
colls are provided with receptacle bases and apply to standard clrcuits.

_ For .0001 or .00015 mfd. tuning; three plug-in colls with receptacle base s» 1llustrated, with
adjustable’ primary built onto receptacle, 15 to 150 meters.
year's subscription @ $6.00.
plate prong to plate, flament plus to For .00025 or .0002 mt
PR-AK-2, and get two colls, receptacle and adjustable cofl
with nine months’ subscription (39 weeks), at regular rate,

Note—We can supply .00015 mid. (PR-H-15) or .0002 mid.
wave midiine condenser, swings Inside 2.Inch dlameter, with three months (I3 weeks) additional
subscription @ regular $3 rate.

PRECISION PLUG-IN COILS

d. tuning: only two colls are required. for 15 to 150 meters.

OoN |

Order PR-AK-1, free with one

Order
(tﬁt:)ird inductance) built in. Free

{PR-H-20) Hammarfund short-

De luxe Dismond pair, with large primarles center-tapped. For the Dismond
use center tap and one eoxtreme of the primary for sntenna circuit, RF coll (st
right): use full primary
silver-plated wire, for

have
threading. so colla
eoil 1s single-hole

both. using brackets (not supplied.)
Order PR-GWN free with a year's subscription (52 issues) @ $8.00.

They enable You to tune in short

discussing several m

subseription and get these seven issues free. Order PR-SWCR.

PLEASE USE THIS COUPON!

RADIO WORLD,
145 West 45th Street. New York, N. Y.

I hereby take advantage of your extra-special premlum offer:
and subscribe for RADIO WORLD for the number of weekr
gpecified in the list below. Please send indicated premium
My remittance of $ .......... is  enclosed. RrW-1-10
0O PR-TBC (26 wks) $3.00 O PR-SDP-35 (28 wks.) $3.0¢
O PR-AK-1 (52 wks.) 6.00 [ PR-GWN (52 wks.) 8.00
[J PR-AK-3 (39 wks.) 4.50 O PR-SWCS (17 wks.) 2.0¢
0O PR-H-15 (13 wks) 1.50 [0 PR-SUP-3A (52 wks.) 6.00
O PR-H-20 (13 wks.) 150 O PR-SUP-3B (52 wke., 6.00
1 PR-SDP-5 (26 wks.) 3.00 [J PR-SUP-3FS(104 wks.)12.00

City Btate
[J Please put cross here if renewingz an existing subseription

PARTS FOR A SHORT-WAVE CONVERTER

on tickler (lowest winding at left). The de luxe palr
wound on moulded bakelite, with
are space-wound to reduce distributed capacity. ~Three-cireuit
panel mount. Additional holes for optional base mounting on
For .0005 mfd. cnly. (None fm0.00035 mfd.)

loss-reduction,

waves on & broadcast receiver of any
odels, with full-size picture diagrams.
Send $2 for 17 weeks’

No matter what type of broadcast receiver you have,
you can get short waves by using a short-wave
converter built of parts we can supply. The panel is
only 5 x 6% inches. There is only one tuning control.
No squeals, howls or body capacity. Two models are
available, one for A.C., the other for battery operation.
The battery model uses three 227 tubes with heaters in
series. Full details supplied with order.

All parts for A.C. model (less filament transformer,
less three 227 tubes), order PR-SUP-3A, free with a
year’s subscription @ $6.

All parts for the battery model (less three 227 tubes). free
witn 8 year’s subseription for Radio World @ $6.00. Order
PR-SUP-3B.

A third model (of different apPesrance than illustrated) emables
fillament iransformer to be bullt in. All parts, including filament
transformer; two wound plug-in colls. 15-200 meters. Hammar-
lund condenser, (less tubes), order PR-SUP-3FS free with
two-vear subscrintion @ $12.

e



