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Radio 
Set Building 

rnOST Americans really enjoy doing things 
with their own hands and co-ordinating their 
workmanship with their own individual brain 

power. That is why Americans have always been inter-
ested in radio construction. Recently set-building has 
been growing in popularity, in leaps and bounds; at 
least, that is how it is with RADIO NEWS readers. 
In fact, set-building as a hobby seems to have 

engaged the interest of more radio fans recently than 
at any time since the popular home-construction days 
of 1924. People, young and old, are turning to 
set-building at home to enable them to listen in to 
short-wave transmissions from all over the world. 
It is true that the increase of activity on the short 
waves has had a lot to do with this revival of inter-
est, but it is also true that people want to build not 
only short-wave sets, but sets that will bring in the 
regular broadcast-band transmissions. 
Realizing these needs of a large number of radio 

experimenters who have been "steady customers" in 
the more experienced set-building field as well as , 
the thousands of new recruits who have been turning 

' T HE circuit shown in Figure 1 is 
a modern  version of the  "Junk 

Box"  circuit,  made so famous by 
RADIO NEWS in 1928, and found to be, 
by thousands of  fans,  one of the 
most popular single-tube short-wave 
sets. 
It uses a standard set of triple-

winding,  short-wave coils shown as 
Li, L2 and L3. It has an antenna con-
denser, Cl, for adjusting the antenna 
frequency. This is placed on the base-
board. Another condenser, C2, the left-
hand control on the panel, is used for 
tuning. It is very sensitive to adjust. 
The third condenser, C3, which is the 
right-hand control on the panel, is 
used for controlling volume through 
regeneration. The condenser, C4, is 
the grid condenser, while resistance 
RI is the grid leak. Variable resis-
tance R2, which is the central upper 
control on the panel, adjusts the fila-
ment current which should be kept as 
low as possible consistent with good 

to set-building during the past year. RADIO NEWS 
has specialized in the better designs incorporating 
these latest principles. Our technical staff maintains 
steady contact with America's foremost designers in 
the "How to Build" field. 
Herein we are giving to our readers a number of 

designs in different fields, some simple and some 
more complicated. The Editors feel that these de-
signs are the finest that have been put before the 
set-building public for some time and that they offer 
the set-builder the chance he has been waiting for to 
build a receiver really worth while and one that will 
produce results in both distance reception and in 
high quality of reproduction. 
RADIO NEWS' policy of putting out blueprints of 

its main designs will also be found to be a help to 
set constructors, and as the list of available blueprints 
grows, the Editors promise that efficient receivers 
for any kind of use and fitting any pocketbook will 
be adequately covered. Follow RADIO NEWS designs 
in your experimental set-building, and you cannot 
go far wrong! 

The Pelham 
(1-Tube Short- Wave Set) 

results. The switch SW is the lower 
central control on the panel and is 
used for turning the set "on-and-off." 
The tube used is a type-30 three-
element tube in the plate circuit of 
which is found a choke coil, RFC, and 
a condenser, C5, which act as a filter 
to keep redio-frequency currents out 
of the 'phone circpit so that the set 
will not have "hand capacity." 
Going back to coil Li, this is the 
antenna coil, while L2 is the grid coil 
and L3 is the feed-back coil.  , 
The set is powered by dry cells and 
all that is necessary is two ordinary 
bell-ring batteries, connected in series 
across the two terminals marked A 
(plus) and A (minus), where A (plus) 
goes to the positive terminal and A 
(minus) goes to the negative terminal. 
A standard 45-volt B battery may be 
connected to the plate power ter-
minals, B (minus) and B (plus), where 
B (minus) is connected to the nega-
tive terminal and B (plus) to the 

positive terminal. In the building of 
this set,  these four terminals are 
brought out to binding posts on the 
back edge of the baseboard, as are 
also the two terminals for the antenna 
and the ground. This may be seen 
clearly in the photographic illustra-
tions, Figure 2 and 3. Two more bind-
ing posts are used for the phones. 
In building the set, the first job is 
to make the frame, consisting of front 
panel and baseboard. Details and sizes 
of this framework are shown in 
Figure 4. 
After the framework has been put 
together with a good grade of glue 
and small screws and given a coat of 
shellac (if desired), the next job is to 
mount the parts in their proper places. 
The spacing for these is indicated in 

the picture-wiring diagram in Figure 
5. Two sockets must be obtained, one 
is a standard four-prong socket (for 
the tube) and the other a six-prong 
socket  (for  mounting  the  coils). 
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Otherwise  follow the  directions as 
shown in Figure 5 and in the phot-
ographs. 
When all the parts have been mount-

ed in their proper places, the next 
job is to connect up the wiring, as 
is also clearly shown in the picture-
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wiring diagram, Figure 5. You can do 
it in about an hour, using flexible 
cloth-insifated connection or hook-up 
wire, obtainable from any radio dealer 
or serviceman. Lugs should be at-
tached to the connections where they 
end under the binding posts. 

Figure 4 

- 2' 
2 

When the set is finished it may be 
hooked up to the batteries, as already 
described. An antenna of somewhere 
between 50 and 75 feet is found to 
give good results. It should be placed 
as high up as it is possible to erect it. 
A ground can be ma.le to a suitable 
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water pipe or gas pipe, whichever hap-
pens to be the most convenient posi-
tion, although, if there is a choice, it 
should be tried out with a distant 
station tuned in. 

Parts List 
CI —Hammarlund 5-plate midget variable con-
denser, .000025 mfd. with mounting lugs. 

C2 —Hammarlund 19-plate variable condenser, 
.00014 mfd. 

C3 —Hammarlund 35-plate variable condenser, 
.00025 mfd. 

C4 —Aerovox fixed condenser,  .001  mfd. 
C5 —Aerovox fixed condenser, .001 mfd. 
LI,  L2,  L3 —Standard  3-winding,  6-prong, 
short wave coils for the type -30 tube,• 

RI —Carbon variable resistance, 3 megohms. 

R2 —Yaxley 30-ohm rheostat. 
RFC —Hammarlund type CH-8 r.f. choke, 8 
millihenries.  . 

SW —Cutler-Hammer,  single-circuit  toggle 
switch. 

1 ty pt- -30 triode vacuum tube. 
1 Standard 4-prong socket for the type -30 
tube. 

1 Standard 6-prong socket for mounting s. w. 
coils. 

8 binding posts,  suitably marked  for  con-
nections as shown in Figure 5. 

Miscellaneous—wood screws, wood for base, 
four gliders or mounting feet, hook-up wire, 
etc. 
*These coils can be obtained in sets of four. 

They cover the various wavelength ranges in 
steps about as follows: Coil No. 1 covers the 
19, 25 and 31-meter bands. Coil No. 2 covers 
from approximately this upper wavelength to 
around 70 meters. Coil No. 3 goes from ap-
proximately 70 to 130 meters. Coil No. 4 goes 

somewhere from  130 to 200 meters. These 
frequency ranges vary slightly with the make. 
A standard set of 2000- or 3000-ohm 

phones is suitable for use with this re-
ceiver. Tuning is accomplished with 
condenser C2,  after an approximate 
setting of condenser Cl for the aerial 
used. Regeneration is controlled with 
condenser C3. It should be rotated to 
the point just below the "oscillation 
point" for maximum loudness. When 
a station is tuned in, condenser Cl 
can be readjusted for best results. 
A slight variation of C2 may have to 
be made after adjusting the other two 
condensers. 
Switch SW turns the set on and off. 

The Skyscraper 
(3-Tube T. R. F. Short- Wave Receiver) 

T HE advantages of a really good 
stage of r.f. amplification, ahead 

of a regenerative detector are not 
fully appreciated by the average short-
wave  constructor.  The  outstanding 
ability of some commercial receivers 
is widely recognized but as a rule 
the home constructor has not been 
very successful in applying r.f. tubes 
in regenerative receiver circuits. The 
outstanding reason  for  this  failure 
has been the lack of proper shield-
ing and filtering, and a contributing 
cause has been the use of coils of 
unsuitable design. 
In the  "Skyscraper"  receiver the 

single stage of tuned r.f. amplification 
provides  decidedly  worthwhile  gain 
and at the same time is absolutely 
stable. These advantages have been 
gained  through careful  attention to 
design details. First of all the parts 
employed were carefully selected to 
avoid losses; then these parts were laid 
out in such a way as to keep leads 
short and avoid undesicable coupling. 
Finally the shielding was planned to 
provide maximum isolation of the r.f. 
and detector stages, at the same time 
introducing as little loss as possible. 
(Some loss is always introduced by 
the metal mass of shields.) 
The tuned r.f, stage, as used in this 

receiver,  provides  greatly  improved 

selectivity, as would be expected from 
the addition of another tuned circuit. 
The control of regeneration is made 
much more consistent and stable, due 
to the presence of the r.f. tube which 
acts as a buffer ahead of the regenera-
tive circuit and thus prevents antenna 
absorption. Thus several distinct ad-
vantages are gained through the use 
of the r.f. stage. 
At first glance at Figure 6, it may 

seem that an unnecessarily large num-

Figure 6 
Lower Left 

Figure 7 
Lower Right 

Figure 8 
Upper Right 

ber of controls are included on the 
front  panel.  If this  receiver  were 
designed exclusively for the use of 
inexperienced short-wave listeners this 
would perhaps be true. However, for 
the experienced "ham" or short-wave 
broadcast fan each one of these con-
trols will be found to offer a definite 
advantage, as will be seen from the 
following description of their func-
tions. 
The two vernier dials control the 



6 1935 RA DI O M A N'S G UI DE 

FOR ANOTHER VIEW OF CONDENSER WIRING 

SHOWN OFF CENTER _2 (.. 

C3 

CI 

TO TOP 
TERMINAL 
OF 606 

C r - 

GND  ANT.  ANT 

Figure 9 

tank  condensers  of  the  r.f.  and  de-

tector  stages.  These are the band-

setting condensers  (C3 and C4)  and 

are employed only in bringing the cir-

cuits into resonance at the particular 

range in which it is desired to tune. 

The illu minated dru m dial at the left 

is  the  band-spread  tuning  control. 

This  controls  the  two  small  con-

densers Cl and C2 which are ganged 

on one shaft. The actual selection of 

individual  stations  is  acco mplished 

with this control and tuning is there-

fore "single dial" after the tank con-

densers  have  once  been  set  for  any 

desired  range.  Above  the  r.f.  tank 

control is a vernier (C5) the purpose 

of which  is  to  per mit  such  slight 

variations  of  the  r.f.  tuning as  may 

be  necessary  to  maintain  exact  res-

onance  when  tuning  through  wide 

ranges with  the band-spread  control, 

and to m ake the tank dials read alike. 

This  condenser is not  absolutely  es-

sential but will be found helpful, due 

to the sharp tuning characteristics of 

the r.f. circuit. 

The three knobs along the botto m 

control sensitivity and volu me. At the 

left is the audio-volu me control, in the 

center the regeneration control and at 

the  right  the  r.f.  gain  control.  The 

reasons for employing both regenera-

tion and r.f. gain controls will be ex-

plained  later. 

The tubes employed are all of the 6-

volt  heater type.  These  have several 

features which make the m preferable 

to  the  21/2 -volt  type.  They  may  be 

operated  (in  parallel)  fro m  either  a 

storage  battery or a 6-volt transfor-

mer  winding;  or  their  lo w  current 

drain  makes  it  practical  to  operate 

the fila ments in series fro m a d.c. line, 

using a suitable  series  voltage  drop-

ping resistance and a shunt across each 

of the .3 ampere fila ments to by-pass 

the  extra  current  required  by  the 

heater of the type —41 tube. W hen op-
erated on alternating current the hu m 

level is very low —considerably lo wer 

than with equivalent tubes of the 21/2 -

volt heater type. 
As  this  receiver is  designed,  the 

heaters  are  connected in  parallel for 

TO -rop 
TERMINAL 
OF 6C6 

6C6 
R.F. 

41 
OUTPUT  
TUBE  w 

operation fro m a 6-volt a.c. source or 

a storage battery.  For the high vol-

tage  supply  either  B  batteries  or  a 

po wer  pack  may  be  used.  In  either 

case  only one  high-voltage  lead  is 

needed, as  a voltage-divider  net work 

is  included  in  the  receiver,  and  the 

tubes are all self-biased. If the receiver 

is to be operated per manently fro m B 

batteries,  the  voltage-divider  resistor 

R4 m ay be eli minated and the poten-

tio meter,  R2,  connected across a 45-

volt section of the battery if desired. 

If co mplete freedo m fro m hu m is to 

be obtained when operating fro m the 

a.c.  line  it will  be necessary to em-

ploy a po wer  pack  having a good 

filter.  An  inexpensive  po wer  pack 

suitable  for  this  use  is  described 

else where  in  this  book.  This  po wer 

pack will supply both the high volt-

age and  the  heater voltage and will 

per mit absolutely  hu mless operation. 

The excellent operating characteris-

tics of the "Skyscraper" are accounted 

for  to  a considerable  extent  by  the 

coils  employed.  These  are  the  ne w 

Ha m marlund  plug-in  coils in which 

X P-53,  a ne wly  developed  dielectric, 

is employed for the for ms. This ne w 

material rates among the best, yet is 

su fficiently inexpensive to per mit the 

coils  and  for ms  to  be  marketed  at 

ordinary prices. The X P-53 is moulded 

in the shape of a ribbed for m which 

per mits air  spacing of the  windings. 

The windings the mselves are carefully 

designed for maxi mu m efficiency, with 

proper attention to the kind of wire 

(silver-plated in the case of the high-

frequency  coils),  wire  sizes,  turns 

spacing,  for m  factor,  coe fficients  of 

coupling,  etc.  W ith  the  receiver  in 

operation different types of coils were 

tried and  the selection  of the  Ha m-

marlund coils was based on the fact 

that with the m greater signal strength 

was obtainable on  test  stations  than 
with any of the other coils tried,  it 

was  rather  surprising  that  so  much 

difference  was actually  found  among 

the  standard  coils  of  recognized 

makes. 

In addition to the efficiency of the 

coils the mselves, the frequency ranges 

covered have been selected to provide 

Figure 10 
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the most favorable L/C ratios on the 
more  important  short-wave  bands. 
Thus all of the amateur bands and 
the broadcast bands are tuned in at 
low capacity settings of the tank con-
densers—a condition which provides 
for the highest signal voltages and 
therefore the greatest signal strength. 

Constructional Details 

The special "Slcycraper" chassis is 
121A inches long, 7 inches wide, and 
3% inches deep, over all. This chassis 
is formed by bending down the four 
sides to make a complete enclosure 
with an open bottom. The two box 
shields are each 4%2 inches wide. 6Y. 
inches long, and 6 inches high. These 
boxes are built up on special corner 
posts. These are of triangle cross-sec-
tion and are drilled and tapped on 
two sides and on  both ends.  The 
walls and tops of the shields are of 
plain  aluminum and are  drilled to 
correspond with the holes in the cor-
ner posts. (Figures 7 and 8.) 
Space did not permit including com-

plete construction and drilling layouts 
for the chassis and shields in this ar-
ticle.  However, such  drawings have 
been prepared and are available, from 
the RADIO NEWS blueprint department, 
in full size blue print form, at a price 
of 25c. These drawings include detailed 
specifications for the location and sizes 
of  all  drill  holes,  etc.;  also  a 
full-size  enlargement of the  picture 
wiring diagram shown in Figures 9 
and 10. The circuit diagram is shown 
in Figure 11. 
In the construction of the receiver, 

the coil and tube sockets are mounted 
first and the entire chassis is wired 
without the metal shield cans in posi-
tion. Sub-chassis mounting is employed 
only for the audio tube. All the leads 
are made as short as possible, but it 
is important that all the r.f. grounds 
be made at the same point on the 
chassis. All the grounds are brought 
to the centrally located machine screw 
(marked "x" in the  bottom  view). 
Most of the small by-pass condensers 
are mounted directly on this screw. 
The detector plate filter, consisting 

of a mica compression condenser C6, 
two fixed condensers C8-C9 and two 
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r.f. chokes, RFC1-RFC2, is mounted 
in a small shield can placed under the 
chassis directly beneath the detector 
coil socket. The screw type conden-
ser  C6  is actually  an  auxiliary 
regeneration adjustment but once set 
may be forgotten. In the particular 
unit employed in this model receiver 
C8 is also a compression type con-
denser but a fixed condenser will serve 
as well. 
After the chassis has been wired, 

the shield boxes should be placed in 
position and the drum dial and tuning 
condenser mounted as shown in Fig-
ure 12.  Note that the two short 
lengths of shaft, one between the con-
densers and one between C2 and the 
drum dial are of bakelite. In addition 
to avoiding one  possible  source of 
coupling between the r.f. and detector 
stages, the bakelite shaft will not in-
troduce noise, as would a metal shaft 
should it rub against the shields at 
the holes through which it passes. The 
condensers and the shafts are con-
nected by means of two solid coupl-
ings and one flexible coupling, as the 
photograph shows. Note should be 
made that the two bearings of each of 
the variable condensers have been con-
nected together, and that wire connec-
tions are made to each of the conden-
sers. No dependence whatever should 
be placed on returning the condensers 
to the coils through the metallic shield-
ing. Good contacts to aluminum are 
always difficult to make, and should 
never be depended upon in t.f. circuits. 
The photograph shows that the small 

-------CABLE PLUG (MALE). 

B-1- 135 TO 250 V. 

Figure 11 

tuning condensers are mounted on 
posts fastened to the front of the 
shield cans instead of by Means of the 
front bushing. 

Parts List 
Cl, C2 —Hammarlund  midget  condensers, 
type MC-20S, 20 mmfd. 

C3, C4 —Hammarlund midget condensers, typ M  e( 
C-140M, 140 mmfd. 

C5 —Hammarlund  midget  condenser,  type 
MC-35S, 35 mfd. 

C6 —Hammarlund  adjustable  padding  con-
denser, type MICS, 70-140 mmfd. 

C7, C8, ,C9 —Aerovox type 1460 mica conden-
sers, .0001 mfd. 

CIO —Aerovox tubular paper by-pass condenser, 
.01 mid. 400 volts 

Cll —Aerovox can type paper condenser, 1 
mfd.. 200 volts. 

C12 —Aerovox  type PB-25  cardboard elec-
trolytic condenser, 10 mfd. 25 volts. 

C13, C14, C15 —Solar mica condensers. 
mfd. 

CH —Thordarson a.f. choke, type T-2927 
Li —Hammarlund  2-circuit,  4-prong  plug-in 
coils (4 required). 

L2 —Hammarlund  3-circuit,  6-prong  plug-in 
coils (4 required) 

R1 —Electrad potentiometer, 25,000 ohms 
R2 —Electrad potentiometer, 50,000 ohms, type 
205-D 

R3 —Electrad potentiometer. 500,000 ohms 
R4 —Electrad voltage divider, type B, 50,000 
ohms, 25 watts 

R5 -100,000 ohms. V, watt 
R6-250 ohms, % watt 
R7 -4 megohms,  /2 watt 
R8 —.5 megohm, Ya watt 
R9 —Electrad Truvolt resistor, 700 ohms, 10 
watts ( I -watt resistor suitable) 

RFC1 -1-Iammarlund r.f. choke, type CH-8, 8 
millihenries 

RFC2 —Hammarlund r.f. choke, type CH-X, 
1.2 millihenries 

SW—Toggle switch, d.p.s.t. 
T—Thordarson  output  transformer,  type 
T-6806. single-pentode primary, 10-ohm and 
2000-ohm secondaries 

1 Hammarlund isolantite 4-prong socket, type 
S-4 (for coil L1) 

3 Hammarlund  isolantite  6-prong  sockets, 
type S-6  (for 6C6 and 6D6 tubes and 
coil L2) 

1 Eby wafer socket, 6-prong (for —41 tube) 
1 Blan the Radio Man "Skyscraper" chassis 
assembly  consisting  of  chassis, 2 box 
shields and dial panel 

1 National illuminated drum dial, type H 
2 Kurtz-Kasch  vernier dials,  234-inch size 
I Eby chassis mounting, 4-prong cable con-
nector (male) 

1 4-wire cable (3 feet) 
1 Eby 4-hole cable plug (female) 
1 Eby moulded 3-gang binding post 
1 Eby  moulded  twin  jack  marked 
"Speaker" 

2 Hammarlund tube shields, type TS-50 
1 Hammarlund flexible-shaft coupling 
2 Blan solid-shaft couplings 
1 3-inch length of 14-inch-diameter bakelite 
rod 

I shield cm, 2-inch diameter (cut length to 
approximately 2 inches) for detector plate 
filter shield 

.01 

SHIELDS 

RFC4 RFC2 C10 44 
OUTPUT 

PHONES 
OR 

MAGNETIC 
SPEAKER 

DYNAMIC 
SPEAKER 
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The "Skyscraper" Power Pack 
(For Small Short- Wave Sets) 

THE power pack shown in Figures 
13 and 14 can be used for convert-

ing  any  type  of  battery-operated 
receiver to full a.c. operation—provid-
ing the receiver employs 6-volt tubes 
(and not more than five of these). The 
6.3-volt filament winding on the trans-
former is designed to deliver not more 
than 1.5 amperes. It is this fact that 
limits the use of the power pack to 
receivers in which the filament current 
required does not exceed this figure. 
This unit supplies  the necessary 

plate voltage and the filament voltage 
for the type —80 rectifier and the 
receiver. The plate supply is 220 volts 
at 25 ma., and varies somewhat above 
or below this figure for receivers hav-
ing smaller or greater current drains. 
While the high-voltage secondary of 
the power transformer is rated at 340 
volts (55 ma.), this value is, of course, 
too high for the plate supply of the 
type of receivers with which the power 
pack is to be used. Power transfor-
mers having a rated output of less 
than 300 volts are difficult to obtain, 
and the solution of the problem of 
using a high-voltage transformer to 
supply a lower voltage lies in simply 
eliminating the condenser ordinarily 
employed across the output of the rec-
tifier and  ahead of the first  filter 
choke. Reference to Figure 15 shows 
the filter circuit employed. Cl and C2 
are the  filter  condensers of 8 mfd. 
each. C6 appears in the circuit in the 
position usually occupied by the first 
filter condenser. In this case, however, 
this condenser has the value of only 
.006 mfd. and is used in conjunction 
with the choke (RFC) as an r.f. filter 
—a material aid in eliminating so-called 
"tunable" hum. 
The voltage divider R2 is provided 

with three adjustable intermediate taps 
so that three different output voltages 
are available where needed. In the case 

Figure 15 

Fig. 13 —Top  Fig. 14 —Bottom 

of the "Skyscraper" receiver there is a 
voltage-divider network in the receiver 
itself, therefore only the high voltage 
and negative leads need be brought 
out to the  receiver.  However, the 
socket type output terminal of the 
power pack is one of the 6-prong type. 
When used with the "Skyscraper," a 
6-prong cable plug is employed, but 
there are only four wires in the cable, 
the prongs corresponding to two of 
the intermediate taps of the voltage 
divider being left unconnected. Where 

the power pack is intended for per-
manent use with the "Skyscraper" or 
with any other receiver having a built-
in voltage divider, by-pass condensers 
C4 and C5 can be eliminated. Also 
R2 can be eliminated, entirely, if the 
voltage-divider network in the re-
ceivers is adjustable to permit obtain-
ing the proper plate voltage for the 
tubes. If not adjustable it will be found 
desirable to employ the voltage di-
vider, R2, to reduce the output volt-
age of the power pack, adjusting tap 
A (Figure 15) until the correct plate 
voltage required by the receiver is ob-
tained. 
The 6.3-volt winding of the trans-

former T is center-tapped, the center-
tap being connected to the B— terminal 
in the wiring. For this reason the fila-
ment wiring of the receiver should be 
completely isolated, electrically, from 
all other circuits. When using the 
power pack with receivers which have 
heretofore been battery-operated, the 
filament wiring should be checked over 
carefully to make sure that it connects 
to no other circuits. Also, if it doesn't 
already consist of a twisted pair, the 
circuit should be rewired in this man-
ner. If this precaution is followed, 
humless operation will be obtained 
even though the receiver include a re-
generative circuit. 
The  details  of  construction  are 

clearly shown in Figures 15 and 16. In 
Figure 16 the front and rear sides of 
the chassis are shown in a flattened 
out position to clarify the wiring. All 
leads from the power-transformer are 
brought down through the two holes 
marked T, Figure 16. These leads are 
color-coded as shown. 

Parts List 
CI, C2—Aerovox 2-section electrolytic conden-
ser, type GG, 8.8 mfd, 450 v. 

Figure 16 

6V.  B+ 20  Bi- 400  Bi- 480 
B- H H  TO 100V. TO 480V. TO 250V. 
f 4 4  4 1 t 4  BLACK TWISTED PAIR 1 1   
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C3, C4, C5—Aerovox 3-section electrolytic con-
denser, type GGG,4-4-4 mfd, 450 v. 

C6—Aerovox mica condenser, .006 mfd. 
CHI, CH2—Thordarson chokes, type T-4402 
RFC—Hammarlund r.f. choke, type CH-X 
Rl —Electrad center-tapped filament resistor, 
30 ohms 

R2—Electrad, type C-200, Truvolt voltage di-

vider, 20,000 ohms, 50 watts; with 3 ad-
justable intermediate taps 

SW—Toggle switch, s.p.s.t. 
T—Thordarson power transformer,  type T-
5472; secondaries 340-0-340 volts (55 ma.), 
5v (2 amps.), 6.3 v. (1.5 amps.) 

1—Eby 4-prong socket, type 12 
1—Eby 6-prong socket, type 12 

The Trophy Winner' 
(4-Tube Short- Wave Set) 

T HE "Trophy- Winner", shown  in 
Figure 17, bridges the gap between 

the small and large short-wave sets. 
It employs four tubes, including the 
rectifier; the highly efficient a.c.-oper-
ated pentodes make it possible to re-
ceive foreign short-wave stations on 
the loudspeaker. The parts are avail-
able in kit form, which comes with 
complete instructions, requiring no ex-
perience to assemble and wire. 
The receiver covers the range from 

15 to 200 meters in four overlapping 
bands,  employing  plug-in  coils  of 
special  design.  Ranges  for the in-
dividual coils are: 15-36 meters, 34-65 
meters,  62-115  meters  and  110-200 
meters. 
Figure 18 shows a schematic diagram 

of the circuit with the values of con-
densers and resistors. The set employs 
a —58 type tube as an untuned radio-
frequency stage, a —57 as a regenera-
tive detector and a 2A5 as output 
stage; the rectifier is a type —80. 
The untuned radio-frequency stage 

adds considerably to the sensitivity 
of the set. However, it serves another 
very  important  function in that it 
isolates the regenerative detector from 
the antenna, thereby preventing radia-
tion when the detector is oscillating. 
Such a blocking tube is highly desir-
able with regenerative sets for without 
it receivers of this type create inter-
ference over large areas. 
The —57 is at present the most sensi-

tive tube available for detector service; 
it is used here in a circuit which has 
proven to be highly satisfactory. Re-
generation is controlled by varying 
the screen voltage because this method 
has the least effect on the tuning. 
Now we come to the tuning arrange-

mints. There are two condensers used 
in the tuned circuit: a 140 mmfd. main 
condenser and a 20 mmfd. vernier or 
trimmer. These two condensers can be 
hooked up in two ways. In the stan-
dard model, the larger condenser is 

Figure 19 
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controlled by the main tuning dial and 
the smaller condenser serves as a trim-
mer for the fine  adjustments.  The 
special model employs the same con-
densers but the smaller one is con-
trolled by the main dial and the large 
condenser occupies the lower position 
on the panel, thereby serving as a 
band-setting condenser. This arrange-
ment allows continuous band-spread-
ing. Amateurs and other who wish to 
spread certain bands can use this sys-
tem to advantage. 
Special 6-prong  plug-in coils have 

been  designed  for  use  with  the 
"Trophy- Winner."  They have  three 
windings:  primary,  secondary  and 
tickler. 
The output stage can deliver ample 

power for a dynamic or  magnetic 
speaker. As shown in the diagram, 
two sets of output terminals are sup-

CHORE -
1 SOCKET 

plied. Those marked "H. I." (high im-
pedance) are connected directly to the 
tube through a blocking  condenser. 
The primary of the output transfor-
mer then serves as choke. These ter-
minals should be used for a magnetic 
speaker or for headphones. The secon-
dary of the transformer connects to 
the  other  set  of terminals.  These 
should be used for a 10 ohm voice coil. 
A  special  a.c.  operated  dynamic 
speaker is available for use with the 
set. 
The power unit is connected to the 

set through a 8-wire cable and a 6-
prong plug. Each filament lead con-
sists of two wires in parallel, so as 
to minimize losses in the cable. The 
power line itself is fed through the 
cable, connecting to the on-off switch 
on the receiver panel. This concen-
trates all controls at one point. 

An A.C.-D.C. Midget 
(4-Tube Broadcast Receiver) 

FIGURE 19 shows a 4-tube receive r 
that takes advantage of the good 

features of the new 25Z5 rectifier tube. 
The receiver operates on 110 volts, 
either  a.c. or d.c., tine  supply. By 

means of a switch the rectifier can 
be used either as a voltage doubler or 
as a regular  half-wave  rectifier. In 
one position of the switch the plate 
voltage is approximately equal to that 
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Figure 20 

of the line and it can be used this 
way on either a.c. or d.c. supply. With 
the switch in the other position and 
the receiver plugged into an a.c. line 
the voltage doubling feature is em-
ployed and a voltage approximately 
double that of the line is available. 
The circuit is shown in Figure 20. 
It is very important that in chang-

ing from d.c. to a.c. light lines to turn 
off the line switch before setting tum-
bler switches Si and S2 at the required 
position.  Otherwise there will be a 
heavy drain  through the  25Z5 tube 
which will damage the tube perma-
nently. So, for the sake of safety, 
always set Si and S2 at proper posi-
tions before turning on the power. 
The receiver chassis is one of the 

smallest  found on  the  market;  its 
dimensions are 9 inches by 41/4 inches 
by P/2 inches high. 
To obtain a maximum output from 

this receiver an outdoor aerial 60 ft. 
in length is recommended. With an 
aerial of this size the probable output 
of this receiver when operating on a.c. 
light lines is on the order of 3 watts. 
This latter  value will  answer the 
demand of any household. 
Considering  the  results  obtained 

and the  low construction  expenses, 
this receiver (in saving an additional 
stage due to the voltage doubling cir-
cuit) should prove to be an additional 
source of income to custom set buil-
ders. 

Construction Data 

Specifications for cutting and drilling 
the chassis are shown in Figure 22. 
Any equivalent layout chassis will an-
swer the purpose. If this is not avail-
able, an Electralloy (radio metal) 16 
gauge piece 9 inches by 8.1A inches 
will suffice. Before bending the piece 
along lines 5/16 inches and 11/4  inches 
from both sides as illustrated in the 
mechanical layout diagram, it is neces-
sary to cut, with a cold chisel, an open 
ing for mounting the speaker. In the 
case of the  Beaudette  speaker, the 
space shown by the mechanical layout 

diagram  was  found  satisfactory. 
However, for a different manufactu-
rer's speaker, a different cut may be 
necessary. The speaker is mounted on 
two 11/4 inch studs and fastened to 
the chassis by means of 8-32 machine 
screws and nuts. 
The three-gang variable air conden-

ser C is placed on the extreme right 
as shown in Figure 21, and the proper 
holes necessary for mounting are in-
dicated  in  the  mechanical  layout 
diagram. The  volume  control, R, is 
located at the extreme left. An L-. 
shaped bracket provides the necessary 
mounting for it. 
The high gain unshielded interstage 

coil L2 is mounted on top of the chas-
sis between 6C6 tube and the 78 r.f. 

tube. This interstage coil as recom-
mended in the list of parts is RFB 
No. 4 interstage coil of General Man-
ufacturing Co. of Chicago. However. 
in this case, as well as in any other, 
electrically equivalent parts from other 
reputable manufacturers can easily be 
substituted. A large hole underneath 
this interstage coil provides a conduit 
to the leads. (See Figure 22.) 
The preselector coil Li is mounted 

on the bottom of the chassis as shown 
in Figure 23, directly underneath the 
three gang variable air condenser C. 
The dual dry electrolytic condenser 

C11, C12 can be easily mounted on 
top of the chassis between the three 
gang condenser and the dynamic re-
producer. 
No ballast resistor is used in this 

design. A resistor built in the line cord 
is used to bring down the line voltage 
to the required heater voltage. It is 
more satisfactory than a ballast re-
sistor mounted in the chassis as it ex-
cludes the excessive heat from the 
chassis, thereby minimizing the dam-
age to the receiver parts and afford-
ing a larger ventilating surface for this 
heat. 

List of Parts 
C—General Instrument 3 gang variable air 
condenser, counterclockwise type, 365 mmfd. 

CI —Solar high grade mica condenser, 0.001 
mfd., 300 volt peak. 

C2, C3, C7—Solar tubular paper condensers, 
0.1 mfd., 300 volt peak. 

C4 —Solar tubular electrolytic condenser,  10 
mfd., 35 volt peak. 

CS —Solar high grade mica condenser 0.0005 
mfd., 300 volt peak. 

C6—Solar tubular paper condenser, 0.03 mfd., 
300 volt peak. 

C8 —Solar tubular electrolytic condenser. 25 
mfd., 35 volt peak. 

C9 —Solar tubular paper condenser, 0.006 mfd., 
300 volt peak. 

CIO—Solar dry electrolytic condenser, 8 mfd., 
300 volt peak. 

CIL C12 —Solar dry electrolytic dual condenser 
16 -16 mfd., 220 volt peak. 

C13 —Solar tubular paper condenser, 0.05 mfd.. 
175 volt peak. 

R—Clarostat 250,000 ohm potentiometer with 
line switch. 

Figure 21 
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Fig. 22 —Above; Fig. 23 —Right 

R1 —Micamold resistor, 300 ohms, IA watt. 
R2, R5 —Micamold resistors, 0.5 megohms, A 
watt. 

R3 —Micamold resistor, 15,000 ohms, A watt. 
R4 —Micamold resistor 0.25 megohms, A watt. 
R6—Micamo'd resistor, 0.1 megohms, A watt. 
R7 —Micamold resistor, 500 ohms, 2 watts. 
R8—Micamold resistor, 2 megohms, A watt. 
R9 —Gavitt line cord with built-in resistor, 170 
ohms. 20 watts. 

RIO—Electrad wire wound vitreous enameled 
resistor, 2000 ohms, 10 watts. 

LI —Gen Ral C X 100 D preselector coil. 
L2 —Gen Ral RFB No. 4 interstage coil. 
L3 —Kenyon, 20 henry, 300 ohm, 60 milli-
ampere choke. 

6C6 
SOCKET 

S1  I  • 52 

C3  R51 05  116 ,40 

SI —Arrow, Hart & Hegeman d.p.d.t. tumbler 
switch. 

S2 —Arrow, Hart & Hegeman d.p.s.t. tumbler 
switch. 

4 Eby six-prong sockets. 
1 type —78 tube. 
1 type 6C6 tube. 
1 type —43 tube. 
I type 25Z5 tube. 
1 Beaudette  dynamic  reproducer,  5-inch  di-
ameter, field resistance 3000 ohms. 

1 Insuline "Electralloy ' chassis, 9 inches by 
4A inches by 154 inch high. 

1 Crowe plate for volume control. 
1 Crowe plate for station selector. 
2 Kurr-Kasch knobs for volume control and 
station selector. 

1 tube shield. 
2 grid caps. 
1 antenna reel 25 feet long. 
1 roll of solid hook-up wire. 
1 cabinet. 

The All Star Senior 
(6-Tube All- Wave Receiver) 

,THE "All-Star"  has  a frequency 
.1- range of from 10 to 550 meters 
(30,000 kc. to about 550 kc.), without 
Raps. 
It is completely band-spread for all 

frequency bands within its usable spec-
trum.  These bands can be adjusted 
quickly for any particular band by set-
ting two dials.  Each band chosen is 
automatically spread over 270 degrees 

Figure 24 

on the central tuning control (which is 
of the airplane fine-pointer type). 
For any given band, once set, the 

tuning is thereafter single-controlled 
through that band and the operator 
can come back to the same band by 
again setting two dials to the proper 
logging. Tracking errors and misalign-
ment are therefore eliminated.  The 
reason for this is that there is an in-

itial separate control to be made for 
the first detector and for the oscillator 
tuning. 
Three sets of coils are used to cover 

the short-wave band from 10 to 100 
meters. Optional and additional coil 
equipment is available and consists of 
a pair of coils for 100-200 meters and 
two pairs of coils for the broadcast 
ban-d. These coils can be easily in-

Figure 25 
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Figure 26 —Center  Figure 27 —Above 

Figure 28 —Bottom 
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serted without the nuisance of remov-
ing shields necessary in some earlier 
types of sets. 
The receiver was designed by ex-

perts who have specialized in laying 
out sets to be built by radio enthusi-
asts of small experience. Practically no 
technical knowledge is necessary to 
build it. An actual test has shown 
that it can be assembled and wired 
in less than three hours by a person 
who has only a speaking acquaintance 
with a screw-driver or a soldering iron. 
There are no adjustments or calibra-
tions to be made after the set has 
been correctly put together and wired 
for operation. The front panel and 
sub-base may be obtained completely 
drilled for the mounting of the speci-
fied parts. No other drilling, filing or 
fitting is necessary. 
The set is to be used with a stan-

dard dynamic loudspeaker having an 
input transformer for a 2A5 output 
pentode and having a field winding of 
2500 ohms and connected to a four-
prong loudspeaker socket. This is also 
obtainable through regular trade chan-
nels. 
Looking at the front view of the 

panel, Figure 24, we see (at the lower 
left) a control for volume; turning it 
to the right, it increases the volume. 
The next knob in line is the oscillator 
"tank" condenser with its own scale, 
from 0-100, for logging purposes. Next 
in line, to the right, is the detector 
"tank" condenser, also with its scale, 
from 0-100, for logging. The extreme 
right-hand dial is the combination "on-
off" switch and tone control, which 
is useful in lowering static noise when 
the noise level is high. The central 
dial is the single-control, band-spread 
dial set in 0-100 divisions, to actually 
cover a rotary range of 0-270 degrees. 
Looking at the rear view of the set, 

Figure 25, we see (at the left) the 
power transformer, in front of which 
stands the rectifier tube. Next to this 
are the three tubular electrolytic filter 
condensers. Next (to the right) we 
can see the oscillator and detector 
coils, in their sockets, separated by an 
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electrostatic metal shield. Next in line 
is the gang condenser, attached to the 
airplane-type dial and in front of which 
stands the 2A5 output tube. Alongside 
of this tube is the audio-frequency 
transformer and to the right of this 
stands the shielded —56 second de-
tector tube, with its shielded third i.f. 
transformer. In back of these two we 
see the second i.f. —58 tube and trans-
former in reversed positions. In back 
of this we see the first i.f. —58 tube 
and transformer again in reversed posi-
tions. Directly in back of the audio-
frequency transformer, we see the 
shielded 2A7 tube, which serves as 
first detector and oscillator. At the 
back of the chassis is seen the power-
cable-and-plug extension,  the  three 

binding posts, for the doublet antenna 
and ground, and the four-prong socket 
for the loudspeaker. A simple but effi-
cient-looking lay out — anyone will 
agree. 
Looking at the bottom view of the 

receiver, Figure 26, we see (at the left) 
the choke-coil assembly and the instru-
ments connected to the front panel 
controls, as well as the distribution 
of the sockets, the resistors and the 
filtering condensers. Notice that prac-
tically all of the wiring is done below 
the sub-base and that it is simplicity 
itself. The circuit diagram is shown 
in Figure 28 and a pictorial wiring 
diagram in Figure 27. 
A complete foundation kit, consisting 

of a drilled and punched metal base 

and panel for the All-Star Super-Six 
six-tube  superhetrodyne  circuit  has 
been prepared and distributed through-
out the trade for your convenience 
and will cost you but $2.50. Next you 
will want complete instructions for 
building the set. These can be ob-
tained by writing to RADIO NEWS, care 
of the Blueprint Department and ask-
ing for the complete four-page de-
scriptive folder including a large-size 
schematic-wiring diagram, a large-size 
pictorial-wiring diagram, a complete 
parts list, complete instructions for as-
sembly, instructions for wiring, in-
structions for final adjustments and 
tuning.  This will be sent you free 
of charge. 

A High Fidelity Receiver 
(8-Tube T. R. F. Broadcast Set) 

INDIVIDUALS differ in their idea 
of the "perfect"  receiver.  Some 

want the best of quality and never 
listen to anything farther away than 
50 miles while others want to receive 
stations from the Antipodes regard-
less of quality. The designer of the 
set illustrated here wanted to build a 
receiver which would have the best 
tone quality possible within a price 
range of approximately $100. Inciden-
tal requirements were attractive ap-
pearance and ease of operation. 
Most people do not like to get up 

out of a comfortable chair to change 
the tuning of the receiver or adjust 
the volume control. Although it is 
possible to have a remote control con-
veniently placed, this system has its 
complications. It was therefore de-

Figure 29 —Right 

58  58 

40,000  1.3  

OH MS  F 75 AMP. 
NOT USED. 

SW 

4000 
OH MS 

58  T4  55 

50,000 
OHMS  / 

.02 
M FD 

M FD. 

.15.5 

-- 20,000 
OH MS 

45 .S PLATE 
...CURRENT 
JACK. 

,PICK-UP 
LEADS 

cided to separate the loudspeaker from 
the set, p place the receiver where it 
would be convenient to tune, and lo-
cate the loud speaker where it sounded 
best. This arrangement also eliminates 
one source of microphonism. 
For high fidelity it is undesirable to 

have too much selectivity, and there-
fore no attempt was made to reach 
any greater degree of selectivity than 
was necessary for adequate separation 
of "local" stations. 
So it was decided to employ a t.r.f. 

circuit, a diode detector and as few 
audio stages as possible with an out-
put stage of Class A triodes in push-
pull (See Figure 30). The r.f. section 
consists of three tuned stages employ-
ing the 58 type tubes. Sensitivity is 
controlled both in the antenna and in 

Figure 30 —Below 
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Figure 33 —Below 

Figure 34 —Below 
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Figure 35 —Below 

Figure 31 —Left  Figure 32 —Above 

the cathode circuit of the first two 
stages. It is essential that a good po-
tentiometer be used here in order to 
avoid noise. All plate, screen and cath-
ode circuits are filtered. 
Since the diode detector places quite 

a load on the circuit, the selectivity of 
this stage is usually so poor that an 
untuned circuit can logically be em-
ployed. The three previous stages give 
satisfactory selectivity to receive the 
best local station and more was not 
required. 
There have been receivers which 

used untuned stages and some of the 
transformers can still be picked up. 
The transformer employed in this re-
ceiver was a DeForest D2 iron core 
r.f. transformer. After several others 
were tried this one was found to give 
the most even response at frequencies 
between 550 and 1500 kc. 
The triode section of the 55 tube 

serves as the first audio amplifier. It 
works at a fixed bias and is coupled to 
the output stage by an Amertran D21 
input transformer. The transformer 
primary does not carry the plate cur-
rent; a shunt feed arrangement being 
employed. Note that the cathode cir-
cuit is bypassed by a 10 mfd condenser 
and that resistance-capacity filters are 
employed in grid and plate circuit. 
When the phonograph is used, it is 

necessary to cut in an extra audio 
stage. This is accomplished by SW2 
(Figure 30). The switch is a four-pole-
double-throw  Yaxley  switch.  It 
changes the input and output of the 
56 stage and also turns on the 56 fila-
ment. There is then a second switch to 
change over from radio to phono-
graph (S W1). Since the volume of 
radio programs is regulated by a con-
trol in the r.f. amplifier, a second 
volume control is incorporated in this 
second a.f. stage. With this system of 
switches it is possible to add one a.f. 
stage when receiving radio programs 
—by moving SW2 only—but this is 
not needed. 
The output stage is quite conven-

tional except that the bias resistor is 
adjustable so one can set it for mini-
mum harmonic distortion. The output 
transformer is a Jensen, the one that 
comes with the speaker. It is mounted 
inside the set, and 20 foot leads run to 
the voice coil. 
The power pack is also quite conven-

tional. The power transformer is an 
Amertran  WA321,  the  chokes  are 
Thordarson and the condensers are 
made by Aerovox. However, other 

makes of good quality can be substi-
tuted. 
The construction of the set itself as 

shown in the photographs (Figures 31 
and  32)  includes some noteworthy 
ideas. The chassis carries a pair of 
steel brackets on top. These serve as a 
stand when the set is turned upside 
down so that one can work on it 
without hunting for supports to fit the 
irregular height of various parts above 
the chassis. 
It will be noticed in the rear view 

that the power tubes and rectifier hang 
upside down. This was done to keep 
the heat of the tubes away from the 
electrolytic condensers and yet have 
the connections short. 
The speaker is a Jensen type M-10 

auditorium speaker with an a.c. field. 
This speaker had to be supplied with 
a baffle large enough and yet reason-
ably good looking. 
Figures 33 and 34 and the photo-

graphs, Figures 29 and 35, show how 
this was accomplished. The speaker 
has been mounted in an inclined posi-
tion and the baffle consists of four 
pieces of celotex, cemented together. 
The odd angles are clearly shown in 
Figure 33 and in the illustrations. This 
celotex baffle was placed into a wooden 
cabinet, but insulated from it by strips 
of sponge rubber. The cabinet is not 
a square box but the opening at the 
back is much wider than at the front. 
The speaker itself was bolted to a 

piece of wood having the proper slant 
to fit against the inclined baffle. This 
wood rests on a sponge rubber mat 
which  in turn  is fastened to the 
wooden blocks below. The speaker it-
self is thereby mechanically insulated 
from the cabinet. This is shown in 
Figure 34. 
The cabinet is constructed of ap-

proximately 3/4 -inch oak. It is 48 inches 
wide at the rear, 34 inches wide in 
front, 32% inches high and 18 inches 
deep. The special baffle is cut to order 
and cemented, the cabinet finished in 
black and the celotex given a coat of 
gold paint. 

RADIO NE WS 

Features Information 
For Set Builders 

Read It Every Month! 
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Servicing and Laboratory 
Instruments 

Ohmmeter Design 

T HE chart in Figure 37 is a table 
of values for the construction of 

ohmmeters with various ranges from 
.1 ohm to 50 megohms, using meters 
usually found on the experimenter's 
bench. They are listed by center scale 
reading, instead of range; because the 
portion of the scale, where accurate 
readings  may be obtained, of any 
ohmmeter, is from about .3 to 3 times 
the center-scale reading.  The useful 
portion is from about 1 to 10 times 
the center-scale reading where addi-
tional inaccuracy of about 4 per cent 
will be introduced, due to error in ad-
justing the pointer to the ends of the 
scale, and errors in reading. The por-
tion that may be used for approximate 
indications, from about .02 to 50 times 
the center scale reading, where addi-
tional error of about 24 per cent will 
be introduced, the increase in error 
being caused by the decrease in the 
size of the divisions, and the decrease 
in the distance to the ends of the scale. 
Obviously  an  ohmmeter  is almost 
useless beyond  these  limits,  unless 
a laboratory type meter with a long 
scale is used, and then very little can 
be gained, compared to the increased 
accuracy made possible by the incorp-
oration of additional ranges. 
It can be seen from the above, that 

a manufacturer conveys little informa-
tion when he states that his ohmmeter 
has a range of 0-500,000 ohms, for ex-
ample; as the center scale reading 
might be anything from 5,000 to 20,000 
ohms, with almost any accuracy from 
6% to 30% or worse. When we say, 
"This is a 1,000 ohm-per-volt meter, 
reading 0-100 volts d.c. 2%", we know 
quite definitely what to expect from it. 
Had we known that the movement 
only was accurate to 2%, but knew 
nothing about the resistor, we would 
know very little. In order to make 
ohmmeter designations definite, and 
eliminate the present ohmmeter con-
fusion, it is suggested that a repre-
sentative ohmmeter range be listed as: 

1,000-10,000(3,500) ohms 8% 
3,500 ohms being some value within 
10% of center scale and 8% being the 
greatest calculated circuit error (in-
cluding resistor tolerances)  between 
1,000 and 10,000 ohms (which in this 
case is approximately .3 to 3 times 
center scale), plus the meter and read-
ing errors (about 5% for a 2% meter 
accuracy). 
Returning to Figure 37, values are 

given for ranges in decimal steps. This 
allows  the experimenter to choose 

ranges most suitable for his work. For 
each range, values are given for three 
or more popular meters.  In the E 
column, reference is made to several 
notes. These notes should be followed 
because accuracy of measurement on 
some ranges is effected by the internal 
resistance of the battery, and the re-
sistors in the table have been corrected 
for the batteries specified in the notes, 
RFA, RVA, etc., at the heads of the 
columns, refer to the corresponding let-
ters in the proper diagram of Figure 
37. The values given for RMA, in the 
upper half of the column, include the 
meter resistance; so the meter resis-
tance, at room temperature must be 

VALUES OF RYA CATALOG No. AND RATING OF 
vAxLey AIR-COOLED RHEOSTAT 

I OHM_ _ ......  102 K (2 OHMS) WITH 2 OHM 54 
FIXED RESISTOR IN PARALLEL 

10 OHMS  110 K  ( 10 OHMS 

100  •   199P  ( 100  • 

1000  '  ( 1000  •  ) 

3.5 • 6.2 OHMS.. 106K  ( 6 •  ) 

2.6 - 4.65  •   103K  ( 

2.5 • 4.4  • ) 10.3K  ( 

7.5 • 15.0  "   110K  ( 

10.4 • 18.4  •  

12.1 • 21.4  •  120K  ( 

25 • 44.  • ..._140K  ( 

29-52  •   140K  ( 

35-62  •  150P  ( 

75 - 150  •  $99P  ( 

104 -184  200P_ (200 OHMS) WITH 500 OHM 5% 
FIXED RESISTOR IN PARALLEL 

121 - 215  •  _. 200P  ( 200 OHMS) 

200 -350  •   200P  ( 200  •  ) 

3  •  ) 

3  •  ) 

10  •  ) 

15  •  ) 

20  '  ) 

40  •  ) 

40  •  ) 

50  •  ) 

•  ) 

Figure 36 

known, or the total resistance (meter 
and resistor in series) must be adjusted 
to the value shown. If any reader has 
difficulty in getting this work done, an 
inquiry addressed to Ritmo NEWS will 
bring information as to where the job 
can be done at a very reasonable price. 
Other resistors in the table are 

standard stock items of the Precision 
Resistor Co. In ordering these resis-
tors, both the resistance value and the 
tolerance (given at the top of the col-
umn) should be specified. RVA is a 
rheostat, and may be any resistance 
between the values shown. If a rheo-
stat near the low limit is selected, ad-
justment will be provided down to 1.2 
volts per cell. If a rheostat near the 
high limit is selected adjustment will 

be provided down to 1.13 volts per 
cell. A rheostat should be used that 
has a large number of turns, in order 
to provide a fine adjustment. The 
Yaxley air-cooled rheostat is very sat-
isfactory, and most of the values in the 
table, may be found among their stock 
items as shown in Figure 36. 
On the low ranges Note 1 (Figure 

37), should be carefully followed, and 
the switch in Figure 39 (D) should 
be of very low contact resistance. On 
the 1 ohm and 0.1 ohm ranges, the 
switch should be rated 5 amperes and 
30 amperes or more respectively. All 
joints  should be  securely soldered, 
where possible, and test leads should 
be fastened to heavy terminals. Eby 
"Commander" binding posts are satis-
factory. Weston test leads are satis-
factory, except on the lowest ranges, 
where  new,  larger  leads  must  be 
added, in accordance with Note 1, 
Figure 37. 
The errors listed in Figure 37 are 

the maximum possible errors, pro-
viding instructions are followed. Ac-
cording to the theory of probabilities, 
however, the errors will be between 
zero and half the value listed, 70 per 
cent of the time, and less than two-
thirds of the value listed, 90 per cent 
of the time. 
Figure 38 is a scale which has had 

all the sources of error minimized, and 
which will fit the meters listed in the 
table. For Jewell type 88 cut on dotted 
line; for Weston type 301 cut on solid 
line; and for Jewell type 54 cut on 
dot-dash line. This may be fastened to 
the scale as follows: Remove the scale 
carefully, so as not to bend the pointer. 
Do not leave the meter without the 
protection of the glass. Give the back 
of the metal scale a thin coat of shel-
lac and allow it to dry over night. 
Cut out the paper scale through the 

center of the proper outline, and place 
it scale side down on a clean blotter 
which is laying down on a flat surface. 
Place the metal scale on the paper 
scale with the shellac side down. Heat 
a flatiron to the point where the 
moistened finger will just sizzle and 
turn it off. Hold the scale; place the 
flatiron on the exposed half and hold 
it in place until the heat is felt in the 
other half, then remove iron. Hold the 
scale in place until it cools a little. 
Repeat with the other half. The .1 ohm 
center-scale range, and the 100 ohm 
center-scale range, using Figure 39(C), 
will be read directly on the lower and 
upper scales respectively. Other ranges 
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NOTE I' TO OBTAIN ACCURATE READINGS AT THE LOW END OF THESE  NOTE 6 : USE 4 Vz VOLT "G" BATTERY. 
RANGES, THE WIRES SHOWN BY HEAVY LINES IN THE DIAGRAM  NOTE 7. USE TWO BURGESS  .5540 -7 % VOLT  'C"  BATTERIES. 
SHOULD BE THREE *14 'BO W WIRES TWISTED TOGETHER  OR 
SIMULAR, AND TEST LEADS SHOULD BE OF LIKE SIZE.  NOTE 8: USE *6 DRY CELL WITH lir, AS SHOWN; OR USE *2  (REGULAR 

NOTE 2: USE TWO 
TIMES  THE 

*6 DRY CELLS IN PARALLEL (WILL GIVE 4 OR S'  SIZE) FLASHLIGHT  CELL  AND SUBSTRACT 2.6 OHMS FROM fl,pc 
(WILL INCREASE THE ERRORS 2.57: BUT WILL BE MORE PORTABLE). SERVICE OF A SINGLE  CELL). 

NOTE 3: USE ONE % DRY CELL (BECAUSE OF IT'S LOW RESISTANCE).  NOTE 9, USE ONE BURGESS '5540-TV, V.VAND ONE '5156-22 1/2 V. "C" BATT. 
NOTE 10: USE MEDIUM SIZE "B" BATTERIES  AND 4%2 Y. °C" BATTERIES NOTE 4. USE ONE *2 (REGULAR SIZE) FLASH LIGHT CELL.  (SUITABLE FOR BENCH 

NOTE S: USE TI, O ..2 (REGULAR SIZE) FLASH LIGHT CELLS OR  USE ONLY). 
THE 3 VOLT TAP OF A 45". VOLT "C" BATTERY,  All4t•y 
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using Figure 39(D) will be read on 
the lower scale and other ranges using 
Figure 39(C) will be read on the upper 
scale by merely moving the decimal 
point, one, two, three or four places 
to the right. Of course a metal scale 
would look better and be less subject 
to errors. 
Duplicates of this scale, printed on 

strong paper, may be obtained by 
sending ten cents to RADIO NEWS, 
Blueprint  Department,  461  Eighth 
Avenue, New York City. 
Because Jewell half-scale current is 

at exactly half-scale, and Weston half-
scale current is 1.7 per cent above half-
scale, the upper scale will read 4 per 
cent and the lower scale will read 4 
per cent low when used on Jewell 
meters. 
The values in Figure 37 will cover 

most conditions, but should the in-
ternal resistance of the meter be 10 to 
20 per cent below the rated value, a 
condition could be obtained when us-
ing Figure 39(C), where it would be 
impossible to adjust to full scale. 
Should this occur, bring the meter re-
sistance nearer normal, by putting a 
fixed resistor in series. The resistor 
could even be a portion of an old rheo-
stat with the wires soldered or bolted 
in place (do not use the arm), as it 
need only be approximately 5 ohms 
for 1, etc. 
Figure 40 shows the legend for the 

letters used in the text and illustra-
tions. Figure 41 gives information on 
meters to be used on the 10 ohm 
range. 

Figure 37 —See P. 16 

Figure 38 —Top Right 

Figure 39 — Middle Right 

Figure 40 —Lower Right 

Figure 41 —Below 

RANGE  METER USED POSSIBLE ERROR 

10 OHM  0-1 MA 

10  '•  0-1.5 OR 2 MA 
OTHER RANGES USING ANY METER 

NOTE  THEREFORE, USE AN 0-1 
AVAILABLE, ON THE 10 

.87 OF 1 afo 

2.34 
.23 OFI*4 OR LESS 

MILLIAMMETER. IF 
OHM RANGE 

Diagram C Diagram D 

LEGEND FOR TEXT AND ILLUSTRATIONS 

- (IN TEXT) FULL SCALE CURRENT(RANGE) OF M ETER ( I LLIAM PERES) 

E- BATTERY(VOLTS) 
RFA - ADDITIONAL FIXED RESISTOR (OH MS) 

RvA - ADDITIONAL VARIABLE RESISTOR (OH MS) 

RmA -RESISTOR FOR ADJUSTMENT OF METER RESISTANCE (OH MS) 

RFc -FIXED CALIBRATING RESISTOR (OHMS) 

Rvc -VARIABLE CALIBRATING RESISTOR (OHMS) 

Rm -(IN TEXT) INTERNAL RESISTANCE OF METER (OHMS) 

Rx- RESISTANCE BEING MEASURED (OH MS) 

A Portable Tube Checker 
U NQUESTIONABLY the most es-

sential  part  of a serviceman's 
equipment is a reliable instrument for 
testing tubes. When the set to be ser-
viced is inoperative, immediate infor-
mation as to the condition of the tubes 
is often required. In such cases a tube 
checker alone can supply this infor-
mation and in all other cases it fur-
nishes the quickest and most conven-
ient means of determining a tube's 
condition. 
Considering the large number of tube 

testers on the market, relatively little 
concerning their design and construc-
tion has been written. Often the ser-
viceman or experimenter will want to 
build his own tester, either to form 
part of a test kit or as a separate unit. 
The instrument shown in Figures 42 
and 45 is of the utmost simplicity in 

design and operation, yet is based on a 
fundamental test method which has 
been the standard for years in labora-
tories as a means of keeping an effec-
tive check on tube depreciation during 
life test runs. It does not, of course, 
provide an infallible indication as to a 
tube's capabilities. In the final analy-
sis, the performance of any tube is de-
pendent not only upon its electrical 
and mechanical condition, which this 
tester indicates, but also upon the spe-
cific portion of the circuit in the par-
ticular set in which it is to function, 
factors which no tube tester can pre-
cisely duplicate. Yet, in spite of its 
simplicity of design and low cost, it 
provides a highly accurate and com-
plete analysis of the condition of any 
tube. 
Figure 44 shows a complete sche-

matic diagram of the completed tube 
tester. Switches 1, 2, 4, 5, 6 and 10 
are  single-pole-double-throw  toggle 
switches. These switches have three 
terminals, two on one side and one 
on the other. The single terminal side 
corresponds to the moving arm of the 
usual type of switch. Each socket ter-
minal, with the exception of the fila-
ments or heaters, is wired to the mov-
ing-arm terminal of its switch. The 
other terminals at the same end of the 
switches are connected together and 
brought over to SW3, which closes the 
circuit to the filament and one side 
of the transformer secondary. The ter-
minals at the opposite end on the 
switches mentioned are also joined to-
gether  and  brought  over  to  R3, 
through which they connect to the 
other side of the transformer. Switch 
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Figure 42 

10 is mounted in the lower right-hand 
corner and arranged to throw right 
and left rather than up and down. This 
switch should be wired as shown in 
the drawing, so the plate is connected 
to the meter circuit when the switch 
is thrown to the left. If we start to 
test, then, with switch 10 thrown to 
the left, we need only to throw the 
cathode switch to its upper position, 
with all other element control switches 
down, to obtain our quality test. If the 
tube to be tested is a multi-purpose 
affair, such as the duo-diode-triode. 
we may test each element separately 
by placing the cathode and all other 
element switches in the upper position 
and moving each element switch down 
and up in turn, noting each reading, 
while switch 10 is thrown to the right. 
It is thus possible to determine if the 
diode sections are accurately balanced, 
Many testers are designed to test only 
the triode sections of such tubes. 
Since we are, in effect, measuring 

the internal resistance of the tube by 
this method, the resistance of the test 
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Figure 43 

circuit has been kept as low as is 
practical. 
Let us assume that the internal re-

sistance of the tube under test should 
normally be 500 ohms under such test 
conditions, but as a result of loss of 
emission due to long-continued use, has 
increased to 1000 ohms. The measur-
ing circuit should then indicate a 50% 
drop in current. If, however, our mea-
suring circuit should have a resistance 
in itself of 1000 ohms, the percentage 
change in circuit resistance would be 
the ratio of 500 ohms to 2000 ohms or 
25%. Thus the current change as in-
dicated by the meter would be only 
25%. This point has been analyzed in 

Figure 44 
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detail because the failure of certain tube 
tester designs to reject weak —80's is 
due to this cause. This may also ac-
count for the fact that relatively few 
—80's are replaced in the field until 
complete failure has occurred. The ser-
ies resistors R1 and R3 have been in-
cluded to protect the meter when 
measuring mercury-vapor tubes. For 
all other tubes the switch S8 short-
circuits R3; RI is just enough to keep 
all readings within the range of the 
meter. 
To construct this tester, drill the 

panel in accordance with the layout 
shown in Figure 43. It is well to drill 
the holes for the toggle switches under-
size and then ream them out just 
enough to make a tight fit. This will 
tend to remove any strain on the wir-
ing due to the switches turning out of 
position. Mount the sockets, bending 
the terminals so they will project 
through the socket holes. It is a good 
idea to mark the underside of the 
panel opposite each terminal with the 
terminal designation, using a glass pen-
cil or scriber, to avoid mental con-
fusion in wiring. Try out the meter 
holes to make sure the meter will fit, 
but do not mount the meter until the 

Figure 45 
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wiring has been completed, to avoid 
risk of damage in handling. Mount the 
remainder of the apparatus and pro-
ceed with the wiring. It is best to wire 
the rotary switch controlling the fila-
ment voltages first. The transformer 
has 12 voltage taps, but only 10 are 
used. The 1.1-volt tap is required only 
for 864's and W D11's. If you expect 
to test these types, this tap may be 
wired in and 25-volt tap omitted; 25-
volt tubes may be tested on the 30-
volt tap. The 15-volt tap is also not 
used; 15-volt tubes may be tested on 
the 12.6-volt tap. There are primary 
line voltage taps for 105, 115 and 125 
volts. It is best to wire in the 115-
volt tap unless the line voltage is con-
sistently below this value. The bracket 
for the pilot light socket is mounted 
on one of the socket retaining screws. 

Operating Instructions 
If the tube is known to have no 

shorted elements proceed as follows: 
(1) Set switch 9 for rated filament 

voltage of tube (see tube characteristic 
chart on pages 32 and 33), the voltage 
applied at each setting being indicated 
in the following table: 

Switch  Filament 
Position  Voltage 

1.5 volts 
2  2.0  " 

2.5  " 
4  3.3  " 
5  5.0  " 
6  6.3  " 
7  7.5  " 
8  12.6  " 
9  25.0  " 
10  30.00  " 

(2) Throw switch 11 to right, switch 
10 to left and switch 7 to UP position. 
All other switches, DO WN. 
(3) For all filament type 4-, 5- and 

6-prong tubes, simply read meter. If 
reading is below 20, depress shunt 
switch 8 and read. 
(4) For all heater type tubes, pro-

ceed as above but throw switch 4 to 
UP position and read. If no reading 
results, the tube is of a special type 
and the cathode is not in the usual 
place. If the location of the cathode is 
unknown, move each switch up and 
down, one at a time, until the maxi-
mum reading is secured. 
(5)  For  duo-diode-triodes,  the 

diodes should be tested independently 
by throwing the switch connected to 
one diode down, switch 10 to right and 
all other switches UP. Then test the 
other diode the same way. The triode 
can be tested independently (see notes 
accompanying the chart below). 
(6) For all full-wave rectifier tubes, 

proceed as in (5) above. For half-wave 
rectifiers, proceed as in (3) above. Do 
NOT depress shunt button when test-
ing mercury-vapor rectifiers, such as 
the -82 and -83. For all others, de-
press shunt. 

Short-Circuit Test 
Throw switch 7 to DO WN position. 

With switches set as specified in (2) 

above, if bull's-eye glows, some ele-
ment is shorted to the filament. If not, 
throw switches 1, 2, 5 and 6 succes-
sively to UP position.  If bull's-eye 
blows, some other inter-element short-
circuit is present. 

Cathode-Heater Leakage 
Test 

Depress switch 3 while reading meter 
for tube condition test. If pointer does 
not drop to zero, cathode-heater leak-
age is present. A list of readings ob-
tained with this tester is given in the 
chart below. All tests were made at a 
line voltage of approximately 120 volts, 
using the 115-volt tap on the trans-
former.  The last column gives the 
readings obtained with all elements 
except the filament and cathode con-
nected to the plate. With the switches 
set for this reading, the other read-
ings are obtained (except as otherwise 
noted) by moving each switch in turn 
to the UP position. After the reading 
has been noted by doing this with 
switch  1, for instance, return the 
switch to the DO WN position and re-
peat this operation with switch 2 in 
the UP position, etc., until all read-
ings have been obtained. The blank 
columns indicate that the operation 
does not affect the reading, due to the 
switch being out of the circuit for the 
particular tube being tested. 
The table does not contain all tube 

types because at the time of making 
it, there were not sufficient tubes of 
certain types on hand to establish an 
average reading. All figures given are 
averages of several tubes which are 
known to be good. 
It is suggested that, unless his read-

ings check reasonably well with those 
given below, each constructor prepare 
his own chart in the manner described, 
as variations in average line voltage 
conditions,  individual  parts,  etc., 
coupled with the normal production 
variations in tubes, may affect the 
readings considerably. 

Tube Test Chart 
Type SW1 S1V2 SW4 SW5 SW6 SW10 Total 
24A  23  2  32  35 
26  2  16  25 
27  2  17  29 
34  17  2  22  23 
35  21  2  29  32 
36  22  2  29  32 
37  2  19  28 
38  23  2  28  32 
40  27  2  33  36 
41  3  21  30  30 
42  3  22  28  28 
45  7  18  42 
.46  5  23  30  37 
47  3  26  32  40 
53(d)  33  43(a) 33  (c)  43(b) 20(s) 
55(d)  6  14  6  35 
56  2  24  35 
57  37  2  32  37  43 
58  38  2  32  38  42 
59  36  24  3 34  40 
71A  7  14  34 
75(d)  4  27  4  1  37 
77  33  2  27  34  37 
78  24  2  18  25  28 
79  (c)  36  56  38  17(S) 20(S) 
80  18  18  36 
82  32(S)  32(S) R 

83  33(S) 
84  40 
2A3  12 
2A5  2 
2A6(d)  10  28 
2A7  2  40 
2B7(d)  6  14 
6F7  18  8 

33(S) R 
40  R 
42  22(S) 

22  26  28 
12  42 
32  42  42  44 
2  6  30 
20  22  24  24 

Notes 
Test -30, -31, -32 and -33 tubes 

at 1.5 filament volts, not at their nor-
mal filament voltage. This is recom-
mended because these tubes are subject 
to deterioration if all elements are 
made highly positive at full filament 
emission. 

(a) SW1 DO WN also. 
(b) SW5 DO WN also. 
(c) UP for all readings. 
(d) Start readings with all switches 

UP. Move alternately downward, read, 
and return to UP position. 
(R)  Rectifier—Readings  of  both 

plates unnecessary. 
(S) Shunted. 
Variations of 15-20% in these read-

ings are normal. 
Tubes  reading 40%  below these 

readings are doubtful. 
Tubes reading 50-60% below these 

readings should be replaced. 
As the foregoing description has in-

dicated, this tube checker will test any 
tube on the market, regardless of de-
sign, provided only that the tube fit 
one of the four sockets provided. 
Since the 7-prong socket is of the com-
posite type, the only tube which will 
not fit is the obsolete WD11. There 
is plenty of room on the panel for an 
8- or 9-prong socket and the single 
additional  switch  required,  should 
such type tubes appear. 
Intelligently used, this tester will 

prove an invaluable component of any 
serviceman's equipment. On the basis 
of results per dollar cost, it is believed 
that it is unsurpassed by any instru-
ment on the market. 

Parts List 
hi—Weston model  301,  d.c.  milliammeter, 
0-50 ma. 

R1 -20-ohm resistor, 1 watt 
R2 -1.5-ohm wire-wound resistor, 5 watts 
R3 -50-ohm resistor, 1 watt 
Si, S2, S3, S4 —Eby type 12 moulded 4-, 5-, 
6- and composite 7-prong sockets 

SW1, SW2, SW4, SW5, SW6, SWIG—Cutler-
Hammer s.p.d.t. nickled toggle switches. 

5W3 —Yaxley s.p.s.t. push-button switch, non. 
locking 

SW7 —Cutler-Hammer d.p.s.t. 2-circuit togglis 
switch 

SW9—Yaxley 10-point, single-deck, non-short-
ing rotary switch 

SW11 —Cutler-Hammer  single-circuit,  on-off 
nickeled toggle switch 

TI —One Wholesale Radio Service Company 
tube tester filament transformer 

One Yaxley pilot light socket and mounting 
bracket 

One Yaxley s.p.d.t. push-button switch, non-
locking 

One Yaxley red bull's-eye 
One Yaxley pin-jack 
One control grid cap, with 8-inch lead and 
phone-tip terminal 

One 6.3-volt pilot light 
One bakelite panel 8./. x 834 by 3/16 inches 
6 feet double conductor lamp cord 
One a.c. plug 

SERVICE ME N! 
If you are interested in building your own testing equipment, we suggest that you follow the 

series of articles now appearing in RADIO NE WS. 
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Fig. 46 —Above; Fig. 47 —Top 

Fig. 48 —Above; Fig. 49 —Below 
Fig. 51 —Bottom 

VOLT NI I LLI -

AM METER 

A Direct-Reading 

Slide- Wire Bridge 

T HERE are very few men engaged 
in radio who at some time or 

other have not wished to have a bridge 
handy. A bridge is an instrument 
which allows an unknown unit to be 
measured in terms of a known value. 
In Figure 46 is shown a network com-
posed of two branch circuits each con-
taining two separate variable resist-
ances connected in series and the two 
branch arms are connected in parallel 
across the battery. At the point of 
junction between RI and R2 in arm 
A one side of a voltmeter is connected. 
The other side is connected to the 
similar point between R3 and R4 in 
arm B. 
When one of the four resistors is 

variable, it can be so adjusted that 
there is no voltage difference between 
the two aforementioned junctions and 
the indicating meter reads zero. The 
bridge is then said to be balanced. 
When balance is reached, the value 

of one resistor can be computed if the 
value of the other three is known. This 
is expressed by: 

R4 = R3 X R2  RI 
This form of bridge requires three 

separate known resistance groups. R1 
may be a fixed value; R2, a group of 
resistances, 10, 100 and 1000 times 
greater or less than 121; and R3 a de-
cade-box, variable in steps of 10 ohms 
up to 1000 ohms. The accuracy of use-
ful measurement is dependent upon 
the accuracy of the three known re-
sistances.  In laboratory instruments 
these resistances are adjusted to 1/10 
of 1 per cent, and, as there are a num-
ber of resistors this form of bridge is 
quite high in cost. 
For  general  use  in  the  experi-

menter's shop and service work there 
is no need of such extreme accuracy. 
For this purpose the simple inexpen-
sive bridge shown in Figures 47 and 
50 was designed. It may be used with 
a source of a.c. for measuring re-
sistors and capacity, or with d.c. for 
measurement of resistors. 
For a.c. measurements, the 60 cycle 

line, a telephone buzzer, a microphone 
hummer, or a vacuum tube oscillator 
may be used as a voltage source. To 
indicate balance, a pair of phones, a 
copper oxide volt- or current-meter, or 
an audio amplifier may be employed. 
In order to secure the greatest sensi-
tivity of a copper oxide (rectifier type) 
voltmeter may be connected in the out-
put of an audio amplifier, as per Figure 
48. For d.c. a battery of 1.5 to 9 volts 
is used as the voltage source, and a 
galvanometer or a volt-milliammeter 
with a polarity changing switch as 
shown in Figure 49. 
This bridge depends upon the known 

standard arm R3 which consists of 1 
per cent wire-wound resistors, and se-
lected fixed condensers. Provision is 
made to allow an external standard to 
be used, such as higher resistance, or 
inductance. A series resistance may 
also be used here connected in series 
with the standard capacities to mea-
sure power factor. Balance is secured 
by varying the ratio between RI and 
R2 and the value of the unknown is 
read directly from the calibrated scale. 
As the standards are in multiples of 10 
the scale is calibrated to read: .01 to 100 
times the standard in use. Resistance 
standards of  1, 10,  100,  1000, and 
10,000 ohms give a resistance range of 
.01 to 1,000,000 ohms. For capacity a 
second scale is necessary, calibrated 
for .01 to 100 times the standard value, 
giving a range of .001 to 100 mfd. for 
the three standards of 1, .1 and .01 mfd. 
While it is possible to secure this ex-
treme range of capacity at 1000 cycles, 
due to the high ratio used, the ac-
curacy outside of a 10-to-I range is 
not satisfactory. The greatest accuracy 
is secured in the range of .3 to 3 times 
the standard. In this range an ac-
curacy of 3% may be secured. 
The construction and assembly are 

simple. The complete circuit is shown 
in Figure 51. The most important point 
is to have connections of low resis-
tance. In order to secure this, number 
12 tinned copper wire was used. No 
directions are given regarding layout, 
as it is assumed that this will fit in 
with the constructor's own ideas, or 
that he will purchase one of the kits 
being offered, which include a drilled 
and calibrated panel. The first parts 
to be assembled on the panel are the 
binding post and their insulated wash-
ers. Be sure to tighten the holding 
nut to prevent turning. The push-but-
ton switch is now placed on the panel. 
This is set with a slight angle toward 
the potentiometer in order to clear the 
bank of condensers. In mounting the 
push-button switch it is necessary to 
use a bushing to clear the panel. The 
next unit to be mounted is the range 
selector switch. Set the stop control on 
this so that it stops the blade in the 
ninth position. This switch is mounted 
also with a bushing on the shaft and is 
fastened so that the fifth contact from 
the start is on top. The two-terminal 
strip is now mounted on the pillar op-
posite the switch blade connection. The 
last unit mounted is the potentiometer; 
in fact, this should not be mounted 
till all the rest of the unit is wired. 
This is to prevent breaking or scratch-
ing the winding. The calibration of 
the bridge depends upon this unit. Do 
not use lugs for making the wire con-
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nections; bend the bus-bar around the 
screws and tighten the holding nuts, 
then solder. 
Place the small knob on the range 

selector switch and adjust it so it in-
dicates  the  proper  position,  then 
tighten securely to shaft. Adjust the 
large knob on the potentiometer and 
set it so that the pointer lines up with 
the two end stops, but do not fasten 
securely to shaft. 
Connect the bridge as per Figure 49, 

but short the terminals marked "un-
known."  Set the range selector on .1 
and the ratio point about .1.  Then 
press the button lightly and observe 
the galvanometer.  If necessary, ad-
just the ratio arm till a balance is 
secured.  Do not hold the battery but-
ton down longer than necessary, as 
large amounts of current are drawn 
from the battery. With practice it will 
be possible to slightly touch this but-
ton and note deflection on galvano-
meter.  A balance should be secured 
between .2 and short.  This indicates 
a resistance of .02 to .008 of an ohm. 
Now set range selector on Ext. and 
ratio arm about 3 and adjust for bal-
ance.  If a balance is secured below 
4, the wiring of the bridge is satisfac-
tory.  Now connect a rheostat as the 
unknown and set range selector on 1 
and ratio dial on 10.  Adjust rheostat 
until a balance is secured, then change 
range switch to .1.  A balance should 
then be secured at 100. If a balance is 
secured at some other point, correct 
the knob to indicate properly; then 
check at 10, and repeat.  If it indicates 
properly, set range switch at 10 and 
secure a balance at .1.  By readjusting 
the potentiometer on some other range, 
the standards may be checked against 
each other.  If the setting agrees satis-
factorily, the knob may be fastened se-
curely and, as per Figure 48, the ca-
pacity range checked on a.c. 
The bridge may be calibrated in the 

following  manner.  Secure  General 
Radio 1- and 10-ohm standard decade 
boxes.  Set the range switch on 1, the 
unite decade on 1, the 10 decade on 0, 
and have the two decade boxes con-
nected in series at all times.  Secure a 
balance for 1 ohm and mark the panel 
or paper, being careful to locate the 
point exactly. Repeat this till the 10-
ohm position is secured. Now set unit 
decade dial at 0 and secure points for 
each  of  the  10-ohm  decade  steps. 
Then set the range selector switch at 
10 and check the unit point by means 

Figure 50 

of the 10-ohm box. Then set the range 
selector switch at .1 and check the 
points secured from the 10-ohm decade 
boxes by means of the unit decade.  If 
there is a large error in these points, 
set the range selector switch at the 
external position, and connect one of 
the decade boxes as an external stand-
ard, the other as the unknown value. 
Adjust them to equal values and then 
secure a balance by means of the ratio 
arm.  Then connect both decades as 
unknown and measure the value of 
the standards.  With only two boxes 
it will be possible to check the 100 
ohms standard to 1%. Do not change 
the position of the ratio arm while 
checking standards. 
If the different ranges check after 

taking the first twenty points, it is now 
possible to calibrate the rest of the 
bridge.  Set the 10-ohm decade at 10 
ohms, range selector switch at 1, and 
secure the 10 points required from 10 
to 20. Then setting the 10-ohm decade 
at 20, secure the next 10 points between 
20 and 30.  Between 30 and 40 it is 
only necessary to secure 4 additional 
points; 40 to 50 is also calibrated in 
2-ohm steps.  From 50 to 100 it is 
only necessary to check each 5 ohms. 
Now set the range selector switch at 
10 and with the unit box secure the .1 
scale calibration points; that is, the 
first 10 points required, then setting 
the 10-ohm decade box for 10, 20, etc., 
secure the additonal calibration points 
required from 2 to 10.  It is only nec-
essary to secure a point for every 2 

ohms. A total of 110 calibration points 
is required for the resistance scale. 
The equivalent calibration is secured 

for capacity, using a.c. for the genera-
tor, and a decade capacity box for the 
unknown.  The capacity scale is in 
opposite direction to the resistance. 
The accuracy of the bridge depends 
upon the accuracy of the standards 
used and the care taken to secure the 
necessary points.  After the calibra-
tion is secured, the panel should be 
inked in and covered with celluloid to 
prevent wear and soiling. 
For the convenience of our readers 

who wish to avoid the job of calibra-
tion, a kit has been made available for 
this bridge, by a New York radio com-
pany. A complete list of parts follows: 

Parts List 
Parts of equivalent quality and accuracy may 

be substituted. 
1—General Radio, type 214A potentiometer, 
400 ohms 

I—Lafayette aluminum panel, etched and cali-
brated, 454 inches by 9 inches 

1—Lafayette steel case 
5—Trutest special 1% wire wound resistors: 

1, 10, 100, 1000 ard 10,000 ohms 
3—Trutest special bridge condensers: 1, .1 and 
.01 mfd. 

1—Yaxley, type 1211 selector switch, 1 circuit, 
11 point 

1—Yaxley push button switch 
1—Analyzer pointer knob, large type 
1—Analyzer pointer knob, small type 
8—Insulated binding posts 
8—Sets of insulated bushings for binding posts 
2-3 /16 inch bushings for switches 
5 feet number 12 tinned copper bus bar 

A Vacuu m Tube Voltmeter 
(All-Purpose, A.C. Operated) 

FOR the man who is experimentally 
inclined, a vacuum-tube voltmeter is 

a highly desired if not most essential 
piece of measuring equipment in a well-
appointed radio laboratory. 
On the other hand, the radio service-

man who is in business to repair and 
test commercial radio equipment as a 
means of livelihood, customarily con-
siders the vacuum-tube voltmeter as be-
ing something that is too expensive, 

elaborate, and not adapted to his par-
ticular needs.  However, when it is 
considered that this form of voltmeter 
is the best and simplest form of out-
put meter that can measure accurately 
a.c. voltages from .1 volt up to any 
desirable values, some consideration is 
deserved. Among other uses to which 
the meter is adapted, because of its 
high input-impedance, is the measure-
ment of overall gain of an audio-fre-

quency amplifier, from the detector to 
the output or by individual stages; ob-
taining the selectivity and gain per-
formance  of  the  radio-frequency 
stages; measurement of hum in re-
ceivers, etc. 
Using the type —30 tube as the basis 

for design, the voltmeter circuit was 
evolved as shown in the schematic dia-
gram, Figure 54. It will be noticed that 
the tube filament is in series and an 
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integral part of the power supply volt-
age divider, the electrical position be-
ing such that the plate and grid voltage 
may be readily obtained. 
In order to maintain the proper volt-

age on the circuit, a 3-volt meter is 
placed in shunt across the tube fila-
ment. With this method of indication, 
a constant current can be maintained 
in the divider resistors, with the re-
sult that identical voltages are always 
applied to the tube when in operation. 
It is well to bear in mind that the 

tube selected for the meter might well 
be one that has been used for a period 
of 40 or 50 hours.  In this way, cer-
tain irregularities will be eliminated 
which are due to change of the char-
acteristics with use.  In order to faci-
litate the final design of the power 
supply, tests were conducted on eight 
type —30 tubes in order to determine 
the proper operating voltages for the 
average tube.  These final operating 
potentials are indicated on the calibra-
tion curve, Figure 55. Generally speak-
ing, a slightly used tube of the —30 type 
will operate most satisfactorily at these 
potentials, thus making it unnecessary 
for the builder to work out new values. 
The power pack is conventional, with 

the exception that, due to the fact 
that a relatively low d.c. voltage is to 
be delivered, the input condenser has 
been eliminated. The rectifier, which 
can be either an —80, —82 or BH tube, is 
fed into a filter consisting of a 30-henry 
choke and a single 4 or 8-microfarad 
condenser in the output or voltage-di-
vider side. This type of filter has been 
found sufficient for the purpose, gives 
tine regulation, minimum ripple and is 
economical. 

Building the Voltage Divider 

In building the voltage-divider net-
work, it will be wise to invest in the 
best wire-wound resistors. All of these 
resistors used are stock sizes, and their 
place in the circuit should be clear 
from Figure 54.  The 800-ohm plate-
voltage resistor and the 100-ohm grid-

Figure 52 —Above  Figure 53 —Left 

voltage resistor are shown with an ar-
row through them to indicate that they 
might well be semi-variable.  In this 
way, the builder can secure different 
operating potentials, if he so desires, 
and the resistor can be set and clamped 
in suitable manner to maintain a fixed 
voltage. 
In the voltage divider, two 400-ohm, 

wire-wound potentiometers are used. 
The first one is connected in shunt 
with a 50-ohm resistor and placed just 
ahead of the 800-ohm plate-voltage 
resistor. This provides a small "buck-
ing"  voltage  which  feeds  current 
through a 10,000-ohm protective resis-
tor to the plate side of the microam-
meter. By adjusting this 400-ohm po-
tentiometer, the residual plate current 
taken by the vacuum tube can be done 
away with, giving the full scale of the 
meter over to measuring purposes. The 
second 400-ohm potentiometer is in 
the divider circuit proper and is con-
nected as a rheostat just ahead of the 
previously mentioned 50-ohm fixed res-
istor.  The function of this variable 
resistor is to control the setting of the 
filament voltmeter in order to main-
tain the same value of current through 
the divider at all times. 
The 0.5 mfd. condensers, shown on 

the diagram, are purely for by-pass 
purposes. Under no conditions should 
the builder place a by-pass condenser 
from the plate side of the microam-
meter to the negative side of the fila-
ment unless some means is provided 
to prevent the charging current of the 
condenser from passing through the 
meter. 
The input to the vacuum-tube volt-

meter  (grid-to-filament)  is shunted 
with a series combination of precision 
resistors, which serve the purpose of a 
voltage-divider network, in order to 
secure various ranges of the meter. 
This network must be reasonably high 
in value so that the power consumed 
by the instrument shall be of negligible 
quantity.  For economic purposes this 
network was made to have a total of 
1,000,000 ohms. The network is made 
of six individual precision resistors, 

Figure 54 

each of such a value as to give a suit-
able multiplying factor to increase the 
voltage range of the instrument; the 
value of these resistors is given in 
Figure 56. 
It will be noticed that the sizes listed 

are carried in stock by several of the 
good precision resistor manufacturers. 
It is advisable to pay a slight premium 
and secure the resistors that are rated 
to an accuracy of 0.5 percent of their 
rated value. 
This voltage divider provides a per-

manent path for the bias voltage, and 
the a.c. voltages to be measured are 
applied to the divider through a 2 or 4 
mfd. condenser. Smaller values of con-
densers should not be used, and it is 
well to be sure that the condenser is a 
high-quality paper condenser.  One 
other point that should receive careful 
consideration is the selection of a suit-
able switch to change the range of the 
instrument. The General Radio low-
contact-resistance switch is very good. 
It is known as model 202-A. 
The layout used is self-explanatory 

from the photographs and any devia-
tion that is desired can be made. How-
ever, in order to make the instrument 
portable and self-contained, use one of 
the neat cabinets which were used by 
A. K. on their battery sets. There is 
adequate space and the cabinets can 
be picked up very cheaply. 

Simple Operation 
From the foregoing it is clear that 

there is no complication in design out-
side of a reasonable amount of care 
on the part of the builder.  From an 
operating standpoint, the adjustment of 
the filament voltmeter is all that is 
necessary to maintain proper operat-
ing conditions and automatically fixes 
all operating potentials.  Furthermore, 
this adjustment is independent of the 
a.c. voltage fluctuations and aging of 
the rectifier tube.  Also there is only 
one curve for all ranges of the meter. 
With the operating potentials and 

the tube selected, the voltmeter is ac-
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curate to 5 per cent at the extreme 
lower portion of the scale, with a sensi-
tivity of less than 0.1 volt.  On the 
upper portion of the scale, the accu-
racy and sensitivity is increased to 
0.5 percent and 0.01 of a volt, re-
spectively. 
By using a resistance-network volt-

age divider the range of the instrument 
is increased to more than necessary 
for normal use. 
Next, the input resistance is kept 

sufficiently high for average purposes 
so that the amount of power consumed 
is practically nil. 
By taking a set of aged tubes and 

by curves and associated data, average 
operating potentials were selected so 
as to operate the tube on the quadratic 
portion of the characteristic curve. 
This resulted in an instrument reason-
ably free of frequency and wave-form 
error. 
Last, but not least, the cost of the 

instrument has been kept as low as pos-
sible consistent with good workman-
ship.  In an instrument of this type, 
quality should be paramount, but it 
is not necessary to be extravagant. 
The meters and resistors are the prin-
cipal cost. The power-supply equip-
ment is good, but with replacement 
parts at the price they are, this is a 
small item. The instrument, excluding 
workmanship,  costs  approximately 
$40.00. 
With precision resistors used in the 

network, calibration may be carried on 
at any voltage within range of the in-
strument.  If a precision voltmeter 
with 0-2 volts range is available, it is 
slightly more accurate to calibrate at 
this range in order to reduce the per-
sonal error. 
Calibration is facilitated if magnify-

ing lenses are used to read the two 
meters.  From the photograph, Figure 
52, a lens can be seen on the filament 
voltmeter and covers the portion of 
the scale which is always used. This 
is a small lens, piano on one side, with 
a focal length of about 1% inches. A 
drop of water will cement the lens to 
the glass on the meter. 
The instrument should be calibrated 

at least three times and the average 
results used.  At least a dozen points 
should be taken at each calibration. It 
is well to perform the calibrations at 
intervals of at least several hours or 
better and still take three days and 
calibrated once on each of the days, or 
have some other person run a calibra-
tion. The calibration curve is self-ex-
planatory and the same curve is used 
for all ranges, the only essential being 
to multiply the voltage by the proper 
factor similar to reading various ranges 
on an ordinary voltmeter. It will be 
found that if the potentials indicated 
are used, the lowest range will be in 
the vicinity of 2 volts, a.c.  In other 
words, approximately 2 volts, a.c., ap-
plied to the grid of the tube will give 
full-scale deflection of the microam-
met er. 
Unless the tube characteristics should 

change suddenly, the meter, with the 
operating potentials selected, ought to 
go from 800 to 1000 before an appreci-
able error would be noticeable. It is 
wise, however, to check the calibra-
tion at several points, say after every 
40 or 50 hours of use.  It will be no-
ticed that the last switch contact is 
used to short out the voltage divider 
used across the tube input (grid to fila-
ment); in this way the bucking-out 
voltage, used to bring the plate-cur-

Figure 55 

rent meter reading to zero, can be 
checked without removing the a.c. that 
is being measured. 
To place the instrument in opera-

tion, the plug is inserted in the custom-
ary 110-volt, 60-cycle a.c. socket and 
the rectifier circuit is then energized. 
The 400-ohm rheostat should then be 
adjusted until the voltmeter, which is 
across the filament of the type —30 tube 
reads 1.7 volts; this reading should be 
maintained at all times and should be 
adjusted if necessary when the vacuum-
tube voltmeter is in use.  With 1.7 
volts potential on the filament, the 
0-200 microampere meter in the plate 
circuit should register between 20 and 
50 microamperes, if there is no buck-
ing current flowing. This residual plate 
current can be done away with by ad-
justing the 400-ohm potentiometer un-
til the  microammeter  shows  zero. 

When this adjustment is made, the 0-3 
voltmeter should be set at 1.7 volts. 
With these adjustments made, the 

a.c. voltage to be measured can be 
applied to the input binding posts, 
with the high-potential side attached 
to the positive end of the input volt-
age-divider circuit.  It is good judg-
ment, when measuring an unknown 
voltage, to have the switch arm on the 
contact which is connected to lower 
end of R5 and the upper end of R6; 
this gives a multiplying of 100. If the 
applied voltage is insufficient to give 
any or suitable deflection of the micro-
ammeter, the switch arm should be 
moved to one of the other contacts 
until the desired amount of deflection 
is obtained.  The value of voltage 
measured can then be taken from the 
calibration curve, remembering to mul-
tiply by the proper factor. 

Figure 56 
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Figure 58 

it 100-22,000 Ke. 
U NTIL recently, the majority of 
•-/ good signal generators designed for 
radio service work have been battery-
operated.  Such instruments must of 
necessity  use  fragile,  filament-type 
tubes and require frequent battery re-
placement to hold calibration. As a re-
sult, there has been an insistent de-
mand for a good line-operated device of 
this type, sufficiently rugged in design 
to withstand the hard usage to which 
a service instrument is subjected, yet 
capable of maintaining calibration over 
the extreme ranges of line voltage vari-
ation likely to be encountered. 
The popularity of the all-wave re-

ceiver, with low image-frequency selec-
tivity on the short-wave bands, makes 
it necessary that the instrument cover 
all bands on fundamental frequencies. 
Increased efficiency of modern a.v.c. 
circuits requires a high degree of at-
tenuation control of the signal gener-
ator output.  Some methods of align-
ing sets require an unmodulated signal 
which is likewise valuable for many 
tests of component parts. 
In the apparatus shown in Figures 

58, 59 and 60, an electron-coupled, 
high-C circuit of extraordinary stabil-
ity maintains calibration exact to with-
in 1/20 of 1 percent on either a.c. or 
d.c. over a line voltage variation of 
more than 20 volts.  The percentage 
modulation may be varied from 0 to 
approximately 100 percent. The modu-
lation frequency may also be varied 
over a portion of the audio range and, 
if desired, an external beat-frequency 
oscillator may be used for modulation 
in testing high-fidelity receivers.  The 
attenuator, usually the weak spot of 
a.c.-d.c. signal generators, is an original 
design which, while simple and inex-
pensive, provides exceptionally effective 
attenuation at even the highest fre-
quencies. The range of the instrument 
extends from below 100 kc. to above 
22,000 kc. with adequate overlap be-
tween bands.  A pilot light provides 
brilliant illumination of the dial calibra-
tions. reducing eye-strain and giving 

Figure 59 

S i " n a l  Generator 
an instant indication of filament, cir-
cuit continuity. The vernier dial oper-
ates without backlash and is provided 
with a convenient means of regulating 
the vernier ratio. The metal case, man-
ufactured especially for this instru-
ment is finished in durable crackle en-
amel. All joints are welded, providing 
a highly effective shield.  The metal 
handle is manifestly an improvement 
over the usual leather strap. The case, 
exclusive of the handle, measures but 
83/4  by 7 by 4 inches, making the in-
strument probably the most compact 
of equivalent performance, offered to 
date for experimenters. 
The circuit is shown in Figure 57. 

This may seem rather complicated at 
first glance, but is really simple.  Let 
us consider the 6A7 as a composite of 
two tubes, a triode r.f. oscillator and a 

0,000 
OH MS 
4W. 

four-element a.f. amplifier, as employed 
in this circuit.  These are shown in 
Figures 62A and 62B.  The oscillator 
circuit will be at once recognized as 
the reliable tickler feed-back circuit, 
with GI, the grid nearest the cathode, 
acting as control grid, and G2, imme-
diately adjacent, serving as anode grid, 
or plate.  In Figure 62B the output 
voltage of the choke and condenser 
filter circuit of the 25Z5 is applied to 
the resistance-capacity filter composed 
of R6-C4 and R5-C3, which smooths 
out the residual hum of the half-wave 
rectifier, thence to the audio-frequency 
control circuit composed of R2, RI and 
Cl. Variation of R2 changes the volt-
age applied to the neon tube and also 
the time constant of the resistance-ca-
pacity circuit, thus varying the oscilla-
tion period of the neon tube.  The 

Figure 57 

6000 
OH MS 
4 vv. 



1935 RADIO MAN'S GUIDE 4S 

resulting a.f. voltage is applied across 
R3, d.c. being blocked from the grid by 
C6.  With the slider at point A, no 
audio voltage is impressed on G4, and 
none appears in the plate circuit. With 
the slider at point B, the voltage ap-
plied to G4 is a maximum, limited by 
R4 and the input resistance of the tube. 
Combining electronically with the r.f. 
voltage developed in the circuit of 3A, 
variable modulation percentage is se-
cured without loading the r.f. oscilla-
tor directly. 
R4, in series with the control grid, 

G4, serves to counteract many unde-
sirable effects in oscillation over the 
high-frequency bands and to facilitate 
operation with such a high tuning ratio, 
in the megacycle ranges.  R4 also 
serves to minimize any slight frequency 
shift resulting from applying too high 
voltage to G4.  If it is desired to go 
above 22 megacycles, G2, G3 and G5 
may be paralleled, affording higher 
feed-back voltage with less tickler, and 
thereby enabling the tube to operate at 
higher frequencies.  Since this would 
involve the construction of an addi-
tional coil and a different method of 
attenuation, this system was not used 
in this design. 
The attenuator circuit is shown in 

Figure 61.  The output of the 6A7 is 
fed through the condenser, dl, and 
the shielded lead to the moving arm 
of the 100-ohm potentiometer, R11. 
The shielding over the lead is insu-
lated from the signal generator case. 
A single point r.f. ground is establish-
ed at the output terminal, J2, likewise 
insulated from the case, to which the 
lead shielding and line filter shield are 
connected.  The lead from point b of 
the potentiometer to J2 is very short, 
likewise all leads from the line filter 
by-pass condensers and C15.  In any 
a.c.-d.c. signal generator we must set 
up a point of minimum r.f. potential, 
since  the  case  cannot  be  directly 
grounded to the B— without danger. By 
using the system described above, the 
lowest attainable r.f. potential, with the 
amount of filtering used, is secured at 
point b. When this point is joined to 
the ground post of the receiver under 
test, an extraordinary degree of attenu-
ation is secured. 
For the extreme  high  frequency 

Figure 62 
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Figure 60 

bands, complete attenuation was found 
difficult. Attempts to vary the cathode 
bias to decrease the r.f. voltage gen-
erally resulted in a frequency shift 
which could not be tolerated.  The 
solution was found by switching the 
screen-grid to ground.  This causes a 
considerable decrease in r.f. output and 
results in complete attenuation over 
the standard broadcast band, with neg-
ligible frequency shift, and very satis-
factory. but not complete, attenuation 
at the highest frequencies, without ad-
ditional filtering. 
Attention is also called to the fact 

that the output circuit of this attenua-
tor provides a reasonably constant load 
across the receiver input terminals.  If 
the moving arm of the attenuator were 
connected to the high, or antenna, out-
put terminal the load on the receiver 
input circuit would change over a very 
wide range at different settings of the 
attenuator. A receiver, therefore, with 
a very low impedance input circuit, 
but relatively insensitive, might con-
ceivably test as more sensitive than a 
much better set.  We do not wish to 
give the impression that this signal 
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generator is suitable for laboratory 
measurements of sensitivity. Such tests 
require  a non-inductive,  hand-con-
structed design if a resistance type at-
tenuator is used, and are unneces-
sary for service work and imprac-
tical for the serviceman to attempt 
without special equipment. 
The band-switching arrangement is 

shown in Figure 63.  An ordinary 2-
deck, 6-point Yaxley switch may be 
used.  Switch a represents the deck 
farthest removed from the panel. The 
oscillator coils are all wound on half-
inch wooden dowels and are carefully 
designed to eliminate the usual "double 
hump" characteristic common to many 
signal generators designed for radio 
service work.  The tuning condenser 
employed is one of National's 270 de-
gree line.  This has the advantage of 
spreading and making more accurate 
calibration and reading possible. 
The line filter coils may be construct-

ed without difficulty, being also wound 
on half-inch dowels. They are design-
ed to be effective over the highest fre-
quency band, since they are not re-
quired for the other bands. 

Figure 63 
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Figure 64 

Construction Data 
In spite of its compactness, the con-

struction of the signal generator will 
not be found difficult if the assembly 
procedure is carefully followed.  It is 
recommended that the cabinet and os-
cillator coils be purchased unless the 
constructor is equipped to do this type 
of work. 
For those who wish to make the 

cabinet, specifications are given in Fig-
ures 64, 66 and 70. The flange of the 
cabinet and the portion of the back of 
the front panel making contact with 
the flange should be gone over with 
emery cloth to remove all traces of en-
amel and assure good electrical con-
tact when the instrument is assembled. 
The oscillator coils are wound in im-

pregnated wooden dowels according to 
the specifications given in Figure 67. 
Coil number 1 must be carefully con-
structed if oscillation over the entire 
tuning range is to be achieved.  The 
tickler winding must start as closely 
as possible to the secondary winding. 
After construction, the leads should 
be anchored in place with thin strips 
of fabric dipped in coil dope and the 
entire  coil  thoroughly  impregnated 
with this same moisture-resistant dope. 
The coils should then be assembled on 
the mounting panel which is construct-
ed according to the specifications of 
Figure 69. The individual coil assemb-

Figure 66 
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Figure 65 

lies have their terminals brought out 
to thin bakelite terminal panels for con-
venience in wiring.  Flat head brass 
wood screws are used to fasten the 
dowel forms to the assembly panel. 
The complete assembly is shown in 
Figure 68. 
The line filter coils may be conveni-

ently constructed by following the 
specifications shown in Figure 65. The 
mounting for these coils consists of 
thin sheeet copper with partitions sold-
ered to the mounting to shield the 
coils from each other.  The can in 
which the filter coil assembly is in-
stalled may consist of a discarded 
shield from an i.f. transformer. 
The oscillator coil assembly and the 

line filter apparatus should not be 
mounted on the sub-panel until the 
other parts have been assembled and 
wired in to the circuit.  This method 
of assembly will leave plenty of room 
to work around in.  After the panel 
and sub-panel wiring have been com-
pleted as far as possible, the oscillator 
coil assembly may be  temporarily 
mounted in position and a few bus-bar 
leads, insulated with spaghetti tubing, 
soldered to the range switch. These 
leads will serve to support the gang 
switch which may now be removed 
from the panel and the wiring from 
the coil assemly to the switch terminals 
completed without difficulty.  When 
this is done, the switch and coil as-
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sembly may be installed as a unit in 
the signal generator circuit. 
The line filter assembly is handled 

in like manner.  When the line filter 
is permanently installed care should be 
taken that its shield does not touch 
the signal generator shield.  The line 
filter condensers should be installed 
last of all. 
The output tip jacks are both care-

fu'y insulated from the panel.  The 
lead from C11 to the moving arm of 
the attenuator is shielded and the 
shielding is insulated from the signal 
generator, which may be done by tap-
ing it or with a large diameter piece 
of insulating tubing. This shielding is 
connected to J2. 
The variable condenser is mounted 

with the isolantite stator support per-
pendicular to the sub-panel to afford 
room for the pilot light assembly. The 
stator lead to Sw 3 should be as short 
as possible and passes to the switch 
through a hole in the sub-panel. The 
usual single-hole mounting is rein-
forced by drilling and tapping the rotor 
support so that a 6/32 screw may be 
passed through the front panel and a 
spacing bushing to the condenser frame 
and thereby relieve strain on the sin-
gle-hole mounting, which otherwise 
might loosen causing the condenser to 
shift position and ruin the calibration. 
The modulation frequency control is 

mounted at the right above the filter 
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choke and the percentage modulation 
control in a corresponding position at 
the left. The associated condensers and 
resistors are wired in as closely as pos-
ible to these controls. The condenser 
leads from the variable condenser rotor 
should be kept as short as possible. 
C18 should be installed beneath the sub-
panel, close to the oscillator coil as-
sembly, likewise the voltage divider re-
sistors, R8 and R9. 
The neon tube employed as the mod-

ulator is a special miniature type.  It 
is supplied without a base and is wired 
directly into the circuit by its pigtail 
leads.  The positive lead is indicated 
by a red dot.  The lamp is located 
beside the modulation frequency con-
trol potentiometer, RI. 
This lamp should not be confused 

with the miniature neon lamps (known 
as the ,4 watt type) generally avail-
able.  These standards lamps will not 
work satisfactorily as audio-frequency 
oscillators because they are not suffi-
ciently stable in their frequency char-
acteristics.  Also the presence of a 
base on a lamp of this type introduces 
leakage, and it is for that reason that 
the special type specified here is sup-
plied without a base. 
Incidentally, these are the only mini-

ature neon lamps available, to the writ-
er's knowledge that are sufficiently 
stable for use in experimental electri-
cal organs and other audio oscillator 
applications.  These lamps, known as 
the type T-4% may be obtained by in-
dividuals or dealers direct. 
When the assembly and wiring have 

been completed, the oscillator coils 
may be conveniently checked for oper-
ation by connecting a I ma. meter in 
series with the grid-leak, R13.  The 
reading secured will be proportional to 
the strength of oscillation. A less sen-
sitive method is to connect a 5 ma. 
meter in series with the output plate 
circuit and note the change in plate 
current when the variable condenser 
stator is touched with a moistened 
finger.  Since the change produced at 
the low frequency end of coil No. 1 is 
very small, this latter method, though 
more convenient is not quite as reli-
able.  If oscillation is not secured on 
all coil bands, the connections to either 
grid or plate should be reversed.  Do 
not reverse both windings. All coils 
must be wound in the same direction. 
Otherwise oscillation may be secured 
over a portion of the band only, or 
none at all.  Coils must be assembled 
in the rotation shown in Figure 68 or 
absorption effects will be indicated by 
abrupt peaks in the curves.  They 
should have an exceptionally uniform 
strength of oscillation except for the 
very high frequency ranges. 
The instrument may be calibrated 

over the broadcast ranges by setting 
the modulation percentage control to 
zero and bringing the oscillator to zero 
beat with broadcast stations of known 
frequency.  For the short-wave bands, 
harmonics of calibrations obtained on 
standard broadcast bands may be tuned 
in on an all-wave receiver and, with 
the receiver left at the point secured, 
the oscillator is adjusted to a higher 
range and the calibration point secured. 
The first harmonic is of course the 
fundamental, the second harmonic will 
be double the frequency of the funda-
mental, the third harmonic, three times 
the fundamental frequency, and so on. 
This job must be carefully done if the 
calibration is to be reliable. It is wise 
to spot in on the curves thus secured 

at the higher frequency range short-
wave stations of known reliable fre-
quency.  The i.f. ranges can be cali-
brated only by harmonics in the broad-
cast band, but if several harmonics 
are noted for each low-frequency oscil-
lation point the difference in frequency 
between the harmonics will be the 
fundamental frequency and may be ob-
tained with a reasonable degree of ac-
curacy. 
For use in aligning receivers, a 

shielded lead, with the shield connect-
ed to J2, should be used.  A dummy 
antenna which, for standard broadcast 
bands should consist of an inductance, 
capacity and resistance in series, should 
be connected to the antenna post of 
the set.  For short-wave aligning, a 
400-ohm resistor is used instead of the 
standard dummy antenna.  While a 
portion of the attenuator resistance 
becomes a part of the dummy anten-
na circuit, effect is not of consequence 
in service work.  When the receiver 
to be aligned is very insensitive, pre-
liminary aligning may be done with an 
unshielded lead from J1 alone to the 
antenna post, which will cause a de 
cided increase in the signal generator 
voltage at the receiver. If the receiver 
under test has a tuned trap circuit. 
adjusted to the i.f. frequency, in the 
antenna circuit, a .00025 condenser 
should be placed in series with J1 and 
the antenna post, since the line voltage 
by-pass condensers have to discharge 
to ground through the attenuator when 
the shielded lead is not used. This dis-
charge current may be sufficient to 
damage the trap circuit unless the 
small  blocking condenser  is used. 
Aligning of the more modern sets 
should preferably be done using an un-
modulated signal, in accordance with 
the manufacturer's recommendations as 
given in service manuals.  If modula-
tion is used, the modulation percent-
age control should be kept about one-
third "on." The modulation frequency 
control may be adjusted to give the 
most agreeable note, which will vary 
with the line voltage. If a double peak 
is noted on the modulation note, which 
may occur with home-made, universal-
wound, coils, it is indicative that criti-
cal coupling between the secondary and 
tickler coils has not been achieved. The 
tickler coils should be adjusted, by 
varying the coupling to the secondary 
coils, until only a single peak occurs. 
A double peak on the high-frequency 
coils, occurring with or without modu-
lation, is due to poor image-frequency 
ratio and is normal with practically all 
present-day superheterodyne receivers 
on the ultra-high frequency bands. The 
proper point for aligning and calibra-
tion is the higher or highest frequency 
to which the receiver can be resonated. 

Parts List 
Cl, C2 —Aerovox mica condenser, type 1467, 
.002 mfd. 

C3, C4, C7, C8, C9, C10, C14, CIS, C16, 
C17, C18—Aerovox cartridge condensers, .1 
mfd, 200 volts 

C12, CI3 (in one can) —Aerovox duel electro-
lytic condenser, 8-8 mfd., type GG2, 200 
volts 

C6—Aerovox mica condenser, type 1467, .0001 
mfd. 

Cll —Aerovox mica condenser, type 1467, .001 
mfd. 

CS —National type SEH335 variable condenser, 
270 degrees, 335 mmfd. 

J1,  J2 —Na-Ald  pin  jacks,  with  insulating 
bushings 

R1 —Lynch fixed resistor,  100,000 ohms, 
watt 

R2—Electrad type 203, taper F, volume con-
trol, with switch, 500,000 ohms 

R3 —Electrad type 203, taper F. volume con-
trol, 500,000 ohms 
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Fig. 68 —Top: Fig. 69 —Center 

Fig. 70 —Bottom 

R4 —Lynch fixed resistor, 500,000 ohms,  'A  
watt 

R5, R6—Lynch fixed resistor, 100,000 ohms, 
I%  watt 

R7 —Lynch fixed resistor, 150 ohms, % watt 
R8 —Lynch fixed resistor, 10,000 ohms, 1 watt 
R9 —Lynch fixed resistor, 6000 ohms, 1 watt 
R1O—Lynch fixed resistor, 500 ohms,  watt 
R1I —Electrad type 272 W, taper F, volume 
control, 100 ohms 

R12 —Ohmite power cord resistor, 268 ohms 
R13 —Lynch fixed resistor, 25,000 ohms, 
watt 

SW1 —(See R2) 
SW2 —Toggle switch, s.p.d.t. 
SW3 —Yaxley gang switch, 2, deck- 6-point 
TI —General Electric special type T-4% neon 
bulb 

T2 -6A7 tube 
T3 -2525 rectifier tube 
T4 —Pilot light, 3.2 volts, .3 amp. 
1 National velvet vernier dial, type B, for 270. 
degree condenser, with pilot lamp bracket 

1 National  "Radio News Signal Generator" 
cabinet 

National "Radio News Signal Generator" coils 
(set of 6) 

1 line plug 
1 rubber grommet, Y2-inch 
Miscellaneous screws, wire and spaghetti tub-
ing 

1 National small 7-prong isolantite tube socket 
1 Eby 6-prong tube socket, base-mounting type 
1 Kenyon miniature 30-henry choke 
1 piece bakelite, 31/4  inches by 2;4 inchet, 

inch thick (for coil mounting) 
1 piece bakelite, 14 inches by 24 inches, 
54 inch thick (for line filter mounting) 

1 shielded output lead 
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Radio 

Trouble Shooting 

C
HROUGH the courtesy of the National Radio 
Institute, Washington, D. C., the editors pre-
sent herewith information which should prove 

extremely valuable to all servicemen and equally 

helpful to every radio man. 
The first part is devoted to a list of common causes 

for receiver breakdown under which are noted prob-

able reasons. The numbers in parenthesis after each 
item refer to paragraphs in the second part of this 
article. 
Part Two of Radio Trouble Shooting covers service 

procedure for repairing common ailments in radio 
receivers, in addition to outlining various simple 
devices for testing purposes. 

Part One 
Symptoms of Defective Receivers 

Tubes Do Not Light 
Poor Tube and Socket Contact. (1) 
Loose Connections. (2) 
Tubes, Defective.  (3) 
Open or Short Circuits. (4 and 6) 
Grounded Filament Circuit.  (5) 
Open Primary Power Transformer. (7) 
Open Secondary of Power Transform-
er, Low Voltage.  (7) 

Open Lead in A.C. Plug Cord. (4) 

Tubes Light But No Signal 
Poor Connections or High Resistance 
Joints in Antenna or Ground. (8) 

Short Circuited Lightning Arrester. 
Replace 

Grounded Lead-in or Antenna. (9) 
Short-circuited Antenna Coil.  (10) 
Short-circuited Tuning Condenser. (11) 
Poor Tube and Socket Contact.  (1) 
No Plate Voltage on A.F., Detector or 
R.F. Tube.  (12 and 13) 

Open in Grid Circuit.  (14) 
Speaker Demagnetized or Coil Burned 
Out.  (15 and 16) 

Defective Speaker Cord.  (17) 
Loose Connections.  (2) 
Defective Rectifier Tube in Eliminator. 
(18, 19 and 20) 

Tubes, Defective.  (3) 
Transformers, Defective.  (7) 
Incorrect Grid Voltage.  (21) 
Open Circuits. (4) 
Choke Coils, Defective.  (22) 
Defective Filter Condensers.  (23) 
Open or Shorted By-Pass Condenser. 
(23) 

Variable Condenser Shorted or Stator 
Grounded.  (5 and 23) 

Grid  Condenser  Shorted,  Open or 
Grounded.  (5 and 23) 

Grid Leak Grounded.  (5) 

Plates of Rectifier Tube Red Hot. (24) 
No Field Current in Loudspeaker. (16) 
Defective Speaker.  (25, 26, 27 and 
28) 

Weak Signals 
Poor Connections or High Resistance 
Joints in Antenna or Ground.  (8) 

Line Voltage Low.  (29) 
Short-circuited  Lightning  Arrester. 
Replace 

Tube in Wrong Socket.  (30) 
Aerial Too Short.  (31) 
Microphonic Tube.  (32) 
Grounded Lead-in or Antenna. (9) 
Defective Filter Condenser in Power 
Supply.  (33) 

Receiver Not Neutralized.  (34) 
Condensers Not Matched.  (35) 
Excessive Oscillation. (36) 
Poor Tube and Socket Contact. (1) 
No Plate Voltage on R.F. Tube. (13) 
Defective Grid Leak.  (37) 
Grid Leak of Improper Value.  (38) 
Leaky Fixed or By-pass Condenser. 
(39) 

Speaker Demagnetized or Coil Open. 
(15) 

Poor Ground Connection.  (40) 
Excessive Voltage on Detector Tube. 
(41) 

Defective Speaker Cord.  (17) 
Defective Buffer Condenser.  (42) 
Loose Connections.  (2 and 43) 
Improper Voltage on Power Tube. 
(44) 

Defective Rectifier Tube.  (45) 
Tubes, Defective. (3) 
Incorrect Voltages.  (46) 
Open in Ground Systetti.  (47) 
Open Circuits.  (4) 
Variable Condensers. (48 and 49) 
Volume Control, Defective.  (50) 

Grounded Circuits.  (5) 
Choke Coils, Defective. (22) 
Open Bias Resistance.  (4) 
Open Secondary R.F. Transformer. (7) 
Shorted Primary Transformer. (7) 
Shorted Secondary Power Trans. (7) 
Audio Transformer Defective.  (7) 
Open Grid Circuit.  (4) 
Open Antenna Choke.  (22) 
Open or Shorted By-pass Condenser. 
(23) 

Variable Condenser Shorted or Stator 
Grounded.  (5 and 23) 

Speaker Field Circuit Open or Shorted. 
(4) 

Speaker Voice Coil Grounded.  (5) 
Control Grid Clips Loose or Grounded. 
(51) 

Defective Rectifier Loudspeaker Unit. 
(52) 

Open in Grid Circuit.  (14) 

Distorted or Muffled Signals 
Tube in Wrong Socket. (30) 
Excessive Power Supply Voltage. (53) 
Receiver Not Neutralized.  (34) 
Defective Grid Leak.  ( 37) 
Grid Leak of Improper Value. (38) 
Speaker  Demagnetized,  Coil  Open. 
(15, 16) 

Excessive Voltage on Detector Tube. 
(41) 

Excessive Filament Voltage.  (54) 
Improper Voltage on Power Tube. 
(44) 

Defective Rectifier Tube.  (45) 
Grid Resistance Shorted.  (56) 
Tubes Defective.  (3) 
Incorrect Voltages.  (46) 
Incorrect Grid Voltage.  (21) 
Too Great Signal Strength.  (57) 
Volume Control, Defective.  (50) 
Open Bias Resistance.  (4) 



1935 RADIO MAN'S GUIDE 29 

Open Grid Circuit.  (4) 
Grounded or Open Resistor. (5) 
Open. Shorted  By-pass  Condenser. 
(23) 

Grounded, Open Biasing Resist. (5, 56) 
Half of Push-Pull Transformer Sec-
ondary Open, Shorted, Grounded. 
(5, 7) 

Speaker Voice Coil Grounded.  (5) 
Defective A.F. Transformer.  (58) 
Defective Loudspeaker Rectifier Unit. 
(52) 

High Resistance Across Secondary of 
Audio Frequency Transformer. (59) 

Motorboating.  (60) 
Thermostatic and Other  Make-and-
Break Connections.  (61) 

High Resistance Connections.  (43) 
Speaker Voice Coil Off Center.  (62) 
Defective Speaker. (25 to 28, 63 to 66) 
Electrolytic Defect. Condenser. (67, 68) 
Push-Pull Tubes Not Matched.  (69) 

Poor Distance Reception 
Aerial Wire Loose or Swaying. (70) 
Aerial Close to High Voltage Wire. 
(71) 

Poor Connections or High Resistance 
Joints in Antenna or Ground.  (8) 

Short-circuited Lightning Arrester. Re-
place with new one. 

Tube in Wrong Socket.  (30) 
Aerial Too Long.  (72) 
Aerial Too Short.  (31) 
Grounded Lead-in or Antenna.  (9) 
Excessive Power Supply Voltage. (53) 
Short-circuited Antenna Coil.  (10) 
Short-circuited Tuning Condenser. (11) 
Receiver Not Neutralized.  (34) 
Condensers Not Matched.  (35) 
Poor Tube and Socket Contact.  (1) 
Open in Grid Circuit.  (14) 
Poor Ground Connection.  (40) 
Excessive Voltage on Detector Tube. 
(41) 

Loose Connections.  (2, 4, 43, 61) 
Defective Rectifier Tube.  (45) 
Tubes, Defective.  (3) 
Incorrect Voltages.  (46) 
Open in Ground System.  (47) 
Variable Condensers.  (48 and 49) 
Volume Control, Defective.  (50) 
Open Secondary R.F. Transformer. (7) 
Audio Transformer Defective.  (7) 
Open Grid Circuit.  (4) 
Open Antenna Choke.  (22) 
Defective R.F. Tube.  (3) 
Variable Condenser Shorted or Stator 
Grounded.  (5, 23 and 49) 

Control Grid Clips Loose, Grounded. 
(51) 

Outside interferencee.  (74) 

Howls and Oscillations 
Poor Connections or High Resistance 
Joints in Antenna or Ground.  (8) 

Tube in Wrong Socket.  (30) 
Aerial Too Short.  (31) 
Microphronic Tube.  (32) 
Excessive Power Supply Voltage. (53) 
Receiver Not Neutralized.  (34) 
Excessive Oscillation.  (36) 
No Plate Voltage on R.F. Tube. (13) 
Grid Leak of Improper Value.  (38) 
Inductive Coupling Between Circuits. 
(75) 

Howling as Tubes Heat Up.  (76) 
Filament Not Grounded.  (77) 
Grid Leads Too Long.  (78) 
Poor Ground Connection. (40) 
Excessive Voltage on Detector Tube. 
(41) 

Excessive Filament .Voltage.  (54) 
Improper Voltage on Power Tube. (44) 
Speaker Too Close to Receiver. (79) 

Motorboating.  (60) 
Tubes, Defective.  (3) 
Incorrect Voltages.  (46) 
Grid Suppressor Shorted.  (56) 
Excessive R.F. Voltage.  (46) 
Open Secondary R.F. Transformer. (7) 
R.F. By-Pass Poorly Grounded.  (5) 
Open or Shorted By-Pass Condenser. 
(23) 

Shorted R.F. Choke Coil. (22) 
Defective R.F. Tube.  (3) 
Inductive Effect From Aerial.  (80) 
Thermostatic and Other Make-and-
Break Connections.  (61) 

High Resistance Connections. (5, 43) 
Speaker Cord Close to Tubes. (32, 79) 

Fading Signals 
Aerial Wire Loose or Swaying.  (70) 
Poor Connections or High Resistance 
Joints in Antenna or Ground.  (8) 

Poor Tube and Socket Contact.  (1) 
Fading Signals.  (Natural.) (81) 
Defective Rectifier Tube.  (45) 
Resistances, Defective.  (56) 
Tubes, Defective.  (3) 
Volume Control, Defective.  (50) 
Variations in Electric Line Voltage. 
(82) 

Defective Rectifier Loudspeaker Unit. 
(52) 

Thermostatic and Other Make-and-
Break Connections.  (61) 

Huni 
Aerial Close to High Voltage Wire. 
(71) 

Conductive Coupling Between Circuit. 
(75) 

Microphonic Tube. (32) 
Short-circuited Tuning Condenser. (11) 
Defective Filter Condenser in Power 
Supply. (33) 

Open in Grid Circuit. (14) 
Speaker Too Close to Receiver.  (79) 
Defective Rectifier Tube.  (45) 
Tubes Defective.  (3) 
Incorrect Voltages.  (46) 
Open in Ground System. (47) 
Tubes in Push-Pull Transformer. (69) 
Loose Connections.  (2, 4, 43, 61) 
Volume Control, Defective.  (50) 
Power Transformer Center Tap In-
correct.  (83) 

Lack of Ground on Core, Chassis. (84) 
Loose Lamination in Power Pack or 
Audio Transformers. (85) 

Hum in Dynamic Speakers. (86) 
Resonant Effect in Room.  (87) 
Sensitive Detector Tube. (88) 
Variations in Electric Light Current. 
(82) 

Resonant Effect in Cabinets.  (89) 
R.F. Tube Oscillating.  (90) 
Induction From Nearby A.C. Lines. 
(91) 

Open Secondary R.F. Transformer. (7) 
Improperly Grounded Filament Cir-
cuits. (5) 

Open Filament Mid-Tap Resistors. (56) 
Defective Filter Condensers.  (23) 
Shorted Filter Choke.  (22) 
Open Grid Circuit.  (4) 
Grounded A.F. Transformer.  (5) 
Open Antenna Choke.  (22) 
Ground Binding Post Not Making 
Good Contact with Chassis Frame. 
(47) 

Grounded or Open Choke Coil.  (5) 
Grounded or Open Plate Circuit.  (5) 
Grounded or Open Resistor.  (5) 
Hum Adjuster Defective.  (56) 
Open or Shorted By-pass Condenser. 
(23) 

Open Grid Bias Resistance By-pass 
Condenser.  (92) 

Lack of Grid Resistance By-pass Con-
denser.  (92) 

Open Grid Circuit Filter By-pass Con-
denser. (23) 

Grid Bias Resistance By-pass Con-
denser Capacity Too Low.  (92) 

A.C. Plug Reversed.  (93) 
Pilot Lamp Grounded.  (5) 
Speaker Fled Coil Defective.  (5, 22) 
Defective Loudspeaker Rectifier Unit. 
(52) 

Defective Rectifier Condenser in Loud-
speaker.  (94) 

Localizing Hum.  (95) 
Thermostatic and Other Make-and-
Break Connections.  (61) 

Broad Tuning 
Aerial Too Long. (72) 
Receiver Not Neutralized.  (34) 
Condensers Not Matched.  (35) 
Poor Tube and Socket Contact.  (1) 
No Plate Voltage on R.F. Tube. (13) 
Grid Leak of Improper Value.  (38) 
Filament Not Grounded  (77) 
Grid Leaks Too Long.  (78) 
Excessive Voltage on Detector Tube. 
(41) 

Excessive Filament Voltage.  (54) 
Loose Connections.  (2 and 43) 
Wave Trap Necessary.  (96) 
Defective (R.F.) Tubes. (3) 
High Resistance in Grid Circuit. (97) 
Open Bias Resistance. (4) 
Open or Shorted By-pass Condenser. 
(23) 

Partially Open Grid Circuit.  (4) 
Variable Condenser Partially Shorted, 
Stator Partially Grounded.  (5, 23, 
49) 

Control Grid Clips Loose, Grounded. 
(51) 

Noise 
Crackling and Scratching 

Aerial Wire Loose or Swaying.  (70) 
Aerial Rubbing or Close to High Volt-
age Wire.  (71) 

Poor Connections or High Resistance 
Joints in Antenna or Ground.  (8) 

Partially Grounded Lead-in or An-
tenna.  (9) 

Short-circuited Tuning Condenser. (11) 
Defective Filter Condenser in Power 
Supply.  (33) 

Receiver Not Neutralized.  (34) 
Excessive Oscillation.  (36) 
Poor Tube and Socket Contact. (1) 
Defective Grid Leak.  (37) 
Leaky Fixed or By-pass Condenser. 
(39) 

Partial Open in Speaker.  (15) 
Poor High Resistance Leak Across 
Secondary of Audio Transformer. 
(59) 

The Filament Should be Grounded. 
(77) 

Poor Ground Connection.  (40) 
Defective Speaker Cord.  (17) 
Defective Buffer Condenser.  (42) 
Loose Connections.  (2, 4, 43, 61) 
Outside Interference.  (74) 
Motorboating.  (60) 
Defective Rectifier Tube.  (45) 
Resistances, Defective.  (56) 
Tubes, Defective.  (3) 
Transformers, Defective. (7) 
Condenser, Defective.  (23) 
Variable Condensers.  (48, 49, 98) 
Volume Control, Defective.  (50) 
Grounded Circuits.  (5) 
A.C. Plug Elements Loose.  (2) 
Audio Transformer Defective. (7) 
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Condenser Plate Bent.  (48) 
Leaky Condensers.  (23) 
Defective Filter Condensers. (23) 
Ground Binding Post Not Making 
Good Contact with Chassis Frame. 
(47) 

Loose Shields or Improperly Grounded 
Shields.  (47) 

Open or Shorted By-pass Condenser. 
(23) 

Noisy Resistors in Power Pack. (99) 
Pilot Lamp Loose in Socket. Tighten. 
Defective Audio Transformer.  (58) 
Thermostatic  and  Other  Make-and 
Break Connections.  (61) 

Undesirable Contacts in Tuning Con-
densers.  (49) 

Control Grid Clips Loose, Grounded. 
(51) 

Defective Speaker. (25 to 28, 63 to 66) 
Defective Electrolytic Condenser. (67, 
68) 

Speaker Voice Coil Grounding.  (5) 

Noise 
Hissing 

Leaky Fixed or By-pass Condenser. 
(39) 

Defective Rectifier Tube.  (45) 
Open or Shorted By-pass Condenser. 
(23) 

Noise 
Periodic 

Aerial Wire Loose or Swaying. (70) 
Poor Connections or High Resistance 
Joints in Antenna or Ground.  (8) 

Microphonic Tube.  (32) 
Grounded Lead-in or Antenna.  (9) 
Poor Tube and Socket Contact.  (1) 
Poor Ground Connection.  (40) 
Defective Speaker Cord.  (17) 
Loose Connections.  (2, 4, 43, 61) 
Outside Interference (Static).  (74) 
Thermostatic and Other Make-and-
Break Connections.  (61) 

Oscillations 
(Screen Grid Receivers Only) 

Open Screen Grid By-pass Condenser. 
(23 and 92) 

Open R.F. Plate By-pass Condenser. 
(23 and 100) 

Open Grid Bias Condenser.  (23) 
Variable Condenser Not Grounded. 
(47) 

Rotor Plates of Condenser Making 
Poor Contact.  (43 and 98) 

Poor Ground Connection.  (8) 
High Resistance Connection in Series 
with a By-pass Condenser.  (2 and 
43) 

Chassis Base Plate Loosely Attached 
to Chassis.  (47) 

Tube Shields Not Secure and Not 
Grounded.  (47) 

High Line Voltage.  (46) 
Too High Screen Grid Voltage. (101) 
Open Grid Circuit.  (4) 
Control Grid Clips Loose, Grounded. 
(51) 

Inductive Effect from Aerial.  (80) 
Undesirable Contacts in Tuning Con-
densers. (49) 

Line Fuse Blows 
Defective Rectifier Tube.  (45) 
Defective Power Tube.  (3) 
A Power Line Wiring Ground to the 
Chassis.  (5) 

A Defective Power Transformer. (7) 
Line Voltage D.C. Instead of A.C. 
(102) 

No Signals 
(Superheterodyne Receivers) 

Incorrect Voltages on the Oscillator, 
Detector,  Intermediate or  Audio 
Frequency Tubes.  (46) 

Oscillator Tube Not Oscillating.  (103) 

Weak Signals 
(Superheterodyne Receivers) 

Incorrect Plate Voltage. (46) 
Oscillator Tube Not Functioning Prop-
erly.  (103) 

Intermediate Frequency Transformers 
Not Properly Matched.  (104) 

Cognition Causes of Incorrect Voltages 

High Plate Potential 
Insufficient load upon power pack due 
to weak tubes. (3) 

Open high current load in receiver. 
(14, 56) 

Short circuited voltage reducing resist-
ance.  (56) 

High line voltage.  (46) 
High grid bias voltage.  (21) 
Incorrect power pack divider tap. (46) 
Open bleeder resistance between cir-
cuits.  (14 and 56) 

Open bleeder resistance in divider. (4) 
Shorted filter choke in power pack. (22) 

High Plate Voltage 
On All Tubes 

(Output Tube Plate Current Low) 

Excessive grid bias resistor (output 
stage). (21) 

Defective output tube or tubes. (3) 

Low Plate Potential 
Excessive current drain upon power 
supply. (3 and 5) 

Open or leaky filter condenser.  (33) 

Insufficient grid bias.  (46) 
Shorted bleeder resistance.  (56) 
Low line voltage.  (46) 
Defective operation of line ballast. Re-
place with a new one. 

Leak thru by-pass condenser.  (23) 
Shorted or defective section of voltage 
divider.  (56) 

Defect in power transformer.  (7) 
Defective rectifier.  (45) 
Defective filter choke.  (22) 

Low Plate Voltage 
On All Tubes 

(High Plate Current in Rectifier) 

Defective filter condenser.  (33) 
Short in voltage divider system. (56) 
High resistance short in output tube 
plate circuit.  (5) 

Resistance short in eliminator filter 
chokes.  (22) 

Gassy tube in output system.  (3) 

Low Plate Voltage 
(High Plate Current in Output Tube) 

Shorted or grounded grid bias resistor. 
(5 and 56) 

Radio Frequency Compensating Con-
densers Out of Adjustment.  (105) 

Oscillator Tuning Condensers Out of 
Adjustment.  (106) 

Howling 
• (Superheterodyne Receivers) 

Defective Volume Control. (50) 
Poor Ground Connection.  (8) 
Intermediate Frequency Transformers 
Not Properly Matched.  (104) 

Incorrect Adjustment of Radio Fre-
quency  Compensating  Condenser. 
(105) 

Open Grid Circuit..  (4) 
Open Loop Aerial.  (4) 
Open Detector Plate Circuit.  (4) 
High Resistance in Grid Circuit. (2, 43) 
High Resistance Connection.  (43) 
Excessive Plate Voltage.  (46) 

Receiver Oscillates 
(Superheterodyne Receivers) 

Too High Plate Voltage on Interme-
diate Frequency Stage.  (46) 

By-pass Condenser Not Grounded. (43, 
47) 

Open By-pass Condenser. (4, 23) 
Loop Aerial Lead Too Close to In-
termediate Frequency Trans. (80) 

Poor Distance Reception 
(Superheterodyne Receivers) 

Intermediate Frequency Transformers 
Improperly Adjusted.  (104) 

Loop Aerial Not Connected.  (4) 
Oscillator Not Functioning Properly. 
(103) 

Radio Frequency Compensating Con-
densers Out of Adjustment.  (105) 

Oscillator Tuning Condenser Out of 
Adjustment.  (106) 

Broad Tuning 
(Superheterodyne Receivers) 

Intermediate Frequency Transformers 
Improperly Adjusted.  (104) 

Defective Tube.  (3) 
Oscillator  Not  Working  Properly. 
103) 

and Currents 

Shorted or grounded grid bias resistor 
bypass condenser.  (5 and 92) 

Ground connection to input push-pull 
secondary winding open.  (7, 47) 

Open grid bias resistance.  (56) 
Open grid circuit.  (14) 
Gassy output tube or tubes.  (3) 

No Plate Voltage 
On All Tubes 

Shorted power transf. winding.  (7) 
Shorted filted condenser  (23) 
Defective rectifier tube.  (45) 
Open filter choke.  (22) 
Open in —B circuit.  (14) 
Ground in output tube plate circuit. (5) 

No Plate Voltage Upon One 
Tube and Reduced Plate 
Voltage Upon Other Tubes 
Open R.F. choke in plate circuit which 
does not secure plate voltage.  (14, 
22) 

Shorted bypass condenser.  (23) 
Grounded plate circuit.  (5) 
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Shorted voltage divider bleeder section 
if it is the detector tube.  (56) 

Grounded plate coupling unit in plate 
circuit.  (5) 

Shorted plate element in tube.  (3) 

No Plate Voltage On 
Output Tubes 

(Plate Voltage Available 
on Other Tubes) 

Open in plate circuit.  (14) 
Open in output unit.  (14) 
Open in —B connection to grid bias 
resistance.  (14) 

Open in grid bias resistor. (84) 

Excessive Plate Current 
Gaseous tube.  (3) 
Insufficient grid bias.  (21, 46) 
Excessive plate voltage.  (3, 21) 
Excessive positive bias upon screen 
grid.  (46 and 56) 

Open grid circuit.  (14) 

No Plate Current 
Open plate circuit.  (14) 
No plate voltage.  (See above.) 
Open filament circuit, cathode circuit. 
(14) 

Defective tube.  (3) 
Very high negative bias. (21, 46) 

Insufficient Plate Current 
(Normal or High Plate Voltages) 

Defective tube.  (3) 

1. POOR CONTACT BET WEEN 
TUBE AND SOCKET. Intermittent 
reception frequently is the result of 
loose contacts or faulty joints.  Keep 
prongs of all tubes clean, bright and 
well polished with fine emery cloth, 
also the springs in the tube sockets. 
The springs should make firm contact 
with the prongs of the tubes. If nec-
essary to adjust the springs, use a 
small stick of wood.  Never use a 
metal object while the power is con-
nected to the set, or in the case of 
battery sets, without disconnecting the 
B negative power lead. 
2. LOOSE CONNECTIONS. Loose 

or improperly soldered connections can 
usually be located by touching the 
various joints in the receiver with a 
wooden stick.  An orange wood stick 
can be used which is very durable and 
can be bought at drug stores.  Press 
firmly on each joint. Very often joints 
that appear to be well soldered are 
held only by resin.  If the receiver is 
properly connected for operation, the 
pressure on a suspected joint will usu-
ally produce a clicking sound in the 
loudspeaker.  Another frequent cause 
of trouble is broken wiring under the 
insulation of flexible wire.  Manipula-
tion of the wire from side to side will 
usually indicate where the trouble oc-
curs. 

Low filament voltage.  (See above.) 
High grid bias.  (See next par.) 
Low screen grid voltage.  (14, 56) 

High Grid Bias 
High plate current. (See "Excessive 
Plate Current.") 

High value of bias resistance. Use cor-
rect value. 

Defective bias resistance.  (56) 

Low Grid Bias 
Low plate current.  (See "Li. w Plate 
Voltage.") 

Shorted bias resistance or bypass con-
denser.  (23 and 56) 

Defective resistance or incorrect value. 
(56) 

No Grid Bias 
(High Plate Current) 

Shorted grid bypass condenser.  (23) 
Grounded cathode.  (5) 
Grounded filament.  (5) 
Open grid circuit. (14) 

Low or No Screen Voltage 
Open variable control for screen grid 
voltage.  (14 and 56) 

Open screen grid circuit.  (14) 
Open resistance in screen grid circuit. 
(14 and 56) 

Pant Two 

Service Procedure 
Trouble shooting for intermittent re-

ception is the hardest job and must be 
done progressively from one end of the 
receiver to the other.  Random tests 
may find the fault but results are not 
so certain.  Also see pars. 43 and 61. 
3.  TUBES, DEFECTIVE.  All 

tubes should be tested in a tube tester 
and defective tubes replaced. Any deal-
er in tubes will test them free of 
charge. Tubes that give poor results 
in the R. F. sockets will sometimes 
give good results as audio amplifiers. 
Occasionally a "soft" tube, that is, one 
that oscillates easily when used in a 
R. F. amplifier, will cause the ampli-
fier to oscillate. In this case the tube 
should be replaced or possibly used in 
another socket.  An extremely sensi-
tive detector tube will cause an A. C. 
hum if the receiver is extremely criti-
cal. 
Sometimes a tube that tests perfect 

will not work satisfactorily in any 
socket. Try new tubes that are known 
to be in good condition. 
Important:  In changing tubes in a 

receiver, always be sure that the cor-
rect tube is placed in the correct 
socket. That is, never place a 226 type 
tube in a 171 type socket, or vice versa, 
as the tube will burn out.  Also it is 
advisable to turn the power off when 
changing tubes because removing two 

No Screen Voltage 
Upon One Tube 

(Low Plate Voltage Upon Other 
Tubes)  • 

Grounded variable control.  (5) 
Shorted screen grid bypass cond. (23) 
Grounded bypass condenser in screen 
grid circuit.  (5 and 23) 

Short in voltage divider across bleeder 
or screen grid control resistance. 
(56) 

Shorted screen grid in tube.  (3) 

Excessive Filament 
or Heater Potential 

Incorrect adjustment of voltage reduc-
ing resistance. (46) 

High line voltage to power pack. (46) 
Insufficient load upon filament or heat-
er winding; open filament circuit, or 
defective tubes.  (3 and 14) 

Wrong tube. Use correct tube. 
Short circuit in power transformer pri-
mary.  (46) 

Insufficient Filament 
Or Heater Voltage 

Too great load on heater or filament 
winding. 

Low line voltage. (46) 
Wrong tube in socket causing exces-
sive current drain. 

Incorrect line voltage reducing resist-
ance.  (46) 

Defective operation of ballast. Replace. 
Short circuit in transformer.  (7) 
Short circuit in filament circuit.  (14) 

or three tubes will result in increased 
filament voltage overloading the tubes 
remaining in the circuit and may thus 
shorten their lives or change their 
characteristics. 
In some cases this may cause the 

filter condenser to burn out due to the 
removal of the plate load.  Also see 
paragraph 55. 
4. OPEN CIRCUITS. Test all cir-

cuits for continuity, using voltmeter 
and battery method. If possible check 
with schematic diagram of receiver or 
power unit. 
5. GROUNDED CIRCUITS. All 

receivers using a metal chassis gener-
ally have the chassis grounded.  For 
this reason, a careful inspection should 
be made to see that no piece of appa-
ratus or bare wire is touching the 
chassis that is not supposed to be con-
nected to the chassis. This can be de-
termined by comparing all connections 
with the schematic diagram and making 
continuity test. 
6.  TUBES DO NOT LIGHT. 

Trace  circuit  diagram  and  locate 
broken wire or open circuit.  If the 
circuit seems to be correct, examine the 
switch and rheostat and see that they 
are making proper contact. 
7.  TRANSFORMERS, DEFEC-

TIVE.  A voltmeter and "B" battery 
should be used for testing the continu-
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ity of the windings in any type of trans-
former, such as R.F., A.F. and Power 
transformers.  A high resistance volt-
meter should be used for testing audio 
frequency transformers; while a low 
resistance voltmeter should be used for 
testing radio frequency and power 
transformers.  In the case of A.F. 
transformers that winding which has 
the least resistance, that is, gives the 
highest voltage reading, is the primary 
winding. The various sections of push-
pull transformers should also be tested 
for continuity. 
In testing power transformers, make 

sure that there are no resistors con-
nected across the filament taps as 
otherwise the reading would indicate a 
complete winding, when in reality the 
winding might be open. 
A test should be made between the 

transformer taps or terminals and the 
core and shield of the transformer. No 
reading should be obtained.  If the 
voltmeter shows a reading, it indicates 
that the winding is grounded to the 
core or shield and the trouble should 
be repaired at once. No voltage read-
ing should be obtained when testing 
between any secondary winding and 
the primary winding. The center tap 
on the secondary of the power trans-
former is usually grounded. 
As in the case of testing short cir-

cuits in resistances, considerable experi-
ence and the use of highly accurate 
voltmeter readings are necessary to de-
termine if transformer windings are 
short circuited. This is especially true 
in the case of step-down secondary 
windings. Under actual operating con-
ditions, a short circuit in the primary 
winding of a power transformer will 
increase the voltage output of the sec-
ondary windings.  A short circuit in 
the secondary windings will reduce the 
voltage output of the transformer. 
8.  POOR CONNECTIONS OR 

HIGH RESISTANCE JOINTS IN 
ANTENNA  OR  GROUND  SYS-
TEMS.  The ends of all wires to be 
joined should be scraped clean and 
then soldered and taped. The ground 
wire should be connected by means of 
an approved ground clamp to the cold 
water pipe, or a pipe driven into damp 
ground. Scrape the surface of the pipe 
under the clamp so as to form a good 
electrical connection. The ground wire 
should be soldered  to the ground 
clamp. 
9.  GROUNDED  LEAD-IN  OR 

ANTENNA. Keep antenna wires free 
from contact with other objects.  Do 
not let the wire touch trees or side of 
building.  Use stand-off insulators to 
hold wires away from the building, 
and be sure to take lead-in wire into 
the house through a porcelain tube or 
by use of an approved "lead-in strip" 
provided especially for that purpose. 
Remember, the better the antenna in-
stallation, the stronger and clearer will 
be the reception. It pays to take time 
to erect the antenna system in a work-
manlike manner. 
10. SHORT-CIRCUITED ANTEN-

NA COIL. Be sure when connecting 
an antenna lead to the receiver that 
the end of the wire does not make 
contact with the metal chassis or any 
other part of the receiver. See that all 
connections are securely fastened. 
11.  SHORT-CIRCUITED  TUN-

ING CONDENSER.  Straightening 
plates in variable condensers is a 
rather difficult job. However, if the 
offending plate can be located easily, 
it should be straightened with the 

fingers, flat nose pliers, or other non-
metallic object. Do not use a screw 
driver, or pliers, unless the power is 
disconnected from the set.  In battery 
sets, disconnect the negative B ter-
minal of the power supply. 
12. NO VOLTAGE AT ELIMI-

NATOR TAPS. This may be due to a 
defective power transformer, a short 
circuited or broken down condenser or 
an open resistor or choke coil in elimi-
nator. See pars. 4, 7, 22, 23 and 56. 
13. NO PLATE VOLTAGE ON 

R.F. TUBE. Check receiver with wir-
ing diagram for broken wires or de-
fective  by-pass  condenser.  Solder 
broken connection. See pars. 4 and 23. 
14. OPEN CIRCUIT. Check the 

wiring with the circuit diagram for 
continuity  and  solder  any  broken 
wires. 
15. SPEAKER DEMAGNETIZED 

OR COIL BURNED OUT. If pos-
sible, try the speaker on another set. 
If it doesn't work correctly or the 
volume is weak, check it over and re-
place defective parts. 
16. NO FIELD CURRENT IN 

LOUDSPEAKER. The field coil or 
leads to it may be open, short cir-
cuited or grounded. To determine if 
field current is being supplied, turn 
on receiver and hold a screwdriver 
about IA inch from pole piece of mag-
net. If current is being supplied to field 
coil, the pole piece will have a strong 
attracting force for the screwdriver. 
No  field  current  will  necessitate 
checking the continuity of the field 
coil circuit. In case of a burned out 
field coil, obtain a new one from the 
distributor or manufacturer. Also see 
par. 4. 
17.  DEFECTIVE  SPEAKER 

CORD. Loose or defective speaker 
cords  cause  continuous  crackling 
noises. Replace with a new one. 
18. DEFECTIVE "DRY DISC" 

TYPE RECTIFIER. This type of 
rectifier will give little trouble unless 
too much current is taken from the 
unit. Do not overload the rectifier by 
taking more current than is recom-
mended by the manufacturers. If de-
fective, replace with a new unit. 
19. DEFECTIVE  RAYTHEON 

TUBE RECTIFIER. This rectifier 
should give satisfactory service for 
about a year of normal use. After serv-
ing its full life, the voltage output of 
the tube begins to drop off. The volt-
age controls can then often be adjusted 
to bring the voltage up again to the 
desired value, many more hours of 
good reception obtained before it is 
necessary to discard the tube. If in 
doubt as to the condition of the tube, 
try a new tube. 
20. DEFECTIVE ELECTROLYT-

IC RECTIFIER. The electrolyte in 
the Philco and Balkite eliminator will 
in time evaporate and the solution will 
not function properly. The electrodes 
will also be eaten away. In cases of 
this kind, it is necessary to obtain new 
electrodes and new electrolyte and re-
place the defective parts. The electro-
lyte solution and electrodes used in 
various chargers and eliminators dif-
fer considerably, therefore, it is very 
important when replacing them to get 
the proper kind from an authorized 
service station or direct from the man-
ufacturer of the unit. 
21. INCORRECT GRID VOLT-

AGE. See paragraph 46 and apply the 
tests outlined in paragraphs 23 and 56. 
22. CHOKE COILS, DEFECTIVE. 

The method of testing choke coils is 

the same as that used for testing re-
sistances and the same instructions as 
given in paragraph 56 can be used. 
23. CONDENSER, DEFECTIVE. 

In order to find out whether or not a 
fixed condenser is defective, it is first 
necessary to remove it from the set 
and short circuit the two terminals to-
gether to discharge it. Then charge the 
condenser by connecting a "B" bat-
tery to its terminals, being careful not 
to touch either the condenser termi-
nals or the ends of the leads while 
doing this. A condenser should be able 
to hold such a charge for a few 
minutes. The cord tips of a head-set 
are then touched to its terminals, care 
being exercised not to touch the cord 
tips or the condenser terminals with 
the fingers for this will discharge the 
condenser through the body, and then 
the test is incorrect. A sharp click in 
the phones at the moment the conden-
ser terminals are touched shows that 
it is in good condition as the conden-
ser holds its charge. If no click is 
heard or the click is very faint, the 
condenser is defective and should be 
replaced with a new one. To conduct 
this test, it is absolutely necessary that 
the condenser be disconnected from 
any other piece of apparatus to which 
it may be attached. 
For small condensers, the above 

method is not very accurate and the 
ordinary voltmeter and battery contin-
uity test should be used. No reading 
on the voltmeter should be obtained 
other than a momentary deflection 
when the test points are applied to 
the condenser terminals. See 67 and 
68 for instructions on electrolytic con-
densers. 
24.  PLATES  OF  RECTIFIER 

TUBE GET RED HOT. This is an 
almost sure indication that one of the 
filter condensers is defective and short-
circuited  (see  paragraph  23).  A 
grounded choke coil or a short-cir-
cuited or grounded power resistance 
may also cause this trouble. 
25.  DEFECTIVE  MAGNETIC 

CONE SPEAKER. In a magnetic 
speaker we have several moving me-
chanical parts. If any of these get out 
of  adjustment,  different  types  of 
noises will result. Examine the small 
nut that holds the driving pin to the 
cone. If this is loose, or if threads 
are worn, rattles and buzzes will be 
heard. In some magnetic cone speak-
ers there are several soldered connec-
tions to the moving parts. See that 
none of these are loose, especially 
where the driving pin is soldered to 
the armature. If the armature does not 
vibrate freely, see if dust or rust is be-
tween armature and pole pieces. If any 
is found, run a strong thread between 
them to remove dust. In case of rust, 
clean the surfaces by thoroughly rub-
bing them with a gasoline soaked 
string. If the unit is dismantled, the 
job can be done better. After clean-
ing, appliy a coating of amylacetate 
clear lacquer, which will prevent rust 
forming later. Also see par. 26. 
26.  ADJUSTING  ARMATURE 

IN MAGNETIC AND INDUCTOR 
SPEAKERS.  Loosen  screws  that 
hold armature and pole pieces in place. 
Do not remove entirely. Obtain a 
good grade of paper from a stationery 
store about .005 inch thick. Cut out. 
two or four spacers, depending on type 
of speaker. Place these spacers be-
tween armature and pole pieces. The 
screws are then tightened and the 
spacers removed. If this operation has 
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been done carefully, the armature will 
be properly spaced. 
27.  NO FIELD CURRENT IN 

A.  C.  OPERATED  DYNAMICS. 
Speakers of this type usually have an 
electrolytic condenser connected across 
the input to the field. This condenser 
in time will become defective and cause 
current to be passed to the negative 
side of the circuit, thus current does 
not enter the field coil and we have 
little or no magnetism for the oper-
ation of the speaker. Unsolder one 
lead of the condenser, if it is defec-
tive, volume and hum will increase. In 
making replacements, use a 2,000 mfd. 
dry electrolytic condenser.  Also see 
par. 52. 
28.  CONDENSER  SPEAKERS. 

Before testing a speaker of this type, 
be sure the switch of the receiver is 
turned off. There are about 500 volts 
across the speaker plates and it is pos-
sible to get a bad shock from this 
voltage. The most common defect in 
speakers of this type is puncturing of 
the thin aluminum film on the con-
denser plates. It may be mechanical or 
electrical break-down caused by the 
high voltage from the rectifying tube. 
With the switch of receiver off and 
leads  disconnected  from  rectifying 
tube, a continuity test will tell if the 
condenser plates are punctured. There 
will be several plates in parallel. Use 
care in determining which section is 
defective.  Try  reversing  polarizing 
voltage  leads  from  rectifier.  The 
speaker has polarity the same as a 
bat tery. 
29. LINE VOLTAGE FLUCTU-

ATES. Fluctuations or changes in 
value of line voltage can be corrected 
by the use of a line voltage stabilizer. 
Several good comercial types are now 
on the market. Also see 82. 
30. TUBE IN W RONG SOCKET. 

Special purpose tubes (special detec-
tor tubes, power and rectifier tubes) 
should never be placed in any sockets 
except those especially intended for 
their use. 
31. AERIAL TOO SHORT. The 

aerial on any receiving set should 
have a length approximately that sug-
gested by the manufacturer of the re-
ceiver. Generally speaking, an aerial 60 
to 80 ft. long will give excellent re-
sults. Indoor aerials and light socket 
antennas never give the same results 
as good outdoor antennas. Such in-
stallations usually give good results on 
local or nearby stations, but are not 
of much value for distant reception. 
If possible, always use an outdoor an-
tenna system. 
32.  MICROPHONIC  TUBE. 

Changing tubes (of the tame type) from 
one socket to another sometimes cor-
rects  this  annoyance.  Moving  the 
speaker several feet from the receiver 
also proves helpful. The loudspeaker 
cord should not be allowed to come 
close to the radio frequency or detec-
tor tubes. A microphonic tube can 
sometimes be overcome by placing 
"howl" arresters on the tube. Differ-
ent types of such "howl" arresters can 
be found in practically any radio store. 
This trouble can sometimes be over-
come by placing a lead cap on the 
tube or by wrapping several layers of 
friction type around the tube. 
33. DEFECTIVE FILTER CON-

DENSER IN PO WER SUPPLY. It 
is very poor economy to use any ex-
cept the highest grade filter condens-
ers in a power supply. When they be-
come defective, it is always necessary 

to replace them with new condensers. 
Also see pars. 23 and 24. 
34. RECEIVER NOT NEUTRA-

LIZED. Follow general neutralizing 
methods. 
35. CO N D E NS E RS N O T 

MATCHED. Multiple tuned circuits 
require carefully matched condensers. 
Tuning may be sharpened by using a 
midget or trimmer condenser connec-
ted in parallel with the tuning con-
denser. Adjust all condensers until all 
circuits tune alike. 
36. EXCESSIVE OSCILLATION. 

Use of complete stage shielding is 
very desirable in some receivers to pre-
vent inter-stage coupling and thus min-
imize the tendency to self-oscillation. 
37. DEFECTIVE GRID LEAK. 

Substitute a new grid leak for the old 
one as it is practically impossible to 
test grid leaks with any degree of ac-
curacy. 
38. GRID LEAK OF IMPROPER 

VALUE.  Try  various  grid  leaks 
ranging in value from 2 to 6 megohms 
until you find the one giving strongest 
and clearest signals. If the set is used 
for distant reception, a high resistance 
leak gives best results. If on local or 
nearby stations, a low value resistance 
should be used. 
39. LEAKY FIXED OR BY-PASS 

CONDENSER.  Hissing,  scraping 
noises are sometimes due to leaky 
condensers. See also section 23. 
40. POOR GROUND CONNEC-

TION. A short straight wire connec-
ted to the cold water pipe makes the 
most  practical  ground  connection. 
Avoid use of steam or gas pipes. 
41. EXCESSIVE VOLTAGE ON 

DETECTOR TUBE. If batteries are 
used, try the next lowest voltage tap. 
If a power unit is used, reduce the 
voltage by increasing the size of the 
plate resistance. 
42. DEFECTIVE BUFFER CON-

DENSER. The condensers which are 
placed across the terminals of the Ray-
theon rectifier tube are subjected to 
excessive strain due to voltage surges. 
Consequently, nothing but the highest 
type condenser should be used in any 
power supply. See section 23. 
43. HIGH RESISTANCE CON-

NECTIONS.  What  is  commonly 
called a high resistance connection 
need not be very high in actual value, 
to be troublesome. An undesirable re-
sistance of just a few ohms may cause 
a great deal of trouble, especially in 
oscillatory circuits. In fact, the con-
nection resistance may be so small that 
a continuity test will not detect it. If 
you have any doubts at all about a 
connection, go over it carefully with a 
hot soldering iron. Never take chances 
on poor connections. 
44. IMPROPER VOLTAGE ON 

PO WER TUBE. Follow the manu-
facturer's  specifications  regarding 
proper filament, plate and grid bias 
voltages. If the voltage on the fila-
ment of the power tube is not that 
specified by the manufacturer, it will 
not handle the power. Likewise, the 
grid and plate voltage should be in 
strict accordance with the recommen-
dations. lithe grid bias voltage is not 
adjusted to the proper value, the amp-
lifier tube will give distorted or im-
properly amplified signals. If the "B" 
battery or power unit is not deliver-
ing its rated voltage, the signals will 
become choked and weak. Also see 46 
and 55. 
45.  DEFECTIVE  RECTIFIER 

TUBE. If the various elements of a 

rectifier tube are loose, the tube may 
cause  intermittent  reception  or  a 
microphonic howl. Low output of the 
tube may cause weak signals and A. C. 
hum. A new tube should be substi-
tuted in place of the suspected tube 
in order to determine its condition. 
46.  INCORRECT  VOLTAGES. 

This trouble in the correctly designed 
electric receiver is caused by incorrect 
A. C. line voltage or a defective recti-
fier tube (see paragraph 45). This is, 
of course, supposing that the receiver 
is in good condition. lithe voltage is 
too high it can be reduced by insert-
ing a resistance, capable of carrying 
the necessary current (approximately 
1 ampere), in series with one side of 
the A. C. line, or by using a voltage 
regulator manufactured by a reliable 
company. If the A. C. line voltage is 
low, it will be necessary to take the 
matter up with the Power Company, 
as they will be very glad to remedy 
the condition. 
Many receiving sets have special 

voltage taps which can be adjusted for 
the correct voltage. 
Excessive plate voltage may be due 

to incorrect or defective grid bias re-
sistor and plate resistors in the power 
pack; also an open in the voltage di-
vider system between the detector and 

tap and to shorted filter chokes. 
Insufficient plate voltages may be 

due to: Defective rectifier; excessive 
plate current; defective plate by-pass 
condenser. 
Incorrect filament voltage may be 

due to wrong value of voltage reduc-
ing resistance (in modern sets such 
resistances are rarely used). 
Incorrect  grid  voltage  may  be 

caused by incorrectly designed or de-
fective grid bias resistors or defective 
grid bias by-pass condenser. Also see 
par. 73. 
47. OPEN IN GROUND  SYS-

TEM. Make the usual careful inspec-
tion for open circuits in the entire 
ground system. In many receivers us-
ing a metal chassis, many connections 
that are at ground potential are con-
nected to the chassis and this is in 
turn connected to the ground binding 
post. Such connections should be care-
fully inspected to see that they are 
making good contact. 
48. VARIABLE CONDENSERS. 

Always keep the plates of variable con-
densers clean and free of dirt. The 
ordinary pipe cleaners, obtainable from 
any cigar store, can be used to clean 
the plates of the condensers. 
Make sure that the rotor or mov-

able plates are not bent and not mak-
ing contact with the stator plates. 
49. UNDESIRABLE CONTACTS 

IN TUNING CONDENSERS. Re-
move any shield or cover from tuning 
condensers and carefully examine the 
condensers for a possible piece of 
foreign material or dirt between the 
plates. Rotate the movable section and 
see that it does not come in contact 
with other apparatus. 
Testing with a low •resistance ohm-

meter should show considerable resis-
tance between the stator and rotor 
plates. This indication varies with the 
kind of set and in some sets may also 
be changed by the setting of the 
volume control.  Remove the tubes 
from the sockets when making this 
test. 
Should no resistance be registered 

on the meter it will be due either to 
a grounded set of stator plates, a 
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grounded R.F. coil or a short-circuit in 
the tuning condenser. 
50. VOLUME CONTROL,  DE-

FECTIVE. Volume controls used on 
electric receivers almost always are 
some form of variable resistance. The 
ordinary test for the continuity of re-
sistances should be used and also all 
variable contacts should be inspected. 
If the volume control is defective, it 
is generally the best policy to replace 
the control with a new one rather 
than to attempt to repair the old one. 
51.  CONTROL  GRID  CLIPS 

LOOSE OR GROUNDED. Be sure 
that the  control grid clips on all 
screen grid tubes are making good 
contact. Do not let them touch any 
grounded object such as the metal 
chassis or tube shields. 
52.  DEFECTIVE  RECTIFIER 

UNIT IN LOUDSPEAKER. Some 
types of dynamic speakers use a sepa-
rate rectifying unit to supply the field 
current for the speaker. These units 
are generally the dry disc type al-
though a rectifying tube is sometimes 
used.. When these rectifiers become 
old and worn out, they may develop 
a hum. Such units should be replaced 
with new ones. 
53.  EXCESSIVE  VOLTAGE 

FROM  THE  PO WER  SUPPLY. 
If equipped with variable voltage con-
trol, try reducing the voltage by turn-
ing the knob counter-clockwise. Check 
voltage with high resistance voltmeter. 
See also section 46. 
54.  EXCESSIVE  FILAMENT 

VOLTAGE.  Tubes should never be 
operated at a higher temperature than 
that specified by the manufacturer. If 
the tube burns out quickly, check the 
filament voltage and adjust the power 
supply so that the voltage recom-
mended by the tube manufacturer is 
not exceeded. If necessary, place a 
small resistance in the filament circuit 
capable of carrying the current re-
quired by the tube or tubes. In the 
case of A. C. tubes, the same amount 
of resistance must be placed in each 
filament lead. 
55. BLUE GLO W IN AMPLIFY-

ING OR DETECTOR TUBE. This 
indicates that the tube is defective and 
that it should be replaced. This may 
also be due to too high plate voltage, 
or low grid voltage. See paragraph 46. 
56.  RESISTANCES,  DEF EC-

TIVE. The most accurate method of 
testing resistances is by the use of the 
high resistance voltmeter and "B" bat-
tery test. The reading obtained when 
placing the test points on the resistor 
to be tested should be less than the 
voltage reading when the test points 
are connected together, the exact dif-
ference, of course, depending upon the 
value of resistance being tested. A 
small resistance will make little change 
in the reading, while a high resistance 
will reduce the voltage reading con-
siderably. No voltage, of course, indi-
cates an open circuit in the resistance. 
If a high reading is obtained when 

testing a high resistance, it shows that 
the  resistance  is short-circuited.  A 
short circuit on a low resistance is 
harder to determine since the differ-
ence in the voltage readings will be 
very small. 
In the case of tapped resistors such 

as those used in many power packs and 
also the hum adjustors on many sets, 
it is necessary to test each individual 
section of the resistance. 
It is not a good policy to use the 

lamp test method of testing resist-

ances. There is danger of burning out 
resistances of small current carrying 
capacities such as  grid resistances. 
Also this test is not nearly as accurate 
as the voltmeter test. 
In testing any resistance, always be 

sure that it is not connected to other 
apparatus, such as an inductance coil, 
as  this would give a short-circuit 
reading. If the resistance is in a re-
ceiving set this can be determined by 
very carefully checking over the en-
tire circuit to which the resistor is con-
nected, using the schematic diagram 
if one is available. In case of doubt 
on this subject, it is the best policy 
to remove the resistance from the cir-
cuit and test it separately. 
57.  TOO  GREAT  SIGNAL 

STRENGTH. Too much volume from 
local stations will often overload the 
detector or audio tubes, thus causing 
distortion. The volume control should 
be inspected to see that it is function-
ing properly. The grid and plate po-
tentials should be checked to see that 
they are correct. If the signal strength 
is still too great, the aerial can often 
be disconnected and satisfactory re-
sults secured on local stations. 
In the case of shielded receivers a 

short aerial approximately 10 or 15 
feet long can be used. 
58. DEFECTIVE AUDIO FRE-

QUENCY TRANSFORMERS. Test 
transformer according to paragraph 7. 
It. sometimes happens that an audio 
transformer that  tests  0.  K. will 
cause distortion. As a last resort, try a 
new transformer. 
59. HIGH RESISTANCE LEAK 

ACROSS SECONDARY OF AUDIO 
TRANSFORMER. It is often possible 
to eliminate an audio howl by placing 
a high resistance across the grid and 
filament terminals of the audio trans-
former. Try various values ranging 
from 100,000 to 500,000 ohms. If this 
value is incorrect or if there is an un-
desirable high resistance across these 
terminals, it may muffile the signals 
or cause a hissing noise. 
60.  MOTOR  BOATING.  Motor 

boating is a term describing the sound 
produced in some radio installations, 
resembling the put-put-put of a small 
gas engine and is usually continuous 
while the receiver is in operation. This 
is in reality a low frequency oscilla-
tion produced by high common im-
pedance in the plate circuit of the 
audio amplifier. A 1 to 2 mfd. con-
denser connected from the B negative 
terminal to each of the B positive ter-
minals will generally eliminate this 
trouble. 
61.  THER MOSTATIC  AND 

OTHER MAKE-AND-BREAK CON-
NECTIONS. Check the receiver care-
fully for open or grounded circuits. 
Opens are usually found at improp-
erly soldered connections. Heat gen-
erated in the receiver when in oper-
ation will often cause a poorly made 
joint to separate. 
Heat may also result in grounding 

a circuit due to the expansion of parts, 
or connections, which are too close to 
other parts or the metal on which the 
receiver is mounted. Examine the re-
receiver carefully for too closely asso-
ciated parts and wiring. 
Try all soldered connections to see 

that they are firmly made. Go over all 
soldered connections about which you 
have any doubts with a hot soldering 
iron. Parts, or wiring, too closely as-
sociated should be separated or insu-
lated from each other carefully. 

Sound vibrations from the speaker 
or jarring the receiver may result in 
open circuits. These defects will show 
up in the same manner as opens, due 
to heat generated in the receiver and 
should be corrected in the same man-
ner. 
62.  SPEAKER  VOICE  COIL 

OFF CENTER. Check the centering 
of the speaker by pushing the dia-
phragm (cone) gently back and forth 
to determine whether or not the voice 
coil is rubbing at any point. To re-
center  with  one  type  of  dynamic 
speaker loosen the center screw and 
move the voice coil back and forth till 
centering is obtained and reset screw. 
With another type loosen the extended 
supporting arms or spider at the point 
of support and move the voice coil 
from side to side until centered and 
then retighten. Failing in this, it may 
be necessary to remove the diaphragm 
entirely to see that there is no foreign 
material  in  the  space  where  the 
spezch coil moves. 
63.  PAPER RATTLE ON ALL 

TYPES  OF  CONE  SPEAKERS. 
Examine seam of paper, outer edge of 
cone, and apex of cone. If loose joints 
are found, apply Ambroid cement. If 
outer edge of cone is attached to a 
leather, be sure all edges are properly 
cemented to cone. If leather has hard 
Spots, rub until it is soft and pliable. 
64.  TROUBLE  IN  DYNAMIC 

SPEAKER.  Rattling  and  blasting 
noises in a dynamic speaker are often 
caused by iron filings and dust collec-
ting in the air gap, between voice coil 
and pole piece slot. One good way to 
remove this collection is to use the 
blower of a vacuum cleaner. Al.ow the 
full force of the air to blow between 
voice coil and pole piece. This will us-
ual:y remove all foreign particles. It 
is understood, of course,  that the 
speaker is to be disconnected from re-
ceiver during this operation. 
In extreme cases, it may be neces-

sary to remove cone from speaker 
frame to remove iron filings which 
may cling to the pole piece due to the 
inherent magnetism. This is done by 
removing screws at outer edge of cone 
frame. Then unsolder voice coil leads 
and remove cone. In some cases it may 
be necessary to remove frame which 
holds cone to chassis of speaker before 
one can get at air gap and pole piece. 
65.  BOOMY  EFFECTS  AND 

CABINET RATTLES. lithe speak-
er is boomy, emphasizing low notes, 
look for by-pass condensors connected 
across grids of audio amplifiers. Re-
moving these will sometimes restore 
the higher frequencies. If the cabinet 
is of the console type, lining it with 
"Celotex" will also prevent the boomy 
effects. Rattles may be heard with full 
volume. These may be due to loose 
screws and nuts on cabinet doors, 
speaker frame and chassis of receiver. 
Tighten all that you find are loose. 
This noise can sometimes be elimi-
nated by moving the cabinet a few 
inches away from the wall or by mak-
ing several large holes in the bottom 
of cabinet. 
66.  FUZZY  LO W  NOTE  RE-

PRODUCTION FROM SPEAKER. 
Examine voice coil turns. If they ap-
pear to be loose, remove cone from 
frame and unsolder voice coil leads. 
Then apply a thick, even coating of 
Ambroid cement, which can be ob-
tained  from  speaker  manufacturers. 
After allowing this to dry, replace 
cone and solder on voice coil leads. In 
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the case of magnetic speakers a paper 
cone may sometimes become torn at 
the edges. In this case it will be neces-
sary to carefully repair the cone by 
gluing light weight paper over the 
torn places or obtaining a new cone 
from the manufacturer. Sometimes the 
apex becomes separated from the paper 
cone. In this case Ambroid cement 
should be thoroughly applied to the 
cone and the apex placed in position. 
67.  ELECTROLYTIC CONDEN-

SER PASSING EXCESSIVE CUR-
RENT. This will result in low plate 
voltage at tube sockets. The repro-
duction will be distorted. Connections 
at the condenser terminals are likely 
to become corroded due to the chemi-
cals in the condenser. This will result 
in noises and possible high plate volt-
age due to the absence of a condenser 
action. Hum will generally be greater, 
also. For details on testing, see para-
graph 68. 
68.  DEFECTIVE  MERSHON 

OR  ELECTROLYTIC  CONDEN-
SERS. This type of condenser in time 
becomes defective, but is easily tested. 
The current through it is normally 2 
or 3 milliamperes. If it is appreciably 
more than this, a new condenser should 
be used. To test it, connect an 0-100 
milliammeter in series with the nega-
tive lead to it. Then turn on the re-
ceiver for an instant, noting the cur-
rent at the same time. If the needle 
of meter goes all the way over, turn 
off the receiver at once so as not to 
damage meter. The black lead to the 
condenser is usually negative. In some 
receivers,  the  condenser  can  is 
mounted to receiver chassis and makes 
the negative contact from can to chas-
sis. Under such conditions, remove can 
from chassis and touch one side of 
meter to chassis and the other to con-
denser can. 
69. TUBES  IN  PUS H-PULL 

TRANSFORMER. For best results 
the tubes in push-pull amplifiers should 
be as nearly matched as possible. Do 
not use one exceptionally good tube 
and one that is not so good in the am-
plifier as it will probably cause dis-
tortion. 
70.  AERIAL WIRE LOOSE OR 

SWAYING. Keep the aerial and lead-
in wire pulled tight so it cannot sway 
excessively in the wind. By using an 
aerial spring or pulley and weight, the 
antenna may be kept tight. 

71.  AERIAL CLOSE TO HIGH 
VOLTAGE WIRE. To minimize in-
terference, it is advisable to install the 
aerial so that the wires are at right 
angles to any power lines and as far 
away as possible. 
72.  AERIAL TOO  LONG. Cut 

the length of the aerial to size sug-
gested by the manufacturer of the re-
ceiver or insert a condenser in series 
with the aerial. A small fixed con-
denser of approximately .0025 mfd. or 
.0001 mfd. is usually helpful. A vari-
able condenser permits finer adjust-
ment. 
73.  W RONG  CONNECTIONS 

TO  TRANSFORMER  S EC 0 N - 
DARY.  Check connections with a 
schematic diagram of the receiver. If 
necessary, check A. C. voltage out-
put of transformer with an A. C. volt-
meter capable of reading the highest 
voltage output of the transformer. 
• When provided with a center tap the 
4wo outside terminals will always indi-
cate the maximum voltage. 

74.  OUTSIDE INTERFERENCE 
(SIATIC).  Noises originating out-
side the receiver can usually be de-
termined by removing the aerial and 
ground wires. If the noise still per-
sists, it is an indication that the noise 
originates in the receiver or accessories 
(batteries, tubes, power unit or loose 
connections).  Natural  interference 
(static)  presents  itself  in  varying 
sounds,  usually  loud  crackling  or 
crashes. Static is a natural phenome-
non, and up to the present time no 
means of overcoming it successfully 
has been devised. 
Disturbances from electrical devices 

sometimes can be remedied through 
the cooperation of the owners of these 
devices. 
75.  INDUCTIVE  COUPLING 

BET WEEN CIRCUITS.  The grid 
and plate circuits should not be in in-
ductive relation. Do not let these leads 
be close to each other and always keep 
them as near right angles as possible. 
Do not place these circuits near A. C. 
conductors — for instance, in battery 
sets using eliminators, do not place the 
C bat:ery on or near the eliminator. 
Do not let aerial or loop leads come 
near the tube circuits. 
76.  HO WLING. If an A. C. re-

ceiver howls or squeals for a few 
seconds after being turned on, the 
trouble, in the majority of cases, is due 
to defective tubes. However, where it 
is certain that the tubes are in first-
class condition, the trouble may some-
times be cleared up by reversing the 
primary of the first audio frequency 
transformer.  At  the same  time,  it 
might be well to check any fixed con-
denser across the grids of the power 
tubes to see that they are in good con-
dition. Always try new tubes first. 
77.  THE FILAMENT SHOULD 

BE GROUNDED. If the filament cir-
cuit is not grounded, then connect one 
side to the ground connection. How-
ever, before doing this, be absolutely 
sure that the filament is not grounded 
through some part of the circuit di-
rectly connected to the ground bind-
ing post. If you cannot definitely de-
termine whether or not the filament 
circuit is grounded, then place a .1 
mfd.  condenser in series with  the 
ground connection to the filament. 
78.  GRID LEADS TOO LONG. 

All wires in the grid circuit should be 
as short as possible and separated at 
least one inch from plate leads. The 
grid leads should also be at right 
angles to the plate leads. 
79.  SPEAKER TOO CLOSE TO 

RECEIVER. Built-in speakers often 
cause continuous howling. Frequently 
this can be corrected by insulating the 
speaker from the cabinet with soft 
rubber sponges. Also see paragraph 32. 
80.  INDUCTIVE  EFFECT 

FROM AERIAL. Do not allow the 
aerial lead-in to come close to the de-
tector or R.F. tubes, as this may cause 
howls and oscillations. This is espe-
cially true in very sensitive sets. 
81.  FADING SIGNALS (NATUR-

AL). This is a natural phenomenon 
which the use of super-power broad-
casting has reduced to a minimum. It 
is noticeable only on certain stations 
and nothing can be done to the re-
ceiver installations which will correct 
it. Sometimes nearby stations will fade 
only at night. Fading is, however, 
sometimes caused by another aerial in 
close proximity to the receiving aerial. 
For  this  reason,  receiving  aerials 

should be placed as far as possible 
from each other and at right angles to 
each other. 
82.  VARIATIONS  IN  ELEC-

TRIC LIGHT CURRENT. In a few 
localities light current is very unre-
liable and may cause excessive hum or 
fading. In a case of this nature simi-
lar results will be had in various instal-
lations in the neighborhood. It is ob-
viously impossible to eliminate this 
trouble by any adjustment of the re-
ceiver or speaker when the cause of 
the trouble is defective current. When 
this  trouble is experienced, get in 
touch with the Power Company and 
tell them of your experience. When-
ever it is possible to correct these con-
ditions the Power Companies are al-
ways glad to do so. Before you com-
plain to the Power Company, how-
ever, be sure that the trouble is with 
the line. Find out whether or not your 
friends and neighbors have the same 
trouble and if they do you can be 
pretty sure the trouble is with the line. 
83. TRANSFORMER  CENTER 

TAP INCORRECT. Secondary fila-
ment windings on power transformers 
sometimes have center taps to which 
the grid-returns are connected. If these 
taps are not exactly in the center of 
the winding, then A. C. hum is apt to 
be present. This trouble is seldom en-
countered in transformers manufac-
tured by reliable companies. In such 
cases it is, of course, impractical to 
reconstruct the transformer. It is pos-
sible, however, to use small center-
tapped resistances especially built for 
this purpose. The two ends of the re-
sistance are connected directly across 
the filament taps on the transformer 
and the grid-return is connected to 
the center-tap of the resistance. The 
center-tap on the transformer is not 
used and should be disconnected. 
84.  LACK  OF  GROUND  ON 

CORE AND CHASSIS. In many re-
ceivers  A.  C.  hum is reduced by 
grounding the cores and shields of 
choke coils and transformers. If such 
connections are open or poorly made 
A. C. hum will result. Carefully in-
spect all connections and see that they 
are good and tight. 
85.  LOOSE  LAMINATION  IN 

PO WER  PACK  OR  AUDIO 
TRANSFORMERS. This is usually 
due to faulty construction and the de-
fective piece of apparatus should be 
returned to the manufacturer. In some 
cases the laminations can be tightened 
by tightening the bolts ho:ding the 
apparatus together. 
86.  HUM IN DYNAMIC SPEAK-

ERS. Dynamic speakers require either 
high or low voltage direct current to 
excite the field coil. This produces the 
electromagnetic field necessary for the 
operation of the speaker. This current 
is supplied by either a battery, the 
power supply in the radio receiver or 
by a rectifier operating directly from 
the light line. The two latter type of 
dynamic speakers have the disadvan-
tage, however, in that they produce a 
slight amount of hum. Under normal 
conditions, this will not be objection-
able but in localities where excessive 
hum is had, it is advisable to use the 
magnetic type of speaker in preference 
to the dynamic speaker. 
A 200 microfarad condenser con-

nected across the field of a low volt-
age (6 volt) field type of speaker will 
often stop undesirable hum. Do not 
place such condensers across a high 
voltage field as the condenser will 
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burn out instantly; use an 8 mmfd. 
condenser in high voltage speakers 
which have separate field excitation. 
Also see paragraph 52. 
87.  RESONANT  EFFECT  IN 

ROOM. You will find that in some in-
stallations, the hum will sound very 
much louder than in others. This may 
be due entirely to a resonant effect in 
the room which tends to build up the 
low notes and make them sound loud 
in proportion to music or speech. By 
standing in various parts of the room. 
you will notice that the hum is louder 
in some places than others. The only 
remedy for this condition is to place 
the instrument in different positions 
in order to find the one where the best 
effect is had. Sometimes placing a re-
ceiver on a heavy rug will decrease the 
hiim. 
88.  SENSITIVE  DETECT OR 

TUBE.  The  UV-227  and  U Y-224 
tubes are extremely sensitive and will 
pick up hum from any lamp cord or 
wire carrying alternating current near 
it. It is extremely important ,that all 
wires be kept as far away from this 
tub  as possible.  This is especially 
true of the cords which supply the re-
ceiver. 
89.  RESONANT  EFFECT  IN 

CABINETS.  A resonant  condition 
may occur in a cabinet which will ex-
aggerate hum. This is most apt to oc-
cur when the compartment in which 
the speaker is placed is entirely closed. 
When possible, it is therefore advis-
able to leave the back of the cabinet 
off entirely. If the speaker is placed 
on top of the cabinet, trouble is likely 
to be had, so it is best to place the 
speaker a short distance from the cabi-
net. 
90. R. F. TUBE OSCILLATING. 

An obectionable hum can be caused 
by the R. F. circuit oscillating which 
is characterized by a loud, steady hum. 
Taking one of the R. F. tubes out or 
placing a finger on the tuning con-
denser plates will locate trouble in the 
R. F. circuits. See also paragraph 3. 
91. INDUCTION FROM NEAR-

BY A. C. LINES.  If the aerial or 
ground wires run close to or parallel 
with any wire carrying alternating 
current, an A. C. hum will be present. 
Run all such wires as far from the 
A. C. line as possible and perpendic-
ular to the A. C. lines if possible. 
Likewise, any wires carrying alter-

nating current that are in close prox-
imity to the receiver or speaker may 
cause interference. Keep such wires as 
far as possible from all radio circuits, 
especially the detector circuit. 
92. GRID  BIAS  RESISTANCE 

BY-PASS CONDENSER.  By-pass 
condensers connected across the grid 
bias resistors should be tested the same 
as any other condensers. (See para-
graph No. 23.) An open condenser or 
one of incorrect value may cause an 
A. C. hum. These condensers are not 
always used and it is sometimes pos-
sible to eliminate A. C. hum by the 
addition of such a condenser. 
93. A. C. PLUG REVERSED. An 

A. C. hum can sometimes be reduced 
by placing two 2 mfd. condensers in 
series across a line and grounding the 
midpoint. These condensers should be 
capable of withstanding 600 volts. 
94. RECTIFIER  CONDENSER 

IN LOUDSPEAKER. A defective 
condenser across the output of a recti-
fying unit used in some types of dy-

namic speakers will cause a hum. This 
condenser should be tested and re-
placed if found defective. See para-
graph 23. 
95. HUM LOCALIZING. In ad-

dition to the paragraphs just given on 
HUM the following information will 
be useful for locating this trouble. It 
is essential to isolate the source of 
hum before attempting to reduce it. 
Short-circuiting the first A.F. grid to 
the ground will stop the hum if it is 
coming from the detector tube. Short-
ing across the primary of the second 
A.F. transformer will stop hum origi-
nating in the first A.F. stage or ahead 
of it. Shorting across the grids of both 
power tubes in a push-pull amplifier 
will stop all hum starting in the input 
audio transformer or in the circuit 
ahead of it. If the total hum is made 
up of a number of smaller ones 
throughout the circuit, it may be due 
to a defective speaker field coil, filter 
choke or center tap resistance. It is 
very rarely due to the condenser block. 

96. WAVE TRAP NECESSARY. 
On some sets, interference and broad 
tuning can be eliminated by the use of 
a wave trap which can be made by 
using an ordinary R.F. transformer 
with a variable condenser of the proper 
capacity (usually .0005 mfd.) connected 
across the secondary; the primary of 
the transformer should be connected 
in the antenna circuit. This will help 
tune out undesired signals. 
97. HIGH  RESISTANCE  IN 

GRID CIRCUIT. A high resistance 
joint in the grid circuit of any radio 
frequency stage will tend to make 
that stage tune broad. Make sure that 
all joints are well made. 
98. ROTOR PLATES OF CON-

DENSER MAKING POOR CON-
TACT. Poor contact is sometimes 
made between the variable condenser 
frame of the rotor plates due to the 
lack of tension spring clips or pigtail 
conections. See that all such connec-
tions are tight. Also see 43. 

99. NOISY  RESISTORS  IN 
PO WER PACK. This trouble can be 
generally located only by substituting 
a resistance known to be in good con-
dition, or by the use of laboratory in-
struments. See pars. 43, 56 and 61. 

100. DEFECTIVE  R.F.  CON-
DENSERS. Oscillation may be caused 
by an open R.F. by-pass condenser. 
The connections to these parts should 
be thoroughly inspected. An open con-
denser may be easily found by con-
necting a .5 mfd. condenser known to 
be good across the terminals of any 
condenser to be tested. This should be 
done when the set is turned on and 
adjusted to oscillate. The testing con-
denser is momentarily placed across 
each of the radio frequency by-pass 
condensers, a defective condenser being 
indicated when the test stops or re-
duces oscillation. 
101. TOO  HIGH  SCREEN 

VOLTAGE. Too high a voltage ap-
plied to the screen grid of screen grid 
tubes will often cause the tube to os-
cillate. This can be eliminated by plac-
ing a resistance in series with this cir-
cuit, thus cutting down the voltage 
applied to the screen grid. This should 
not be attempted unless all other 
means of keeping the tube from oscil-
lating have been ineffective. 

102. LINE VOLTAGE D. C. IN-
STEAD OF A. C. Never connect an 

alternating current receiver to a direct 
current line or a receiver designed for 
60 cycle alternating current to a 25 
cycle A. C. supply; there is great 
danger of burning out the power pack 
of the receiver. If you do not obtain 
a reading on a high resistance volt-
meter which is connected across the 
line the current is alternating. 

103. OSCILLATOR TUBE NOT 
FUNCTIONING PROPERLY. One 
of the simplest tests is to touch the 
grid terminal of the oscillator tube 
socket with a moist finger. A click in 
the loudspeaker should result when 
the terminal is touched and also when 
the finger is removed; if only one click 
is heard, the tube is not oscillating. 
Another test is to tune in a station 
and pull out the oscillator tube. If the 
signal can still be heard, the oscillator 
tube is not functioning. 

104. INTER MEDIATE  FRE-
QUENCY TRANSFORMERS NOT 
CORRECTLY ADJUSTED. It is es-
sential that the intermediate frequency 
transformers be accurately and prop-
erly adjusted if long distance reception 
and good selectivity is desired. In the 
majority of cases poor selectivity in a 
superheterodyne receiver is the direct 
result of the intermediate frequency 
transformer  not  being  properly 
matched. This requires the use of a 
special oscillator adjusted to the par-
ticular frequency of the intermediate 
frequency amplifier and can only be 
carried on by those service stations 
which are especially equipped for such 
work. This adjustment is made by 
varying the capacity of small variable 
condensers  across  the  intermediate 
frequency transformers until the sig-
nal from the oscillator, as indicated by 
a meter placed in the second detector 
plate circuit, is greatest. This is very 
similar to adjustment of the regular 
radio frequency stages of a tuned R.F. 
receiver. In such cases special service 
information should be obtained from 
the manufacturer of the receiver. 

105. ADJUSTMENT OF RADIO 
FREQUENCY  COMPENSATING 
CONDENSERS. The adjustment of 
these  condensers  should  not  be 
changed unless you are positive that 
they need adjusting. The exact pro-
cedure in making these adjustments 
depends upon the type of receiver. The 
adjustment generally consists of vary-
ing a small condenser placed in the cir-
cuit unit until the loudest signals are 
received and the receiver does not os-
cillate. Complete information should be 
obtained from the manufacturer of the 
set. 

106. ADJUSTMENT OF OSCIL-
LATOR  TRI M MI N G  CON-
DENSER. The correct adjustment of 
these condensers requires the use of a 
modulated oscillator. The exact pro-
cedure to follow depends on the type 
of receiver being serviced. On modern 
receivers there are generally two such 
trimming condensers; one for the high 
frequencies and the other for the 
lower broadcast frequencies. They are 
used so that the oscillator can be kept 
"in step" with the tuning unit, thus 
securing one dial tuning effect. Com-
plete instructions on this subject can 
be obtained from the manufacturer of 
the particular receiver you are servic-
ing. 
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DX Aids 

Fundamentals of SI. 01.1- Wave Radio 

TN speaking of short waves—or long 
waves, for that matter—it is a good 

idea to have some definite conception 
of just what a wave is. TIle short-wave 
beginner, who is probably a broadcast 
enthusiast, is familiar with the term 
wavelength; but it usually means noth-
ing more to him than a secondary 
identification of different stations. It 
would help a little, even in the oper-
ation of a broadcast receiver, if wave-
lengths held, for the operator, a bit 
more significance than the-mere etch-
ing on a tuning dial. And in short-
wave reception it is definitely desirable 
that operation be assisted by an in-
telligent appreciation of what wave-
lengths are and how they affect re-
ception. 
We are all familiar with wave-forms 

of some type or another: ripples on the 
water, the visible waves of a vibrating 
string and the wavy convolutions of 
a rope when it is "snaked." These are 
all illustrative of the general principle, 
and the water-wave picture (Figure 
72) has often been evoked to create, in 
the non-technical mind, a conception 
of radio waves. When a stone is cast 
into a pond, visible water waves are 
set up and travel in all directions from 
the point where the stone went down 
—in a manner somewhat similar to the 
way radio waves travel from the an-
tenna of a wireless transmitting sta-
tion. (Wireless, by the way, is exactly 
the same as radio.) This analogy has 
been objected to by technical purists 
on two grounds. First, it shows only 
a two-dimensional wave—on the sur-
face of the water—while a radio wave 
leaves the antenna in all directions (up 
and down as well as horizontal), more 
after the manner of the gases leaving 
a bursting shell. Secondly, it presup-
poses the existence of some medium 

Figure 73 
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Figure 72 

(analogous to water) in which the 
waves may travel, which, up until re-
cent years, had been called the "ether." 
Recent  investigations  by  Einstein, 
Morley and Michelson have thrown 
considerable doubt on the reality of 
this ether, and they prefer to consider 
the waves as undulations in an energy 
field created simultaneously with the 
wave motion. However, be all this as 
it may, the water analogy creates the 
most substantial idea of wave action, 
and we shall stick to it. 
All wave-motion has four predomi-

nant characteristics: intensity, velocity, 
wavelength and frequency. Wavelength 

Figure 74 

and frequency, as will be seen, are 
closely interrelated. In the water wave 
there is a vertical distance between the 
crests of the waves and the troughs. 
This corresponds to intensity in a radio 
wave. Close to where the stone strikes 
the water (the transmitting aerial), a 
cork will bob up and down through 
a greater vertical distance (a strong 
signal) than it will twenty feet farther 
away (a weak signal). The waves re-
cede from the point of generation at 
a certain velocity which—to keep as 
close to radio as possible—can be mea-
sured in meters per second. 
The distance between two adjacent 

crests (or any similar points on succes-
sive waves) is considered the length of 
the wave—or wavelength. The number 
of waves which pass a given point in 
a given period of time (in radio a 
second is taken as the unit of time) is 
the frequency. As the action effected on 
the cork, when the water wave slides 
under it from crest to crest, completes 
one cycle of up-and-down motion, the 
phrase frequency in cycles per second 
is often employed, and words frequency 
and cycles are loosely synonymous. 
It is obvious that if the velocity is 

constant and the wavelength shortened, 
the frequency must increase.  For in-
stance, let us assIme a water velocity 
of ten meters per second, and a dis-
tance between crests of two meters. 
In one second five of these crests will 
have passed our cork (or receiver), 
which will have gone through five up-
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and-down cycles in that period. In 
other words, the frequency is five 
cycles per second. If now we shorten 
the wavelength to one meter (main-
taining  the  same  ten-meter-per-
second velocity), the cork will go 
through ten cycles per second and our 
frequency will have been doubled. 

Wavelength Frequency 
This illustrates the important rela-

tionship between wavelength and fre-
quency.  When  the  wavelength  is 
lengthened,  the  frequency  becomes 
lower, and vice versa. The frequency is 
always equal to the velocity divided by 
the wavelength, and the wavelength equals 
the velocity divided by frequency. This 
assumes a constant velocity, which, in 
the case of radio waves, is 300,000,000 
meters per second. In the scientific 
short-hand of mathematics this is ex-
pressed by the equations: 

,v  • 
= — and f = — 

f 
—where v =  velocity in meters per 
second. A = wavelength in meters and 
f is the frequency in cycles per second. 
It is generally accepted that the 

short waves are those between the 
lower end of the conventional broad-
cast band, at 200 meters, and the top 
of the ultra-short-wave region which 
starts, on the way down, at 10 meters. 
The frequency of 200 meters is 1,-
500,000 cycles per second, and that 
corresponding  to  10 meters,  is 
30,000,000  cycles  per  second.  The 
short-wave field therefore encompasses 
a wave spread of 190 meters and the 
vastly  larger  frequency  band  (or 
spectra) of 28,500,000 cycles. 
As the wavelength drops, the increas-

ing frequency in cycles-per-second be-
comes a clumsy figure to handle. Even 
on the broadcast band the unit of one 
thousand cycles, the kilocycle, or "kc" is 
more convenient.  Below 100 meters 
the kilocycle in turn becomes cumber-
some and the megacycle, "mc," takes 
its place.  One megacycle equals 1,000 
kilocycles and 1,000,000 cycles. 
While  frequency  and  wavelength 

necessarily go hand in hand, the former 
quality is the more important from the 
standpoint of convenience in analyz-
ing radio phenomena. 
For example, the majority of engi-

neers are agreed that all radio-tele-
phone stations within interfering dis-
tance at the point of reception should 
be separated by a frequency band or 
spectrum, 10,000 cycles (10 kc.) wide, 
to prevent cross-talk and whistles. In 
other words, using a highly sensitive 
receiver, all stations within a thousand-
mile radius should not be placed closer 
together than 10,000 cycles (10 kc.) — 
i.e., one station for each 10 kilocycles 
in the band allocated for broadcast-
ing. If we want to find out how many 
such stations there is room for be-
tween 100 and 200 meters, we shall 
first have to change to frequency-3,-
000,000 (3 mc.) and 1,500,000 cycles 
(1.5 mc.), respectively—and establish 
the width of the band in frequency. 
Subtracting the latter figure from the 
former, we find that between 100 and 
200 meters there is a frequency band 
1,500,000 cycles wide. Dividing this by 
10,000 (10 kc.), we determine that there 
is room for exactly 150 stations within 
interfering distance of each other. The 
reader must not jump to the conclu-
sion that there is room for 150 stations 

Figure 76 

jot. every 100 meters!  Making a similar 
calculation for the band between 200 
and 300 meters, we find room for only 
50 stations! 
Thus we demonstrate both the de-

sirability of dealing with cycles rather 
than wavelengths, and one of the most 
important  advantages  of  the  short 
waves —or high frequencies.  As the 
wavelength is shortened and the fre-
quency rises, there is room for more 
stations per wavelength. We have just 
observed that there is room for three 
times as many stations between 100 
and 200 meters as there is between 200 
and 300 meters.  There is ideal etheric 
space for just 100 stations over the en-
tire broadcast band between 200 and 
600 meters, while the short-wave spec-
tra, from 10 to 200 meters, will accom-
modate 2850 stations! Figure 77 shows 
this graphically. 
Thus the short waves have been en-

thusiastically proposed as the solution 
to the congested conditions existing 
on the air. 

Skip-Distance Effect 
The multiplicity of available chan-

nels, however, is by no means the sole 
advantage of short-wave communica-

Figure 77 
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ULTRA SHORT WAVES 

tion.  The fact that extremely long 
distances can be spanned at a great 
economy of power contributes the real 
commercial utility of the high frequen-
cies. This characteristic of short-wave 
transmission is due to the skip-distance 
effect. 
The phrase "skip-distance effect" is 

accurately descriptive of the phenome-
non.  A station broadcasting in New 
York City on about 30 meters (10 
mc.) will be heard locally, on a direct 
ground  wave  (wave  following  the 
ground), within a radius of some twen-
ty-five miles—the signal rapidly be-
coming weaker as this limit is ap-
proached.  Outside of this zone, for a 
skip-distance  of  approximately  one 
thousand miles, the signal cannot be 
heard, while at Chicago excellent re-
ception may be had.  Proceeding west-
ward, the signal disappears, to pop up 
again at Salt Lake City. Approach-
ing the Rockies, it is lost once more. 
The skip-distance effect is a reflec-

tion phenomenon caused by an ionized 
stratum of rarified air—possibly a hun-
dred or so miles up.  It is known as 
the Kennelly-Heaviside layer, after the 
American and British scientists whose 
research demonstrated the manner in 
which these effects are produced. 
The term ionized describes an elec-

trified condition of a gas or liquid. 
The state of ionization can be produced 
artificially in many ways, and the red 
neon light signs are an example of its 
commercial application.  In the upper 
strata of our atmosphere it is thought 
to be induced by solar radiation, and 
often becomes visible as the Aurora 
Borealis. The Kennelly-Heaviside lay-
er acts as a reflector of radio waves— 
sending them back to the earth at a 
point far beyond the local area serv-
iced by the ground wave. The earth 
itself functions as a mirror to a high-
frequency signal, shooting it skyward 
again for another skip—the phenome-
non being repeated until the wave is 
attenuated into oblivion  (dies out). 
Only the first two, three or four skips 
are usually of communication utility. 
The drawing of Figure 76 presents a 

graphic conception of the skip-distance 
effect.  A signal starting at point P, 
fans out after the manner of any radi-
ated  wave,  entering  the  Kennelly-
Heaviside layer between points (P2 
and PO.  The spreading effect is in-
creased during reflection, due to the 
fact that reflection is diffuse rather 
than sharp—being gradual as the sig-
nal enters the layer.  The signal re-
turns to the earth and may be heard 
between points P4 and P5. The phe-
nomenon is repeated and the signal 
may again be received over an increas-
ed area limited by 134 and P.,. 
It is obvious that the higher the 

point of reflection the greater will be 
the skip-distance.  In other words, the 
skip-distance is a function of the depth 
to which the signal penetrates the layer 
before being sent back to the earth, 
which in turn depends upon the fre-
quency or wavelength.  Variation in 
penetrating power with wavelength is 
a familiar optical phenomenon.  For 
instance if we increase light frequency 
sufficiently, far beyond the visible por-
tion of the spectrum, we have the X-
ray  which  passes  readily  through 
opaque substances. 
Below 10 meters, the penetration is 

so great, that the radio signal passes 
through the ionized layer.  There is 
then no reflection and communication 



1935 RADIO MAN'S GUIDE 41 

seems to be ordinarily limited to the 
range of the direct ground wave. 
It is obvious that the skip-distance 

will be influenced by the height and 
density (or thickness) of the Kennelly-
Heaviside stratum.  As this is the re-
sult of solar emanation, it follows that 
its characteristics will change from day 
to night and with seasonal variations, 
accounting for the difference in recep-
tion before and after dark, and between 
summer and winter results. 

Day and Night Effects 

At night the earth's shadow pre-
vents the ionization of the lower part 
of the layer.  Thus the layer is much 
thinner and its average height is in-
creased.  The very high frequencies 

that were reflected over great distances 
during the day now penetrate through 
the layer into inter-stellar space and 
are lost as far as earthly reception is 
concerned.  But the lower frequencies, 
which were relatively ineffective in day 
time, now skip across the continent by 
virtue of the higher reflector, as shown 
in Figures 73 and 74. 
The skip-distance effect contributes 

its greatest utility below 60 meters (5 
mc). At 50 meters (6 mc) the ground 
range, day and night skip-distances 
are all about 50 miles.  At 40 meters 
(7.5 mc) the ground range is approxi-
mately 40 miles, the day skip-distance 
is 150 miles and the night skip is about 
300 to 400 miles.  Dropping to 30 
meters (10 mc), our ground range is 
limited to 35 miles, the day skip-dis-
tance has jumped to 250 miles and the 

night span to 500 miles. At 20 meters 
(15 mc) we are at the tail-end of night 
reflection, but we have a daytime skip-
distance of around 550 miles and a 
ground mileage of 25 or thereabouts. 
Just above the ultra-short-wave re-
gion, the local range is 10 miles and 
the sunlight skip-distance well over 
1,000 miles.  There is, of course, no 
night reflection. 
Summing it all up, our best short-

wave reception will be had between 13 
and 30 meters (30-10 mc) during the 
day, and between 30 and 50 meters 
(10-6 mc) at night.  As may be im-
agined, the Kennelly-Heaviside layer is 
in a state of more or less constant 
motion (agitation), resulting in slow 
and rapid shifts of the reflected beam, 
giving rise to the phenomenon we 
know as fading. 

International Call Letters 
C ALL letters of code stations as well 
as broadcasters heard are of special 

interest to the short-wave fan because 
from these it is possible to tell the na-
tionality of the transmitter. Thus any 
call beginning with K, N or W indi-
cates a station in the United States, 
its territories or its ships. The larger 
countries of the world have similar 
assignments:  G for Great Britain; F 
for  France,  D for  Germany,  etc. 
Smaller countries with fewer transmit-
ters have more limited assignments. 
Morocco, for instance, is assigned all 
calls which employ CN as the first two 
letters.  The list of these "Interna-
tional  Call  Letter Assignments" is 
given below. 

In code transmission the call letters 
are always preceded by — . . . (de). 
The letters of the station called are 
usually repeated 3 times, followed by 
the letters of the caller, also repeated 
3 times, thus:  XAB, X AB, X AB de 
KNL, KNL, KNL, would indicate a 
U. S. Station calling a Mexican station. 

Inasmuch as c.w. (code) transmis-
sions carry further than 'phone or 
broadcast signals, and as many c.w. sta-
tions employ high power, it is possible 
to log many countries in this way, 
who either do not have broadcast trans-
mitters or whose broadcast transmit-
ters do not reach out. 

Call Signal 
CAA-CEZ 
CFA-CKZ 
CLA-CMZ 
CNA-CNZ 
COA-COZ 
CPA-CPZ 
CQA-CRZ 
CSA-CUZ 
CVA-CXZ 
CYA-CZZ 

EAA-EHZ 
EIA-EIZ 
ELA-ELZ 
EPA-EQZ 
ESA-ESZ 
ETA-ETZ 
EZA-EZZ 

HAA-HAZ 
HBA-HBZ 
HCA-HCZ 
IIHA-11HZ 
HIA-HIZ 
HJA-HKZ 
HPA-HPZ 
HRA-I1RZ 
HSA-HSZ 
HVA-HVZ 
HZA-HZZ 

LAA-LNZ 
LOA-L WZ 
LXA-LXZ 
LYA-LYZ 
LZA-LZZ 

OAA-OCZ 
0EA-0EZ 
OFA-OH.Z ) 
OIA-OJZ  f 
OKA-OKZ  Czechoslovakia 

Country 
Chile 
Canada 
Cuba 
Morocco 
Cuba 
Bolivia 
Portuguese Colonies 
Portugal 
Uruguay 
Canada 
Germany 
Spain 
Irish Free State 
Liberia 
Persia 
Estonia 
Ethiopia 
Territory of the Saar 
France and colonies and pro-
tectorates 

Great Britain 
Hungary 
Switzerland 
Ecuador 
Haiti 
Dominican Republic 
Colombia 
Republic of Panama 
Honduras 
Siam 
Vatican City 
Saudi Arabia 
Italy and colonies 
Japan 
United States of America 
Norway 
Argentina 
Luxemburg 
Lithuania 
Bulgaria 
Great Britain 
United States of America 
Peru 
Austria 

Finland 

ONA-OTZ 
OUA-OZZ 
PAA-PIZ 
PJA-PJZ 
PKA-POZ 
PPA-PYZ 
PZA-PZZ 

SAA-SMZ 
SOA-SRZ 
SSA-SSZ 
STA-SUZ f 
SVA-SZZ 
TAA-TCZ 
TFA-TFZ 
TGA-TGZ 
TIA-TIZ 
TKA-TZZ 

VAA-VGZ 
VHA-VMZ 
VOA-VOZ 
VPA-VSZ 
VTA-V WZ 
VXA-VYZ 

X AA-XTZ 
XGA-XUZ 
XYA-XZZ 
YAA-YAZ 
YBA-YHZ 
YIA-YIZ 
YJA-YJZ 
YLA-YLZ 
YMA-YMZ 
YNA-YNZ 
YOA-YRZ 
YSA-YSZ 
YTA-YUZ 
YVA-Y WZ 
ZAA-Z AZ 
ZBA-ZJZ 
ZKA-Z ME 
ZPA-ZPZ 
ZSA-Z1. 7. 
ZVA-ZZZ 

Belgium and colonies 
Denmark 
Netherlands 
Curacao 
Dutch East Indies 
Brazil 
Surinam 
(abbreviations) 
U. S. S. R. 
Sweden 
Poland 

Egypt 
Greece 
Turkey 
Iceland 
Guatemala 
Costa Rica 
France and Colonies and Pro-
tectorates 

U. S. S. R. 
Canada 
Australia 
Newfoundland 
British co'onies and protectorates 
British India 
Canada 
United States of America 
Mexico 
China 
British India 
Afghanistzm 
Dutch Eait Indies 
Iraq 
New Hebrides 
Latvia 
Free City of Danzig 
Nicaragua 
Roumania 
Republic of El Salvador 
Yugoslavia 
Venezuela 
Albania 
British co'onies and protectorates 
New Zealand 
Paraguay 
I', ion of South Africa 
Brazil 

Foreign Broadcast DX'ing 

TS it necessary for the listener to have 
'special receivers and aerials for this 
long wave reception?  Absolutely not. 
A super is of course needed to receive 
Europeans before 1:00 a.m., due to in-
terference from locals. 
Slightly better signals can be ob-

tained by using directive antennas, but 
with the modern supers little import-
ant advantage is gained through their 
use. 

Successful broadcast band DX'ing 
to the extent mentioned, depends on 
several factors. You must know where 
to look for the stations, what time they 
start transmission and how they are 
identified.  If a few words of the lan-
guage of each country is not known, 
then you must at least know what 
their announcements sound like.  For 
the benefit of those wishing to try 
their luck on long wave DX'ing, we 

list a few of the better heard Europe-
ans, giving the time they start and 
how they announce. 
At midnight tune to 904 kc. and wait 

for Hamburg to begin. A man will an-
nounce first, "Ach-toong, ach-toong, 
here Hamboerg." This station can be 
heard until as late as 2:30 a.m. Col-
ogne, Germany, on 658 kc. is another 
well  heard.  Their  announcements 
sound like this: "Ach-toong, here vest-



42 1935 RADIO MAN'S GUIDE 

doy-tcher Roondfoonk." Transmissions 
begin at 12:30 a.m., but due to inter-
ference from WEAF, it is well to wait 
until after 1. Berlin on 841 starting at 
12:30 a.m. with gym class is perhaps 
the easiest of the German to identify. 
Their announcements are "Ach-toong, 
here Bear-leen." Between announce-
ments you may hear a few notes from 
a music box. Budapest is another well 
heard here. Transmissions begin at 
12:45 a.m. and can be identified by the 
lady announcing, "Alto, here Buda-
pest." Budapest leaves the air at 1:15 
a.m. Turin, Italy, I 1TO, on 1140, is the 
best of the Italians, with announce-
ments starting off something like this, 
"e-yahh rah-de-o nord e-tal-eya Tor-
ino." 
The easiest of all Europeans to iden-

tify and the best heard, is Poste Pari-
sien in Paris, on 959 kc. Their trans-
mission begins at 2:10 a.m. each week 
day.  At 2:10 sharp, you will first 
hear a bugle blowing reveille. This is 

repeated twice, with drums coming in 
on the third time. Our announcement 
follows, always by a man: "Allo, allo, 
Poste Pare-ree-sun." One more of the 
Europeans and we will have finished 
with them. This is Prague on 638 kc., 
who comes on at midnight. Their an-
nouncements are simply: "Here Praha." 
For those wishing South American 

reception a few tips will be given of 
the stations that are being received 
right now.  LS2 on 1190 kc. is heard 
between 7 and 8:30 p.m. YV1RC on 
960 kc. is heard best at 7 p.m. TG W 
on 665 kc. has a special DX trans-
mission each Sunday morning after 2 
a.m. HHK, Port au Prince, Haiti, on 
920 kc., can be heard each Friday even-
ing between 7:30 and 8:30 p.m. And 
last, LR4 on 990 kc. when WBZ fades 
and LR3 on 950 when WRC fades. 
The Australians can be received quite 

easily during the spring and autumn 
months. To hear these the best time 
is from 5 a.m. until after daylight. 

"Double-Doublet" 

'THE only principle which has been 
successfully employed at the receiv-

er for the reduction of "man-made" 
static is to locate the antenna in a 
comparatively noise-free area and to 
employ a lead-in of such a type that 
pick-up by the lead-in is eliminated. 
There are two general types of such 
lead-ins—the shielded lead-in and the 
balanced transposed line.  Experience, 
in most cases, shows the shielded line 
to be unsuitable for high frequencies. 
The balanced line, however, is eminent-
ly suitable for many reasons.  When 
used in conjunction with a well-de-
signed transformer at the set, the pick-
up on the line is almost completely 
eliminated. No grounding is necessary 
and losses are practically negligible if 
the design is right. 
In designing the line the space be-

tween the wires and the size of the 
wires is important. The farther apart 
they are, and the smaller they are, the 

DOUBLE -DOUBLET 

TRANSMISSION 
LINE 

a 

2BL, Sydney, on 855 kc., is perhaps the 
best heard on this coast.  3L0, Mel-
bourne, on 800, 5CK, Crystalbrook, on 
635, and 2UE, Sydney, on 1025, are 
others that are heard well. 
Comparing this to short-wave recep-

tion, many radio fans say there are 
more thrills on the broadcast band, for 
the simple reason there are so many 
new places that one can hear.  Every 
country in Europe that has a short-
wave station can be logged on the 
broadcast band and in addition such 
countries as Hungary, Ireland, Scot-
land, Austria, Czechoslovakia, Den-
mark, and others. 
To assist broadcast-band DX'ers in 

getting foreign stations, RADIO NEWS 
publishes an up-to-date time table in 
each issue. This list is compiled by 
official Broadcast Band Listening Post 
observers located thruout the world. 
Also of considerable value is the 

station list which appears at the end of 
this book. 

Antenna System 
higher is the characteristic impedance 
of the line. If a line is terminated at 
each end with its characteristic im-
pedance, its transmission is nearly con-
stant at all frequencies.  However, 
when the terminating impedances are 
widely different from the proper value, 
the transmission effectiveness varies 
greatly with frequency, the curve pass-
ing through a series of peaks and val-
leys corresponding to resonance points 
in the line. 
For the RCA "World- Wide" anten-

na system a line having 180 ohms im-
pedance was chosen because this value 
is about the average input impedance 
of most short-wave receivers and be-
cause it is about the average impe-
dance of the "double-doublet" antenna 
over the short-wave frequency spec-
trum. 
Because the antenna does not repre-

sent an impedance exactly equal to the 
line impedance at all frequencies, the 

Figure 84 

transmission curve does have a series 
of minor peaks and valleys, varying in 
efficiency two or three to one.  The 
line length was adjusted experiment-
ally by throwing short lengths in and 
out of the circuit until a length was 
found such that a transmission peak 
occurred at each of the important 
short-wave broadcast bands. 
Mechanically, the line consists of a 

rubber-covered,  twisted  pair,  with 
stranded, tinned copper wire for each 
conductor.  After many tests, special 
submarine cable rubber was specified 
for insulation of the transmission line, 
due to its low losses and long life. 
While twisted pair was indicated to 
produce a line of the proper impedance, 
it was also important that the wires 
be close together with frequent trans-
positions to effectively balance out any 
pick-up. 
In order to keep the losses low when 

(Continued on Page 44) 
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180'E 

NE W ZEALAND 
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AUSTRALIA ( EASTERN) --450"E 

CENTRAL AND - 
NORTHERN AUSTRP.LIA   

JAPAN  435 °E 

W. AUSTRALIA , CHINA  120.E 

JAVA 

INDO CHINA  105'E 
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INDIA, CEYLON - 
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SOMALI LAND -  45°E 

KENYA - 

WESTERN RUSSIA, BALKAN  30°E 
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BRAZIL  -  45' W 
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U.S. PACIFIC TIME 
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- -24 
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ALASKA 
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CORDOvA_   
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SOUTHERN PORTION_  ) 
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165'w. 

15 °E. 
ALGERIA  0' 
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AUSTRALIA 
WESTERN AUSTRALIA   120 °E 
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NORTHERN TERRITORY__ '?'142' 30'E. 

SOUTH AUSTRALIA ___-- i 
NEW SOUTH WALES  1 
QUEENSLAND   > 450°E. 
VICTORIA_  -) 
AUSTRIA_    45°E. 
AZORES ISLANDS  __30' W.  _ 

BELGIU M._  0' 
BERMUDA ISLANDS  60 °W.  - 
BOLIVIA  68 °W. 
BRAZIL 
FERNANDO NORONHA ISLAND-. ? 30" W.  - 
ISLE DE TRINIDADE  , 
EASTERN BRAZIL  45 °W.  - 

ALEUTIAN ISLANDS____-, 

ALBANIA   
WEST COAST   

AmAzONAS____}CENZTAL___60 W. 
MATTO GROSSO  zo 

•  - 

ACRE TERRITORY(WF-STERN ZONE) 15°W -  - 3 

BULGARIA  30*E  -  2 
CANADA &NE WFOUNDLAND 
NEWFOUNDLAND   52 •30' W.  - - 1 
LABRADOR ( INTERIOR)______:̀, 

180°W -

HAITI, REPUBLIC OF_____75' W. 
HAWAIIAN ISLANDS _457'30' W 
HONDURAS  90' W. 
BRITISH HONDURAS_  _90°W. 
HUNGARY   .15'E. 
ICELAND   15' W. 

CALCUTTA  829'300.E'E. INDIA  ...   

405°E.  135° W 
INADLOY-CHINA   
IRELAND   

_16  IT  15°E. 

-15  JAMAICA  75 °W. 
JAPANESE EMPIRC  135.E. 

-14  KOREA (CHOSEN )  113105:EE: 

EN 
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jKAVAYA_____________37 ° 30'E 
-12  LATVIA  30°E. 

-11  LITHUANIA  15'E. 
LUXEMBURG  15°E. 

-10  MADEIRA ISLAND   15° W. 

- 9  MEXICO ( EXCEPT LOWER  
CALIFORNIA NORTH OF 28');  ' 
LOWER CALIFORNIA  \ 120' 
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_0° 
NETHERLANDS_   5°E. 
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SOUTH WEST AFRICA 30"E. 
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KHABAROVSK________1 WE. 

KIEV_   _30'E. 
30'E. KHARKOV   

LENINGRAD _ _ _ 30*E. 

MINSK  _30'E. 
30'E. MOSCOW__    

SPAIN_  _0' 
STRAITS SETTLEMENTS. I05'E.  

SWEDEN  15'E. 
SWITZERLAND  _45'E. 
SYRIA  .30*E. 
TASMANIA,AUSTRALIA_150°E. 
TRiNiDAD,BRITISH _60°W. 
TURKEY    30°E. 
UNION OF SOUTH AFRICA_30°E. 
U.S. OF AMERICA 
EASTERN  .75' W. 

_ • CENTRAL_    90 W 

PACIFIC   - -1105:W W 20 
MOUNTAIN    

URUGUAY   52°30' W 

VENEZUELA   - .67'30' W. 
_   

VIRGIN ISLANDS  60 °W 
YUGOSLAVI A   15'E. 

-8 

-7 

-6 

- 5 

- 4 

0 
NEW BRUNSWICK _   

6°.W " - 

• QUEBEC (EAST OF 68'W.)   
ONTARIO ( EAST OF 90°W) 
MANITOBA _   
NORTHWEST TERRITORIES (EASTERN), 90'W___ + 4 
ONTARIO (WEST OF 90°W.)  J 
ALBERTA   -5 
NORTHWEST TERRITORIES(MIDDLE)105•141 _ + 6 
SASKATCHEWAN   
1  -  7 BRITISH COLUMBIA_   120.  + 
NORTHWEST TERRITORIES(WESTEIN): W.  _  8 

CHILE  15° W.  - + 9 
135" W. YUKON   

CHINA ( EAST COAST)  120'E  +10 
COLO MBIA  75' W. 

COSTA RICA_   _90°W.  -  +41 
CUBA  75°W. 
CZECHOSLOVAKIA  15 °E. 
DEN MARK  15•E. 
DOMINICAN REPUBLIC___470° W. 
ECUADOR..  80'W. 
 3 EGYPT   0*E. 
EL SALVADOR_   90° W. 
ENGLAND   .0' 
ESTONIA  _30°E. 
FINLAND (SOUmi)  30'E. 
FRANCE  0' 
GER MANY  _15 °E. 
GREECE  30'E. 

' GUATEMALA    90 W. 

4 QUEBEC ( WESTOF 68'W )__"15' W. 

- + 2 
 75' W 

-  +3 

- +42 

- +13 

- +14 

- +15 

- +46 

- +17 

- +48 

- +19 

- +20 

- +21 

- +22 

- +23 

-  +24 

165 W  EASTERN SAMOA 

- HAWAII  KKH, KGU 

150 W 

90°E 

ALASKA, YUKON 
KFQD , KIFH 

U.S. PACIFIC TI ME 
120° W   KETCH I KAN (ALASKA) 

KGBU, KFI, KGO,CRCV 

.105 .,W   U.S. MOUNTAIN TI ME 
KOA,CFCN 

U.S. CENTRAL TI ME 
90°W  CENTRAL AMERICA, MEXICO 

XETE,TGW,T14NRH.W8XAL ETC 

- ECUADOR , PRADO, HC 2 RL 
75 °W  u.s. EASTERN TIME ,COLOMBIA 

HJIABB,HJ2ABA.W2XAF.W2XC it 

'-VENEZUELA, WIBC.YV3BC 

60'W  CANADA, ATLANTIC TIME 
ARGENTINA , WEST INDIES 

LSX, LR5 

45°W -  BRAZIL •  PRAG, 
PRBA, PSK 

30 °W AZORES 

15' W  ICELAND , TFA 

G. M.T. , ENGLAND , FRANCE 
0  GSA, FYA • EAQ, 

CT1AA , CNR 

- *HOLLAND , PHI 

15°E -  ox ME T.,y, .Lc GDEJRAM HA BNLY. ITALY 

30 •E _ WESTFV1:0519R VIE, BALKAN 

- KENYA , V0 -7L0 

45°E -  SOMALILAND 

60°E - 

- INDIA , CEYLON 

 INDIA: CALCUTTA , VUC 

105°C - INDO CHINA, CHINA 

-JAVA,  PIS 

120°E  CHINA( E.COAST), XGOA 
W. AUSTRALIA , 6WF 

JAPAN, J1AA  RV 45 
135°E -  JOAK , JOBK 

_ CENTRAL AND NORTHERN 
AUSTRALIA. SCK , 5 KA 

150.E  AUSTRALIA ( EASTERN ) 
YK2ME , VK3ME 
2BL. 3L0, 7zL 

165'E 

- NE W ZEALANto 
2YA , 3yA 

180'E - -

VIRST locate your country, or your 
section of your country, in the al-

phabetical list in Figure 78 to find its 
longitude.  Then locate this longitude 
on line A.  Next consult the alphabeti-
cal list to determine the longitude of 
the country whose time you want to 
find, and locate this longitude on line 
C.  Now lay a ruler or other straight-
edge across the chart so that it con-
nects these two points on lines A and 
C.  The point at which it crosses line 
B shows the time difference between 
these points.  If the hour is preceded 
by a plus sign, add this figure to the 
time in your locality.  If a minus sign 
is shown, deduct the hours 
The following concrete example will 

Figure 78 

illustrate the simplicity of the proce-
dure: Suppose a New York City list-
ener wants to determine the time in 
New Zealand.  He first consults the 
list (U. S. A. -Eastern Time) and 
finds his longitude to be 75 degrees 
West. This he locates on line A.  He 
again consults the list and finds the 
longitude of New Zealand to be 172 
degrees, 30 minutes East (60 minutes 
equals 1 degree, therefore New Zea-
land lies 1722 degrees, East).  This 
point is then located on line C.  A 
ruler laid across the chart to connect 
75 on line A with 172,A on line C in-
tersects line B at plus 16V2 hours. 
He therefore adds this number of 
hours to his own time to find the cor-

responding New Zealand time.  Thus 
if it is 9 a.m. in New York, he fir ds 
that in New Zealand the clock shows 
1:30 a.m. of the next day. 
From the foregoing it is evident that 

the use of this chart represents an ut-
terly simple method of accurately de-
termining the time in any part of the 
world, corresponding with that in any 
other part.  If desired, a strip of card-
board may be employed in place of a 
ruler, pivoting one end on line A in 
a position corresponding to one's own 
location so that the straightedge may 
be swung through an arc sufficiently 
long to reach all points on line C. 
This will still further simplify the use 
of the chart. 
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APPROXI MATE RESULTANT CURVE WREN 

46Y2 AND 29' DOUBLETS ARE CROSS 
CONNECTED 

2  4  6  8  40  42  44  46  48  20  22  24  26  28  30 

M EGACYCLES 

Figure 82 

The "Double-Doublet" 
Antenna 

(Continued from Page 42) 

the line is wet, it is important that 
no cotton be used as insulation.  Even 
when a cotton wrap is well impregnat-
ed, the impregnating material  soon 
evaporates and moisture then gets in, 
increasing the line losses. 
It is well known that a half-wave 

doublet is an efficient collector of short-
wave signals. However, it is at its best 
only at or near its resonance point. 
Obviously, if two dissimilar doublets 
can be connected to the same transmis-
sion line without either harming the 
performance of the other, the overall 
performance of the combination will 
be better over a wider range of fre-
quencies than that of a single doublet. 
The secret of the "double-doublet" 

is the much discussed "cross-connec-
tion."  That is, the left arm on the 
longer doublet connects to the same 
side of the transmission line as the 
right arm on the short doublet (see 
Figure 83).  The connection must be 
made in this way in order for the out-

TO ANT. AND 
GND TERMINALS 
ON RECEIVER 

put of the short doublet to be additive 
to the output of the long doublet at a 
frequency midway between their re-
sonance points. 
In order to understand this appa-

rent paradox, consider the fact that 
the long and short arms connected to 
a given side of the line form a single, 
nearly straight wire which is reso-
nant in the half-wave "node" at the 
frequency mentioned. 
At the frequency of the resonance 

of either the long or the short doublet, 
the impedance of the antenna system is 
somewhat lower than the line imped-
ance.  Thus it can be seen that the 
line impedance chosen is a good com-
promise value. The performance of the 
"double-doublet" is compared to that 
of single doublets in the curves of 
Figure 82. 
The long doublet is resonant in the 

half-wave node at about 8 mc. and in 
the 3/2 node at 24 mc., as in Curve 
(A), Figure 82.  The short doublet is 
resonant at about 14 mc., Curve (B). 
The response of the combination is re-
latively flat over the important part 
of the short-wave spectrum, as in 
Curve (C). 

Figure 83 
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The Coupling Transformer 

The noise-eliminating feature of the 
system depends entirely on the design 
of the transformer which couples the 
line to the set. The purpose of this 
transformer.  "Out-of-phase"  signals 
signals while transmitting out-of-phase 
signals.  The expression "in phase" 
means that the voltages of the two 
sides of the line go positive together 
and then go negative together.  Ob-
viously, this type of signal will pro-
duce no current in the primary of the 
are those which cause one side of the 
line to go negative when the other goes 
positive and then reverse.  This type 
of signal does produce primary cur-
rent.  The mere presence of a trans-
former does not eliminate the in-phase 
signals (or noise), because if there 
is capacity coupling, the noise will be 
transmitted to the set through that 
capacity. 
In the transformer under discussion 

a special and highly efficient static 
shield (Figure 84 [d]) is used to com-
pletely eliminate capacity coupling. As 
a result, the in-phase signals and noise 
picked up by the line are eliminated 
while the out-of-phase signals picked 
up by the antenna are transmitted to 
the receiver. 
The circuit diagram of the complete 

antenna system connected to a receiver 
is shown in Figure 84. 
When the switch is on position 

marked "S W," operation is as describ-
ed above.  When the switch is on 
"STD" position, the antenna and lead-
in both act as antenna, and it is so 
used for broadcast-band reception. 
A resistor (R) is connected from 

one side of the primary to ground to 
prevent the antenna system from col-
lecting a high potential and sparking 
to ground, which would cause disturb-
ing and periodic clicks in the receiver. 
When choosing a noise-free area to 

locate the "double-doublet" antenna it 
is well to keep in mind the generally 
accepted theory that the strength of 
noise interference varies inversely as 
the square of the distance from the 
source of noise.  Since the signal 
strength of the received broadcast sig-
nal is usually considered to increase in 
a direct proportion to the height above 
ground, it is recommended that the 
antenna be installed as high as pos-
sible. 
On the short-wave signals originat-

ing at relatively short distances from 
the receiver it is often found with this 
antenna system that greater signal 
strength is obtained with the "S W-
STD" switch in the "STD" position. 
This is to be expected, as the signal 
being received is probably the ground 
wave (that portion of the transmission 
vertical polarized) rather than the sky 
wave. The ground wave does not de-
velop much  signal  voltage  in the 
"double-doublet" but does develop a 
voltage on the transmission line. Thus 
since both "in phase" and "out of 
phase" signals are transmitted with the 
switch in the "STD" position, greater 
signals are received from the local 
short-wave broadcasting station at this 
"STD" position. 
The receiver coupling transformer of 

the system described here eliminates 
automobile ignition noise almost corn-
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pletely. This can best be explained by 
the following paragraphs and illustra-
tions by again referring to Figure 84. 
"S" represents a signal generator 

such as a source of auto-ignition noise. 
(a) represents the capacity coupling 
from "S" to the transmission line. (b) 
represents the capacity coupling from 
"S" to the power supply line.  (h) rep-
resents the capacity coupling from one 
side of the power supply line to the 
metal chassis. (f) represents the ca-
pacity coupling from "S" to actual 
earth ground. 
(A)  The noise voltage that would 

be induced by capacity coupling (a) 
into the transmission line would cor-
respond to an "in-phase" signal and 
therefore would be coupled or fed 
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through to the secondary of the re-
ceiver coupling transformer by the ca-
pacity (c) if this capacity Were not 
eliminated by the special and highly 
efficient electrostatic shield (d).  If it 
were not for shield (d) a noise voltage 
would be developed across "ant" and 
"gnd" of the receiver due to a com-
pleted circuit from "gnd" to chassis 
frame through (h) to the power supply 
line which is usually grounded on one 
side, and thence back to "S" through 
(I)• 
(B)  The noise voltage that would 

be induced by capacity coupling (b) 
causes current to flow through the 
power transformer and develop a noise 
voltage from ground to the chassis 
through capacity (h).  If no receiver 

coupling transformer were used this 
voltage would occur across the input 
terminals of the receiver and hence 
cause noise.  When the antenna sys-
tem includes a receiver-coupling trans-
former this voltage occurs between the 
primary and the electrostatic shie.d 
since capacity (c) has been eliminated. 
However, this does not produce pri-
mary current.  Therefore this noise 
voltage does not induce a voltage in 
the transformer secondary. 

(C).The electrostatic shield (j) pro-
vided with most power transformês 
serves to offset the capacity couplii: g 
(g) and thus prever.ts the introduction 
of r.f. noise voltages into the voltage 
supply of the receiver directly. 
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World Distance Maps 
TN the realm of "DX," the actual 
'distance in miles is the yardstick of 
accomplishment.  The distorted map 
shown  in  Figure 79 permits direct 
measurement of the mileage between 
New York and any point in the world, 
or from any point in the world to 
New York, with an ordinary ruler 
the only instrument needed.  To use 
the map, first find the distance in inches 
between New York and the *desired 
point, multiply this figure by the miles 
per inch shown on the scale on the 
chart and the answer will be a close 
approximation to the exact airline dis-
tance between the two points. 

The distorted map shown in Figure 
80 permits direct measurement of the 
mileage between San Francisco and 
any point in the world. 
Distances from points other than 

New York or San Francisco can in 
many cases be closely approximated by 
reference to New York. To determine 
the distance between Cleveland and 
Melbourne, Australia, for instance, the 
distance from Melbourne to New York 
is found and from this is subtracted 
the distance from Cleveland to New 
York. The distance between Cleveland 
and a point in Africa would be ob-
tained in the same manner, except that 

the mileage between Cleveland and 
New York would be added to the dis-
tance from New York to the African 
point.  An important feature of these 
maps is found in the fact that one can 
easily see the shortest straight-line 
path from any point in the world to 
New York or San Francisco, and the 
exact direction of such a path.  Thus, 
it is surprising to learn that radio sig-
nals from Tokio or Manila pass almost 
directly over the North Pole in their 
path to New York, whereas most peo-
ple think of such signals as coming to 
New York from a westerly point, prob-
ably passing over Los Angeles. 
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"Ham" Notes 

Radio Amateur Abbreviations 

ABL—able 
ABT—about 
ACCT—account 
AER—aerial 
AGN—again 
AHD—ahead 
AMT—amount 
ANI—any 
ANS—answer 
ART—all right 
B—be 
B4—before 
BCL—broadcast listener 
BD—bad 
BI—by 
BIZ—business 
BK—back, break 
BKG—breaking 
BLV—believe 
BN—between 
BPL—Brass Pounders League 
BST—best 
BTR—better 
BT—but 
BUG—vibroplex key 
C—see 
CANS—phones 
CHGS—charges 
CK—check 
CKT—circuit 
CL—closing station call 
CLD—called 
CLG—calling 
CM—communications manager 
CMG—coming 
CN—can 
CNT—can't 
CONGRATS—congratulations 
CQ—General call 
CRD—card 
CUD—could 
CUL—see you later 
CUM, CM —come 
CW—continuous 
CY—copy 
DA, DY—day 
DD—did 
DG—doing 
DH —dead head message 
DLD—delivered 
DLR—deliver 
DLY—delivery 
DN—done 
DX—distance 
DWN —down 
EM—them 
ES—and 
EVY—every 
EZ—easy 
FB—fine business 
FIL—filament 
FM—from 
FONES—telephones 
FR—for 
FREQ—frequency 
GA—go ahead 
GB—goodbye 
GD, GUD—good 

GE—good evening 
GES—guess 
GG, GNG—going 
GM—good morning 
ON—good night 
GND—ground 
GQA—Give quick answer 
GSA—give some address 
GT—get, got 
GTG—getting 
GVG—giving 
HAM—amateur 
HD—had, head 
HI—laughter, high 
HM—him, home 
HR—here, hear, hour 
HRD—heard 
HV—have 
HVG—having 
HVY—heavy 
H W—how 
IC W—interrupted continuous wave 
LID—a poor operator 
LST—last, lost 
LTR—later 
LV—leave 
LVG—leaving 
M A—milliampere 
MG —master generator 
MI—my 
MILS—milliamperes 
MIM—high power, exclamation 
MIN—minute 
MK—make 
MNG—morning 
MNI, MNY—many 
MO—master oscillator 
ND—nothing doing 
NO—no good 
NIL—nothing 
NITE—night 
NM—no more 
NR—near, number 
NT—not 
NTG—nothing 
N W—now 
OB—old boy 
OFS—office 
0M—old man 
00—official observer 
OP—operator 
OPN—operation 
ORS—Official Relay Station 
OT—old timer 
OTR—other 
OW—old woman 
PLS, PSE—please 
PUNK—poor operator 
PWR—power 
PX—press 
QRM—interference 
QRN—static 
QSA— What is the strength of my 

signals? 
Your signals are (QSAL to 
QSA5) 

QST—General call to all A. R. R. L. 
stations 

RECD, RCD—received 
RCVR—receiver 
RI—radio inspector 
RITE—right 
RM—route manager 
RPT—report, repeat 
RUF—rough 
SA—say 
SCM—Section Communications Man-

ager 
SEC—second 
SED—said 
SEZ—says 
SIG, SG—signal, signature 
SINE—sign 
SKED—schedule 
SUM—some 
TC—thermocouple 
TKU, TU—thank you 
TM—time, them 
TM W—tomorrow 
TNG—thing 
TNX, TKS—thanks 
TR—position, there 
TS—this 
'TT—that 
TY—they 
U—you 
UR—your 
URS—yours 
VT—vacuum tube 
VY—very 
WA—word after 
WB—word before 
W D—would, word 
W DS—words 
WI—with 
W K—work, week 
W KG—working 
WL—well, will 
W N—when 
W O—who 
WR—where 
WS—was 
WT—what, wait 
WUD—would 
W V—wavelength 
W X—weather 
XMTR—transmitter 
YDA—yesterday 
YL—young lady 
YR—your, year 
73—best regards 
88—love and kisses 
99—keep out 

"Q" Readability System 

QSAl—Signals hardly perceptible; un-
readable 

QSA2—Signals weak; readable only 
now and then 

QSA3—Signals fairly good; readable 
with difficulty 

QSA4—Good readable signals 
QSA5—Very good signals — perfectly 

readable. 
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"R" Audibility System 
R1 —Faint signals; just readable. 
R2— Weak signals; barely readable. 
R3— Weak signals; but can be copied. 
R4—Fair signals; easily readable. 
R5 —Moderately strong signals. 
R6—Good signals. 
R7—Good strong signals, that come 

thru QRM & QRN. 

R8—Very strong signals; heard sev-
eral feet from the phones. 

R9—Extremely strong signals. 

"T" Tone System 
T1— ("Ur tone 1, R6") Poor 25 or 60 

cycle AC tone. 
T2—Rough 60 cy. AC tone. 
T3—Poor RAC tone 0 Sounds like no 

filter. 

T4—Fair RAC,—small filter. 

T5—Nearly DC tone, good filter but 
has key thumps, or back wave, etc. 

T6—Nearly DC tone, Very good filter; 
keying OK. 

T7—Pure  DC tone, but has key 
thumps, back wave, etc. 

T8—Pure DC, not equal to T9. 
T9—Best steady, pure, crystal con-

trolled DC tone. 

Hints on IL F. Amplifiers 
For Amateur Transmitters 

A NY modern transmitter contains at 
'least one stage of r.f. amplification 
—the power amplifier—following some 
type of master oscillator, either crystal 
or self-controlled.  The better trans-
mitters  (especially  in phone  work, 
where it is very advisable)  use a 
buffer amplifier between the oscillator 
and power amplifier to prevent fre-
quency variation due to a varying load 
on the oscillator.  The buffer stage 
also permits the oscillator to be run at 
a light load, which is a particular ad-
vantage when using crystal control, as 
the temperature rise of the crystal with 
its consequent frequency drift will be 
reduced.  Where high power is used, 
an additional stage may be necessary 
to bring the r.f. voltage up to a proper 
level for exciting the power stage. 
These are all straight r.f. amplifiers 
which are called upon to amplify not 
only r.f. voltage but also r.f. power. 
Unlike audio (Class A) amplifiers, the 
r.f. (Class B) amplifier grid draws cur-
rent and, therefore, takes power to ex-
cite it 
Straight r.f. amplification of one fre-

quency in transmitters has a great deal 
in common with r.f. amplification in 
receivers.  Each stage must be neu-
tralized unless screen-grid tubes are 
used, and even then it is sometimes de-
sirable to neutralize the control grid-
plate capacity to improve stability. 

When improperly neutralized or not 
carefully designed, the amplifier stages 
are inclined to oscillate, exactly as in 
receivers.  This  must  be  carefully 
guarded against, for when an ampli-
fier oscillates it is usually on some fre-
quency other than that of the master 
oscillator—and it is a very serious of-
fense for a transmitter to be off its 
assigned frequency.  The first part of 
this article will be devoted to straight 
amplifiers which operate on the same 
frequency as the stage feeding them. 
A later part of this article will be 
given over to amplifiers which amplify 
at some harmonic of the stage which 
feeds them (frequency multipliers). 
Tubes used as radio-frequency am-

plifiers are usually operated as Class B 
stages. This type of amplifier operates 
with a high grid bias such that, when 
there is no excitation, the plate cur-
rent is practically zero.  The reason 
for using Class B amplifiers in place 
of the more familiar Class A or audio 
amplifiers is that the efficiency of a 
Class A amplifier is only around 15%, 
while 80 to 85% efficiency is obtain-
able from a Class B stage. 
For efficient operation with normal 

output, it is imperative that the am-
plifier be given sufficient excitation 
from the preceding stage.  Screen-grid 
and pentode tubes require somewhat 
less r.f. power to operate them than 

Figure 85 

do the more familiar triodes and are, 
therefore, to be preferred.  For the 
present we will consider the opera-
tion of r.f. amplifiers from the theoreti-
cal viewpoint, to become familiar with 
some of the working tools of the en-
gineer and experimenter and to be 
"all set" to find out the whys and the 
wherefores of the practical arrange-
ments that follow.  For the beginner 
or the non-technical amateur or ex-
perimenter, read the following discus-
sion through carefully. 
Let us first consult Figure 85, where, 

for the purpose of discussion, we will 
consider the simple transmitter consist-
ing of a type -45 crystal oscillator feed-
ing a type -10 power amplifier—a very 
reasonable  low-power  arrangement. 
The r.f. output from the oscillator is 
fed through the coupling condenser, 
C2, via the feeders A and B to the 
input circuit of our amplifier.  This 
constitutes a shunt-feed arrangement 
where the choke, RFC3, has practically 
the entire r.f. input voltage across it. 
This choke, therefore, must be a good 
one, or some of the precious input 
voltage will be shunted into the "C" 
battery circuit, which, besides being a 
loss, may cause a great deal of trouble 
by being coupled into other circuits. 
especially where the same source of 
grid bias is used for other tubes as 
well. As a precaution, we could add a 
mica by-pass condenser (C3) to offer a 
low-impedance path to filament to any 
radio-frequency currents getting through 
the choke, thereby keeping it from 
the source of "C" supply.  If, on add-
ing this condenser, a change in plate 
or grid current resulted, it would prove 
that RFC3 was not an effective choke. 
If, on the other hand, no change of 
any kind was noticed, the chances are 
that the choke is O.K.  Unforeseen 
troubles, such as this type of feedback, 
often make it difficult—and sometimes 
make it impossible—to neutralize the 
amplifier. This is fortunate, for a dis-
ease with clear symptoms is the easi-
est to diagnose—and cure!  But let us 
continue our story about the grid or 
irput circuit of the amplifier. Note, in 
Figure 85, the grid milliammeter which 
is connected in series with the "C" 
battery. 

Use of the Grid 
M ill iammeter 

This meter is a valuable indicator, 
for when the amplifier and the oscilla-
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tor are turned on, the meter will in-
dicate relative values of exciting volt-
age.  In other words, it will act as an 
r.f. voltmeter and will be very useful 
in neutralizing the amplifier and in get-
ting optimum output from the oscilla-
tor.  The unidirectional current that 
operates this d.c. milliammeter comes 
from the r.f. exciting voltage which is 
rectified by the grid of the amplifier. 
In other words, the meter reads "recti-
fied r.f. current."  This is one of the 
most important points that must be 
grasped if one is to really understand 
the operation of r.f. amplifiers.  In 
view of this, let us pause a moment 
to consider the various parts of Figure 
87.  As we are considering Class B 
amplifiers just now, no plate current is 
flowing (and, of course, no grid cur-
rent)  when there is no excitation. 
Let us turn on the oscillator and 
couple the amplifier very loosely. This 
will give us a very small exciting volt-
age which (a) is supposed to represent. 
A little plate current will now flow. 
but there will be no grid current, be-
cause we still have ample grid bias. 
(In order that appreciable grid current 
may flow, the grid must go positive— 
that is, the r.f. input voltage must ex-
ceed the "C" bias.)  The curve (b) 
pictures the condition where the input 
voltage peaks are just equal to the 
bias voltage. This is the point at which 
grid current just begins to flow. With 
still closer coupling, we get the con-
dition shown at (c), where the excit-
ing voltage exceeds the "C" bias, and 
grid current flows during a small part 
of the cycle (shown shaded.  Plate 
current flows during the entire half 
cycle).  Now the grid, in drawing cur-
rent from the exciting voltage, raises 
itself (from a d.c. standpoint) above 
the "C" bias potential so that, during 
that part of the cycle where the grid 
is positive with respect to the filament 
center-tap, pulses of current are sent 
into the "C" bias circuit.  In other 
words, the grid actually charges the 
bias battery and the grid milliammeter 
reads the rate of charge!  Maybe it 
will be more obvious if we picture it 
in another way, shown at (d).  Let 
V r.f. be our exciting voltage (it does 
not have to be a sine wave) which we 
will feed through the coupling con-
denser, C2, into our amplifier.  When 
the "top side" of our r.f. generator is 
positive—as is shown—the grid will 
draw current if the peak voltage ex-
ceeds the grid bias.  This current is 
pictured by the large arrows. None of 
this r.f. will be shunted into the "C" 
bias circuit, because the choke, RFC3, 
presents an infinite impedance to it. If 
any did get through the choke, the 
d.c. meter would not indicate it. Now, 
during that part of the cycle when the 
grid potential is higher than the "C" 
bias, a charging current will flow into 
the "C" battery as already stated. This 
current, which is represented by the 
small arrows, is that which the milliam-
meter records and is what we will re-
fer to as the "grid current." 

It is now easy to see that, if we in-
sert a resistance in the "C" circuit, 
there will be a voltage drop across it 
equal to RI (the resistance, in ohms, 
times the current, in amperes, through 
it).  Such a resistor is called a "grid 
leak" and is included in Figure 85— 
marked GL. In installations where the 
"C" voltage is limited, it is economical 
and sensible to use a grid leak to help 
supply the bias. It is impossible, how-
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ever, to get true Class B operation, 
with its consequent high efficiency, 
with a grid leak alone. Some "C" volt-
age must be supplied externally. When 
using a grid leak, however, the plate 
current will not drop to zero when the 
excitation is removed, because the re-
sistor cannot contribute any bias when 
there is no current flowing through it! 
The question now comes up—how are 
we going to know when we have the 
proper amount of resistance for Class 
B operation The answer is simple; and 
this is a beautiful case in which the 
man who knows a little theory triumphs 
over the man "who is just an opera-

Eb 
tor."  Class B bias = — where Eb 

is the plate voltage and u the ampli-
fication constant of the tube (which is 
given in the tube data sheets).  This 
is the total bias.  Knowing how much 
actual voltage we have available, the 
remainder must be supplied by the 
grid leak (which is calculated from 

Ohm's law — R = — where I is the 

current given by our grid milliam-
meter.  In a number of tests run at 
W2BRB with various tubes, the value 
of the grid current ranged from 1/10 
to 1/30 of the plate current.  The 
actual value of the grid leak is not 
critical, and it is better to use a little 
too much resistance than not enough. 
A good plan might be to use any avail-
able  resistance,  calculate  the  drop 
across it and see how it checks with 
the desired bias.  A vacuum-tube volt-
meter—such as the one described in 
this book—would come in handy here 
in measuring bias voltages. 
In connection with the foregoing cal-

culation of grid bias, the author has 
found that, when using tubes as Class 
B r.f.. amplifiers, the given value of u 
is too high, so that it is usually neces-
sary to add about 10% to the calcu-
lated bias to get complete "cut-off" (u, 
the amplification constant, actually va-
ries considerably with different grid and 

X 
LJ 

plate  voltages  and  different  plate 
loads). 
So far, our discussion has centered 

on the grid circuit of the amplifier and, 
more especially, on the grid milliam-
meter itself.  We are now ready to 
proceed to the next step, which is neu-
tralizing.  Here the grid meter plays a 
very important part. 

Neutralizing 
When our oscillator is functioning 

properly and our grid meter shows the 
presence of r.f. in the amplifier stage, 
the first logical step is to neutralize 
the amplifier.  Starting with the neu-
tralizing condenser at minimum capac-
ity, we tune the amplifier plate con-
denser until a dip occurs in the grid 
current.  This indicates that the plate 
circuit is tuned to the oscillator fre-
quency  and,  furthermore,  that  the 
tank (plate) circuit is drawing power, 
assuring us that the amplifier is no: 
neutralized.  As these phenomena are 
important, we will pause a moment to 
picture the happenings just referred to. 
Figure 88 at (a) shows how the am-

plifier tank-circuit is coupled to the 
oscillator through the condenser form-
ed  by  the  tube's  grid  and  plate 
(Cg-p).  When the tank is tuned to 
resonance with the oscillator, it absorbs 
some energy, which causes a lowering 
of the grid potential and, therefore, a 
dip in the grid current. Now if we add 
a neutralizing condenser and split the 
plate coil as in (b), we can prevent the 
plate tank from absorbing any energy 
by balancing the circuit formed by 
Cg-p and the top half of the plate coil, 
with the circuit formed by the bottom 
half of the plate coil and the neutraliz-
ing condenser. The arrows picture a 
current coming from the source of 
radio frequency, splitting into the two 
branches just mentioned, and balanc-
ing each other so as to cancel in the 
tank coil. This is the principle of one 
method of neutralizing. The plate coil 
need not be tapped in the center.  All 
that is necessary is that the number 
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Figure 88 

of turns used, with a given capacity 
neutralizing condenser, be sufficient to 
balance the voltage arriving in the plate 
circuit through the grid-plate capacity. 
The fewer neutralizing turns used, the 
larger the neutralizing condenser must 
be—and the greater loading effect the 
condenser will have on the oscillator 
tank circuit, as will be subsequently ex-
plained. 
Now to go on with the process of 

neutralizing—we must turn on the am-
plifier tube so that it can draw a load, 
and we must disconnect the plate volt-
age to prevent self-oscillation with its 
dangerous feed-back.  Now we start 
increasing  the  neutralizing capacity 
with one hand while we swing the plate 
condenser through resonance with the 
other, stopping every few seconds to 
readjust the oscillator plate condenser 
so that the r.f. input will not drop off. 
We should notice the resonance dip 
gradually diminishing until, at some 
point on the neutralizing condenser, 
there should be no dip at all. This is 
the point of neutralization.  To prove 
that neutralization is really accom-
plished, we might further increase the 
neutralizing capacity whereupon the dip 
should return when we tune the tank 
circuit to resonance.  It frequently 
happens that the point of what seems 
to be neutralization will be maximum 
capacity of the neutralizing condenser 
which shows us that we either need a 
larger condenser or, what is usually 
more  reasonable,  more  neutralizing 
turns on the plate inductance.  Then, 
again, the point nearest neutralization 
might be the point of minimum neu-
tralizing capacity, which shows we need 
less neutralizing turns.  Since the neu-
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tralizing condenser is effectively in par-
allel with the oscillator tank condenser, 
it may happen that, as we add neu-
tralizing capacity, we get to a point 
where the oscillator tank condenser is 
at minimum capacity and will not tune, 
causing our r.f. input to drop off. This 
must be answered by removing a few 
turns from the oscillator inductance. 
During this process of neutralization it 
is well to reduce the "C" bias enough 
to permit full-scale reading on the grid 
milliammeter so that it will be easy 
to see the dip.  Many amateurs and 
experimenters balk at the very word 
of "neutralizing," which is really fool-
ish, seeing how easily it can be accom-
plished by the foregoing method. Many 
of the small, cheap voltmeters have a 
low resistance and a full-scale reading 
of 8 to 30 milliamperes, which makes 
it possible to use them for grid mil-
liammeters.  Their resistance will act 
as a grid leak, contributing to the bias 
as previously explained. 
In starting the process of neutraliz-

ing, we assumed that the oscillator was 
functioning properly. However, should 
the grid meter refuse to read, the 
trouble is either very low oscillator 
output or excessive amplifier grid bias. 
Of course, it may be a combination of 
the two. Suffice to say that the trouble 
might rest in the crystal itself (assum-
ing, of course, we are using crystal 
control) or in the r.f. choke in the grid 
circuit.  A milliammeter in the plate 
circuit should show a snappy dip as 
the plate condenser is tuned into reso-
nance with the crystal.  If such is the 
case, the trouble lies in insufficient 
coupling.  If such is not the case, 
either the crystal is N.G., the coupling 
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excessive, or the plate by-pass conden-
ser, Cl, is too small.  (Don't forget 
the grid r.f. choke, which has already 
been mentioned.)  If the oscillator is of 
the self-controlled type, it should be 
relatively easy to get it working satis-
factorily. Adjusting for proper feed-
back and grid excitation and, incident-
ally, watching for inductive grid leaks 
and defective r.f. chokes, should render 
the oscillator stable. Of course, a rea-
sonably high C/L ratio should be used 
to further frequency stability. 

Obtaining Optimum 
Power Transfer 

It was previously stated that the grid 
meter would indicate relative values 
of exciting voltage  and,  therefore, 
might be used to adjust the oscillator 
for maximum output.  In this case, we 
adjust the amplifier grid bias until the 
meter reads about 1 to 2 scale divi-
sions, leaving lots of room for im-
provement!  It is desirable that we 
also have an oscillator plate milliam-
meter in the circuit when we are mak-
ing these adjustments so that we can 
have some idea of the oscillator effi-
ciency.  For instance, it would be fool-
ish to double the oscillator input to 
get less than 20% increase in grid 
mils.  Remember that the grid meter 
reads output current, and power is 12 
(the current squared), so that it would 
take four times the oscillator output to 
double the grid current.  Again, if we 
double the oscillator input, the grid 
reading  should  increase  41%  (the 
square root of 2 being 1.41). This was 
the basis for the previous statement 
that the reading should increase at 
least 20%, this figure indicating that 
the efficiency was dropping off but was 
still within  reason if a little extra 
power were needed. 
In practice, if the source of "C" 

supply has almost no resistance, this 
bit of mathematics will hold true, as 
checked with a vacuum-tube voltmeter 
at W2BRB.  However, if a rectifier is 
used for grid bias, or if a grid leak 
is used to contribute to the bias, or if 
a high-resistance milliammeter is used, 
this may not hold true.  This is be-
cause one of the points of the test was 
to set the "C" bias at some value and 
let it remain there.  If there is any 
resistance in the circuit at all, increas-
ing grid current will produce greater 
voltage drops in the resistance which 
will add to the bias with which we 
started.  This means that we might 
have to multiply our power by—say, 
five—to double the grid reading. What 
actually happens, of course, is that, 
as the bias is increased, the input im-
pedance rises, and to force a given 

Figure 90 
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Figure 91 

current into a higher impedance re-
quires a hirrher voltage and therefore, 
more power. 
Now at the maximum power output 

of the oscillator, the efficiency of power 
transfer to the amplifier will be about 
50%.  This is the point at which the 
load impedance (oscillator tank circuit 
coupled to amplifier grid circuit) is 
equal to the oscillator plate impedance. 
At this point half of our precious r.f. 
power is being absorbed by the plate. 
(Incidentally, the plate impedance is 
not the same as that listed in tube 
data sheets, because we are dealing with 
oscillators and Class B and C ampli-
fiers and not with common audio, or 
Class A amplifiers. This impedance is 
an elusive thing, that is anything but 
constant, but we don't care a whole lot 
just what the value is, because we're 
looking for an outfit with a decent 
efficiency, not one where impedances 
are matched to give only 50% effici-
ency.)  Now, we don't want to use 
good r.f. power to light up the plate, 
because, if we need light, a flashlight 
lamp and a dry cell will do a much 
better job.  Keeping our plate voltage 
constant, suppose we decrease our 
power somewhat by loosening the 
coupling to the amplifier, which may 
be done by replacing the coupling con-
denser with a smaller one or by mov-
ing the clip X away from the plate. 
At 34 maximum power output, the 
efficiency will rise to 75%; at half 
power the efficiency will be around 85%, 
and so on until at—say, one-tenth power 
—we might expect an efficiency of as 
much as 95%. However, this is purely 
theoretical and doesn't always hold 
good, for it might take one-tenth of 
our power to overcome the losses in 
the plate and coupled circuits. At any 
rate, the reader would do well to be-
come very familiar with Figure 89, as 
the explanation of countless phenom-
ena associated with radio and electri-
cal subjects lies within its borders. In 
making full use of Figure 89, we would 
do well to memorize it, always having 
a picture of it in our minds. First, we 
will consider a common phenomenon. 

Loose vs. Tight Coupling 
How many amateurs have tightly 

coupled an antenna to their transmit-
ter and found that, if they loosened 
the coupling, the antenna current would 
rise? How many have wondered why 
this was so?  An antenna, we'll say, 
has a resistance of 50 ohms at our par-
ticular frequency. The plate circuit of 
our tube (oscillator or amplifier) has a 

LOOSE 

resistance of several thousand ohms. 
If we tightly couple the antenna and 
retune it, we will be operating around 
the lower left-hand part of the power 
transfer curve of Figure 89.  Most of 
our r.f. power will be wasted in the 
tube and the efficiency will be less 
than 50%; probably much less!  Both 
the plate and antenna circuits will tune 
very broadly. This is because we have, 
in effect, short-circuited the plate im-
pedance with 50 ohms—the antenna 
resistance. Now suppose we loosen the 
coupling. The input power to the tube 
will decrease, the tube will operate 
cooler and the antenna current will 
increase. We are now around the top 
of the curve! Loosen the coupling still 
further, always retuning, and we find 
that the d.c. input drops a great deal, 
although the antenna current drops 
only slightly—and the tube operates 
cold!  No question about it—we are 
now on the right-hand side of the pic-
ture—where we should be for decent 
efficiency. We can now increase the plate 
voltage and boost the antenna current much 
higher than it was when we were operating 
on the lop of the curve without increasing 
the heat dissipation in the tube over what 
it was in the former case. Actually, most 
amateur operators have found this out 
by experience, although few are aware 
of just what goes on. 
We now have to apply this last para-

graph to our oscillator-amplifier ar-
rangement which we are using as an 
example.  The antenna phenomenon 
was used simply as a comparison, bear-
ing in mind that most transmitting 
amateurs would be familiar with the 
antenna coupling problem, while few 
would know well the idiosyncrasies of 
coupling two r.f. units. While most of 
us use inductive, or magnetic, coupling 
to our antenna, it has become usual prac-
tice to use capacity coupling to r.f. am-
plifiers. Inductive coupling might well 
be used, however, as is shown in Fig-
ure 90. There is one decided advant-
age in this system namely, that series 
feed is used in the grid circuit, which 
obviates the necessity of having a near-
perfect r.f. choke to hold back all the 
valuable r.f. exciting voltage. Another 
obvious advantage is the eliminating of 
the coupling condenser, C2, which must 
stand the oscillator plate voltage plus 
the amplifier grid-bias voltage. A still 
further advantage comes to light when 
we are working on the real high fre-
quency bands (14 mc. and higher). 
The reader will remember that the am-
plifier input and neutralizing circuits, 
in series with C2 (which is usually 
quite large), are in parallel with the 

oscillator plate-tuning tuning condens-
er. This means that the tuning ca-
pacity will have to be much smaller 
than it would be were the amplifier 
loading effect removed.  It is obvious 
that, to preserve a sensible ratio of L 
and C (in the bands mentioned), the 
tuning capacity would be so small that 
it would be hard to guess the proper 
number of turns in the plate coil to 
properly couple the amplifier and still 
have the condenser cover the whole 
band. When working with r.f. ampli-
fiers or crystal oscillators, it is always 
advisable to use as high an L/C ratio 
as is possible, because this gives the 
greatest efficiency. With the capacity-
coupled arrangement there is too much 
loading, already, to permit taking ad-
vantage of the high L tank circuit, so 
that we welcome the change to mag-
netic coupling which permits us to use 
greater inductance with  consequent 
greater efficiency.  Were we using a 
self-controlled master oscillator, we 
should be obliged to use a high C tank 
circuit to further frequency stability, in 
which case the foregoing statements 
would not fit.  The inductive-coupled 
arrangement at the author's station will 
be described in detail later. However, 
since the condenser coupled system is 
so popular, we will continue the story 
with Figure 85. 

Suppose we are working on 3800 kc. 
and C2 happens to be a 2000 mmfd. 
condenser (a popular size). Let us put 
the clip X, right on the plate.  This 
gives us maximum coupling. Carefully 
recording the oscillator plate current 
and the amplifier grid current, we pro-
ceed to move the clip down toward the 
"cold" end of the plate coil, stopping at 
each turn and retuning each time.  If 
we plot the curves, they should re-
semble Figure 91, although they will 
differ considerably with different lay-
outs.  In curve "a" we note that, as 
the coupling is loosened, the plate cur-
rent drops rather fast at first and then 
more slowly as we come down the 
curve.  On the other hand, the grid 
current rises rapidly at first, slowing 
down as it reaches a maximum and 
then gradually tapering off toward 
zero. The reader should recall the par-
agraph on antenna coupling—substitut-
ing antenna current for grid current. 
It might be well worth while to also 
glance back at Figure 89 and try to 
correlate these facts and figures.  Re-
member that Figure 91 represents one 
application of the important Figure 89. 

Getting back to Figure 91, it is 
at once obvious that, with maximum 
coupling, we are getting poor results, 
indeed, for our plate input power is 
very high and our exciting voltage is 
much below maximum. Under certain 
conditions, such as, for instance, where 
we had a limited plate voltage, it might 
be reasonable to work at point X (Fig-
ure 85), where the grid current is a 
maximum, but, in most cases, it would 
be much more sensible to work to the 
right of point X at some such point 
as Y. It should be noted that, al-
though the grid current is somewhat 
less at Y than at X (12%), the plate 
current is a lot less (25%) and, there-
fore, the efficiency is much better.  If 
the oscillator plate voltage can now be 
increased, the grid current of the am-
plifier may be brought as high as it 
was at the peak, and even higher, with 
less heating of the tube.  This, then, 
is the proper way to operate an r.f. 
amplifier—with high voltage and loose 
coupling. 
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Public Address Systems 

A Powerful 6 Tube P. A. System 
(A.C. or Battery Supply) 

rrHE 6-tube, 13-watt universal ampli-
fierL  described in this article and 

shown in Figure 94, operates from 
either 110-volt, 60-cycle a.c. or a 6-volt 
storage battery and many improve-
ments and developments have been in-
corporated to recommend it to the 
sound engineer, serviceman and radio 
dealer. 
In the first place, both the 6-volt and 

the 110-volt, 60-cycle a.c. supplies are 
installed and mounted on the same 
chassis as the amplifier.  The chassis, 
measuring 18V2 inches long by  10 
inches wide by 9g inches high, is of 
portable size and could be easily trans-
ported in a carrying case. 
The 6-volt power supply used in this 

amplifier is the new RCA-Victor vi-
brator type converter-rectifier, consum-
ing only about one-half the battery 
current previously required for a 6-
volt battery supply of this type.  The 
new vibrator rectifier is noiseless and 
does not radiate any electrical inter-
ference.  Farther on in the article the 
remaining features and the operation of 
this power device will be discussed. 
The circuit is shown in Figure 95. 
For optional operation on either 6-

or 110-volt operation it is only a mat-
ter of inserting the amplifier connector 
plug (ACP) into the socket on which 
the amplifier is to work.  Socket VT7 
is the output of the 110-volt supply 
and socket VT8 delivers all voltages 
as required under battery operation. 
Using this design and type of con-
struction, there are no tubes to change 
or remove, and no alterations are nec-
essary in the circuit. 
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.0005 

vT1 
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BP 2 e , 
2,000 
OHMS 
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Phase inverters, resistance push-pull 
coupling  and  push-pull  driver  cir-
cuits in the ampliner makes it possible 
to obtain enjoyable quality from Class 
B tubes. The —79 and the —53 twin-
triode amplifier tubes utilized contain 
two high-mu triodes combined in one 
glass envelope. 
The amplifier is equipped with a tone 

control R15, a pilot light, switches for 
both power supplies and terminal con-
nections to the input grid circuit and 
to the plate output of the power 
tubes. The ouput transformer provides 
proper impedance-matching for single 
or multiple dynamic type speakers. Fig-
ure 97 provides information on multi-
ple speaker connections. 
For field excitation of the dynamic 

speakers, either one of two methods are 
suggested; one way is to employ 6-volt 
field speakers exclusively and for their 
field current use a storage battery or a 
6-volt exciter operating from 110-volt 
a.c. power line.  The second method 
is to use dual-field speakers; that is, 
one of the field windings could work 
from a storage battery and the other 
field could operate from the power pack 
of the amplifier. 
When the amplifier is operated from 

110-volt line supply there are provi-
sions for providing field excitation for 
two 1000-ohm, 110 ma. speakers.  Ex-
citation can be supplied to four 1000-
ohm, 60-ma. speakers by connecting the 
field windings in a series parallel ar-
rangement. 
Perhaps the outstanding development 

of this sound system is its efficient 
operation from a 6-volt storage battery. 
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As previously stated, this is made pos-
sible by the use of the RCA-Victor 
vibrator type converter-rectifier.  This 
unit transforms the 6-volt d.c. battery 
source into 6 volts a.c. which is im-
pressed on the primary of the step-up 
power transformer PT!. The second-
ary of this transformer delivers ap-
proximately 295 volts a.c. to the recti-
fier of the device and its output is 275 
volts at 75 ma.  It is an extremely 
compact unit, measuring 4 2 inches 
long with a diameter of 2% inches. 
The total weight for the entire device, 
including the transformer PT!, is 7 
pounds. With this high output voltage 
and current the same power output of 
13 watts is obtainable on 6-volt opera-
tion as on a.c. operation. 
The vibrator rectifier is housed with-

in two metal and felt-lined shields pro-
viding quiet operation and preventing 
interference with the other circuits. 
The average power consumed from 

the battery is only 6V2 amperes.  A 
vital advantage in a power amplifier 
using this type of supply when installed 
in an auutomobile is that it will not im-
pose a burdensome drain on the car's 
storage battery for the simple reason 
that the car generator should have no 
difficulty in charging back the 61/2 am-
neres required for the P.A. system. 
This means that for car installation 
there should be no necessity for remov-
ing the battery for overnight boosting. 
This  compact,  high-powered  dual 

amplifying system opens up a new and 
profitable field, for temporary or per-
manent  installation  in  boat  clubs, 
steamships, auditoriums and trucks. 
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The Circuit 
Referring to the circuit diagram, 

Figure 9.3, the input posts BP  2 and 
BiJ3 are connected directly through a 
500,000-ohm potentiometer R1 to the 
first grid G1 of the —79 type tube, VT!. 
This tube is employed as a phase in-
verter, which means that part of its 
audio-frequency output is fed through a 
blocking condenser, C3, and a series 
resistor, R4, to the second grid, G2. 
ot the same tube. This makes the out-
put of the second plate, P2, 180 degrees 
out of phase with respect to the output 
in the first plate, Pl. 
The two plates of the two triodes of 

this first —79 are coupled through two 
condensers, C4 and C5, to the grids, 
G3 and G4, of the two —53 tubes which 
are employed as triodes in resistance-
coupled-push-pull operation. The grids 
of these tubes are alternately excited 
by two voltages 180 degrees out of 
phase. 
To obtain perfectly balanced push-

pull operation, the value of the grid 
resistor R3 is so chosen that the volt-
ages impressed upon the grids G3 and 
G4 are identical in magnitude. A large 
by-pass condenser, C2, is placed across 
their common cathode to prevent re-
generation and motorboating. 
Both —53 tubes are used as triodes, 

in which plates and grids of each tube 
are placed in parallel.  Being in push-
pull, their plates are connected to a 
push-pull input driver transformer, Ti. 
This transformer has a step-down ratio 
of 5 to 1, which is required to obtain 
best results and to match the plate im-
pedance of the driver tubes. 
The use of this push-pull driver ar-

rangement has the advantage not only 
of providing more and better driving 
rower, but also of eliminating the 
distortion usually introduced by the 
saturation effect caused in medium size 
transformers by the unidirectional flow 
of the plate current in single-tube 
driver arrangement as employed here, 
driver transformers. In the push-pull 
the d.c. plate current flows through the 
primary windings of the transformer in 
opposite direction and thereby cancels 
and eliminates the distortion due to 
that saturation effect. 
Grid resistors R12 and R13 are placed 

across the secondary winding of the 
transformer T1 to maintain the flat 
line-overall response curve of the am-
plifier. Each —79 Class B output tube 

Figure 95 
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Figure 94 

is connected as an unbiased triode with 
its grids and plates connected respec-
tively in parallel. 
The value of all the resistors and con-

densers are shown in the circuit dia-
gram, Figure 93 and a bottom view of 
the chassis appears in Figure 96. The 
remaining parts and accessories are 
herewith listed. 

List of Parts 
ACP —Type D1194 five-prong connector plug 
with 2-foot cable. 

BPI to 13P12 —Eby triple binding posts (in 
sections shown in diagram) 
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Figure 97 
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R3 
R5 , 
R6 
R4 

• C 3 ----
1244---

C6,C7,C8 

-.9,C40,C14 

CHI —Type 6167 filter choke, 200 ohms, 125 
ma., 30 henries 

CH2 —Type D1861 filter choke, 500 ohms, 60 
ma., 30 henries 

1—Littlefuse 1-ampere fuse 

F2 —Mazda pilot lamp, 6 volts 

LOI, L02 —Hubbell type 4054 flush outlet re-
ceptacles 

PL —Mazda pilot lamp, 6 volts 

PTI —Type E1044 vibrator power transformer, 
delivers 275 volts, 75 ma., primary 6 volts 

PT2 —Type El 08-2 power transformer, delivers 
280 volts. 180 ma.; 6.3 volts, 4 amperes; 5 
volts, 3 amperes 

T1 —Type E693 Class B input transformer 

T2 —Type D2395-B Class B output transformer 

V R—RCA-Victor RP-108 vibrator type con-
verter rectifier 

VT1, VT4, VT5 —Cinch 6-prong wafer socket 

VT2. VT3 —Cinch 7-prong wafer socket 

VT6 —Cinch 4-prong wafer socket 

VT7. VT8 —Cinch 5-prong wafer socket 

1 type 5767 crystalline-finished, drilled metal 
chassis with four shield cans and base plate 

1 tube shield for VT1 

Astatic crystal phono pick-up, type S-8 

Universal carbon microphone or Astatic crystal 
microphone type D104 

Racon stormproof speaker 

Portable phonograph turntable 

Figure 96 
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A Rack and Panel 
Amplifier 

1)L; BLIC-ADDRESS amplifiers can 
now be constructed so well that very 

good quality is obtainable with rela-
tively low-cost apparatus.  Figure 86 
shows such an amplifier, complete with 
rack, panels and everything, obtainable 
in kit form and which can be put to-
gether by the serviceman. 
The complete amplifier consists of a 

pre-amplifier (Figures 99 and 100), main 
amplifier (Figures 102 and 103), and 
powerpack.  Moreover, all other acces-
sories, such as the rack, a phonograph 
shelf equipped with a pickup and a 
tuner are being made available.  The 
main amplifier consists of three stages 
it transformer-coupled and impedance-
coupled amplification, all being push-
pull (see Figure 101).  The output 
stage can be one pair of type -45 tubes 
in a Class A prime (Class AB) circuit. 
"['his stage will deliver 18 watts of 
power with less than 5 per cent total 
harmonic distortion.  For those who 
wish more power, two more type -45 
tubes can be added, making it a par-
allel-push-pull stage and doubling the 
power.  The only change and expense 
for this additional power are the two 
tubes, the sockets and a different out-
inn transformer; the rest of the circuit 
remains the same.  The gain of this 
amplifier is 80 d.b. and the frequency 
characteristic is shown in Figure 104. 
The rating of this amplifier is conser-
vative and is in agreement with the 
ratings given by the tube manuufac-
hirers in their engineering Bulletins. 
Special precautions have been taken to 
insure low-distortion percentage and 
absence of microphonics. All the volt-
age-amplifier tubes have sockets equip-
ped with springs to minimize micro-
phonism.  The  output  stage has  a 
fixed bias which is the method recom-
mended for maximum power and mini-
mum distortion. 

The Power Supply 
It is, of course, necessary to have a 

power supply with good regulation, be-
cause the plate current for each -45 
tube is only 22 m.a. with no signal, but 
increases to 70 m.a, for full output. 
This also explains why self-biasing is 
not used.  The power supply (Figure 
101) has been designed to take care of 

this requirement.  The mercury-vapor 
rectifier has a low, internal voltage-
drop which helps to maintain the volt-
age when more current is drawn. Note 
the extra type -82 tube which supplies 
the bias to the type -45 tubes. 
The input to the main amplifier con-

sists of two 500-ohm lines or two 200-
ohm lines. Each line is connected to a 
d.p.d.t. switch. So, four sources of sig-
nal can be connected to the amplifier, 
any one of which can be chosen by 
means of the two switches, and any 
two sources can be mixed. This circuit 
is shown in Figure 105.  The output 
transformer accommodates a 500-ohm 
line or a voice coil (15, 8 and 4 ohms). 
The total power consumption is 100 
watts for the 18-watt amplifier and 150 
watts for the 36-watt amplifier. 
The amplifier is extremely flexible, 

both electrically and mechanically.  It 
can be mounted on a rack or used as 
table mounting with but few changes. 
Furthermore, when it is mounted on 
the rack, the panel can be removed 
without removing the chassis.  All the 
wiring is thus exposed by taking off 
the panel. The chassis comes prepared 
for mounting either the push-pull par-
allel or the single push-pull stage. 
All the parts and accessories, a radio 
tuner and a phonograph are available 
in kit form. 

The Pre-Amplifier Unit 
From all reports  received, many 

readers are having difficulty with pre-
amplifiers.  With  this  pre-amplifier 
connected ahead of the main amplifier, 
using phones and having everything 
turned up full, the hum is noticeable, 
of course, but remarkably low. The 
total gain of the two amplifiers is 130 
(lb.  A limit of gain must be reached, 
due to thermal agitation. 
The pre-amplifier consists of two 

transformer coupled stages using 77 or 
6C6 tubes as triodes as shown in the 
circuit of Figure 106.  It has been 
found that connecting the screen and 
suppressor of a 77 or 6C6 to the 
plate converts it into an efficient triode. 
This connection provides a mu of 20 
and a relatively low plate resistance. 
The characteristics for this connection 
were measured in the laboratory of the 

Fig. 98 —Top; Fig. 100 —Center; Fig. 101 —Below; Fig. 102 —Left 
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Figure 106 

Connecticut  State  College and are 
given herewith:  Plate voltage, 250 
volts; plate current, 7 volts; grid volt-
age, —8 volts; Amplification factor, 20; 
mutual conductance, 2000 microohms; 
plate resistance, 10,500 ohms; load res-
istance, 15,000 ohms; power output, 
300 milliwatts. 
Great care has been taken to mini-

mize noises and hum in this unit. Two 
extra filter sections have been placed 
in the power supply and the tube 
sockets are mounted in sockets using 
non-microphonic springs. The pre-am-
plifier is, of course, completely shielded 
and so are all the cables leading to it. 
The input transformer has a tapped 

primary with an impedance of 500 
ohms with provisions to accommodate 
333, 200, 125 and 50 ohms. Nearly all 
velocity microphones now have a trans-
former in the base which will match 
the input of the pre-amplifier.  Those 
who wish to use a crystal microphone 
should employ the resistance-coupled 
input as shown in Figure 107. 
The output transformer accommo-

dates 500, 200, and 50 ohm lines. 
The construction of the preamplifier 

is similar to that of the main ampli-
fier.  It can be had for rack-mounting 
or for table-mounting, and the same 
chassis serves for both. When mount-
ed on the rack, the panel can be re-
moved without touching the mounting 
of the chassis itself. 
Figure 98 shows all three units 

mounted on one rack. At A is the pre-
amplifier, at B the main amplifier and 
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Figure 104 
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at C the power supply.  It is desirable 
to place the power supply well away 
from the amplifiers.  Figures 99 and 
100 show the front and rear views of 
the pre-amplifier unit. 
It is believed that this amplifier sys-

tem is suitable for practically any pub-
lic-address job.  An audience of 5000 
to 7000 people can be covered with a 
20-watt amplifier, provided that the 
right speakers are used and that they 
are suitably placed. The power will be 
ample for nearly all occasions. 
The fidelity, too, will satisfy most 

requirements. 
The total power consumption is only 

150 watts, which makes it possible to 
use the unit on a sound truck.  More-
over,  the  separate  units  could  be 
mounted in carrying cases, making 
the whole outfit portable. However, it 
is believed the rack-and-panel mount-
ing will be more suitable for per-
manent installations. 

FREE INFORMATION SERVICE 

If you require any further information regarding parts, wiring 
or operating data on the radio apparatus described in this 
book, mail us a postcard with your questions. The information 

will be furnished promptly—absolutely free of charge. 

RA DI O  N E WS 

461 Eighth Avenue  New York, N. V. 
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Experimental Radio Data 

Charts for Experimenters 
'THE chart in Figure 112 has been 
made to facilitate computing the 

capacity and inductance needed to tune 
to a given frequency.  For example, 
to find the natural frequency of a cir-
cuit having a capacity of 350 mmfd. 
and an inductance of 240 microhenries, 
lay a straight edge along the divi-
sions 350 on the capacity scale and 240 
on the inductance scale.  The inter-
section on the frequency scale shows 
the answer, 550 kc. 
The chart can be employed in the 

same way if any two of the three 
quantities are known. 
The range of the chart can be ex-

tended by multiplying all frequency 
values by 10 and dividing both the 
capacity and inductance values by 10, 
or vice versa. 

The second chart, Figure 113, enables 
you to find the equivalent resistance 
of two resistors in parallel and also 
the capacity of two condensers in 
series.  Draw a straight line through 
the divisions on scale A, and A, rep-

resenting the resistance in the two 
branches, and you will find the result-
ant resistance on scale A,.  To find 

the resistance of one branch when the 
other branch and the total resistance 
are known, draw your lines through the 
corresponding points on A, and A 2 

and find the answer on A,. 

When the resistance of the two 
branches is widely different, use the 
chart consisting of scales B,, 132 and 
133. 131 and B, are for the unequal 

branches and the result is on B 2. 

The third chart, Figure 114, solves 

Ohm's Law and also shows the power 
consumed in the circuit.  If any two 

quantities in a circuit, volts, milliam-

peres, ohms, or watts are known the 

other two can be found by drawing a 
straight line through the correspond-

ing divisions on the respective scales. 
For instance, in a circuit of 2700 ohms 
resistance flows 5 ma. Drawing a line 

(see sample dotted line) from 5 on the 
ma. scale to 2700 on the ohms scale, 

the voltage is found to be 13.5 and the 
power consumption .067 watts. 

In order to extend the range, two 
sets of figures have been used on the 
scales. Be sure to read all your values 
under A or all under B. 

A Simple Electronic Alarm 
T HE electronic alarm system ' de-
scribed here may be used to sound 

an alarm; upon the approach of a 
person within a protected area, with 
the advent of rainfall, in case of fire, 
or, whenever such a change occurs as 
may be utilized to produce a frequency 
shift of a small magnitude, in a tuned 
circuit.  Only a few parts are used 
and it may be built in a few hours. 
The total cost is estimated to be un-
der ten dollars, the major portion of 
which goes for a sensitive relay which 
will operate on a few milliamperes 
change in current. 
The principle of operation is as fol-

lows. The large percentage change in 
a vacuum tube's plate current, between 
an oscillating and non-oscillating con-
dition, is used to operate a relay which 
closes an alarm circuit. To accomplish 
this it is necessary to produce a change 
which will either stop or start an oscil-
lator. 
An oscillator may be "stopped" by 

absorbing sufficient power from it. The 
method used here is to couple to the 
oscillator a circuit tuned to a slightly 
lower frequency and to adjust the 
coupling, so that when the oscillator is 
then tuned down to this frequency, suf-
ficient power will be absorbed to stop 
the oscillation.  One side of the tuned 
circuit used in the oscillator is connect-
ed to ground.  The other side is con-
nected to a wire strung about the bord-
ers of a room (assuming we are pro-
tecting a room). Any person entering 
the room will increase the capacity be-
tween this wire and ground, thus shift-

L3 
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Figure 109 

ing the oscillator to a lower frequency 
which, in turn, will cause it to stop. 
The resulting change in plate current 
then operates the relay which closes 
the alarm circuit. This mode of opera-
tion is the more sensitive, as compared 
to starting the oscillator, because as 
power is absorbed a change in plate 
current results so that, with a sensitive 
relay, operation can be obtained with-
out entirely stopping the oscillator and 
therefore requiring only a very small 
shift in capacity. 
With the search wire connected to 

the absorption circuit and this circuit 
tuned so that it absorbs sufficient power 

to stop the oscillator, then an increase 
in capacity will detune the absorption 
circuit allowing the oscillator to start. 
This mode of operation gives greater 
stability and avoids the possibility of 
imerference due to radiation of the 
oscillator. 
Figure 109 gives the schematic dia-

g.am of the electronic alarm circuit 
utilizing a type —30 tube. The external 
search wire is connected to either 
point X or point Y depending upon 
which mode of operation is desired. 
With the circuit constants given, the 
frequency of oscillation will be between 
ten and twenty megacycles but the fre-
quency is unimportant and the ex-
perimenter may substitute any pair 
of like coils for Li and L2, changing 
L3 so as to obtain oscillation.  The 
coupling between Li and L2 should be 
capable of rough adjustment, a varia-
tion in spacing of from one-half to two 
inches being sufficient.  The meter in 
the plate circuit is not essential but 
is of great value in indicating the 
strength of oscillation thus showing the 
optimum setting for the absorption cir-
cuit.  The tuning condensers may be 
varied from the sizes given, the only 
necessity being that they have a ca-
pacity somewhat greater than that 
added to the circuit to which the search 
wire is connected, this circuit having 
its condenser set close to minimum ca-
pacity.  Circuit stability is increased 
by using parts of like construction for 
each circuit as then changes due to 
temperature and humidity will have 
equal effects. With the voltages given 
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and a typical type-30 tube the oscillat-
ing current will be approximately 4 
miliamperes  and  the  non-oscillating 
current approximately seven milliam-
peres.  Thus a relay which will oper-

Figure 112— See Page 56 

ate on a change of three milliamperes 
will be required. 
Several uses of the alarm device sug-

gest themselves. An arrangement suit-
able for indicating rainfall would con-

sist of a pie-plate as the grounded elec-
trode with a smaller disc, insulated by 
a small bakelite spacer, mounted in the 
center and connected to terminal X of 
the alarm device. The whole assembly 
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(See Page 56) 

is mounted on an extension arm out-  A rise in temperature can be made  portion up to the 70-degree F. line is 
side of a window in a position such as  to ring an alarm as follows:  a mer-  wrapped tightly with tinfoil and con-
to collect any rainfall.  cury thermometer with its entire lower  nected to the grounded post of the 
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CURRENT  POWER  VOLTAGE DROP  RESISTANCE 
MILLIAMPERES  NATTS  - -- -  OHMS 

A  B  A  B  AB  A  B 
100 -- 10  100  10  -  10.000   400.000 

80  8    900 
90 -  9    800  9000   90,000 

60  6    700 
80 -  8  600  8000   80.000 

70  30  400 

40  4 
  7    500  7000   70,000 

3 

60 -- 6  20  2  6000   60.000 
300 

50 - 5  5000   50,000 
10  1 
8  .8 

40   4  6  .6  200  4000  40.000 

4 + .4 
  100 

30 - 3  3  .3  90  3000  30.000 
80 

2  .2 

60 

1  .1  50 

20  2  .8  .08  40  2000  20,000 

.6  .06 
30 

20 

.4  .04 

.3  .03 

.2  .02 

10 -  1  .1  .01 ,-'  10  1000  10,000 
_ .08  .00-8  9 

9   .9  8  900  9000 
.06  .006  7 

8  .8 6  800  8000 ----   
,--  .04 -  .004 

7  .7  -- .-,,  5  700  7000 .03  .003 
-   4 

6 - .6  ,,  .02  .002  600  6000  
 .-  -•'*- 

5 --i.r.5  500  5000 
-  .01  .001 
= 
_  .008  .0008 

4 --...1 .4  400  4000 _  .006  .0006 
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1 
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Figure 114 

(See Page 56) 

alarm device.  Then, from 8 or 90 de-  wrapped tightly and connected to the  sleeve which would allow an adjust-
grees to the maximum of the ther-  high side of the alarm device.  This  ment as to the temperature at which 
mometer another section of tinfoil is  upper electrode could be a split metal  the alarm device would work. 
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Call 

KABC 
KADA 
KALE 
(ARK 
K ASA 
(BPS 
KBTM 

KC MC 
K CRC 

K DB 
KDFN 
KDKA 
KDLR 
KDYL 
KECA 

K E LW 
KERN 
K EX 
(FAR 
(FAG 
KFBB 
(FBI 
KFBK 
KFDM 
KFDY 
KFEL 
K FEQ 
KFGQ 
K F H 
(Fl 
KFIO 
KFIZ 
K FIB 
K Fll 
K FIM 
KFIR 
KFIZ 
KFKA 
KFKU 
KFNF 
(FOR 
K FOX 
KFPL 
KFPM 
K FP W 
KFPY 
KFQD 
KFRC 

KFRU 
KFSD 
KFSG 
KFUO 
KFVD 
KFVS 

KF WB 

KFXD 
KFX1 
KFXM 
KFXR 
KFY0 
KFYR 
(GA 
(CAR 
KGB 

KGBU 
KGBX 
KGBZ 
KGCA 
KGCU 
KGCX 
KGDE 
KGDM 
KGDY 
KGEK 

KGER 
KGEZ 
KGFF 
KGFO 
KGF1 

Station Lists 

U. S. Broadcast Stations 

(Alphabetically by Call Letters) 

Location  Kc. 

San Antonio, Texas  1420 
Ada, Okla. (C. P.)  1200 
Portland, Ore.  1300 
Little Rock, Ark.  890 
Elk City, Okla.  1210 
Portland, Ore.  1420 
Paragould, Ark.  1200 
(C.F. to move to Jonesboro) 
Texarkana, Ark.  1420  .1 
Enid. Okla,  1370 
Jerome, Ariz.  1310 
Santa Barbara. Calif.  1500 
Casper, Wyo.  1440 
Pittsburgh  980 
Devils Lake, N. Dab.  1210  .1 
Salt Lake City. Utah  1290  1 
Los Angeles, Calif.  1430  1 
(C.P. 2.5 kw-day) 
Burbank.  Calif.  780  .5 
Bakersfield, Calif.  1370  .1 
Portland, Ore.  1180  5 
Lincoln, Nebr.  770  5 
Los Angeles, Calif.  1300  1 
Great Falls. Montana  1280  1-2.5 
Abilene, Kansas  1050  5 
Sacramento,  Calif.  1310  .1 
Iteaumont.  Texas  560  .5-1 
Brookings, South Dab.  780  1 
Denver, Colo.  920  .5 
St. Joseph, Mo.  680  2.5 
Boone, Iowa  1370  .1 
Wichita, Kansas  1300  1 
Los  Angeles,  Calif.  640  50 
Spokane,  Wash.  1120  .1 
Fond du Lac, Wis.  1420  .1 
Marshalltown, Iowa  1200  .1-.25 
Klamath Falls.  Ore.  1210  .1 
Grand Forks, N. Dab.  1370  .1 
Portland, Ore.  1300  .5 
Fort Worth. Texas  1370  .1 
Greeley, Colo.  880  .5-1 
Lawrence. Kansas  1220  1 
Shenandoah,  Iowa  890  .5-1 
Lincoln, Nebr.  1210  .1-.25 
Lang Beach. Calif.  1250  1 
Dublin. Texas  1310  .1 
Greenville, Texas  1310  .015 
Ft. Smith. Ark.  1210  .1 
Spokane, Wash.  1340  1 
Anchorage, Alaska  780  .25 
San Francisco, Calif.  610  1 
(C.P. 2.5 kw-day) 
Columbia, Mo.  630  .5 
San Diego, Calif.  600  1 
Los Angeles, Calif.  1120  .5 
Clayton, Mo.  550  .5-1 
Los  Angeles,  Calif.  1000  .25 
Cape Girardeau, Mo.  1210  .1 
(C.P. .25 kw-day) 
Hollywood, Calif.  950  1 
(Cl'. 2.5 kw-day) 
Nampa,  Idaho  1200  .1 
Grand Junction, Colo.  1200  .1 
San Bernardino, Calif.  1210  .1 
Oklahoma City, Okla.  1310  .1-.25 
Lubbock, Texas  1310  .1-.25 
Bismarck,  Dakota  550  1-2.5 
Spokane. Wash.  1470  5 
Tucson. Ariz.  1370  .1-.25 
San Diego,  Calif.  1330  1 
(C.P. 2.5 kw-day) 
Ketchiltan. Alaska  900 
Swill/Mehl, Mo.  1230 
York,  Nebr.  930 
Decorah, Iowa  1270 
Mandan. N. Dakota  1240 
Wolf Point, Montana  1310 
Fergus Falls, Minn.  1200 
Stockton. Calif.  1100 
Huron, S. Dab.  1340 
Yuma, Colo.  1200 
(C.P. to move to Sterling) 
Long  Peach,  Calif.  1360  1 
Kalispell, Mont.  1310  .1 
Shawnee, Okla.  1420  .1 
Oklahoma City, Okla.  1370  .1 
Corpus christl. Texas  1500  .1- 25 

/Ctm 

.1 

.1 

.5 

.25-.5 

.1 

.1 

.1 

.1-.25 

.1 

.1 

.5 
50 

.5 

.5 
1-2.5 
.1 
.25 
.1-.25 
.1-.25 
.25 
.25 
.1 

Cail 

KGF.I 
KGFK 
KGFL 
KGF W 
KGFX 
KGGC 
KGGF 
KGGM 
KGHF 

KGH1 
KCHL 
KGIR 

KG1 W 
KGIX 
KG KB 
KGKL 
KGKO 
KGKY 
KGMB 
KGNF 
KGNO 
(GO 
KGF1S 

(CU 
KGVO 
KG W 

KGY 
(HI 

(HG 
KICA 
KICK 

KID 
((DO 

KID W 
KIEM 
KIEV 

KIT 
KIBS 

KIR 
KLCN 
KLO 
K LPM 
K LRA 
(LS 
K LUF 
(LX 
K LZ 

K M A 
K MAC 
KM BC 

KMED 

K MI 
KM LB 
KM141.1 
(MO 
KMOX 
KM PC 
K MT 12 
KNO W 
K N X 
K OA 
KOAC 
K 0 B 
(OH 
(OIL 

(6 015 

K 0 L 

KOMA 
KOMO 
(ONO 
KOOS 
(ORE 

Location  Kc.  K w. 

Los Angeles, Calif.  1200  .1 
Moorhead, Minn.  1500  .1 
Roswell, N. Max.  1370  .1 
Kearney, Nebr.  1310  .1 
Pierre,  S.  D ab.  630  .2 
San Francisco, Calif.  1420 
Coffeyville,  Kansas  1010 
Albuquerque, N. Max.  1230 
Pueblo, Colo.  1320 
(17.P. .5 kw full time) 
LIHIe Rock, Ark.  1200 
Billings,  Mont,  950  1-2.5 
Butte,  Mont.  1360  1 
(C.P. 2.5 kw-day) 
Alamasa, Colo  1420  .1 
Las Vegas, Nev.  1420  .1 
Tyler, Texas  1500  .1 
San Angelo, Texas  1370  .1-2.5 
Wichita  Falls,  Texas  570  .25-1 
Scottsbluff, Nebraska  1500  .1 
Honolulu, Hawaii  1320  .24 
North Platte,  Nebr.  1430  .5-1 
Dodge City, Kansas  1340  .25 
San Francisco, Calif.  790  /.5 
Amarillo, Texas  1410  1 
(C.P. 2.5 kw.day) 
Honolulu, Hawaii  750  2.5 
Missoula, Mont.  1200  .1 
Portland,  Ore  620  1 
(C.P. 2.5 kw-day) 
Olympia.  Wash.  1210  .1 
Los Angeles,  Calif.  900  1 
(C.P. 2.5 kw-day) 
Spokane, Wash.  590  1-2 
Clovis, N. Mex.  1370  .1 
Carter Lake, Iowa  1420  .1 
(To bo replaced by WOC) 
Idaho Falls, Idaho  1320  .25-.5 
Boise, Idaho  1350  1 
(C.P. 2.5 kw-day) 
Lamar. Colo.  1420  .1 
Eureka,  Calif.  1210  .1 
Glendale, Calif.  850  .1 
(CI'. .25 kw) 
Yakima, Wash.  1310 
San Francisco, Calif.  1070 
(C.P. .5 kw) 
Seattle, Wash.  970  5 
Blytheville, Ark.  1290  .1 
Ogden.  Utah  1400  .5 
Minot,  N.  Dakota  1240  .25 
Little Rock, Ark.  1390  1-2.5 
Oakland, Calif.  1440  .25 
Galveston, Texas  1370  .1 
Oakland, Calif.  880  .1 
Denver,  Colo.  560  1 
(C.P. 2.5 kw-day) 
Shenandoah,  Iowa  930  1-2.5 
San Antonio, Texas  1970  .1 
Kansas City, Mo.  950  1 
(C.P. 2.5 kw-day) 
Medford, Ore.  1310  .1 
(17.P. .25 kw-day) 
Fresno. Calif.  580  .5 
Monroe, La.  1200  .1 
Clay Center,  Nebr.  740  1 
Tacoma, Wash.  1330  .25 
St. Louis, Mo.  1090  50 
Beverly 11111s, Calif.  710  .5 
Los Angeles, Calif.  570  1 
Austin,  Texas  1500  .1 
Los Angeles, Calif.  1050  50 
Denver, Colo.  830  50 
Corvallis, Ore.  550  1 
Albuquerque, N. Max.  1180  10 
Reno,  Nev.  1380  .5 
Council Bluffs, Iowa  1260  1 
(C.F. 2.5 kw-day) 
Portland,  Ore.  940  I 
(C.P. 2.5 kw-day) 
Seattle. Wash.  1270  1 
(C.P. 25 kw-day) 
Oklahoma City, Okla.  1480  5 
Seattle.  Wash.  920  1 
San Antonio, Texas  1370  .1 
Marshfield, Ore.  1200  .1 
Eugene. Ore.  1420  .1 

.1 
1 
.25-.5 
.25 

.1 

.1 

Call 

KOTN 
KOY 
K PAC 

(PCB 

KPlai 
(P0 
KPOF 
KPPC 
KPQ 
KPRC 
K QV 
KQW 

K RE 
KREG 
KRGV 
KRKD 
KRKO 
KRLD 
KRMD 
(RO W 
K RSC 
(SAC 
KSC.1 
(SD 

KSEI 
KSL 
KSLM 
(SO 
(SOD 
(SIP 
(SUN 
(TAB 
(TAR 
(TAT 
KTBS 
KTFI 
KTHS 

KIM 
KTRB 
KTRH 
KTSA 
KTSM 
KTUL 
KTW 
KUJ 
KUMA 
KUOA 
KUSD 
(VI 
KVL 
<V OA 
KVOD 
KV00 
KVOR 
K VOS 
KWCR 
KWEA 
KWFV 
K W 
KW.1.1 
K W K 

KWKC 
KWKH 
KW LC 

K WSC 
(WIN 
KWTO 
KWYO 
K X A 
K XL 
KXO 
KXRO 
K X YI 
(VA 
KY W 
WAAB 
WAAF 
WAAT 

Location  Kc.  K w. 

Pine Bluff, Ark.  1500  .1 
Phoenix, Ariz.  1390  .5-1 
Brownsville,  Texas  1260  .5 
(C.P  Port Arthur) 
Seattle,  Wash.  650  .1 
(C.P. .25 kw.) 
Prescott, Ariz. 
San Francisco, Calif. 
Denver,  Colo. 
Pasadena, Calif. 
Wenatchee. Wash. 
Houston,  Texas 
Pittsburgh,  Pa. 
San Jose, Calif. 
(C.P. 1 kw.) 
Berkeley. Calif. 
Santa Ana, Calif. 
Weslaco, Texas 
Los Angeles, Calif. 
Everett, Wash. 
Dallas, Texas 
Shreveport, La. 
Oakland, Calif. 
Seatle, Wash. 
Manhattan, Kan. 
Sioux City, Iowa 
St. Louis, Mo. 
(C.P. 2.5 kw-day) 
1.ocatello, Idaho 
Salt Lake City, Utah 
Salem, Ore. 
Des Moines, Iowa 
Sioux Falls, S. Dakota 
St. Paul, Minn. 
Lowell,  Ariz. 
San Francisco,  Calif. 
Phoenix.  Ariz. 
Fort Worth. Texas 
Shreveport, La. 
West Twin Falls, Idaho 
Hot Springs, National 
Park,  Ark. 

Los Angeles,  Calif. 
Modesto, Calif. 
Houston, Texas 
San Antonio, Texas 
El Paso, Texas 
Tulsa, Okla. 
Seattle,  Wash. 
Walla Walla, Wash. 
Yuma, Ariz. 
Fayetteville,  Ark. 
Vermillion,  S.  D. 
Tacoma,  Wash. 
Seattle,  Wash. 
Tucson, Ariz, 
Denver,  Colo. 
TUISA,  Okla. 
Colorado Springs, Colo. 
Bellingham. Wash. 
Cedar Rapids, Iowa 
Shreveport, La. 
S. Hilo, Walakea, 
Hawaii  (C.P.) 

Stockton, Calif. 
Portland, Ore. 
St. Louis, Mo. 
(C.P. 2.5 kw.day) 
Kansas City, Mo. 
Shreveport,  La. 
Decarah, Iowa 
Pullman, Wash. 
Watcrtown, S. Dab. 

Springfield,  Mo. 
Wyo. 

Seattle,  W'ash. 
Portland, Ore. 
El Centro, Calif. 
Aberdeen,  Wash. 
Houston, Texas 
Sail Francisco, Calif. 
Philadelphia, l's. 
Boston. Mass. 
Chicago. Ill. 
Jersey City. N. .I. 

1500  .1 
680  50 
800  .5 
1210  .05 
1500  .1 
920  1-5 
1380  .5 
1010  .5 

1370  .1 
1500  .1 
1260  .5 
1120  .5-2.5 
1370  .05 
1940  10 
1310  .1 
930  1 
1120  .1 
580  .5-1 
1330  1-2.5 
550  .5-1 

990  .25-
1130  50 
1370  .1 
1320  .5 
1110  2.5 
1460  10 
1200  .1 
560  I 
620  .5.1 
1240  1 
1450  1 
1240  .5-1 

1040  10 
780  .5-1 
740  .25 
1330  1.2.5 
1290  1-2.5 
1310  .1 
1400  .25. 5 
1220  1 
1370  .1 
1420  .1 
1260  1 
990  .5 
570  1 
1370  .1 
1260  .5 
920  .5 
1140  25 
1270  1 
1200  .1 
1430  .25-.5 
1210  .1 

1210  .1 
1200  .1 
1060  .5 
1350  1 

1370  .1 
850  10 
1270  .1 
1220  1-2 

1210  .1 
560  1 
1370  .1 
760  .25- 5 
1420  .25 
1500  .1 
1310  .1 
1440  25 
1230  1 
1020  10 
1410  5 
920  .5 
940  5 
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Call 

W AA W 
WA BC 
WA ED 
W ACO 
WADL 

WAGF 
WAGM 
WAIU 
WA LA 
WALR 
WAMC 
WAML 
WAPI 
WARD 
WASH 
WATR 
WAVE 
WAWZ 
W AZ L 
WBAA 
W BA L 
WBAP 
WBAX 
W BBC 
WBBL 
WBBM 
WBBR 
W BBZ 
WBCM 
WBEN 
WBE0 
WBHS 
WHIG 
WBNO 
WBNS 
WBNX 
WBOQ 
W BOW 
sit B 

WBRC 
WBRE 
W BSP 
W BT 
W BT M 
W BZ 
W BZA 
WCAC 
WCAD 
WCAE 
WCAL 
WCAM 
WCAO 
W CA P 
W CAT 
WCAU 
W CA X 
WC AZ 
WC BA 
W C BD 
W C BM 
W CBS 
WCCO 
WCFL 
WCHS 
WCKY 
WCLO 
W C LS 
WUN W 

W CO A 
WCOC 
WCR W 
W CSC 
W CS H 
WDAE 
WDAF 

WDAG 

WDAH 
W GAS 
WDAY 

W DB.1 

WDBO 
WDEL 
WDEV 
WPGY 
WONC 
WDOD 
WDRC 

W OSU 
W DI 
W EA F 
WEAN 
WE BC 
W EBQ 

WEBB 
W E DC 
WEED 
WEEI 
WEEU 
WEHC 
WEHS 
WELL 
WENR 
WESG 
WEVD 
W EW 
WEXL 
WFAA 
WFAB 
WFAM 
WFAS 
9,1 BC 

Location Kc.  Kw. 

Omaha,  Nebr.  660  .5 
New York, N. Y.  860  50 
Bangor, Maine  1200  .1 
Waco, Texas  1420  .1 
Talimadge, Ohio  1320  1 
(C.I'. 2.5 kw-day) 
Dothan, Ala.  1370  .1 
l'resque Isle, Maine  1420  .1 
Columbus,  Ohio  640  .5 
Mobile,  Ala.  1380  .5-1 
Zanesville, Ohio  1210  .1 
Anniston, Ala. (C.P.)  1420  .1 
Laurel,  Miss.  1310  .1 
Birmingham, Ala.  1140  5 
Brooklyn,  N.  Y.  1400  .5 
Grand Rapids, Mich.  1270  .5 
Waterbury, Conn.  1190  .1 
Louisville,  Ky.  940  1 
Zarephath, N. J.  1350  .25 
liazleton, Penna.  1420  .1 
Vest  Lafayette,  Ind.  890  1 
Baltimore, Md.  1060  10 
Forth Worth, Texas  800  50 
Wilkes-Barre. Penna.  1210  .1 
Brooklyn, N.  Y.  1400  .5 
Richmond, Va.  1210  .1 
Chicago, III.  770  25 
Brooklyn.  N. Y.  1300  1 
Ponca City, Okla..  1200  .1 
Bay City, Mich.  1410  .5 
Buffalo,  N.  Y.  900  1 
Marquette, Mich.  1310  .1 
Huntsville,  Ala.  1200  .1 
'Greensboro. N. C.  1440  .5-1 
New Orleans, La.  1200  .1 
Columbus. Ohio  1430  .5-1 
New York, N. Y.  1350  .25 
(See WABC) 
Terre Haute, Ind.  1310  .1 
Red Bank, N. J.  1210  .1 
Birmingham,  Ala.  930  1 
Wilkes.Barre, Pa.  1310  .1 
Needham, Mass.  920  .5 
Charlotte. N.  C.  1080  50 
Danville, Va.  1370  .1 
Boston.  Mass.  990  50 
Boston,  Mass.  990  1 
Storrs,  Conn.  600  .5 
Canton, N. Y.  1220  .5 
Pittsburgh, Pa.  1220  1 
Northfield. Minn.  1250  2.5 
Camden, N. J.  1280  .5 
Baltimore, Md.  600  .5.1 
Asbury Park, N. J.  1280  .5 
Rapid city, S. Bak.  1200  .1 
Philadelphia, Pa.  1170  50 
Burlington, Vt.  1200  .1 
Carthage,  Ill.  1070  .1 
Allentown, Penna.  1440  .25 
Zion, Ill.  1080  5 
Baltimore, Md.  1370 
Springfield. 111.  1210  .1 
Minneapolis, Minn.  810  50 
Chicago. 111.  970  1.5 
Charleston, W. Va.  580  .5-1 
Covington,  KY.  1490  5 
Janesville,  Vis.  1200  1 
Joliet, Ill.  1310  1 
ItrookLvn. N. Y.  1500  1 
(C.P. .25 kw-day) 
Pensacola, Fla.  1340  .5 
Meridian,  Miss.  880  .5-1 
Chicago, III.  1210  .1 
Charleston, S. C.  1360  .5-1 
Portland,  Maine  940  1-2.5 
Tampa. Fla.  1220  1 
Kansas City, Mo.  610  1 
(C.P. 2.5 kw-day) 
Amarillo. Texas  1410  1 
(C.P. 2.5 kw.day) 
El Paso, Texas  1310 
Philadelphia,  Penna.  1370 
Fargo, N. Dakota  940 
(C.P. 2.5 kw-day) 
Roanoke. Va.  930  .5 
(('.P. 1 ha.) 
Orlando, Fla. 
Wilmington, Del, 
Waterbury, Vt. 
Minneapolis,  Minn. 
Durham, N. C. 
Chattanooga. Tenn. 
Hartford, Conn. 
(('.P. 2.5 kw-eay) 
New Orleans, La.  1256  1 
Tuscola, Ill.  1070  .1 
New York, N. Y.  660  50 
Providence, R. I.  780 
Superior, Wis.  1290  1-2.5 
II arrisburg, III.  1210  .1 
(('.1'. .25 kw-day) 
Buffalo. N. Y.  1310 
Chicago. III.  1210 
Rocky Mount, N. C.  1420  .1 
Boston.  Mass.  590  1 
Reading, Penna.  830  1 
Charlottesville. Va,  1420 
Cicero, 111.  1420 
Battle Creek, Mich,  1420 
Chicago,  Ill.  870 
Elmira, N. Y.  1040 
New York, N. Y.  1300  1 
St  Louis, Mo.  760  1 
Royal Oak, Mich.  1310  .05 
Dallas,  Texas  800  50 
New York, N. Y.  1300  1 
South Bend, Ind.  1200  .1 
White Plains. N. Y.  1270  .1 
Greenville. S C.  1300  1 

.1 

.1-.25 
1 

580  .25 
1120  .25-.5 
550  .5 
1180  1-2.5 
1500  .1 
1280  1-2.5 
1330  1 

.1-.25 

.1 

.1-.115 

.1 

.05 
50 
1 

Call 

WFBE 
W F BG 
WFBL 
WFBM 
WFBR 
WFDF 
WI EA 

W F I 
WFLA 
WGAL 

WGAR 
WGBB 
WGBF 
WG131 
W GC M 
W GCP 
WGES 
W G H 
W GL 
WGLC 
W G N 
WGNY 
W GP 
W GR 
W GST 
W G Y 
W H A 

WHAM 
WHAS 
WHAT 
WHAZ 
W H B 
W H BC 
WHBD 
WHBF 

WHBI 
WHBL 
WHBQ 
WHBU 
WHBY 

WHDF 
WHOM 
WHDL 
WHEB 
W H EC 
WHEF 
WHFC 
WHIS 
WHJB 
W H K 
WHOM 
W H N 
WHO 
W H P 
WIBA 
WI BG 
WIBM 
WIBU 
WI BW 

WIBX 
WICC 
W I L 
WILL 
WI LM 
WIND 

WINS 
WIOD 
W IP 
W IS 
WISH 
W1 AC 
WJAG 
WJAR 
WJAS 
WJAX 
WJAY 
WI BC 

WJBK 

WI fit. 
W1130 
WJB W 
WI BY 
W.IDX 
WJEJ 
WJEM 
WJIM 
WJJD 
W1111S 
WJR 
W.ISV 
WiTL 
W1 W 

W1 Z 
WKAQ 
WEAR 
WEBB 
WEBF 

WEBB 
WEB! 
W K BN 
W K BO 
WK 13 V 
WKB W 
W K BZ 
WKEU 
WKFI 
W K JC 

Locction Kc.  Kw.  Call  Location  Kc.  Kw. 

Cincinnati, Ohio  1200 
Altoona,  Pa  1310 
Syracuse, N. Y.  1360 
Indianapolis. Ind.  1230 
Baltimore, Md.  1270 
Flint, Mich.  1310 
Manchester, N. H.  1340 
(C.P. 1 kw-day) 
Philadelphia. Pa.  560 
Clearwater, Fla.  620 
Lancaster, Pa.  1500 
(C.P. .25 kw-day) 
Cleveland, Ohio  1450 
Freeport. N. Y.  1210 
Evansville, Int1  630 
Scranton.  Pa.  880 
Gulfport, Miss.  1210 
Newark, N. J.  1250 
Chicago,  111.  1360 
Newport News, Va.  1310 
Ft. Wayne, Ind.  1370 
Hudson Falls, N. Y.  1370 
Chicago,  Ill.  720 
Chester Twp., N. Y.  1210 
Albany, Ga.  1420 
Buffalo,  N.  Y.  550 
Atlantx, Ga.  890 
Schenectady,  N.  Y.  790 
Madison,  Wis.  940 
(Cl'. 2.5 kw-day) 
Rochester. N. Y.  1150 
Louisville, Ky.  820 
Philadelphia, Pa.  1310 
Troy, New York  1300 
Kansas City, Mo.  860 
Canton, Ohio  1200 
Mt. Orah, Ohio  1370 
Rock Island. III.  1210 
(C.P. .25 kw-day) 
Newark,  N.  J.  1250 
Sheboygan, Wis.  1410 
Memphis, Tenn.  1370 
Anderson,  Ind.  1210 
Green Bay, Wis.  1200 
(C.P. .25 kw-day) 
Calumet, Mich,  1370 
Boston,  Blass.  830 
Tupper Lake, N. Y.  1420 
Portsmouth, N. H.  740 
Rochester, N. Y.  1430 
Kosciusko, Miss.  1500 
Cicero, Ill.  1420 
Bluefield, W. Va.  1410 
Greensburgh. Pa. (C.P.)  620 
Cleveland, Ohio  1390 
New York, N. Y.  1010 
(See WOC) 
Jersey City, N. J.  1450 
Harrisburg. Ps-  1430 
Madison, Wis.  1280 
Glensitle, Pa.  970 
Jackson, Mich.  1370 
Poynette, Wis.  1210 
Topeka, Kansas  580 
(C.P. 2.5 kw-day) 
Utica, N.  Y.  1200 
Bridgeport, Conn.  600 
St. Louis, Mo.  1200 
Urbana, III.  890 
Wilmington, DeL  1420 
Gary, Ind.  560 
(C.P. 2.5 kw-day) 
New York, N. Y.  1180 
Miami, Fla.  1300 
Philadelphia, Ps.  610 
Columbia, S. C.  1010 
Milwaukee, Wis.  1120 
Johnstown, Pa.  1310 
Norfolk, Nebr.  1060 
Providence,  R.  I.  890 
Pittsburgh, Pa.  1290 
Jacksonville, Fla.  900 
Cleveland,  Ohio  610 
La Salle, Ill.  1200 
(C.P. to move to Bloomington) 
Detroit, Mich.  1500 
(C.P. .25 kw-day) 
Decatur. III.  1200 
Baton Rouge. La.  (C F.)  1420 
New Orleans, La,  1200 
Gadsden, Ala.  1210 
Jackson, Miss.  1270 
Hagerstown, Md.  1210 
Tupelo, Miss.  (C.P.)  990 
Lansing, Mich.  1210 
Chicago,  III.  1130 
Ironwood, Mich.  1420 
Detroit, Mich.  750 
Alexandria, Va.  1460 
Oglethorpe Vol.. Ga.  1370 
Akron, Ohio  1210 
(C.P. .25 kw-day) 
New York, N.  Y.  760 
San Juan, Puerto Rico  1240 
East Lansing,  Mich.  1040 
East Dubuque, III.  1500 
Indianapolis, Ind.  1400 
(C.P. 1 kw-day) 
La Crosse, Wis.  1380 
Cicero, III.  1420 
Youngstown,  Ohio  570 
Harrisburg, Pa.  1200 
Richmond, Ind.  1500 
Buffalo. N. Y.  1480 
Muskegon, Mich.  1500 
La Grange, Ga.  1500 
Greenville, Miss.  1210 
Lancaster,  Pa.  1200 
(C.P. .25 kw-day) 

.1-25  WKOK  Sunbury,  Pa.  1210  .1 

.1  WKRC  Cincinnati, Ohio  550  .1 
1-2.5  (C.P. 2.5 kw-clay) 
1  W K Y  Oklahoma City, Okla.  900  1 
.5  WKZO  Kalamazoo,  Mich.  590  1 
.1  W LAC  Nashville, Tenn,  1470  5 
.5  W LAP  Lexington,  Ky.  1420 

W LB  Minneapolis. 51Inn.  1250  1 
.5  W L BC  Muncie, Ind.  1310  .05- 1 
.25-.5  W LBF  Kansas City, Kan-  1420  .1 
.1  WLBL  Stevens Point, %Via.  900  2.5 

W LBW  Erie, Pa.  1260  1 
.5.1  W LBZ  Bangor, Maine  620  .5 
.1  (C.P. 1 kw-day) 
.5  W LE U  Erie. Pa. (C.!'.)  1420 
.25  W LI H  Lexington,  Mass.  1370 
.1-.25  (C.P. to move to Lowell) 
1-2.5  W LIT  Philadelphia, Pa.  560  .5 
.5.1  WLNH  Laconia, N. H. (C.P.)  1310  .1 
.1  W LS  Chicago, III.  870  50 
.1  W LT H  Brooklyn, N. Y.  1400  .5 
.1  W LV A  Lynchburg, Va.  1200  .1 

50  (CA'. .25 kw-day) 
.1  W LW  Cincinnati, Ohio  700  50 
.1  Special authorization to use 500 kw. 
1  experimentally. 
.5-1  W LW L  New York. N. Y.  1100  5 

50  W M A L  Washington, D. C.  030  .25-.5 
1  W M A Q  Chicago, Ill.  670  5 

(C.P. 50 kw.) 
50  WMAS  Springfield, Mau.  1420  .1..25 
50  W M AZ  Macon, Ga.  1180  .5 
.1  (C.P. 1 ha.) 
.5  W M BC  Detroit, Mich.  1420  .1-.25 
.5  W M BD  Peoria, Ill.  1440  .5-1 
.1  WMBF  (See WIOD) 
.1  WM1313  Richmond, Va.  1210  .1 
.1  W 51 BB  Joplin, Mo.  1420  .1.25 

WMBI  Chicago, Ill.  1080  5 
1-2.5  W M BO  Auburn, N. Y.  1310  .1 
.5  W M BQ  Brooklyn, N. Y.  1500  .1 
.1  W M BR  Jacksonville. Fla.  1370  .1 
.1  W MC  Memphis, Tenn.  780  .5-1 
.1  WMCA  New York, N. Y.  570  .5 

WMEX  Chelsea,  Mass.  (C.P.)  1500  .1-.::5 
1.25  WMMN  Fairmont. %V. Va.  890  .25. 5 

1  W M PC  Lapeer, Mich.  1200  .1 
.1  W M T  Waterloo, Iowa  600  .5.1 
.25  W N A C  Boston, Mass.  1230  1 
.5-1  (C.P. 2.5 kw-day) 
.1,25  WNAD  Norman, Okla.  1010  1 
.1  WNAX  Yankton,  S.  Dak.  570  1-2.5 
.25  W N BF  Binghamton, N. Y.  1500  .1 
.25  WNBH  New Bedford, Mass.  1310 
1-2.5  WNBO  Silverhaven, Pa.  1200  .1 
1  W N BR  Memphis, Tenn.  1430  .5 

W N B X  Springfield, Vt.  1260  .5 
.25  (C.P. 1 kw.) 
.5.1  W N BZ  Saranac Lake, N. Y.  1290  .05 
.5-1  WNEL  San Juan, 
.1  Puerto  Rico  (C.P.)  1290  .5 
.1  WHE W  Newark,  N.  .1.  1250  1-2.5 
.1  W N 0 X  Knoxville, Tenn.  560  1-2 
1  W N RA  Muscle Shoals City, Ala.  1420  .1 

W N YC  New York. N.  Y.  810  .5-1 
W 0 A I  San Antonio, Tex,  1190  50 

.5-1  W OC  Des Moines, Iowa  1000  50 

.1..25  WOCL  Jamestown, N. Y.  1210  .05 

.25.1  W 0 I  Ames, Iowa  040  5 

.1  WO K 0  Albany, N. Y.  1430  .5-1 
1  W 0 L  Washington, D. C.  1310  .1 

(Cl'  .25 kw-day) 
1  W 0 M T  Manitowoc, Wis.  1210  .1 
1  WOOD  Grand Rapids, bfich.  1270  .5 
.5  WOPI  Bristol, Tenn.  1500  .1 
.5-1  W OR  Newark. N. J.  710  5 
.25-1  (C.P. 50 ha.) 
.1  W 0 R C  Worcester, Mass.  1200  .1 
1  won"(  York. l'a.  1000  1 
.25-.5  W OS  Jefferson  City.  Mo.  630  .5 
1-2.5  W OS U  Columbus,  Ohio  570  .75.1 
1  W 0 V  New York, N. Y.  1130  1 
.5  WO W  Omaha, Nebr.  590  1 
.1  (C.P. 2.5 kw-day) 

WO WO  Ft. Wayne, Ind.  1160  10 
.1  WPAD  Paducah, Ky.  1420  .1 

(C.P. .1..25 kw.) 
.1  W PEN  Philadelphia, Pa.  1500 
.1  (C.P. 920 kc., .25 kw.) 
.1  WPFB  Hattiesburg. Miss.  1370  .1 
.1  W PG  Atlantic City, N. J.  1100  5 
1.2.5  W P H R  Petersburg, Va.  1200 
.1  (C.P. 880 kc., .5 kw.) 
.5  W P R 0  Providence. R. I.  1210  .1 
.1-25  WPTF  Raleigh, N. C.  680  1 

20  ((' P. 5 kw.) 
.1  WQA M  Miami. Fla.  560  1 

10  W QA N  Scranton.  Pa.  880  .25 
10  W Q BC  Vicksburg. Miss.  1360  .5-1 
.1  W CI D M  St. Albans, Vt.  1370  .1 
.1  WQDX  Thomasville,  Ga.  1210  .1 

WRAK  Williamsport, Pa.  1370  .1 
30  (C.P. .25 kw-day) 
1  WRA W  Reading. Pa.  1310  .1 
1  W RAX  Philadelphia, Pa.  1020  .25 
.1  (C.P. 930 he., .5 kw-day) 
.5  WRBL  Columbus, Ga.  1200  .1 

W RBX  Roanoke, Oa.  1410  .25-.5 
1  W RC  Washington. D. C.  950  .5-1 
.1  W R D 0  Augusta, Maine  1370  .1 
.5  W RD W  Augusta, Ga.  1500  .1 
.1  W R EC  Memphis,  Tenn.  600  .5-1 
.1  WREN  Lawrence. Kansas  1220  1 
5  WRGA  Rome. Ga.  1500  .1 
.1  WFUN  Racine, Wis.  1370  .1 
.1  W PO K  Rockford, Ill.  1410  .5 
.1  WOOL  Knoxville. Tenn.  1310  .1 
.1  W RR  Dallas, Texas  1280  .5 

Will F  Gainesville.  Fla.  830  5 
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Call 
WRVA 
WSAI 
WSA1 
WSAN 
WSAR 
WSAZ 
WSB 
WSBC 
WSBT 
WSEN 
WSFA 

WSGN 

WSIX 
WS1S 
WSM 
WSMB 
WSMK 
WSOC 

Location 
Richmond. Va. 
Cincinnati, Ohio 
Grove City. Pa. 
Allentown. Pa. 
Fall River, Mass. 
Huntington. W. Va. 
Atlanta. Ga. 
Chicago. III. 
South Bend, Ind. 
Columbus, Ohio 
Montgomery, Ala. 
Birmingham. Ala. 
(C.F. .25 kw-day) 
Springfield. Tenn. 

Winston-Salem, N. 
Nashville, Tenn. 
New Orleans. La. 
Dayton. Ohio 
Charlotte, N. C. 

C. 

Kc.  Kw.  Call  Location 
1110  5  WSPA  Spartanburg, B. C. 
1330  1-2.5  (C.P. 1 kw., 920 kc.) 
1310  .1  WSPD  Toledo, Ohio 
1440  .25  (C.P. 3.5 kw. day) 
1450  .26  WSUI  Iowa City, Iowa 
1190  1  WSUN  (See WFLA.) 
740  50  WSVS  Buffalo, N. Y.  1370  .05 
1210  .1  WSYB  Rutland, Vt  1500  .1 
1360  .5  WSYR  Syracuse. N. Y.  570  .25 
1210  .1-1  WTAD  Quincy, Ill.  1440  .5 
1410  .5  WTAG  Worcester. Mass. 
1310  .1  WTAM  Cleveland. Ohio  1070  50 

WTAO.  Eau Claire, Wis.  1830  1 
WTAR  Norfolk, Va.  780  .5.1 
WTAW  College Station, Texu  1120  .5 
WTAX  Springfield, Ill.  1210  .1 

(C.P. 1300 kc.. .25-1 kw.) 
WTBO  Cumberland, Md.  800 
WTCN  Minneapolis, Minn.  1250 
WTFI  Athens, Ga.  1450 

1210 
1310 
650 
1320 
1380 
1210 

.1 

.1 
50 
.5 
.2 
.1..25 

Kc.  Kw. 
1420  .1..25 

1840  1 

880  .5 

580  .6 

Call 

WTIC 
WT1S 
WTM1 
WTN1 
WTOC 

WTRC 
WVFW 
WWAE 
WW1 
WWL 
WWNC 
WWRL 
WWSW 
WWVA 
WXYZ 

Location  Kc.  Kw. 
Hartford, Conn. 
Jackson. Tenn. 
Milwaukee, Wis. 
Trenton. N. J. 
Savannah,  Ga. 
(C.P. 1 kw.) 
Elkhart. Ind. 
Brooklyn. N. Y. 
Hammond, Ind. 
Detroit, Mich. 
New Orleans, La. 
Asheville. N. C. 
Woodside, N.  Y. 
Pittsburgh. Pa. 
Wheeling. W. Va. 
Detroit, Mich. 

1060  50 
1810  .1-.25 
620  1-5 
1280  .5 
1280  .5 

1310  .05-.1 
1400  .5 
1200  .1 
920  1 
850  10 
570  I 
1500  .1-.25 
1500 
1160  5 
1240  1 

.25  C.P. -Colutruction permit. Where two powers 
1  are given, the first one is used at night, the 
.5  second in daytime. 

U. S. Broadcast Stations 
(By Frequencies) 

550 kc., 545.1 in. 
KFL70.  KFYR,  KOAC,  KSD,  WDEV, 
WGR, WKRC. 

560 kc., 535.4 m. 
KFDM, KLZ, KTAB, KWTO, WFI, WIND, 
WLIT, WNOX, WQAM. 

570 kc., 526.0 in. 
KGKO,  KMTR,  KVI,  WKBN,  W MCA. 
\V\ AX, WOSU, WSYR, WSYU, W WNC. 

580 kc., 516.9 m. 
KSIJ, KSAC,  WCHS,  WDBO,  WIB W, 
VTAG. 

590 kc., 508.2 in. 
KHQ, WEE!. WKZO, WO W. 

600 kc., 499.7 in. 
KFSD,  WCAC.  WCAO,  WICC,  W MT, 
WREC. 

610 kc., 491.5 in. 
KFRC, WDAF. WIP, WJAY. 

620 kc., 483.6 in. 
KG W,  KTAR,  WFLA,  WSUN,  W HJB, 
WLBZ, WTMJ. 

630 kc., 475.9 in. 
KFRU, KGFX. WGBF. W MAL, WOS. 

640 kc., 468.5 in.  • 
KFI, WAIU, w0I. 

650 kc., 461.3 in. 
KPCB. WSM. 

660 kc., 454.3 in. 
WAA W, WEAF. 

670 kc., 447.5 m. 
M AQ. 

680 kc., 440.9 in. 
KFEQ, KPO, 

690 Is., 434.5 m. 
(Reserved for Canadian Stations) 

700 kc., 428.3 m. 
WLW. 

710 kc., 422.3 m. 
KMPC, WOR. 

720 kc., 416.4 M. 
WGN. 

730 kc., 410.7 in. 
(Reserved for Canadian Stations) 

740 kc. 405.2 in.KMMJ, KTRB, WHEB, WSB. 

750 kc., 399.8 in. 
KGU, WJR. 

760 kc., 394.5 in. 
KXA, WEW, WJZ. 

770 kc., 389.4 in. 
KFAB, WBBM. 

780 kc., 384.4 in. 
KELW,  KFDY,  KFQD,  KTM,  WEAN. 
W MC, WTAR. 

790 kc., 379.5 m. 
KGO, WGY. 

800 kc., 374.8 in. 
WII  WFAA, WTBO. 

810 kc., 370.1 in. 
WCCO. WNYC. 

820 kc., 365.6 m. 
WHAS. 

830 kc., 361.2 in. 
KOA, WEEU, WHDH, WRUF. 

840 kc., 356.9 in. 
(Reserved for Canadian Stations) 

850 kc., 352.7 in. 
KIEV, KWKH, W WL. 

860 kc., 348.6 in. 
WABC, WBOQ, WHB. 

870 kc., 344.6 in. 
YEN  W I .S. 

860 kc., 340.7 rd. 
KFKA,  KLX,  KPOF,  WCOC,  WGBI, 
%Q AN, WSUI. 

890 kc., 336.9 in. 
KSRK,  KFNF,  KSEI,  KUSD,  WBAA, 
WGST. WILL, WJAR, 

900 kc., 333.1 in. 
KGB!],  KliJ,  WBEN,  WJAX,  WKY, 
WLISL. 

910 kc., 329.5 in. 
(Reserved for Canadian Stations) 

920 kc., 325.9 m. 
KFEL,  KOMO,  KPRC, KVOD, WAAF, 
WBSO, W WJ. 

930 kc., 322.4 in. 
KGBZ, KMA, KRO W, WBRC, WDBJ. 

940 kc., 319.0 in. 
KOIN, WAAT, WAVE, WCSH, WDAY, 
W HA. 

950 kc., 315.6 in. 
KFWB, KGHL, KMBC, WRC. 

960 kc., 312.3 in. 
(Reserved for Canadian Stations) 

970 kc., 309.1 in. 
KJR, WCFL, WIBG. 

980 kc., 305.9 in. 
KDKA. 

990 kc., 302.8 in. 
WBZ, WRZA, WJEM. 

1000 kc., 299.8 in. 
KFVD, W HO, WOC, WORK. 

1010 kc., 296.9 in. 
KGGF, KQ W, WHN, WIS, WNAD. 

1020 kc., 293.9 m. 
KY W, WRAX. 

1030 kc., 291.1 in. 
(Reserved for Canadian Stations) 

1040 kc., 288.3 in. 
KRLD, KTHS, WESG, WICAR. 

1050 kc., 285.5 in. 
KFBI, KNX. 

1060 kc., 282.8 in. 
KWJJ, WBAL, WJAG, WTIC. 

1070 kc., 280.2 in. 
KJBS, WCAZ, WDZ, wTAM. 

1080 kc., 277.6 in. 
WBT, WCBD, W MBI. 

1090 kc., 275.1 in. 
KNOX. 

1100 kc., 272.6 in. 
KGDM, WLWL, WPG. 

1110 kc., 270.1 in. 
KSOO. WRVA. 

1120 kc., 267.7 in. 
KFIO,  KFSG.  KRKD,  KRSC,  WDEL, 
WISN, W TA W. 

1130 kc., 265.3 in. 
KSL, WJJD, WOV. 

1140 kc., 263.0 in. 
KVOO, WA N. 

1150 kc., 260.7 in. 
WHAM. 

1160 kc., 258.5 M. 
WOWO, W WVA. 

1170 kc., 256.3 in. 
WCAU. 

1180 kc., 254.1 in. 
KEX. KOB. WDGY, WINS, W MAZ. 

1190 kc., 252.0 in. 
WATR, WOAI, WSAZ. 

1200 kc., 249.9 in. 
KADA,  KBTM,  KFJB,  KFXD,  KFXJ, 
KGDE.  KGEK,  KGFJ.  KGIII,  KGVO, 

KMLB,  KOOS,  KSUN,  KVOS,  KWG, 
WABD, WBBZ, WBHS, WBNO, WCAT, 
WCAX, WCLO, WFAM, WFBE, W HBC, 
WHBY,  WIBX,  WIL,  WJBC,  WJBL, 
WJB W, WKBO, WKJC, WLVA, W MPC, 
WNBO, WORC, WPHR, WRBL, WSIX, 
W WA E. 

1210 kc., 247.8 in. 
KASA,  KDLR,  KFJI,  KFOR,  KFPW. 
KFVS,  KFXM,  KGY,  KIEM,  KPPC, 
KWEA, KWFV, KWTN, W ALR, WBAX, 

WBRB, WCBS, WCRW, WEBQ, 
WEDC, WFAS, WGBB, W GCM, WGNY, 
W HBF, W HBU , WIBU, WJBY, WJEJ, 
WJIM. WJ W, WKFI, W KOK, W MBL, 
WOCL, WOMT, WPRO, WQDX, WSBC, 
WSEN, WSOC, WTAX. 

1220 kc., 245.8 in. 
KFKU,  KT W,  K WSC, WCAD, WCAE. 
WDAE, WREN. 

1230 kc., 243.8 in. 
KGBX, KGGM, KYA, WFBM, WNAC. 

1240 kc., 241.8 in. 
KGCU  KLPM,  KTAT, 
WXYi. 

1250 kc., 239.8 in. 
KFOX, WCAL, WDSU, WGCP, W HET, 
WNEW, WTCN. 

1260 kc., 238.0 
KOIL,  KPAC,  KRGV, KUOA, WLB W, 
WNBX, WTOC. 

1270 kc., 236.1 in. 
KGCA,  KOL.  KVOR,  K WLC,  WASH, 
WFBR, WJDX, WOOD. 

1280 kc., 234.2 in. 
KFBB, WCAM, WCAP, W DOD, WIBA, 
WEE, WTNJ. 

1290 kc., 232.4 in. 
KDYL,  KLCN,  KTSA,  WEBC,  WJAS, 
WNBZ, WNEL. 

1300 kc., 230.6 in. 
KALE,  KFAC,  KFH,  KFJR,  WBBR, 
WEVD, WFAB, WFBC. W 'HAZ, WIOD, 
W MAF. 

1310 kc., 228.9 in. 
KCRJ,  KFBK,  KFPL,  KFPM,  KFXR, 
KFYO,  KGB),  KGCX,  KGEZ,  KGFW, 
KIT,  KMED,  KRMD,  KTSM,  KXRO, 
WAML, WBEO, WBO W, WBRE, WCLS} • 
WDAH, WEBR, WEXL, WFBG. WFDF. 
WGH,  WJAC,  WLBC,  WLNH,  WOL, 
WRA W, WROL, WSAJ, WSGN, WSJS, 
WTEL, WJTS, WTRC. 

1320 kc., 227.1 in. 
KGHF,  KGMB,  KID.  KSO,  WADC, 
WSMB. 

1330 kc., 225.4 in. 
KGB, KMO, KSC.T, KTRH, WDRC, WSAI, 
WTAQ. 

1340 kc., 233.7 in. 
KFPY, KGDY, KGNO, WCOA, WFEA, 
WS PD. 

1350 kc., 222.1 in. 
KIDO, KWK, WA WZ, WBNX, WEHC. 

1360 kc., 220.4 m. 
KGER,  KGIR,  WCSC,  WFBL,  WGES, 
WQBC, WSBT. 

1370 kc., 218.8 in. 
KCRC,  KERN,  KFGO,  KFJM,  KFJZ, 
KGAR,  KGFG,  KGFL,  KGKL,  KICA, 
KLUF,  KMAC,  KONO,  KRE,  KRKO, 
KSLM,  KU!.  KWKC,  KWYO,  WAGE, 
WBTM, WCBM, WDAS, WGL, WGLC, 
W HBD. WHBQ, WHDF, WIBM, WJTL, 
WLIH, W MBR, WPFB, WQDM, WEAK, 
WRDO, WRJN, WSVS. 

1380 kc., 217.3 in. 
KOH, KQV. WALA, WKI311. WSMK. 

KTFI,  WKAQ, 
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1390 kc., 215.7 m. 
KLRA, ROY, W HK. 

1400 kc., 214.2 m. 
KLO.  KTUL,  WARD,  WBBC,  W KBF. 
WLTII, WVF W. 

1410 kc., 212.6 m. 
KGRS, WAAB, WBCM, W DAG, W HBL, 
W HIS, WRBX, WROK, WSFA. 

1420 kc., 211.1 m. 
KABC,  KB PS,  KCMC,  KFIZ,  KGFF, 
KG(,C,  KGI W,  KGIX,  KICK,  KID W, 
KORE,  KUMA,  KWCR,  KXL,  WACO, 
WAGM, WAMC, WAZL, WEED, WEHS, 

WELL, WOCP, W HDL, W HFC, WILM, 
WJBO,  WJMS,  WKS',  WLAP,  WLBF, 
WLEU, W MAS, W MBC, W MBH, WNRA, 
WPAD, WSPA. 

1430 kc., 209.7 m. 
KECA,  KGNF,  WBNS,  WIIEC,  W HP, 
WNBR, WOKO. 

1440 kc., 208.2 m. 
KDFN,  KLS,  KXYZ,  WBIG,  WCBA, 
W MBD, WSAN, WTAD. 

1450 kc., 206.9 m. 
Krns. 1,16AR, W HOM, WSAR, WTFI. 

1460 kc., 205.4 m. 
KSTP, WJSV. 

1470 kc., 204.0 m. 
KGA, WLAC. 

1480 kc., 202.6 m. 
WKB W. 

1490 kc., 201.2 m. 
W CKY. 

1500 kc., 199.9 m. 
KDB,  KGFI,  KGFK,  KGKB,  KGKY. 
KNO W. KOTN, KPJM, K.PQ, KREG, KXO. 
WCN W, WDNC, WGAL, WHEF, WJBK. 
W KBB, WKBV, W KBZ, W KEU, W MBQ, 
W MEX, WNBF, WOPI, WPEN, WRD W. 
WRGA, WSYB, W WRL, W WS W. 

Foreign Broadcast Stations 
(Reported Heard in the U. S.) 

Kc.  Kw.  Call  Location 
546  120  Budapest  Hungary 
556  100  Beromunster Switzerland 
560  7.5  2CB  Corowa, N.S W., Australia 
560  7.5  2C0  Corowa, N.S. W.. Australia 
564  60  Athlone  Irish Free State 
565  10  TG W  Guatemala City. Guatemala 
570  5  2YA  Wellington, New Zealand 
574  100  Stuttgart  Germany 
580  1  72L  Hobart, Tasm., Australia 
590  10  10A K-2  Tokyo, Japan 
592  120  Vienna  Austria 
601  8.5  Rabat  Morocco 
609  20  Florence  Italy 
610  10  100K-1  Keijo, Korea, Japan 
610  4.5  3AR  Melbourne. Vim.. Australia 
618.5  50  KZRM  Manila, Philippine Islands 
620  .5  4ZP  Invercargill, New Zealand 
625  .5  JOT K  Statsuye, Japan 
629  15  Lisbon  Portugal 
830  4.5  LS3  Buenos Aires, Argentina 
630  .1  CKOV  Kelowna, It. C., Canada 
635  .5  JODG  Hamamatsu. Japan 
635  7.5  5CK  Crystal Brook, Australia 
638  120  Prague  Czechoslovakia 
645  .5  JQA K  Darien, Japan 
645  .3  JOUK  Akita. Japan 
648  15  Lyons  France 
650  .5  I Y A  Auckland. New Zealand 
855  .3  JOCG  Asahogawa. Japan 
658  100  Cologne  Germany 
658  100  Lanenburg  Germany 
660  75  X GOA  Nanking, China 
665  3.5  2FC  Sydney.N.S. W., Australia 
668  50  No.Regionsi Great Britain 
670  10  JFAK  Taihoku, Formosa. Japan 
675  ...  YV614 V  Valencia, Venezuela 
677  25  Sottens  Switzerland 
680  .5  10V K  Hakodate. Japan 
681  1  111 N  Bogota, Columbia 
690  9.5  6W F  Perth, W. Austr., Australia 
695  7  PTT  Paris. France 
700  .5  JOKK  Okarun,a, Japan 
701  55  Stockholm  Sweden 
710  3  101K  Kanazawa, Japan 
713  50  I IRO  Rome. Italy 
720  1  JFBK  Tainan, Formosa, Japan 
720  .5  JORK  Kochi, Japan 
720  2.5  3YA  Christchurch. New Zealand 
730  2  5CL  Adelaide. Australia 
735  1  10SK  Kokura, Japan 
740  100  Munich  Germany 
750  10  JOBK I  Osaka. Japan 
750  2.5  KG U  Honolulu, Ilawail 
760  2.5  40G  Brisbane. Qnshi.. Australia 

( all 
KGHG 
KGHK 
KGHM 
KGHN 
KGHP 
KGHS 
KGHT 
KGHU 
KGHV 
KGH W 
KGHX 
KGHV 
KGHZ 
KG.14( 
KGOZ 
KGPA 
KGPB 
KGPC 
(GPO 
KGPE 
KG PG 
KGPH 
KGPF 
(GPI 
KGPJ 

Kr.  Kw.  Call  Location 
767  25  Mid. Regional Great Britain 
770  10  10H K  Sendai, Japan 
780  .5  JOPK  Shizuoka, Japan 
780  .25  (EGO  Anchorage, Alaska 
785  120  Leipzig  Germany 
790  10  JOGS  Kumamoto, Japan 

790 
790 
795 
800 
801 
810 
814 
815 
820 
830 
830 
832 
840 
840 
840 
841 
845 
050 
850 
855 
859 
870 
870 
877 
880 
900 
900 
904 
910 
910 
913 
920 
920 
922 
930 
930 
940 
941 
950 
950 
950 
959 
960 
960 
960 
960 
968 

8  LRIO  Buenos Aires. Argentina 
.5  4YA  Dunedin, New Zealand 
5  Barcelona  Spain 
5  3L0  Melbourne, Viet_ Australia 
50  Scottish Reg. Great Britain 
10  JOCK.'  Nagoya. Japan 
50  Milan  Italy 
.25  PRA6  Rio de Janeiro. Brazil 
.065  22 H  Napier, New Zealand 
16  LR5  Buenos Aires, Argentina 
10  101 K  Sapporo, Japan 
100  6W39  Moscow IV, U.S.S.R. 
.2  2YC  Wellington, New Zealand 
.34  CMQ  Havana, Cuba 
.4  VOGY  St. Johns, Newfoundland 
100  Berlin  Germany 
2  ZBW  lions Kong. China 
1.5  Valencia  Spain 
10  JOFK  Hiroshima, Japan 

2BL  Sydney. N.S. W., Australia 
15  Strasbourg  France 
2.1  LR6  Buenos Aires, Argentina 
10  JOA K-1  Tokyo, Japan 
50  London Reg. Great Britain 
.15  I YX  Auckland, New Zealand 
10  JODK.2  KeLlo, Korea. Japan 
.5  KGBU  Ketchikatt, Alaska 
100  H a m burg  Germany 
6  LR2 
2  4R( 
60  Toulouse 
.5  JOGS 
1  FINK 
32  OK II 
.4  3UZ 
.5  10AG 
.5  10N K 
10  Goteborg 
17  Breslau 
12 

Buenos Aires, Argentina 
Rockhampton, Australia 
France 
Niigata, Japan 
Port-au-Prince, Ilaiti 
Brno, Chechoslovakia 
Melbourne, Australia 
Nagasaki. Japan 
Nangano, Japan 
Sweden 
Germany 

LR3  Buenos Aires, Argentina 
1  2GB  Sydney, N.S. W., Australia 
100  PosteParlsienFrance 
10  XEAW  Reynosa. Mexico 
.3  5D N  Adelaide, Australia 
.3  1005  Kyoto. Japan 
5  YV I RC  Caracas. Venezuela 
15  Grenoble  France 

Kc.  Kw,  Call 
970  .5  10BG 
977  50  W.Regional 
978  1  XGOD 
980  .5  JOXK 
985  1  CE98 
986  10  Genoa 
990  .3  .10FG 
990  12  LR4 
995  20  Hilversum 
1000  .05  4GR 
1004  13.5  OK R 
1010  .3  3H A 
1013  50  N.National 
1023  1  2U E 

1030 
1040 
1040 
1031 
1050 
1059 
1077 
1085 
1104 
1120 
1125 
1131 
1140 
1145 
1149 
1150 
1158 
1175 
1176 
1180 
1190 
1190 
1195 
1210 
1222 
1230 
1230 
1240 
1215 
1258 
1267 
1270 
1270 

10 
7 
.75 
50 
5 
26 
10 
10 
.4 
.01 
5 
17 
1 
10 
2 

1 
2 
3 
2 
1 
1 

Location 
Maehashi. Japan 
Great Britain 
liangchow. China 
Tokushima. Japan 
Santiago, Chile 
Italy 
Fukul. Japan 
Buenos Aires, Argentina 
Holland 
Tolevuomba,Qnshi..Australla 
Bratislava, Chechoslovakia 
Hamilton, Viet., Australia 
Great Britain 
Sydney, N.S. W., Australia 

5  LR9  Buenos Aires. Argentina 
2  5P1  Crystal Brook. Australia 
10  CP4  La Paz, Bolivia 
60  Konigsberg  Germany 
50  Scottish Nat'l lreat Britain 
20  Bari  Italy 
12  Bordeaux  France 
10  JOBK-2 
1.5  Naples 
.1  CHS1 
1  2U W 

Horby 
Turin 
4BC 
W.N ational 
LR8 
OK M 
JOCK-2 
Copenhagen 
308 
VE9EK 
LS2 
Frankfurt 
2CH 
Trieste 
LSO 
CPX 
W KAQ 
2NC 

Osaka, Japan 
Italy 
St. Johns, NewBrunswick 
Sydney. N.S. W., Australia 
Sweden 
Italy 
Brisbane. QnsId., Australia 
Great Britain 
Buenos Aires. Argentina 
Kosice, Czechoslovakia 
Nagoya. Japan 
Denmark 
Melbourne, Australia 
Montmagny. Quebec. Canada 
Buenos Aires. Argentina 
Germany 
Sydney, N.S. W., Australia 
Italy 
Buenos Aires. Argentina 
La Paz. Bolivia 
San Juan. Puerto Rico 
New Castle, N.S. W., Aust'l 

SanSebastian Spain 
Nurnberg 
2SM 
SIX 

1290  .5  WNEL 
1320  .25  KGMB 
1456  10  Radio-

Normandie FeCA MP. France 

1474  1  Bournem'th Great Britain 

Germany 
Sydney. N S. W., Australia 
Santo Domingo. Dominican 

Republic 
San Juan. Puerto Rico 
Honolulu. Hawaii 

Municipal Police Radio Stations 
Location  Kc.  Watts 

Las Vegas, Nev. 
Palo Alto. Calif. 
Reno, Nev. 
Hutchinson, Kan. 
Lawton. Okla. 
Spokane, Wash. 
Brownsville. Tex. (CI'.) 
Austin, Tex. 
Corpus Christi. Tex. 
('entralia, Wash. (C.P.) 
Santa Ana, Calif. 
Whittier, Calif. 
Little Rock, Ark. 
Pasadena, Calif. 
Cedar Rapids. Iowa 
Seattle. Wash. 
Minneapolis, Minn. 
St. Louis. Mo, 
San Francisco, Calif. 
Kansas City,  Mo. 
Vallejo, Calif. 
Oklahoma City, Okla. 
Santa Fe, N. M. 
Omaha. Nebr. 
Beaumont. Tex 

2474  50 
1674  20 
2474  50 
2450  50 
2406  50 
2414  100 
2302  100 
2382  100 
2382  50 
2414  15 
2490  400 
1712  50 
2100  100 
1712  400 
2400  50 
2114  250 
2130  400 
1700  500 
2400  400 
2122  400 
2122  7.5 
2450  250 
2411  25 
2466  400 
1712  100 

Call  Location  Kc.  Watts 
KGPK  Sioux City, Iowa  2466 
KGPL  Los Angeles. Calif.  1712 
KGPM  San Jose, Calif.  1674 
KGPN  Davenport, Iowa  2466 
(GPO  Tulsa, Okla.  2450 
KGPP  Portland. Ore.  2442 
KGPQ  Honolulu. T. II.  2430 

(Temporarily changed to 1712 kc.) 
KGPR  Minneapolis. Minn. 
KGPS  Bakersfield, Calif. 
KGP W  Salt Lake City. Utah 
KGPX  Denver. Colo. 
KGPZ  Wichita, Kan. 
KGZA  Fresno. Calif. 

(C. P. for 500 watts) 
KGZB  Houston, Tex. 
KGZC  Topeka, Kan. 
KGZD  San Diego. Calif. 
KGZF  Chanute, Kan. 
KGZG  Des Moines, Iowa 
KGZH  Klamath Falls, Ore. 
KG21  Wichita Falls, Tex. 
KGZ1  Phoenix, Ariz. 
(GUM  El Pinto, Tex. 
(GUN  Tar  , Wash. 

2430 
2414 
2406 
2442 
2450 
2414 

1712 
2422 
2490 
2450 
2466 
2382 
2458 
2430 
2414 
2414 

100 
500 
50 
50 
100 
500 
100 

400 
50 
100 
150 
250 
100 

200 
50 
100 
25 
100 
25 
50 
100 
100 
100 

Call 
KGZO 
KGZP 
KGZQ 
(GIB 
(GZT 
KGZU 
KGZV 
KGZ W 
KGZX 
KGZY 
KNFA 
KNFB 
KNFF 
KNEE 
KNFH 
KNFJ 
(SW 
(VP 
WCK 
WKDU 
WMOZ 
W1111 
W MO 
WNFP 
WPDA 

Location 
Santa Barbara, Calif. 
Coffeyville. Kan. 
Waco, Tex. 
Salem. Ore. 
Santa Cruz. Calif. 
Lincoln, Nebr. 
Aberdeen, ‘Vash. 
Lubbock, Tex. 
Albuquerque. N. M. 
San Bernardino, Calif. 
Clovis. N. M. (C. P.) 
Idaho Falls, Idaho (C. P.) 
Leavenworth, Kan. (C. P.) 
Duluth. Minn. 
Garden City, Kan.  (C. P.) 
Pomona, Calif. (C P.) 
Berkeley, Calif. 
Pallas, Texas 
Belle Isle, Mich. 
Cincinnati. Ohio 
Indianapolis, had. 
Buffalo, N. Y. 
Highland Park, Mich. 
Niagara Falls, N. Y. 
Tulare, ('alit. 

Kc.  Watts 
2414  100 
2450  50 
1712  50 
2442  50 
1674  50 
2490  200 
2414  50 
2458  50 
2414  50 
1712  50 
2414  50 
2458  500 
2422  75 
2382  400 
2474  50 
1712  50 
1658  400 
1712  500 
2414  500 
1706  500 
2442  400 
2422  500 
2414  50 
2422  135 
2414  150 

• 
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Call 

WPDB 
WPDC 
WPOD 
WPDE 
WPDF 
WPDG 
WPDH 
WPDI 
WP M< 
WPDL 
WPDM 
WPDN 
WPDO 
WPDP 
WPDR 
WPDS 
WPDT 
WPDU 
WPDV 
WPD W 
WPDX 
WPDY 

WPEA 
WPEB 
WPEC 
WPED 
WPEE 
WPEF 

Location 
Chicago, Ill. 
Chicago, Ill. 
Chicago. 111. 
Louisville, Ky. 
Flint, Mich. 
Youngstown. Ohio 
Richmond, Intl 
Columbus, Ohio 
Milwaukee. Wis. 
Lansing, Mich. 
Dayton, Ohio 
Auburn, N. Y. 
Akron. Ohio 
Philadelphia, Pa. 
Rochester, N. Y. 
St. Paul, Minn. 
Kokomo, Ind. 
Pittsburgh. Pa. 
Charlotte. N. C. 
Washington, D. C. 
Detroit, Mich. 
Atlanta. Ga. 

Syracuse, N. Y. 
Grand Rapids, Mich. 
Memphis, Tenn 
Arlington, Mass, 
Brooklyn, N. Y. 
Bronx, N. Y. 

Kc.  Watts  Call 
1712  500  WPEG 
1712  500  WPEH 
1712  500  WPEI 
2442  200  WPEK 
24od  100  WPEM 
2458  250  WPEP 
2442  50  WPES 
2430  200  WPET 
2450  500  WPFA 
2442  73  WPFC 
2430  400  WPFE 
2382  50  WPFG 
2458  100  WPFH 
2474  500  WPFI 
2422  200  WPFK 
2430  500  WPFM 
2490  50  WPFN 
1712  400  WPFO 
2458  50  WPFP 
2422  400  WPFQ 
2411  500  WPFR 
2414  150  WPFS 
2382  400  WPFT 

WPFU 
2442  500 

WPFV 
2466  400  WPF W 
1712  100  WPFX 
2450  400  WPFY 
2150  400  WPFI 

Location  Kc.  Watts 
New York, N. Y. 
Somerville, Mass. 
E. Providence, R. I. 
New Orleans, La. 
‘Voonsocket, R. I. 
Kenosha. Wis. (C. P.) 
Saginaw, Mleh. 
Lexington, Ky. 
Newton, Mass. 
Muskegon, Mich. 
Reading, Pa. 
Jacksonville, Fla. 
Baltimore, Md. 
Columbus, Ga. 
Hackensack, N. J. 
Birmingham, Ala. 
Fairhaven, Mass. 
Knoxville, Tenn. 
Clarksburg, W. Va. 
Swarthmore, Pa. 
Johnson City, Tenn. 
Asheville, N. C. 
Lakeland, Fla. (C. P.) 
l'ortland, Me. 
Pawtucket, R. I. 
Bridgeport, Conn. 
Palm Beach, Fla. 
Yonkers, N. Y. (C. P.) 
Miami Beach. Fla. 

2450  500 
1712  100 
1712  50 
2430  250 
2466  100 
2450  100 
2442  100 
1706  500 
1712  50 
2442  50 
2442  100 
2442  400 
2414  500 
2414  50 
2430  200 
2382  400 
1712  100 
2474  400 
2490  30 
2474  50 
2474  50 
2474  200 
2442  50 
2422  100 
2466  50 
2466  50 
2442  50 
2442  400 
2442  100 

( ail 
WPGA 
WPGB 
WPGD 
WPGF 
WPGH 
WPC! 
WPG.1 
WPGK 
W PG L 
WPGN 
WPGO 
WPGP 
WPGS 
WPGT 
WPGU 
WPGV 
WPG W 
WPGX 
WPHA 
WPHB 
WPHD 
WPHF 
WPHG 
WPHI 
WPH.I 
WRE N 
WRDQ 
WRDR 
WRDZ 

Locatton  Kc.  Watts 
Bay City, Mich. 
Port Huron, Mich. 
Rockford, Ill. 
Providence, R. I. 
Albany, N. Y. 
Portsmouth, Ohio 
Utica. N. Y. 
Cranston. R. I. 
Binghamton, N. Y. 
South Bend, Ind. 
Huntington, N. Y. 
Muncie, Ind. 
Mineola, N. Y. 
New Castle, Pa. (C. P.) 
Cohasset, Mass. 
Boston, Mass. 
Mobile, Ala. 
\Vorcester, Mass. 
Fitchburg. Mass. 
Nashua. N. H. 
Steubenville, Ohio (C. P.) 
Richmond, Va. (C. P.) 
Medford, Mass. (C. P.) 
Charleston. W. Va. (C. P.) 
Fairmont. W. Va. (C. P.) 
Cleveland, Ohio 
Toledo. Ohio 
Grosse Pointe Village. Mich. 
Ft. Wayne, Ind. 

State Police Radio Stations 
all  Location 

KGHA  State of Washington, 
Portable-mobile 

KGHB  State of Washington, 
Portable-mobile 

KGHC  State of Washington, 
Portable-mobile 

KG HO  Seattle, Wash. 
KGHE  Snoqualmie, Wash. 
KG HO  Des Moines, Iowa 
KOHN  State of Washington, 

KGHQ  Chinook Pass, \Vash. 
KGZE  San Antonio, Tex. 

Kc.  Watts  Call 

KNFC 
2490  10 

2490  10  KNFD 

2490  10  W BA 
2490  50  WBR 
2490  50  W DX 
1682  400  WIL 

2490  10  WMP 
2490  10  W PE L 
2482  500  WPEV 

Location  Kc.  Watts 
State of Washington, 
S.S. Governor Isaac I. 
Stevens  2490  50 

State of Washington, S.S. 
Gov. John It. Rogers  2490  50 

Ilarrisburg. l'a.  190  300 
Butler, Pa.  190  300 
%Vyoming. Pa.  190  300 
Greenburg. l's.  190  500 
W. Reading, Pa.  190  300 
Framingham, Mass.  1666  1000 
W. Bridgewater, Mass.  1666  1000 
State of Mass., portable  1666  50 

I. all 

W PE W 
WPGC 

WPGG 
WPGQ 
WPHC 
WPHE 
WPSP 
W R DS 

2466  50 
2466  50 
2458  50 
1712  150 
2414  300 
2430  50 
2414  50 
2466  50 
2442  200 
2490  100 
2490  25 
2442  100 
2490  400 
2482  50 
1712  24 
1712  500 
2382  400 
2466  100 
2466  50 
2422  50 
2458  100 
2450  150 
1712  50 
2490  50 
2490  30 
2458  500 
2471  200 
2414  50 
2490  200 

Location  Kc.  Watts 
Northampton, Mass.  1666  500 
S. Schenectady. N. Y. 
(5000 day -1000 w. nite)  1658 

Findlay. Ohio  1596 
Columbus, Ohio  1596 
Massilon, Ohio  1596 
Marion Costly. Ind.  (C.P.)  1634 
Harrisburg, Pa.  1674 
E. Lansing, Mich  1642 
(5000 w. day--1000 w. nite) 

Wilmington, Ohio (C. P.)  1682 
Bellingham, Wash. (C. P.)  2490 
Shuksan. Wash. (C. P.)  2490 

5000 
500 
400 
400 
1000 
1000 
5000 

400 
50 
10 

World's Leading Short- Wave Stations 
Wave-
length Call  Frequency  Cit3 
Meters Letters  Kc.  Country 
13.9 + 
13.9 + 
14.2 + 
15.2 + 
15.9 + 
16.5 
16.8 + 
16.8 + 
16.8 + 
16.8 + 
17.2 + 
17.3 + 
19.4 
19.5 
19.8 + 
19.6 + 
19.6 + 
19.6 + 
19.8 + 
19.7 
19.7 
19.8 
19.8 
19.9 + 
22.0 
22.3 + 
22.7 + 
23.3 
M.2 
24.0 + 
24.9 + 
25.2 
25.2 
25.2 + 
25.3-1-
25.4 
25.4 
25.5 
25.5 
25.5 + 
25.6 
25.8 
26.0 
27.9 + 
28.1 
28.1 + 
28.3 + 
28.9 + 
29.0 + 
29.0 + 
30.0 
30.4 
30.4 + 
30.5 + 
30.6 + 

W8XK  21540 
GSH  21470 
LSN  21020 
IR W 
PLE 
LSY 
GSG 
W3XAL 
PHI 
DIE 
JIAA? 
W3XL 
PRADO 
W2XAD 
CP7 
D.102 
W2XE 
FYA 
PCJ 
W8 X K 
DJB 
GSF 
H VJ 
R K I 
JYK 
TIER 
ORP 
CNR 
CTIGO 
CTICT 
RW59 
FYA 
W 8X K 
GSE 
W2XE 
12140 
WIXAL 
DID 
GSD 
PHI 
FYA 
CJRX 
XGR 
JVM 
CEC 
JVN 
FYB 
LS X 
ZFD 
ORK 
K AZ 
EAQ 
JYS 
IRM 
GC W 

19700 
18830 
18115 
17790 
17780 
17775 
17760 
17380 
17300 
15440 
15330 
15300 
15283 
15270 
15243 
15220 
15210 
15200 
15140 
15123 
15040 
13610 
13420 
13200 
12830 
12396 
12082 
12000 
11900 
11870 
11860 
11830 
11810 
11790 
11760 
11750 
11730 
11720 
11720 
11530 
10740 
10670 
10660 
10578 
10350 
10335 
10330 
9990 
9860 
9840 
9820 
9790 

Pittsburgh. Pa. 
Daventry, England 
Buenos Aires, Argen. 
Rome, Italy 
Itandoetut. Java 
Buenos Aires, trten. 
Daventry, EnglAnd 
Bound Brook, N. J. 
Iluizen, 
Zeesen, Germany 
Kemikawa-Cho.. Jay. 
Bound Brook, N. J. 
Riobamba, Ecuador 
Schenectady, N. Y. 
La Paz, Bolivia 
Zeesen. Germany 
New York, N. Y. 
Pontoise, France 
Iluizen, Holland 
Pittsburgh. l's. 
Zeesen. Germany 
Daventry. England 
Vatican City 
Moscow, U.S.S.R. 
Kemikawa-Cho.. Jai). 
San Jose, Costa Meg, 
Ruysselede. 13e1g, 
Rabat, Morocco 
Paredo. Portugal 
Lisbon, Portugal 
Moscow, 
Pontoise. France 
Pittsburgh, Pa. 
Daventry. England 
New York, N. Y. 
Rome, Italy 
!baton, Mass. 
Zeesen, Germany 
Daventry, England 
Iluizen. Holland 
Pontoise, France 
Winnipeg. Canada 
Shanghai. China 
Nazaki. 
Santiago, Chile 
Nazaki. Japan 
Paris, France 
Buenos Aires. Amen. 
Ilamilton, Bermuda 
Ruysseiede, Belgium 
Manila; P. I. 
Madrid. Spain 
KemIkawa-Cbo.. rap. 
Rome, Italy 
Rugby. England 

trusty-
length Call  Frequency 
Meters Letters  Kc. 
30.7 +  12R0  9760 
31.1 +  CTIAA  9600 
31.2 +  W3XAU  9590 
31.2 +  VK2ME  9590 
31.3  NBL  9580 
31.3  VK3LR  9580 

31.3  GSC  9575 
31.3 +  W1XAZ  9570 
31.3 +  VUB  9565 
31,3 +  DJA  9560 
31.4 +  DIN  9540 
31.4 +  LKI I  9540 
31.4 +  W2XAF  9530 
31.5  VK3ME  9510 
31.5  GSB  9510 
31.5 +  PRES  9505 
31.7 +  CON  9428 
31.8  PLV  9415 
328  CPO  9120 
36.6 +  PSI(  8185 
37.3  CNR  8035 
37.3 +  IRS  8020 
37.5  HC2JSB  8000 
38.0 +  .IYR  7880 
58.3  0A4AC  7820 
38.4 +  HBP  7790 
38.5  YNLF  7788 
40.5 +  H13ABD  7402 
40.5 +  EA8AB  7403 
41.8  CR6AA  7177 

42.0  HJ4ABB  7138 
43.0 +  EA4AQ  6976 
438 +  HAS  6840 
44.0  HIFI  8814 
44.5 +  JVT  6750 
44.6 +  TIER  6710 
45.0 +  HC2RL  6668 
45.3  PRADO  6616 
45.3 +  14W72  6611 
46.1  H.I5ABD  6504 
46.2 +  Hl4D  6482 
48.5 +  HJIABB  6447 
46.6  W3 X L  6425 
47.0 +  YV4RC  6375 
47.5  HIZ  6315 
47.8  H.13ABF  6275 
48.4  CTIGO  6198 
48.4  HIIA  6188 

48.7 +  HJ2ABA  6150 
48.7 +  CIRO  6150 
48.7  YV3RC  6150 
407  VE9CL  6150 

City 
Country 

Rome. Italy 
Lisbon, Portugal 
Philadelphia, Pa. 
Sydney. Australia 
Geneva, Switzerland 
Lyndhurst, Victoria, 

Australia 
Daventry. England 
Springfield. Mass. 
Bombay, India 
Zeesen, Germany 
Zeesen, Germany 
Jeloy. Norway 
Schenectady. N. Y. 
Melbourne, Australia 
Daventry, England 
Rio de Janeiro. Brag. 
Havana, Cuba 
Bandoeng, Java 
La Paz, Bolivia 
Rio de Janeiro, Brag. 
Rabat, Morocco 
Rome, Italy 
Guayaquil, Ecuador 
Kamikawa-Cho., Jay. 
Lima, l'eru 
Geneva. Switzerland 
Managua, Nicaragua 
Bogota, Colombia 
Teneriffe, C. I. 
Lobito, Angola, 

Port. West Africa 
Manizales, Col. 
Madrid, Spain 
Budapest. Hungary 
San Pedro, D. It. 
Nazaki. Japan 
San Jose. Costa Rica 
Guayaquil, Ecuador 
Riobamba, Ecuador 
Moscow, U.S.S.R. 
Call. Colombia 
San Domingo, D. It. 
Barranquilla. Col. 
Bound Brook. N. J. 
Caracas, Venez. 
San Domingo, D. R. 
Bogota, Colombia 
Paretic.. Portugal 
Santiago de Los 

Cabelleros, D. R. 
Tunic Colombia 
Winnipeg. Manitoba 
Caracas, Venezuela 
Winnipeg, Man. 

M'avc-
length Call  Frequency  City 
Meters Letters  Kc.  Country 
48.8 +  W8XK  6140  Pittsburgh, Pa. 
48.9 +  ZGE  6130  Kuala Lumpur, 

F. M. 8. 
48.9 +  ZT.1  6122  Johannesburg, Africa 
49.0 +  W2XE  6120  New York, N. Y. 
49.0 +  YDA  6120  1:andoeug. Java 
49.0 +  PKI WK  6116  Java 
49.0 +  YV2RC  6112  Caracas, Vest. 
49.0 +  VE9HX  6110  Halifax, N. S. 
49.0 +  VUC  6109  Calcutta, India 
49.1 +  W3XAL  6100  llound Brook, N. J. 
49.1 +  W9XF  6100  Chicago, Ill. 
49.1 +  VE9G W  6096  Bowmanville, Can. 
49.2 +  12140  6085  Rome, Italy 
49.3 +  CP5  6080  La Paz. Bolivia 
49.3 +  W9XAA  6080  Chicago. Ill. 
49.3 +  CON  6073  MacitO, Asia 
49.3 +  OER2  6072  Vienna, Austria 
49.3 +  VE9CS  6070  Vancouver, B. C. 
49.4 +  VQ7L0  6060  Nairobi, Kenya. Africa 
49.4 +  W8XAL  6060  Cincinnati. Ohio 
49.4 +  W3XAU  6060  Philadelphia, Pa. 
49.4 +  OXY  6060  Skamlebaek, Den. 
49.5  GSA  6050  Daventry, England 
49.6 +  MG ABC  6042  Barranquilla, Col. 
49.6 +  WIXAL  6040  Boston, Mass. 
49.7 +  HP5B  6030  Panama City. Pan. 
49.8  DJG  6020  Zeesen, Germany 
49.8 +  ZHI  6012  Singapore, Malaya 
49.8 +  COC  6010  Havana, Cuba 
49.8 +  XEBT  6010  Mexico City. Mex. 
49.9 +  VE9DN  6005  Montreal. Quebec 
49.9 +  HIX  6000  San Domingo, D. R. 
49.9 +  RW59  6000  Moscow, U.S.S.R. 
49.9 +  FIQA  6000  Tananarive. Madag. 
50.1  TGX  5984  Guatemala City 
50.2 +  HV.1  5989  VatiCall City 
50.6 +  HMABE  58 0  Medellin, Colombia 
51.2 +  YV5RMO  5850  Maracaibo, Venez. 
51.4 +  H.12ABC  5824  Cucuta, Colombia 
51.9  OAX4E)  5820  Lima, Peru 
51.9 +  TIX  5795  San Jose. Costa Rica 
52.0  TGTH  Almatices, San Jose, 

Costa Rica 
52.9 +  XQA.I  5660  Shanghai, China 
61.5 +  HC2EP  4650  Guayaquil, Ecuador 
69.4  G6RX  4320  Rugby, England 
69.5  YNLF  4316  Managua, Nicaragua 
70.2  14W IS  4273  Khabarovsk, Siberia 
73.0  HC.113  4107  Quito, Ecuador 
80.0  CTICT  3750  Lisbon, l'ortugal 
80.0 +  Radio LL  3700  Paris, France 
83.0  CT24.1  3612  San Miguel. Azores 
84.6 +  CRIAA  3543  Lourenzo Marques. 

Mozambique 



I 

t 

• 




