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» USE 

EVEREADY RAYTHEONS 
TO  DEMONSTRATE  THE  DIFFERENCE 

A SET OF NE W TUBES WILL MAKE 

YOUR own experience has probably shown you that about 
80c c" of your customers' radio troubles come from faulty or 

worn-out tubes.  When you make a service call, here's a little 

sales psychology to bear in mind.  Most radios are prized pos-
sessions of their owners.  Any reflection cast on the quality of 

the set, the owner is likely to take as a reflection on his personal 
judgment.  He is always relieved to hear you say that not the 
set, but the tubes have gone haywire. 

Take advantage of that fact  push new tubes, complete sets 

of them, for replacements.  But be sure to sell the kind of tubes 
that will make your customers glad they called you  always 
demonstrate the superiority of new tubes with the best tubes 

you can find  meaning Eveready Raytheons. 

Eveready Raytheon 4-Pillar Tubes are different from all others. 

Their elements are rigidly anchored in place by the patented 
4-Pillar construction, (a SOUND improvement).  The jolts 

of shipment, handling and installing, even vibration from pow-

erful dynamic speakers can't affect their performance. 

< < 

They come in all types and fit the sockets of every standard radio in present use.  Make every 
service call pay you an extra profit  put a new Eveready Raytheon in each socket of your cus-
tomer's radio. 

For your personal use, we will gladly send you free of cost, a blue-print 

ing data of all Eveready Raytheon tubes.  Write our nearest branch. 
are using this data. 

showing complete engineer-
Hundreds of service men 

••t 

The Eveready Hour, radio's oldest commercial feature, is broadcast 
every Tuesday evening at nine, New York City Time, over a nation-
wide N. B. C. network of 30 stations. 

YOU CAN HEAR THE DIFFERENCE AND SEE TIIE REASON 

NATIONAL CARBON COMPANY 
INCORPORATED 

General Offices, New York, N, Y. 

Branches: Chicago  Kansas City  New York 
San Francisco 

Unit of Union Carbide UCC and Carbon Corporation Trade-marks 
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There's a Reason for 

TRUVOLT Resist-
ances are double-
wound. The resist-
ance wire is first 
wound around an 
asbestos  covered 
copper core, then 
around a fire-clay 
base.  Only  with 
t his patented wind-
ing can be secured 
the  greater  air-
cooling which has 
made "TRUVOLT • 
a  synonym  for 
"PERFECT  PER-
FORMANCE." 

U. S. Pat. 167696. 
and Patents Pend 

ELECTRAD Superiority! 
V OU can rely on getting what you pay for in 
ELECTRAD Resistances and Voltage Con-

trols because they're built to PERFORM. Man-
ufacturers and Custom Radio designers use 
them because they must have quality when their 
own reputations are at stake. 

Ably supervised manufacture, coupled with the 
will and facilities to work constantly for IM-
PROVEMENT—that's why ELECTRAD superior-
ity is definite and real—that's why the name 
"ELECTRAD" is respected the world over by men 
who KNOW radio values. 

Resistances and Voltage Controls for 
Every Radio Need 

ELECTRAD manufactures a complete line of 
quality-built resistances and voltage controls for 
every radio' and power supply need, including 
Television. 

Intelligently supervised mass production and 
combined purchasing of raw materials effect 
large savings in ELECTRAD'S original manufac-
turing costs—savings which are passed on to the 
consumer in ELECTRAD'S moderate prices for 
quality products. 

175 V aric k St., N e w Year k, 

ELECTRAD 

Electrad TRUVOLTS 

Safest for 

Eliminators and Power Packs 

TRUVOLTS have long been the 
radio engineer's favorite heavy 
duty resistance. Their patented 
air-cooled winding (see large 
illustration) makes for more 
uniform, accurate performance, 
reliability and longer life. 

Fixed types  have adjustable 
sliding clip for quick adjust-
ment. Made in all usual sizes 
and wattage ratings. 

Variable TRUVOLTS 
Distinctive TRUVOLT winding 
with knob vari-
ation and met-
al  ventilating 
shield.  Ideal 
for experimen-
tal power banks 
where constant 
variation is es-
sential.  Last 
longer owing to endwise  trave l 
of contact over wire . One -hole 
panel mounting. 22 sizes, List 
price $2.50. 

1ron  Tiiiiiiii iII 
111111111  
--Qedià¡whP' 
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Super-TONATROL 
Heavy Duty 

Volu me Control 

Licensed by Tr. 
dyne Corp.,  1  s. 
Pats. 1034103.1034104 

r 

Built for long life with the heavy 
currents of modern power re-
ceivers.  Resistance  element 
permanently fused to enameled 
metal plate. Easily dissipates 5 
watts. Pure silver floating con-
tact with multiple pickup pro-
vides delightfully smooth oper-
ation with step-less variation. 
Metal cover, firmly riveted 
for strength. Slotted sol-
dering lugs. 

7 types with resistance 
values and curves 
to meet most vol-
ume  control 
needs. 

$2.40 to 
$3.50 
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Radio Mechanic 
and Inspector 
$1800 to $4000 
a Year. 

Broadcast Sta-
tion Mechanic 
$1800 to $3600 
a Year. 

Land Station 
OPera tor $1800 
W$4000aYear. 

Broadcast Oper-
ators $1800 to 
$4800 a Year. 

LET RCA INSTITUTES START 

YOU ON THE ROAD TO . . . • 

SUCCE S S IN  RADIO 
Radio needs you ... That's why the entire Radio industry 
is calling for trained men ... That's why thousands of 
men who answered these advertisements are now earning 
from $2,000 and up a year. Radio is thrilling work... 
easy hours, too, vacations with pay and a chance to see 
the world. Manufacturers and broadcasting stations are 
now eagerly seeking trained RCA men... Aviation and 

radio in the movies also provide innumer-
able opportunities ... Millions of sets need 
servicing... thousands of ships require ex-
perienced operators . . . Never before was 
there an opportunity like this. 

This is the Only Course Sponsored by 
Radio Corporation of America 

RCA sets the standards for the entire Radio 
industry .. . The RCA Institutes' Home 
Laboratory Training Course enables you to 
quickly learn all the secrets of Radio ... In 
your spare time, in only an hour or so a day, 
you can obtain a thorough, practical educa-
tion in Radio ... You get the inside infor-
mation, too, because you study right at the 
source of all the latest, up-to-the-minute 
developments. RCA, the world's largest Radio 
organization sponsors every single detail in 
this course. 

You learn Radio by actual experience with 
the remarkable outlay of apparatus given to 
every student. You learn the "How" as well 
as the "Why" of every Radio problem, such 
as repairing, installing and servicing fine sets. 
That's why every graduate of RCA Institutes 
has the experience, the ability and the con-
fidence to hold a big-money Radio job. 

For the added convenience of students who prefer 
a Resident Study Course, RCA Institutes, Inc., has 
established Resident Schools in the following cities: 

New York   326 Broadway 
Boston, Mass.  . . . . 899 Boylston St. 
Philadelphia, Pa.  . . 1211 Chestnut St. 
Baltimore, Md. . . 1215 North Charles St. 
Newark, N. J.    560 Broad St. 

Graduates of both the Home Laboratory Training 
Course and the Resident Schools receive exactly the 
same training and enjoy the same privileges so far 
as jobs and salarfes are concerned. And every Home 
Study graduate may also attend any one of our 
resident schools for post-graduate instruction at no 
extra charge. 

Graduates of RCA Institutes Find It 
Easier to Get Good Jobs 

They are closest to the source of Radio's 
greatest achievements because the progress 
of Radio is measured by the accomplishments 
of the great engineers in the huge research 
laboratories of the Radio Corporation of 
America. 

Students of RCA Institutes get first-hand 
knowledge, get it quickly and get it complete. 
Success in Radio depends upon training and 
that's the training you get with RCA Insti-
tutes. That's why every graduate who de-
sired a position has been able to get one... 
That's why graduates are always in big 
demand. 

Study Radio at the Oldest and Largest 
Commercial Training Organization in 

the World 

Send for this Free Book ..."Success in Radio 
. For You!" ... or step in at one of our 

resident schools and see how thousands of 
men are already on the road to success in 
Radio. Remember that you, too, can be suc-
cessful...can speed up your earning capacity 
... can earn more money in Radio than you 
ever earned before. The man who trains 
today will hold down the big-money Radio 
job of the future. Come in and get this free 
book or send for it by mail. Everything you 
want to know about Radio. 40 fascinating 
pages, each page packed with pictures and 
descriptions of the brilliant opportunities in 
this gigantic, world-wide money-making 
profession. 

See for yourself why graduates of RCA In-
stitutes now occupy thousands of well-paid 
positions. These positions are usually avail-
able in from 3 to 10 days after graduation 
for men who can qualify. RCA Institutes 
will back you up to the limit. This book is 
yours free.. . SEND FOR IT TODAY! 

Clip this Coupon NO W 

'SPONSORS D 1E11 

RCA INSTITUTES, INC. 
A Division of Radio Corporation 

of America 

R C A INSTITUTES, Inc. 
Dept. EX-1, 75 Varick St., New York, N.Y. 

Gentlemen: Please send me your FREE 40-
page book which illustrates the opportunities in Radio and describes 
your home laboratory-method of instruction. 

Name   
(PLEASE POINT) 

Address   

Occupation   
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ctle DURHAM 
t4EIALUIED 
PRINCIPLE. 
Weele ROM 

A Million and a hall used ' 
Monthly during 1929 
in American Radio 

TO keep pace with 1930 receiver de-
velopments, Durham Metallized re-

sistors and powerohms , are now more 
accurate, have a greater power safety fac-
tor and can be obtained in even greater 
variety. 
((The advantages of the Durham Metal-
lized principle have been proven by the 
millions of Durham resistors and power-
ohms now used by America's foremost 
manufacturers of radio receivers and allied 
products. 
((These units are now in standard pro-
duction in all ratings, all types of tips for 
radio work. 
Engineering data and .ramplee for lerting 

.rent upon requed. Pleaee elate 
ratinge required. 

RESISTORS and 
PO WE ROIR MS 

.. INTERNATIONAL.. 
RESISTANCE COMPANY 
2006 Chestnut St.  Philadelphia, Penn. 
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"Motorboating" 

HO W IT CAN BE PREVENTED 

ffANY amplifiers at times show a tendency to 
"motorboat" due generally to interaction 

coupling between stages, due to common coupling 
in the plate-supply unit. This effect can generally 
be eliminated by using the circuit shown on this 
Laboratory Sheet. This circuit was suggested in a 
recent bulletin from the E. T. Cunningham Com-
pany. 
The anti-motorboating circuit consists of a net-

work of condensers and resistances connected 
between the power unit and the B-plus detector 
terminal on the radio receiver. The effect of this 
circuit apparently is to eliminate coupling effects 
at the low frequencies at which such effects are most 
troublesome. The circuit has been used with good 
results in the Laboratory, in connection with 
resistance-coupled amplifiers which generally show 
the strongest tendency to motorboat, but the cir-
cuit may be satisfactorily used with any type of 
amplifier. 
It is not difficult to add this circuit to any existing 

receiver installation. To do this it is simply neces-
sary to connect the resistance R in series with the 
lead connecting between the B-plus detector 
terminal on the receiver and the B-plus detector 

Rode Recover 
e• 

terminal on the power 
unit. One 2.0-mfd. con-
denser Ci must then 
be connected between 
the B-plus termina, 
and the B-minus on 
the receiver and 
another condenser C2 
connected between the 
B- plus detector and 
minus B terminal on 
the power unit. It is 
preferable to locate 
the resistance at a 
point close to the re-
ceiver rather than near 
the power unit. 
The value of the resis-

tance depends to some 
extent upon the char-

acteristics of the receiver and the power unit. 
With some amplifiers we have found a value 
of 10,000 ohms to be satisfactory, and with other 
amplifiers, a resistance of 50,000 to 100,000 ohms 
was required to prevent motorboating. A value 
of about 50,000 ohms seems to be satisfactory in 
most cases. 

No. 194 

HOWLING 

P US H-P ULL  type amplifiers in many cases 
exhibit a tendency to howl at some audio fre-

quency due to feedback through the interelectrode 
capacity of the tubes. When this occurs it is obvi-
ously impossible to obtain satisfactory operation 
from the amplifier. The howling in push-pull ampli-
fiers can generally be readily prevented by con-
necting a choke coil or resistance at the point 
marked X in the circuit diagram. When construct-
ing an amplifier of this type it is wise to include such 
a choke or resistance in the circuit; no by-pass 
condenser should be placed across the unit. 
The inclusion of choke or resistance in this circuit 

will not affect the quality for this circuit does not 
have to carry any audio-frequency currents. In some 
instances it will be found necessary to prevent howl-
ing to include also a choke coil in the lead from 
the center tap of the output transformer and the 
B-plus terminal of the plate supply. 
lf a resistance is used in the grid circuit it should 

have a value of about 50,000 ohms. Since it does 
not have to carry any current, any ordinary grid 
leak type of resistance unit may be used. The chokes 
used may be any type with an inductance of about 
10 henries or more. The primary of an old audio. 
frequency transformer might be used in the grid 
circuit but is not satisfactory for inclusion in the 
plate circuit between the center tap of the output 
transformer and the plate supply for when con-
nected at this point, the choke must carry the plate 
current of the two tubes, which may be enough to 

RADIO BROADCAST Laboratory Information Sheet 

Push-Pull Amplifiers 
burn out the windings of an ordinary audio trans-
former. Use at this point some device designed to 
carry 50 or 60 milliamperes. The circuit given on this 
sheet also shows the use of a resistance R, to supply 
C bias to the two tubes. Its value, depending upon 
the type of tubes used, is given below 

Type of Tube 
112-A  750 ohms 
171-A  1000 ohms 
210  1100 ohms 

input 
Tr an m • r 

Output 
Irensformer 
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A Resistance-Coupled Amplifier With Screen-Grid Tubes 

CONSTRUCTIONAL DATA 

•I'FIE February, 1927, RAI:no BROADCAST re-
ported some experiments made in the Labora-

tory on the use of the screen-grid tube in audio-
frequency and radio-frequency amplifiers,  and 
in the article there appeared a circuit diagram 
of a resistance-coupled, audio-frequency amplifier 
using two screen-grid tubes. Many letters have been 
received requesting constructional data on this 
amplifier and we have therefore reprinted the cir-
cuit diagram on Laboratory Sheet No. 196 and the 
list of parts necessary to construct the amplifier 
appears at the end of this Sheet. 
The publication of this circuit diagram and list of 

parts should not be taken to indicate unqualified 
endorsement of the amplifier for its high voltage 
gain of 2200 (the voltage gain of an average two-
stage transformer coupled amplifier is 250) in 
some cases will prove more of a disadvantage rather 
than an advantage. The disadvantage of a high 
gain audio-frequency amplifier will become evident 
when an attempt is made to operate it from a B-
power unit. When an ordinary amplifier is used 
with a plate-supply unit which provides hum-free 
operation no difficulty may ensue; but when this 
same supply is connected to a high-gain, screen-

grid amplifier, the hum is greatly magnified and 
may be of entirely too high a value. If the screen-
grid tubes are operated from batteries, however, 
this amplifier will give very satisfactory results. 
To construct this amplifier the following parts are 
necessary: 
• 0.25-Megohm Resistors 
2.0-Megohm Resistors 

Rh 20-Ohm Filament Resistors 
Ra, 4-Ohm Resistor 
• 0.1-Megohm Resistor 
0.01-Mfd, Fixed Condensers 
4.0-Mfd. Fixed Condensers 

Ca, 2.0-Mfd. Bypass Condensers 
Three Sockets 
Binding Posts 
No special care is required in the construction of 

this amplifier although it is wise to arrange the lay-
out so that the various grid and plate leads are 
short. The condensers Ca and the resistor Rs are in-
corporated in the circuit to prevent the amplifier 
from motorboating. This circuit will also help to 
keep the hum low if the device is operated from a B-
power unit. 
A frequency characteristic curve of this amplifier 

made in this Laboratory showed it to be fiat from 
100 to 10,000 cycles. 

I. 
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Circuit of a Resistance-Coupled Screen-Grid Amplifier 

-0LS   • , 

C Supply 

5+  8+ 
45  135 
5-5uppy 

A+ 
-0 
8  ES+ 

D t. 

(!) 
5+ 
Power 

Ciq 

Loud 
Li Speaker 
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Amplification Constant 
HOW IT MAY EASILY BE MEASURED 

TT IS not difficult with simple apparatus to 
A measure the amplification constant of any tube 
The important apparatus required to make such a 
test are two accurate resistances, one variable, the 
other fixed, and a milliammeter capable of carrying 
the normal plate current of the tube under test. 
The circuit diagram to be followed in making this 
test is given here. The following parts are used in 
the circuit: 

Ee—Q-battery with a value correct for the tube 
under test.  B-battery with a value correct for 
the tube under test. Ea —Source of filament voltage. 
E —45 volt B-battery. Ri—Filament rheostat. Ri— 
Accurate 10-ohm resistor. Ili —Accurate variable 
resistor, having a maxmum value of 300 or 400 ohms. 
I — Milliammeter having a maximum range of 
about 20 milliamperes. K — Key to open and close 
the circuit. 

The important resistor in this circuit is Ri which 
must be calibrated. A good potentiometer may be 
used, provided it is supplied with a dial so that the 
amount of resistance included in the circuit can be 
calculated. For example, if the potentiometer has a 
resistance of 400 ohms and the dial reads from 0 to 
100 then each degree would include 4 ohms. 
The test is conducted as follows. With K open, 

adjust Ee and Eb so that the tube is being operated 
under the correct conditions of grid and plate volt-
ege. Note the plate current reading. Now depress 

K and note the change in the reading of the milliam-
meter. Adjust RI so that as the key is opened and 
closed no change takes place in the reading of the 
milliammeter. When resistor, RI, has been adjusted 
so that the plate current remains constant, cal-
culate the amount of resistance at RI, included in 
the circuit. Divide this resistance by 10, the value of 
R2, and the quotient will be the amplification con-
stant of the tube. 
EXAMPLE: A 201-A type tube is being tested and a 

balance is obtained when there are 83 ohms in-
cluded in the circuit at Ili. Dividing 83 by 10 we 
get 8.3, the amplification constant of the tube. 

E 

R2 
- 
E. 

diffl• 
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The Screen-Grid Tube as an R. F. Amplifier 
CALCULATING GAIN 

DROBLEM :—Suppose that we have a radio-
frequency amplifier connected as indicated in 

the figure and that a screen-grid tube is used. How 
can we calculate the amplification that can be 
obtained? 
SOLUTION:—To solve the problem we must make 

use of the tube constant known as the mutual 
conductance, which, for the screen-grid tube, has a 
value of about 350 micromhos or 0.000350 mhos. 
The mutual conductance Gm by definition, 

/ 
(1) 

where Gin is the mutual conductance in mhos; Li,-
is the alternating current flowing in the plate circuit, 
Eg is the alternating voltage impressed in the 
grid; transposing this equation we get 

Gin  Eg (2) 

The voltage Ei across the tuned circuit is equal 
to the impedance of the circuit Z times the current 
through it  Et =  x Z  (3) 

and therefore  Ei = G. x Eg x Z  (4) 

The amplification of the circuit is equal to the 
voltage across the output El divided by the voltage 

across the input E.  Transposing equation (4) to 
get this ratio we obtain 

Et 
(5) 

Eg 
This equation shows that the gain of this circuit 

using a screen-grid tube is simply equal to the 
mutual conductance of the tube in mhos, times the 
effective impedance of the tuned circuit. 
Therefore, if we know the impedance into which 

the tube is working, we can, by multiplying the 
impedance by Gin. obtain the amplification. If the 
tuned circuit at resonance has an effective imped-
ance of 100,000 ohms then the amplification would 
be 

Amplification =0.000350 x 100,000 
=35 

STEWART-
WARNER 

. • à  • 

WE POINT 
to Tkese Eapressions 

of Confidence by 

Several Leading Radio. 

Set Manufacture,'  . 

in the QUALITY, 

SERVICE and 

DEPENDABILITY of.. 

NABLE PRIDE 

POLYMET 
PRODUCTS 

wn l e  

E U  

; MuCutsse bPe etine 
1. 1  a specialized part 

  is needed to com-
plete the high quality of Fada sets". 

"We use Polymet 
Products because 
they are definitely 
superior special-
ized parts". 

"We specify Poly-
metPartsintheCon-
sole 35 and other 
Stewart-Warnersets 
because we know 
that Quality radios 

can be made only with Quality parts". 

15 "We want King sets 
to give complete 
satisfaction, with 
Polymet special-

ize.i parts we know hat porfect service is assured". 

DYER 
T? Kadlo 

"That Polymet Con-
densers are used in 
all Silver Radio re-
ceivers is the most 
powerful endorse-
ment we can give 
to these finely built 
products." 

IS IT any wonder, then, that Polymet 
supplies over 80% of the large set 
manufacturers with radio essentials? 

The complete satisfaction of these 
great companies and the approval of 
their engineering departments is 
your assurance of satisfaction with 
Polymet Products in the sets and 
power packs you build or repair. 

Standard Parts by Polymet include: 

CONDENSERS 

Filter 
Block 
Mica 
Molded 

Y 

-A. 

COILS 

RESISTANCES 

Strip 
Metallized 
Wire Wound 
Filament 

TRANSFORMERS . . . . RHEOSTATS 

POTENTIOMETERS . . PHONE PLUGS 

VOLUME CONTROLS . . POLYTROLS 

ir fo r leaflet CL-1, giving constructional 
iaformalion and diagrams of several im-
portant popular circuits (including an 
automobile radio receiver). 

POLYMET MANUFACTURING CORPORATION 

829-D East 134th St., New York City 

POLY MET 
PR O D UC TS 
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—  

Unexcelled 
Research 

and 

Laboratory 
Facilities 
THE high 

standard main-

tained in their 

manufacture is 

reflected in 

their quality 

performance. 

Make every tube 

a Cunningham 

Public 
Indorsement 
since 1915 

E. T. CUNNINGHAM, INC. 

New York  Chicago  San Francisco 

Dallas  Atlanta 

Le'Me 
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Current 

ITS DIRECTION OF FLOW 

T HE direction of flow of current around a 
+ simple circuit consisting of a battery and a 
resistance is generally considered to be as indicated 
by the solid arrows in sketch A on this sheet. As 
indicated, the current is thought of as flowing out 
of the positive terminal of the battery, through the 
resistance and into the negative terminal of the 
battery. 
Now let us look at the circuit of a vacuum tube, 

as indicated in sketch B. In this circuit, we would 
assume that the current would flow as indicated by 
the solid arrow, i. e., out of the positive terminal 
through the tube and into the negative terminal 
just as it did in circuit A. However, we know that 
the filament of the tube is the electron-emitting 
substance and that the electron flow is from the 
filament to the plate. Apparently we have two 
currents flowing in the cir-
cuit, and this has led some 
experimenters  to  believe 
that there were two distinct 
currents flowing in the cir-
cuit, on the battery current 
and the other the electron 
current. This is not so and 
there is only one current 
flowing in the circuit, the 
electron circuit. (A) 

The idea that the elec-
tric current flows from the 
positive to the negative 
originated before anything 
was  known  about elec-
trons. This direction of flow 
has  since  been  proved 
to be wrong. It is now 
realized that an electric cur-
rent is actually a flow of 
electrons and that elec-
trons,  being  negatively 
charged, flow toward the 
point  of  positive  po-
tential. Therefore the actual 
flow of current in the 
tube circuit B and the 
battery circuit A is as in-
dicated by the dotted arrows. 
Fortunately the incorrect assumption that was 

made years ago for the direction of the flow of cur-
rent is not important in the solution of electrical 
problems so long as we remain consistent regarding 
the direction in which the current is assumed to flow. 
Many meters used in electricity are marked 

with plus and negative signs and the winding of the 
meter is arranged so that the pointer on the meter 
will deflect in the right direction when the positive 
terminal of the meter is connected to the more 
positive part of the circuit. 

(13) 
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Resistors 

DETERMINING WHAT SIZE TO USE 

TN CHOOSING a resistance for any particular 
+ purpose it is necessary to determine the value 
required, the current it must carry and then from 
these two facts determine the wattage rating re-
quired. The chart published on this sheet will prove 
useful to determine: 

(a) the wattage rating a resistor must have to 
carry a given current 

(b) the current a resistor, of given wattage rat-
ing, will carry 

The curve is plotted to cover resistors up to 
10,000 ohms and wattage ratings up to 5 watts. 
EXAMPLE: A resistor is to be used to supply 

C-bias to a 171-A type tube. The plate current of the 
tube (which must flow through the resistor) is 20 
milliamperes. The required C-bias voltage is 40 
volts. What value of resistance and what wattage 
rating should the resistor have? 
To calculate the required value of resistance we 

use Ohm's law. 

Voltage 
Resistance = Current in amperes 

40 
0.020 

= 2000 ohms 

Referring to the chart below, we find that the 
vertical line corresponding to 2000 ohms crosses the 
horizontal line corresponding to 0.020 amperes 
(20 milliamperes) at the point indicated between 
the curves of 1.0 and 0.25 watt resistors. In such a 
case we must, of course, always use the larger size 
and therefore in this case we should use the 1.0-
watt resistor. 
70 

60 

50 

É 40 

30 

20 

10 

o 

RESISTANCE IN OHMS 

I 
Reletwn 

I 
Between 

AND WATTS — IfiLLIAMPERES.OHMS 

1.-
1 Watt 

t 5 Watt 

SO Watt .*.s. ""'..........., 

0.25 Watt 

0.125 op 
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Tube Life 

EFFECT OF EXCESSIVE LINE VOLTAGE 

T HE life obtained from a vacuum tube depends 
+ very much upon the filament voltage at which 
it is operated, for voltages slightly above normal 
produce a marked decrease in life. This is true of all 
types of tubes, a. c. or d. c., storage-battery or 
ch y-cell-operated. In a battery-operated receiver 
we are able to control the filament voltage applied 
to the tubes quite accurately and normal life is 
therefore generally obtained from the ordinary 
types of storage-battery or dry-cell tubes. In an 
ac.-operated receiver, however, where the filament 
voltages are obtained directly from the power lines, 
the operator of the receiver has little or no control 
over the filament voltage applied to the a.c. tubes. 
Most filament transformers are designed for a line 
voltage of about 115 but in many communities, 
rural ones especially, voltages in excess of this are 
frequently encountered. This higher line voltage 
of course affects the output voltages of the filament 
transformer so that the tubes are subjected to a 
filament voltage above normal. 
It is suggested that experimenters working on a.c. 

operated receivers include in the circuit some device 
which will enable them to control the voltage applied 
to the filament transformer. In cases where the line 

voltage is found to vary considerably so that at 
times it is above normal and at other times normal 
or below normal, it will be preferable to include in 
the circuit a variable resistance in the primary side 
of the filament transformer having a value of about 
25 ohms. In those cases where the line voltage is 
found to be above normal but constant at this value, 
a fixed resistance may be placed on the primary side 
of the filament transformer to absorb the excess 
voltage so that the transformer receives its rated 
voltage or slightly less, for it has been found that 
a.c. tubes will generally give satisfactory service on 
somewhat less than the operating voltage at which 
they are rated. 
When remedies for excessive line voltage, such 

as we have suggested here, are made use of, each 
case must be treated more or less individually, and 
when, as is usually the case, the line voltage is not 
constant, a manually controlled resistance may be 
essential. These facts have been appreciated by 
many receiver and parts manufacturers. It is prob-
able that devices will soon be available to home 
constructors which when placed in the primary side 
of a transformer will automatically control the 
voltage actually applied to the receiver, so that the 
tubes will always receive rated voltage despite fluc-
tuations in the actual line voltage. 



RADIO BROADCAST'S DATA SHEETS  7 

No. 202 RADIO BROADCAST Laboratory Information Sheet 

Farm Lighting Systems 

AS A SOURCE OF FILAMENT CURRENT 

T HIS Laboratory Sheet is provided in response 
1 to requests from several readers for information 
on how to make use of power from a farm-lighting 
installation for the operation of the filaments of 
the tubes in a radio receiving set. 
Farm-lighting systems are of two types, those 

using a generator powered by a gas engine in which 
the energy for the lights is obtained directly from 
the generator and those systems in which the gener-
ator is used to charge a bank of storage batteries 
which in turn supply energy for lighting. The 
voltages of these 
systems are gen-
erally either 32 
or 110 volts. 
To make use 

of this current in 
the radio receiver 
it is necessary to 
reduce the volt-
age by means of 
the resistance. R, 
the value of the 
resistance de-
pending upon the 
number of tubes 
in the set and 
upon the voltage 
of the supply, as 
indicated below. 

From lighten/ 
system 

32 VOLT SYSTEM 110 VOLT SYSTEM 
NO. OF TUBES  R  WATTS  R  wArrs 
IN RECEIVER  IN OHMS  IN R  IN OHMS IN R 

1  51  15  190  57 
2  35  22.  130  84 
3  27  30  100  105 
4  21  37  80  135 
5  18  43  65  160 
6  15  50"  58  90 
7  13  57  50  210 
8  12  66  45  240 

Two circuits are given, circuit B being the easier 
to use, but sometimes with this arrangement there 
may be some hum audible in the loud speaker. In 
such a case it is necessary to use circuit A. 
With circuit B it is simply necessary to connect 

the resistance R in seriés with a 20-ohm resistor 
and connect the plus and minus A terminals to the 
corresponding terminals in the radio receiver. 
Using circuit B the same changes must be made 

but in addition the B minus and C plus leads are 
removed from where they connect on the receiver 
and are connected instead to the center point of 
the 20-ohm resistor. When this arrangement is 
used the C voltages should all be increased by 
minus 3 volts to compensate the positive bias pro-
duced with the C plus and B minus leads connected 
to the center tap. 
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Tuned Circuits 

CALCULATING EFFECTIVE RESISTANCE 

ABORATORY Sheet No. 198, published in the 
1-, June issue, explained how to calculate the 
gain of a radio-frequency amplifier using a screen-
grid tube. In calculating the gain we had to make 
use of the factor R which denoted the effective 
resistance of a tuned circuit at reso-
nance. In this Sheet we will explain 
how this effective resistance is calcu-
lated. 
A simple tuned circuit is indicated 

in the sketch and it can be proved 
mathematically that, at resonance, 
the circuit between points a and b 
acts like a high resistance with a value 
equal to 

Wt 
R  —r 

where 
R is the effective resistance of the 

circuit at resonance as measured be-
tween points a and b 
4) is equal to 21c times the frequency 

L is the inductance of the coil in henries 
r is the series resistance of the circuit. 
The value 7' is the series resistance of the tuned 

circuit when actually connected in a tube cir-
cuit. 
EXAMPLE: What is the effective resistance of a 

tuned circuit whose resonant frequency is 1000 kc 
(300 meters), the series resistance of 
the circuit being 20 ohms and the in-
ductance of the coil 0.25 millihenries 
(0.00025 henries) 

R
(2 I, X 1,000,000), (.00025),  

= 
20 

= 115,000 ohms, effective resistance 

If this circuit were to be used in 
conjunction with a screen-grid tube 
the gain, calculated using the formula 
given in Sheet No. 198 would be: 

Gain =Gm X R 
— 0.000350 X 115,000 
= 40 
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Line Voltage Variations 

EFFECT ON TUBE LIFE 

1 ETTERS from readers have been received by 
the Laboratory from time to time to the effect 

that the life of the 171 type tube used in their 
power unit was very short, sometimes lasting only 
about 100 hours. The normal life of a 171 type tube 
should be at least 1000 hours. The probable cause, 
in many cases, of such short life is excessive filament 
voltage. 
The transformer in a power unit is designed gener-

ally to operate with a line voltage of 110 volts a.c. 
With this voltage across the primary the voltage 
across the filament terminals of the 171 type power 
amplifier should be 5 volts. If the voltage across 
the primary is less than 110 volts, then the voltage 
across the filament of the tube is less than 5 volts 
and conversely, with input voltages higher than 110 
volts the voltage across the filament of the tube 
will be excessive, i.e., more than 5 volts. 
If the filament voltage drops very much, the 

electronic emission from the filament will decrease 
and distortion of the signal will result.  If, on the 
other hand, the filament voltage is excessive, the 
output of the system is not audibly affected and so 
with no audible indication of the excessive voltage, 

it is likely that it will go by unnoticed. It is excessive 
filament voltage which must be guarded against. 
however, if a normal length of life is to be obtained 
from any tube. 
The extent of the fluctuations in line voltage is. 

of course, different in different parts of the country 
—in large cities the voltage is generally quite con-
stant, while in rural communities comparatively 
large variations in line voltage are probable. 
These problems, brought about by inconstancy 

of line voltage, are becoming more serious as the 
use of a.c. operated receivers becomes more popu-
lar. In such receivers, all of the tubes are operated 
directly from the power line and decreased tube life 
due to excessive filament voltage is to be carefully 
guarded against. 
The solution of these difficulties lies in the design 

of a device which will automatically control the 
voltage actually applied to a power unit. The type 
886 tube is a device of the sort, designed to insure 
constant input to power operated radio receivers. 
despite fluctuations in line voltage. Several devices 
to accomplish regulation by other means are also 
being developed by other manufacturers and will 
probably be available shortly. 

They all may 
look alike 

It's their reliable per-

formance that makes 

"so different" 

When confronted 

with so many brands 

of radio tubes, the 

only safe way to make 

a selection is to be 

guided by the integ-

rity of a name that 

has meant tube satis-

faction for the past 

fifteen years. 

—The name is Cunningham 

E. T. CUNNINGHAM, INC. 

New York  Chicago  San Francisco 

Dallas  Atlanta 

M ffl EMM:i 
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elBg\Profits in it with 
Reliable 
Equipment 

"A penny saved is a penny 

earned" is not true in purchas-

ing instruments for radio  servic-

ing  work.  The  small  difference 

in cost between the best obtain-

able meters and those of secondary 

value comes back to you many times 

over in the money you can make 

and the business reputation you 

acquire through the use of reliable 

equipment. 

Shown herewith are two designs of 

miniature  panel  instruments -2" 

and 31" diameter —for use in the 
repair shop and in portable testing 

work.  These are the instruments 

selected by Commander Byrd for 

his Polar expeditions. Preferred for 

their nicety of construction and 

superior electrical characteristics. 

Made in A. C., D. C. and Thermo-

Couple Types, and in all the re-

quired ranges.  Open scales almost 

to zero position.  Designed for flush 

panel mounting.  Write for circular 

JJ, containing complete descriptions 
and prices. 

WESTON ELECTRICAL 
INSTRUMENT CORP. 

606 Frelinghursen Ave., Newark, N. J. 

ITS FREQUENCY CHARACTERISTIC 
T HE frequency characteristic of a resistance-
"- coupled amplifier using screen-grid tubes is 
included on this sheet and indicates clearly the ex-
cellent quality which such an amplifier is capable 
of delivering. The screen-grid amplifier used in 
making this curve was described in the June, 1928, 
Laboratory Information Sheets Nos. 195 and 196. 
The frequency characteristic which is obtained 

from an amplifier of this type depends upon several 
factors. One of the most important is the voltages 
at which the screen-grid tubes are operated. '1 he 
power unit supplying 
the amplifier should 
be capable of deliver-
ing 135 to 180 volts 
and the screen-grid volt-
age should gene rally 
be 221 although 45 
vol ts is satisfactory 
if the 180 volts is used. 
This curve was made 
using  0.25-megohm 
plate resistors, 2.0-
megolun grid resistors 
and. 0.01-mfd. coupling 
condensers. 
The  high-frequency 

response of the am-
plifier would be poorer 
with higher values 
of coupling resistance 
because under such 
conditions the input 
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Electrical Measuring Instruments 

THE GALVANOMETER 
T HIS is the first of a series of Laboratory In-
formation Sheets to be devoted to the subject 

of electrical measuring instruments. In this Labor-
atory Sheet we discuss what is probably the oldest 
instrument for measuring current and voltage. This 
instrument is the galvanometer, and most of our 
modern ammeters aryl voltmeters are merely adap-
tations in one form or another of the galvanometer. 
The galvanometer in its earliest form consisted 

of a compass needle suspended in the center of a coil 
of wire. When a current passed through the coil 
the compass needle was deflected from its normal 
position. It was termed a tangent galvanometer, for 
the current flowing in the coil is proportional to the 
tangent of the angle through which the needle is 
deflected. The tangent galvanometer is not very 
sensitive and, finding no practical use to-day, its 
major interest is historical. 
Sir William Thomson (Lord Kelvin) did con-

siderable work to improve the galvanometer and 
succeeded in developing an instrument of high 
sensitivity. Instruments made in accordance with 
his recommendations are known as Thomson gal-
vanometers. Thomson made use of two coils in his 
galvanometer arranged to neutralize each other and 
found it possible to make the needle of the instru-

ment move with only an exceedingly small current 
flowing in the coils. Galvanometers of this type 
have been made so sensitive that 510-billion of an 
ampere would cause the pointer to deflect. A 
Thomson galvanometer, although very sensitive, 
has the disadvantage that in its simplest form it does 
not return to the zero point very quickly when the 
current flow through the coil is stopped and also 
the pointer oscillates back and forth for quite a long 
period of time before it finally comes to rest at any 
position. Thomson galvanometers can be made 
more satisfactory by attaching a vane to the sus-
pension so that the air resistance created as the 
vane turns tends to bring the galvanometer to rest 
more quickly. This mechanical type of "damping' 
is the only type that can be applied to the Thomson 
galvanometer and for this reason another form of 
the instrument has come into more general use, 
known after its inventor as the D'Arsonval gal-
vanometer. 

In the Thomson galvanometer we had a station-
ary coil and a moving magnetic nee dle; in the 
t) Arsonval type we use a stationary magnet and a 
moving coil. The magnet is a very strong one and 
the coil moves in a small air gap in the magnetic 
circuit. The constructional features of such an 
instrument will be given in a Sheet to follow this. 
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A Screen-Grid Resistance-Coupled Amplifier 

and output capacities of the tubes, forming a shunt 
around the resistors, would produce a decrease in 
high-frequency response. The high-frequency re-
sponse in this screen-grid amplifier is much better 
than is ordinarily obtained from a resistance-
coupled amplifier using type 240 tubes. There is 
this to say, however, that the high-frequency re-
sponse of this amplifier as indicated by the curve on 
this sheet is realty better than it need be, for fre-
quencies above 6000 or 7000 cycles do not contribute 
very much to the naturalness of the reproduction. 
'Abe low frequency response of the amplifier is 

determined by the size 
of the coupling con-
denser; the smaller the 
capacity the poorer 
the low-frequency 
response. The value 
of 0.01 mfd. which 
was used is evidently 
satisfactory judging 
from the curve, and 
probably values con-
siderably smaller than 
0.01 mid. would also be 
satisfactory. 
The high gain of this 

amplifier has some dis-
advantages which were 
pointed out in Labo-

  ratory Sheet No. 195 
10,000  to which we refer the 

reader for further in-
formation. 

1.03 1000 
iREQUENCY 
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Equalizing Wire Lines forBroadcasting 

VALUES INVOLVED 

TT IS obvious that the fidelity of reproduction 
.1 obtained from a radio receiver cannot be any 
better than that transmitted by the broadcasting 
station and in discussing the subject it is therefore 
of value to know what frequencies are at present 
being transmitted by the better broadcasting sta-
tions. Some data on this subject was published in 
the article by C. E. Dean in the June, 1928, RADIO 
BROADCAST. 
What frequencies are transmitted by broadcast-

ing stations depends, among other things, upon the 
audio-frequency characteristics of the apparatus— 
microphones, amplifiers, modulators—used at the 
broadcasting station and upon the characteristics 
of the wire lines used to connect the broadcasting 
studio with the transmitter. Many of the better 
transmitting stations are now located outside of 
cities and therefore must use a wire connection be-
tween the transmitter and the studios located within 
the city. At the present time the characteristic of 
the wire lines is very important in determining what 
audio frequencies will finally be impressed upon the 
carrier wave. 
The wire lines used with the broadcasting stations 

are at present equalized, that is made to transmit 
equally well, frequencies from 100 cycles to 5000. 
The characteristic of these lines below 100 cycles is 
probably quite good, but in no case can it be certain 
that a station is actually transmitting any frequen-
cies, at their proper amplitude, below about 100 
or above about 5000. 
It is certain that as better loud speakers become 

available capable of reproducing frequencies below 
and above the limits given above that higher and 
lower frequencies will be included in the transmis-
sions of broadcasting stations. in fact we may ex-
pect that the characteristics of the wire lines will 
be improved even before such loud speakers are 
generally available. The Telephone Company con-
trolling the wire lines has always followed a policy 
of being prepared to furnish lines better than are 
actually essential at the time, considering the quality 
of the remainder of the apparatus included in the 
link between the microphone in the studio and the 
loud speaker at the listener's home. 
A wire line ordinarily tends to transmit the lower 

frequencies much better than the higher frequencies 
and it is therefore the function of the equalizer 
to lower the high-frequency response so that a flat 
characteristic is obtained over the entire band. 
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Power Values in Radio Receiving Antennas 

RELATION OF DISTANCE AND MEASURED RECEIVER 
VOLTAGE 

-9 IS interesting to compare the amount of power 
ordinarily intercepted by a radio receiving 

antenna with the power which is required to operate 
an ordinary 60-watt incandescent lamp, for ex-
ample, In Professor Morecroft's book, The Prin-
ciples of Radio Communication, some figures are 
given for the amount of current in a receiving an-
tenna which had a resistance of about 60 ohms. In 
the figures which he gives for received antenna 
current, we find that when the receiver was located 
about a mile from the particular transmitter which 
was used (the power rating of the transmitter is 
not given) that the current in the receiving antenna 
was approximately 70 microamperes. If we square 
this current and multiply it by the resistance of the 
receiving antenna which is 60 ohms, we obtain the 
power in the receiving antenna, which proves to be 
approximately 3 X 10-9 watts. For those who do not 
realize what this exponent signifies, the power speci-
fied in the orinary way is 

0.000000003 watts 
The power required to operate an ordinary elec-

tric light bulb is 60 watts. Therefore the power re-
quired by the electric light would be sufficient to 
supply antenna power to operate approximately 

twenty billion radio receivers each requiring 70 
microamperes of current in the receiving antenna as 
specified above. 
The figures given at the end of this Laboratory 

Sheet, which have been taken from Morecroft, also 
indicate that the amount of power in the receiving 
antenna varies approximately inversely with the 
distance between the transmitter and the receiver. 
At a distance of 100 feet the received current is 
twice as great as when the separation is 200 feet. 
The power is proportional to the square of the cur-
rent and therefore a ratio of two in current means a 
ratio of four in power. Twice the distance therefore 
gave one fourth the power. 

DISTANCE IN FEET  CURRENT IN RECEIVING 
BETWEEN ANTENNAS  ANTENNAS 

(MICROAMPERES) 

100 
200 
300 
400 
126.0 
2120 
3700 
4600 
6220 

12320 
6435 
4548 
3108 
715 
283.5 
105 
96.5 
69.5 
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Selectivity 
AS EFFECTED BY NUMBER OF R.F. STAGES 

rrriE selectivity of a radio circuit depends upon 
many things, including the number of tuned 

stages, amount of coupling in the r.f. transformers, 
the characteristics of the tubes, the amount of re-
generation in the circuit, the accuracy with which 
the individual circuits are tuned, etc. In this Sheet 
we will consider the effect on selectivity of increas-
ing the number of tuned stages in a receiver. Future 
Laboratory Sheets will discuss the influence, on 
selectivity, of some of 
the other factors men-
tioned above. 
Curve 1 represents the 
selectivity curve of a 
single r.f. stage. At a 
point 5,000 cycles off 
resonance the circuit 
gives 83 per cent, of the 
amplification at reson-
ance; at 10,000 cycles 
off resonance the am-
plification has dropped 
to 65 per cent. 
Now suppose we add 

more r.f. stages, with 
characteristics the same 
as that of the first 
stage. We then get 
the selective action 
indicated in Curve 2. 

ICO 

SO 

70 

c 60 

e 5°  

«1 30  

10 

10 

o 

I/  \ 
ii,, 

RADIO BROADCAST 
LABORATORY 7  

1  , 
.. 

-7 . j j \ \ ••••,.. 

• / 
\ ..  ..„. 

,1 ' 
\ 

_ 
„ 

10.000  5000  0  500:1  WAX 
CYCLES OFF RESONANCE 

If, at a certain point off resonance, the first stage 
reduced the amplification to 83 per cent., then the 
second stage would reduce the amplification to 83 
per cent, of what came through the first stage. Re-
fering to the curves, at a point 5,000 cycles off 
resonance, the various stages introduce a select-
ive action as indicated below. 

First stage  = 83 per cent. 
Second stage = 83 z 83 = 69 per cent. 
Third stage = 83 x 83 x 83 = 57 per cent. 
Fourth stage = 83 x83 x 83 x 83 = 47 per cent. 

This means that if 
we  had a four-stage 
r.f. amplifier with these 
characteristics, that a 
signal 5,000 cycles off 
the resonance frequency 
to which the stages 
were tuned, would be 
amplified only 47 per 
cent, as much as a 
signal at the resonant 
frequency. Since a radio 
wave includes modu-
lation frequencies up to 
5,000 cycles off reson-
ance, it is evident that 
such an r.f. amplifier 
would cause consider-
able side band suppres-
sion with consequent sig-
nal distortion. 
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Protecting the Rectifier Tube 

A PILOT LAMP TO INDICATE OVERLOAD 

Jsj. OST of the rectifier tubes available at the present time will be severly injured if they 
are subjected to accidental short circuits or to ex-
cessive overload for any considerable period of time. 
In constructing power units it is therefore wise to 
place in the circuit some device which will serve to 
indicate any overload. Such an indicator is described 
in this Sheet and is applicable to power units of all 
types whether they use gaseous or filament type 
rectifiers. 
The main precaution to be observed in operating 

rectifier tubes is that 
of avoiding an overload 
with respect to plate  8 
current. The shorting 
of the rectifier output. 
such as may occasion-
ally occur due to the 
failure of some part of 
the apparatus (as by 
the breakdown of a fil-
ter condenser) will over-
load the filament and 

From 
Rectifier 

result in filament failure (in the case of fila-
ment type rectifiers) unless the current is turned 
off promptly. 
To indicate an overload it is a good idea to con-

nect a small lamp in series with the rectifier output 
as indicated at B in the circuit diagram on this Sheet. 
A small lamp such as is used as a dial light may be 
used for this purpose. Excessive brilliancy of this 
lamp will immediately indicate an overload, which 
can then be remedied before damage results. 
In constructing power amplifiers and B supplies 

it is also a good idea to place a fuse in the primary 
side of the power transformer. This fuse will protect 

the transformer from 
damage in case its sec-

Filter System  ondary is accidentally 
short circuited. The fuse 
should preferably be of 
the ordinary plug type 

j.  with a rating of about 
three amperes. Only one 
fuse need be used, con-
nected in series with 
one side of the line and 

O  the transformer. 

Testing 
Instructions 
for Service Men 

for use with 

Model 547 Radio Set Tester 
This Instrument, and this Manual 
which is furnished with it, together 
provide the most complete and up-
to-date equipment available for 
servicing radio receivers. Electrical 
data for practically every set on the 
market is contained in this book— 
which is made up in loose-leaf form 
so that purchasers of the instrument 
who turn in registration cards are 
automatically supplied with latest 
information. 

Model 547 Set Tester (shown 
above) has achieved wide success 
among dealers and service men. It 
is preferred because of its depend-
ability, ingenious design providing 
ease of operation, compactness and 
light-weight  portability. It will 
make all the required tests on any 
A. C. or D. C. set. Durable bake-
lite case and fittings. 31" diameter 
instruments. 

Model 555 Conn ter Tube Checker 
A new model just announced at the 
R. M. A. Convention. Completely 
equipped. Tests A.C., D.C., Screen 
Grid, Rectifier and Power Tubes. 

For complete information on above 
instruments write to Radio Dept. 

WESTON ELECTRICAL 
INSTRUMENT CORP. 

606 Frelinghuyaen Ave., Newark, N. J. 

PIONEERS 
SINCE 1888 

RUME -TS 
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Bring 
the Studio 

to your Home 

AmerTran DeLuxe 
Audio Transformer— 
ListPrice$10.00.Type 
151 —Between one us-
put and two output 
tubes—ListPrice$12.00 

Type M-8 Audio Trans-
former—Either 1st or 2nd 
stage audio. Turn ratio 
3V2 —  List Price $5.00 

there are thirty-odd 
reception. 

The facilities of 
ourengineering 
department are 
at the service of 
everyone inter-
ested in better 
radio and sound 
reproduction. 

AmerTran Audio 
Transformers per-
fect the audio sys-
tem, and bring the 
programs into your 
home exactly as 
they go on the air — 
reproducing music 
and the speaking 
voice in true tone, 
identical with the 
range of pitch and 
the rich fullness of 
sound quality as 
broadcast in the 
studio. 

Ask your dealer 
about AmerTran 
Transformers, or 
write for complete 
information on how 
to improve the tone 
quality of your set 
by using AmerTran 
Products, of which 
in the field of radio 

AmerTran Power 
Transformer 
Type P1-245A— 
Lit Price $22.00 

AMEOUN 
TRACK MARK REG.U.S.PAT.DFF. 

QUALITY RADIO PRODUCTS 

AMERICAN 
TRA NSFORMER  COMPANY 

178 EMMET STREET, 
NE WARK, N. J. 

Tr a ns former 
Builders 
for over 
29 years 
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Soldering Irons 

HOW TO CARE FOR THEM 

PRACTICALLY all commercial soldering irons are designed to heat rapidly so that they will 
be brought to an operating temperature within a 
short time after they are connected 
to the line. Unfortunately, however, 
if they are left connected to the line 
after they have reached an operat-
ing temperature they become too hot 
for satisfactory work, the tip black-
ens very quickly, becomes pitted, 
and in a comparatively short while 
the iron requires a new soldering tip. 
All this trouble can be easily over-
come, and the manner in which it is 
done in the Laboratory may be of 
interest to readers. 
The arrangement used in the Lab-

oratory is indicated in the diagram. 
The soldering iron is connected in 
series with an ordinary electric light 
bulb across the power line. A short-
circuiting switch, S, is provided 
across the bulb. The procedure when 

Ph.do 

Sou.er 

some soldering is to be done is to push the plug in to 
the light socket and close switch. S. With the switch. 
S, closed the iron is then connected directly,across the 
line and reaches a satisfactory operating tempera-
ture quickly. When this temperature is reached the 

switch is reopened so that the electric 
light is in series with the iron. The 
size of electric light used is such that 
the iron is maintained at the correct 
temperature and does not overheat 
even though the power is left on 
for hours without using the iron. 
If an arrangement such as this is 
used the tip of the iron will remain 
tinned for a long time, and a bet-
ter soldering job can be done. 
The wattage of the electric light 

bulb that is used depends upon the 
soldering iron. The particular irons 
used in the Laboratory work best 
with a 75-watt lamp. The switch, 
S. may be almost any type although 
it is a good idea to use some kind 
of enclosed switch designed for use 
on 110-volt lighting circuits. 
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WHY THEY ARE USED 

Equalizers 

TN TRANSMITTING outside events (programs 
• that do not originate in the studio) broadcasting 
stations have to make use of wire lines to connect 
the control room of the station with the microphone 
and amplifier apparatus located at the point at 
which the program originates. These wire lines 
must transmit with equal efficiency a band of 
frequencies from about 100 cycles to about 5,000 
cycles. In order to give a wire line such a 
characteristic it is necessary that it be "equalized" 
so that the transmission efficiency will be equal 
over the entire band of audio frequencies. The 
device used to give a line such a characteristic is 
termed an "equalizer" and its action will be ex-
plained in this sheet in conjunction with the di-
agram on Sheet No. 213. 
The frequency characteristic of a seven-mile 

length of cable is indicated in curve A on Sheet 
No. 213. This characteristic shows that the cable 
transmits the low frequencies much better than the 
high frequencies, due to the fact that there is con-
siderable capacity between the two wires that form 
the pair of cables and this capacity tends to bypass 
the higher frequencies. Equalization is accomplished 
by introducing into the circuit a device that will 
lower the transmission efficiency at low frequencies 

to a value equal to the efficiency at high frequencies; 
this is the function of the equalizer. 
The equalizer consists of a network of resistances, 

capacities, and inductances of values such that they 
introduce a considerable loss at low frequencies 
where the transmission efficiency of the cable is high 
and practically no loss in efficiency at the high 
frequencies where the transmission efficiency is low. 
The result is that the efficiency of the entire system 
is reduced to approximately the efficiency of the 
cable at the highest frequencies to be transmitted. 
The curve B shows the characteristics of the 

cable with the equalizer in use; the frequency char-
acteristic is sensibly flat from 100 cycles to 5,000 
cycles. As was mentioned above this betterment 
in the frequency characteristic is obtained at a con-
siderable reduction in overall efficiency. The low 
efficiency is then compensated by connecting re-
peaters (power amplifiers) in the circuit to raise the 
power level of the entire system. The broadcasting 
circuit connecting New York with Chicago contains 
about eight repeater points. Power amplifiers are 
located at these points and function to boost the 
power in the line to overcome the loss in the cable. 
As a result we frequently find cases where the final 
amount of power at the receiving end is consider-
ably greater than the power originally introduced 
in the line at the transmitting end. 
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Frequency Characteristic of a Seven-Mile Cable 
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HOW THEY WORK 

Measuring Instruments 

T HE drawing on this sheet shows in simple form 
.1 the arrangement of the parts in an electrical 
measuring instrument such as might be used to 
measure the currents and voltages 
in a radio receiver. The instrument 
consists essentially of a very strong 
permanent magnet. M. a cylindrical 
soft iron core, C, a moving coil, L. 
the ends of which connect to the 
leads 1 and 2 which would be con-
nected to the binding posts on the 
instrument. The space between the 
poles of the magnet, marked N and 
S, and the iron core, C. is made quite 
small so that an intense magnetic 
field will exist in the air space be-
tween the core and the pole pieces. 
The coil, L, is free to move in this 
gap. To the coil is fastened a small 
spring, G. and a pointer which is 
generally made of aluminum so that 
it will be very light in weight. The 
coil is pivoted at it,, center on jeweled 

bearings and the spring is adjusted so that with no 
current flowing through the instrument the pointer 
rests at zero on the scale. When current passes 
through the coil, it moves on its pivots. This motion 
is opposed by the spring and for each value of cur-

rent there is some position of the coil 
at which the turning force produced by 
the current is exactly balanced by the 
force due to the spring; the pointer 
therefore comes to rest at a position 
on the scale corresponding to thc 
point at which these two forces bal-
ance. The scale can be marked off in 
values so as to indicate by its posi-

M  tion on the scale the amount of cur-
rent flowing through the instrument. 
With strong magnets, delicate parts. 

and accurate workmanship, instru-
ments can be built which take only 
a very small fraction of an ampere to 
move the pointer over its entire 
range; the scale may be calibrated 
in thousandths of an ampere, or mil-
liamperes; the instrument is then 
known as a milliammeter. 

2 

r— 
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THE PARTS USED 

The Hi-Q Six 

T HE circuit diagram of the Hi-Q Six, the 1928 
model of the kit receiver produced by the 

Hammarlund-Roberts Corporation, is published 
on Laboratory Sheet No. 216. On this Sheet we 
give some details regarding the circuit and parts 
used so that readers who are keeping a file of these 
sheets may have on hand for ready reference the 
data on this kit. Other sheets to follow will give 
information on other popular kits. 
The circuit consists of three stages of r.f. amplifi-

cation, followed by a non-regenerative detector 
and a two-stage transformer-coupled audio ampli-
fier. The r.f. coils are arranged so that the coupling 
between the primary and secondary is varied auto-
matically as the receiver is tuned. This feature helps 
to make the receiver perform equally well over the 
entire broadcast band. The first two tuning con-
densers are ganged to one tuning control and the 
other two condensers are ganged to the other control 
on the drum dial. Volume control is accomplished 
by means of a rheo.. tat in the filament leads of the 
r.f. tubes. All of the r.f. stages are shielded. 
The following parts were specified for the official 

kit; the notation in this list refers to the diagram 
on the following Laboratory Sheet. 
Ti—Samson  Symphonic  Transformer. Te— 

Samson Type HW-A3 Transformer (3-1 Ratio). 
C1 -4 Hammarlund 0.0005-Mfd. Midline Con-
densers. L,-4 Hammarlund "Hi-Q" Six Auto-
Couple Coils. 14-4 Hammarlund Type RFC-85 
Radio-Frequency Chokes. Ce—Sangamo 0.00025-
Mfd. Mica Fixed Condenser. Cr—Sangamo 0.001-
Mfd. Mica Fixed Condenser. RI—Carter 1R-6 
"Imp" Rheostat. 6 Ohms. Sr—Carter "Imp" 
Battery Switch. Re—Durham Metallized Resistor, 
2 Megohms. C4-3 Parvolt 0.5-Mfd. Series A 
Condenser. Ri-4 Amperites No. 1-A. R4—Amperite 
No.112.126-3 500-ohm grid resistors. Hammarlund 
illuminated Drum Dial. 1 Pr. of Sangamo Grid 
Leak Clips. 6 Benjamin No. 90-10 Sockets. 3 Eby 
Engraved Binding Posts. 1 Yaxley No. 660 Cable 
Connector and Cable. 1 Hammarlund Roberts "Hi-
Q" Six Foundation Unit (containing drilled and en-
graved Westinghouse Bakelite Micarta panel, com-
pletely finished Van Hoorn steel chassis, four 
complete heavy aluminum shields, extension shafts, 
screws, cams, rocker arms, wire, nuts, and all special 
hardware required to complete receiver). 
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The Circuit of the Hi-Q Six 
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RACON 

No. 1315 
Air Column 104 in. 
Nell 18 In. by 24 In. 

Depth 13 In. 

This revolutionary 
change in the type 
speaker  for  radio 
use is but slightly 
higher  priced  than 
the ordinary speak-
er, but marvelously 
better. Tests prove it. 

Dynamic 
Horn 
Unit 
For 
Radio 
Here you'll find 

those  full,  rich 
tones of the dy-
namic type. 
Here you'll find 

clearness and dis-
tinctiveness, minus 
distortion. 

Racon Junior Eleetro-Dynernic 
Type Horn Unit 

Patented May 7, 1929 

RACON ELECTRIC CO., INC. 
FACTORIES: 

18 Washington Place, New York 
Slough, Bucks, England, and 3 Mutual 

Street, Toronto, Canada 

A Sure Way of 
Passing Your 
Govern ment 
Examinations! 

Here are all 
the questions 
— completely 
answered 

IN 

How to Pass 
U S. Government 

Radio License 
Examinations 

By R. L. Duncan und C. E. Drew 
Radio Institute of America 

Don't take any chancn wkh your examination.. Careful 
study of this hook will Do me sucrose in obtaining your 
government radio license, because it contain, full particulars. 
questionn and anneen, ou the latest radio examinations by 
the government. 

It will not only glee you all the data, but through the quee. 
lion and anewer n ethod used in the text, will teach you how 
best to express yourself and put that knowledge into worde 

259 questions with complete answers thaw you just what 
will be expected of you. 

Order a copy now—and start studying! 

$2.00 

ON APPROVAL COUPON 

John Wiley sad Roan, lire., 4 40 Fourth Ave., New York 

Oentlemen: Kindly send me on approval Duncan and Drew'. 
"How to Pa m"  At the expiration of ten days, I agree to 
remit 82.00 ur return the book postpaid. 

Name 

...darer   

L. Refere nce  RB04b32 j 
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Tubes That Are 

Made With The 

Same Slow Care 

You Put Into 

Building Your Set 
After you've spent weeks and 
months in building a receiver ex-
actly the way you want it— 

What kind of tubes will you use? 

If you choose Sylvania Tubes you 
will have tubes that are made with 
the same painstaking care you put 
into the circuit you made—tubes 
whose characteristics are exactly 
what their specifications say—whose 
capacity you can bank on—and 
whose careful manufacturing re-
sults in long living. 

Somewhere in your neighborhood 
there is a dealer who displays 
Sylvania's symbol of excellence— 
the Flashing S, on a green oak leaf. 
Visit him. Hear for yourself how 
well these tubes perform. 

And if you'd like data sheets or 
specific information— 

Write direct to us for details on 
the types of tubes you've planned 
your set to use. 

Address 

Sales Engineering 
Division 

SYLVANIA 
PRODUCTS 
COMPANY 

Emporium, Penn. 

You're welcome! 

Sfi e j e f el ie terGL ADI O T U B ES 
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Using a Milliammeter as a Voltmeter 

WHAT RESISTANCES MUST BE USED 

py CONNECTING accurate fixed resistances 
" in series with milliammeters it is possible to 
make very useful voltmeters that may be used to 
read filament voltages, plate voltages. C voltages. 
the output voltage of B-power units, etc. The accur-
acy of such a home-made voltmeter depends upon 
the accuracy of the milliammeter and the fixed re-
sistance. Resistors accurate to within a few per cent. 
can be obtained by purchasing them directly from 
any reputable manufacturer. 
The table on this sheet gives the values of resis-

tances required with 
different milliarnme-
ters to read voltages 
from 1 volt up to 
1000 volts. For ex-
ample, if a 5-mA 
meter is to be used 
to read voltages up 
to 50 volts then a 
10,000-ohm resistor 
is necessary. A 1.0-mA 
meter may be used 
to read voltages up 
to 1000 volts if a re-
sistor with a value 
of 1,000,000 ohms 

VOLTAGE MULTIPLIER F 

(i megohm) is placed in series with it. The 
values of resistance required to read voltages 
not given in the table, or for use with meters with 
higher ranges may be determined by dividing the 
voltage to be measured by the maximum current in 
amperes of the meter. Suppose that a 50-mA meter 
is to be used to read voltages up to 300 volts. Three 
hundred volts divided by 0.050 amperes (50 mA) 
gives 6000 ohms as the required value of the resis-
tance. 
Resistors with a wattage rating of 1.0 watt will 

be satisfactory for all those values given in the 
table, but it is advisable to use resistors with a 

rating of about 5.0 
watts so that there 

OR M1LLIAMMETERS  will be little possibility 
of the value of the 
resistance changing 

100,000  1,000,000  due to heating. Also 
Ohms  Ohms  resistors with a rating 

of 5 watts, operat-
100 volts 1000 volts  log at considerably 
150 "  below their rated 
200 "  dissipation, will be 
300 "  likely to hold their 

calibration  a much 
longer time than 
resistors of lower 
wattage. 

Milli-  1,000  10,000 
Amperes  Ohms  Ohms 

1.  1. volt  10 volts 
1.5  1.5  "  15  " 
2.  2.  " 20 
3.  3.  "  30  " 
5.  50  ' 
8.  8.  " 
10.  lO.  " 
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Servicing Radio Receivers 

HOW FAULTS SHOULD BE LOCATED 

THE tracing of faults in a radio receiver  is no t aiways an easy matter. There is a tendency to 
delve at random into the vitals of the receiver rather 
than to follow a systematic procedure by which the 
fault may generally be more quickly and easily 
located. In locating and remedying faults the sys-
tematic testing of the circuit and the apparatus in 
the receiver is essential. 
Measuring instruments are frequently helpful 

in making these tests but a great deal may be done 
with a simple and inexpensive device. In the testing 
of the component parts in a receiver a pair of tele-
phones connected in series with a small battery is 
useful in determining where the fault exists. The 
windings of a transformer may be readily tested 
by means of this simple circuit. When the two ter-
minals are connected across the transformer wind-
ing a click will be heard if the circuit is continuous. 
Fixed condensers may also be tested, and here a 

cl:ck should be heard when the leads are placed 
across the terminals of the condenser, but no click 
will be heard when the terminals are removed unless 
the condenser is defective. If the insulation in the 
condenser is poor, however, or the condenser is 
definitely short-circuited, a click will be heard both 
when the circuit is closed and when it is opened. 
Ordinary radio-frequency transformers and super-

heterodyne intermediate-frequency transformers, 
audio-frequency or radio-frequency choke coils. etc. 
may also be tested for continuity by connecting the 
test terminals across the terminal of the device 
under test. If the device being tested has a high 
resistance the click will be of less intensity than 
that obtained when testing a low resistance de-
vice. In any case, no click at all will indicate an 
open circuit. 
When a radio receiver fails to operate, such tests 

as we have outlined here can be applied to the vari-
ous components of the receiver to determine whether 
or not a piece of apparatus is at fault. 
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Sizes of Tap and Clearance Drills 

TABLE OF SIZES 

T HE table on this sheet will be found useful in 
-I constructing radio receivers and power units, 
when it is necessary to tap or drill holes to take a 
certain size machine screw. The first and second 
columns, headed "Screw Number" and "Threads 

SCREW 
NUMBER 

3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 

THRL.IDS 
PER 
INCH 

11.111•11 . . M1 

DRILL NUMBER 

48 
56 
32 
36 
40 

30,32 
36 
40 

30,32 
36 
40 

For Tap 

45 
44 
43 
42 
41 
40 
38 
37 
35 
33 
32 

Clearance 

38 
38 
31 
31 
31 
29 
29 
29 
26 
26 
26 

per Inch" in each section of the table, identify the 
machine screw, and the third column headed "For 
Tap" gives the drill size if the hole is to be tapped 
so that the screw will thread into the hole. If the 
hole is to be drilled so that the machine screw 
passes through the hole, then the "Clearance" 
size drill should be used. 

SCREW 
NUMBER 

7 
7 

8 
9 
9 
9 
9 
10 
10 
10 

THREADS 
PER 
INCH 

DRILL NI AIBER 

For Tap 

30 
32 

24, 30 
32 
24 
za 
30 
32 
24 
30 
32 

31 
30 
30 
29 
29 
28 
27 
25 
25 
22 
21 

Clearance 

21 
21 
17 
17 
13 
13 
13 
13 
8 
8 
8 

111111.111011 10114•111.1ULL11111111111 . ., 
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The Roberts Four-Tube A. C. Receiver 

PARTS REQUIRED 

LABORATORY SHEET NO. 221 is pub. 
'Jl ished a circuit diagram that has been re-
quested by many readers in their letters to the 
Technical Information Service. It is the circuit 
diagram of a 4-tube Roberts receiver for a.c. opera-
tion using three 227 type a.c. tubes and one 171A 
type tube. 
The following parts are required for the con-

struction of the receiver: 
CI, Cs-2 Tuning condensers of a size such as 

to cover the broadcast band with the 
coils used. Homemade coils made 
according to the specifications given 
below require 0.0005-mfd. condensers 

Ca—Neutralizing condenser, 0.00002 mfd. 
maximum capacity. 

G —Grid condenser. 0.00025 mfd. 
Co. C.S. Ca-3 Bypass condensers, 1.0 mfd. 

CI—Output condenser. 2 to 4 mfd. 
Ce—Bypass condenser 0.0002 mfd. 
14-2 Thirteen point spider-web coils Li 

consists of 35 turns of No. 22 d.c.c. 
wire tapped at every five turns. La 
consists of 44 turns of the same size 
wire. 

La. Li, 14-3 Thirteen point spider-web coils. L4 is 
a double wound primary consisting 
of two parallel windings of 18 turns 
of No. 26 d.c.c. L4 is the same as LT. 
La consists of 12 turns of No. 22 d.c.c. 
mounted on a form so that its coup-
ling to La may be varied. 

La—Output choke coil. 30 henries. 
Ri—C bias resistor, 500 ohms. 
Ra—C bias resistor, 2000 ohms. 
Ra—Grid leak, 2 megohms. 

R4. R4-2 filament resistors, 20 ohms, center-
tapped. 

S—Antenna tap switch. 
Ti, T2-2 audio transformers. 

3 five-prong sockets. 
1 four-prong socket. 
Filament transformer supplying 2.5 and 
5.0 volts. 
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Circuit of the Roberts Four-Tube A. C. Receiver 

Power 
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5 
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THE AMMETER 

Measuring Instruments 

T ABORATORY Sheet No. 214 in the August 
.1-, issue explained the operation of a simple 
measuring instrument. An instrument of the type 
illustrated in that sheet can only be constructed to 
handle small currents, for to handle large cut renta 
the moving coil, L, and the leads to it 
would have to be made of very heavy 
wire. Since the coil, L. is part of the 
moving element, it must be kept light 
in weight; it is possible, therefore, to use 
only a fine wire on the coil. For larger 
currents the arrangement indicated in 
the sketch on this sheet is used. R is a 
resistor called a " shunt" consisting of 
one or more strips of a special alloy. 
Thelcurrent in the circuit divides, most 
of it going through the shunt because 
its resistance is small in comparison 
with that of the moving coil of the 
meter. The current through the coil, 
however, is a certain definite fraction 

'Case of meter 

r- mov.n. cVII 

L 'famine-

of the total current and therefore if we know the 
current flowing through the coil we can readily 
determine what the total current in the circuit is. 
As an example, if the resistance of the shunt, R, 

is 0.01 ohms and that of the moving coil of the meter 
0.99 ohms then the current divides in the same 
ratio. Out of every unit of current flowing through 

the circuit into which the meter is 
connected 99 parts flow through the 
shunt and one part flows through the 
meter. The current in the meter is 
therefore an accurate measure of the 
total current in the circuit and there-
fore for any one shunt the scale on 
the meter is calibrated to read directly 
the total current. 
Meters with current ranges up to 

50 or 75 amperes may be obtained 
with the shunt built inside of the 
case. For higher ratings the shunt 
forms an extra piece of apparatus and 
the meter is connected across it by 
means of a pair of wires. 

A Radio Book 
For All 

W. VAN B. ROBERTS 
Originator of the famous Roberts Circuit 

THREE  years  ago, 
Walter Van B. Roberts, 
famous the world over 

as the designer of the 
Roberts Circuit, wrote for 
RADIO BROADCAST a clear 
and accurate résumé of how 
radio receiving circuits work. 
It proved immensely popu-
lar and was issued in book 
form. The volume is finely 
printed on the best book 
paper, bound in heavy 
boards, gold stamped, -con-
tains 65 illustrations, and 
an especially valuable bib-
liography. 

THE whole background of radio theory is cov-
ered, in surprisingly brief 
and easily understood form. 
As clear as the best text-
book, How Radio Receivers 
Work, by Walter Van B. 
Roberts is anything but a 
dry textbook. 

ALTHOUGH this work 
LX was written more than 
three years ago, it is still 
popular and those who are 
looking for a simple presen-
tation of the background of 
radio should order at once. 
ORDER NOW-LIMITED SUPPLY 

IM4  4MI  M E MI4 

Doubleday, Doran & Co., Inc. 
Garden City, N. Y. 

Gentlemen: 
1 enclose my dollar for one copy of How Radio 

Receivers Work by Walter Van B. Roberts. 

Name   

Address   

  11131.1 

• 7 
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CARD WELL 
CONDENSERS 

Now more than ever 
with the increasing 

use of the higher fre-
quencies 

STABILITY 
IS 

VITAL! 

In the short wave receiving circuit. 

The effect of a rising and falling 
note so often troublesome in CW 
code reception, due to instability 
in the circuit, will obviously play 
havoc with broadcast reception on 
the short waves, if at all pro-
nounced. 

CARD WELL TAPER PLATE  CON-
DENSERS are rigid and vibrationless 
and will absolutely hold their calibra-
tion, thus eliminating one of the impor-
tant causes of circuit instability in 
short wave receivers. 

The tuning curve is ideal, midway be-
tween SLW and SFL, attained without 
eccentrically shaped plates, thus con-
centrating the weight of the rotor close 
to the shaft. It will pay you to inves-
tigate. 

Transmitting Condensers for powers 
up to 50 KW and more. Receiving Con-
densers in all standard capacities. Send 
for literature. 

All good dealers carry Cardwell Con-
densers. If your dealer does not, send 
to us direct. 

Write for literature 

The Allen D. Cardwell Mfg. Corp. 
81 PROSPECT STREET 

BROOKLYN, NEW YORK 

"The Standard of Comparison" 
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Radio Transmission 

HOW DISTANCE AFFECTS THE SIGNAL 

DROBLEM: A receiver is tuned to a broadcast 
A station located a certain distance away and 
signals from it produce sufficient power in the loud 
speaker circuit to make reception satisfactory. By 
what percentage will the power in the loud speaker 
be reduced if the receiver is removed to a point 
twice as far away from the transmitter, assuming, 
of course, that the sensitivity of the receiver re-
mains unchanged. 
Solution: To solve this problem we must know 

how the output power of a receiver varies with the 
r.f. input at the antenna and we must know how 
the received energy varies with the distance be-
tween the receiver and the transmitter. 
(a) The power in the plate circuit of the power 

tube (and therefore the power supplied to the loud-
speaker) varies as the square of the signal voltage 
on the grid of the power tube. 
(b) The voltage output of a detector tube varies 

as the square of the voltage on its grid. 
(c) Therefore, the power into the loudspeaker 

varies as the fourth power of the voltage impressed 
on the grid of the detector tube. 

(d) The voltage impressed on the detector tube 
is proportional to the voltage at the antenna. There-
fore the power into the loud speaker varies as the 
fourth power of the voltage impressed in the an-
tenna. 
(e) The voltage at the antenna varies as the field 

strength. 
(f) Therefore, the power into the loud speaker 

varies as the fourth power of the field strength. 
Statement (f) tells us how the power into the 

loud speaker varies with field strength. But the 
field strength surrounding an antenna varies in-
versely as the square of the distance between the 
transmitter and the receiver. Therefore, the power 
into the loud speaker varies inversely as the eighth 
power of the distance between the transmitter and 
the receiver. 
The problem states that the distance between the 

receiver and the transmitter has been doubled, i.e. 
the distance has been multiplied by 2. The eighth 
power of 2 is 256; therefore by doubling the distance 
between the receiver and the transmitter we have 
cut down the power in the loud speaker to 1/256 of 
what it had been. 
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Text Books on Radio 
'T̀ITERE are certain books and radio magazines 
-1- that the serious radio experimenter should not 
be without and in this sheet we give a list of some 
of what we consider the more important of the pub-
lications. The short descriptive sentence following 
each title will help to classify the book in our readers' 
mind. 
Radio Instruments and Measurements. A 345-page 

book, presenting information regarding the more 
important instruments and measurements actually 
used in radio work. The contents is of interest to all 
radio engineers. The book is published by the De-
partment of Commerce and is known as Circular 
No. 74. Obtainable from the Superintendent of 
Documents, Government Printing Office, Wash-
ington, D. C., for sixty cents. 
Principles  Underlying Radio Communication. 

Another _government publication to be recom-
mended. This book is quite an excellent elementary 
text book of radio and general electricity and may 
be easily understood by anyone with a fair knowl-
edge of algebra. Everyone should have it. It is 
known as Radio Communication Pamphlet No. 40, 
and the Superintendent of Documents, Government 
Printing Office, sells it for $1.00. 
Principles of Radio Communication, by J. H. 

Morecroft. This is probably the most complete 
book on radio engineering. The text deals with all 
phases of the art of radio communication and the 

treatment is very complete, the book containing 
about 1000 pages. Published by John Wiley and 
Sons, Inc., New York City. Price: $7.50. 
Thermionic Vacuum Tube, by H. F. Van Der 

Bijl. An excellent book setting forth the principles 
of operation of vacuum tubes. It is a very useful 
book for any radio engineer. Published by the 
McGraw-Hill Book Co., Inc., New York City. Price: 
$3.00. 
Radio Engineering Principles, by Lauer and 

Brown. A book less extensive than Morecroft's but 
excellent for those whose requirements are satisfied 
with a shorter and less expensive text. It is a very 
scholarly presentation. Published by McGraw-Hill 
Book Co., Inc., New York City. Price: $3.50. 
Radio Frequency Measurements, by E. B. Moullin. 

A book dealing with the theory and practice of 
radio measurements. A handbook for the laboratory 
and a text book for advanced students. Many of the 
measurements are made with the aid of the vacuum 
tube voltmeter. Published in England but it can be 
obtained from the J. B. Lippincott Co., in Philadel-
phia. 
Practical Radio Construction and Repairing, by 

Moyer and Wostrel. This book aims to be of service 
to the amateur constructor and radio service man. 
It is essentially practical in its treatment. Published 
by McGraw-Hill Book Co., Inc., New York City. 
Price: $1.75. 

No. 225 RADIO BROADCAST Laboratory Information Sheet 

Calculating Grid Bias for A.C. Tubes 

CORRECT RESISTANCE VALUES 

TN ALL a.c. receivers, grid bias for the various 
tubes is obtained by connecting resistances of 

the correct value at the correct point in the circuit. 
The calculation of the value of the resistance and 
its placement in the circuit have been the subject of 
quite a few letters written to the Technical Infor-
mation Service and we have therefore devoted this 
Laboratory Sheet to the subject. The circuit dia-
grams of six combinations are given on Laboratory 
Sheet No. 226. 
If these diagrams are examined one important 

point will be noted, which is that the resistance, R., 
which supplies C bias to the tube, is always con-
nected between the center of the filament, or the 
cathode in the case of heater t e tubes, and nega-
tive B. The resistance is placed in this position in 
relation to the circuit no matter what tube or com-
bination of tubes is used. With the resistor in this 
position the plate current of the tube must go 
through it in order to reach the filament, or cathode, 
and therefore the voltage drop across the resistance 
is equal to the plate current times the resistance in 
ohms. To calculate the value of resistance, we must 
therefore know the value of grid bias that we desire 

to obtain and also the plate current flowing through 
the resistance. For example, in diagram A we have 
indicated a 226 type tube. By reference to any table 
of tube characteristics we can determine that the 
226 type tube with 90 volts on the plate requires 
a grid bias of 6 volts and the plate current is 3.5 
milliamperes. R is found by dividing the grid volt-
age required, 6, by the plate current in amperes, 
0.0035, which gives a value of 1700 ohms as the 
required value 

C. a 7 uidl vaalueof r1resistance.11le  used, forty volts of grid 
bias are required if the plate voltage is 180 volts. 
The plate current under such conditions is 20 
milliamperes, and 40 divided by 0.02 amperes gives 
2000 ohms as the value of resistance required for C 
bias. 
If a circuit utilizes more than one tube of the 

same type for which we require the same value of 
grid bias, the circuit is arranged as indicated at E, 
in which case the plate current of both of the tubes 
flows through resistance R. If the plate voltage 
on the 227 type tube is 90, the plate current is 3.7 
milliamperes and the required grid bias is 6 volts. 
The grid bias resistance is then equal to 6 divided 
by 7.4 (the total current of the two tubes) which 
gives 800 ohms as the correct value for R. 
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Grid Bias Circuits for A.C. Tubes 

Type 222 A.0 

(D)  B•45 0+13S 

lee 227  Type 171 

Type 227 

A.C. 

(C) 
Type 227 
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The Audio Transformer . 
THE EFFECT OF ITS INDUCTANCE 

T HE diagram on this sheet indicates at A a 
-1 single stage of audio-frequency amplification; 
B is the equivalent circuit, in which Ee is the signal 
voltage in the plate circuit. Ls is the leakage re-
actance of the transformer, L is the inductance, 
and C is the distributed capacity of the secondary 
and the tube input capacity, transferred to the 
primary. Rp is the plate resistance of the tube. Let 
us study this circuit to see what happens at various 
frequencies. The treatment given below is not 
exact but is approximately correct. 
At low frequencies the reactance of C in compari-

son with L is very large and the reactance of L is 
very large in comparison with that of La. Therefore 
at low frequencies the voltage in the plate circuit 
divides between L and Rp. The voltages across 
these two parts of the circuit are 90 degrees out of 
phase and the percentage of the total voltage that 
appears across L depends upon the ratio of the re-

R,  Ss 

(A) 

3 

actance of L to the resistance of Rp, and varies as 
indicated in the second column in the table, column 
1 being the ratio of the reactance of L to the resist-
ance, Rp. 
Now suppose that we desire to work the trans-

former out of a 201A-type tube with an Rp of about 
11,000 ohms and that at 60 cycles we want to utilize 
at least 70 per cent, of the total voltage. Then, from 
the table we will have to make XI,, reactance of 
the coil L at 60 cycles, equal to the resistance of the 
tube. Therefore: 

XL = 11,000 
2 7tfl.. = 11,000 

6.28 x 60 x L = 11,000 
L = 30 henries 

We might look at the problem in another way. 
Suppose we desire a transformer with a voltage drop 
at 60 cycles of not more than 1 TU. When a circuit 
is 1 TU down in voltage, the actual voltage loss is 

about 11 per cent.. 
leaving  89  per 

TABLE  cent. This corres-
ponds to a ratio of 
Xt.. over Re of 2. 

Percentage of total  Therefore, from the 
voltage across L  table the reactance 

of L at 60 cycles 
must be twice the re-
sistance of the tube 
or 22,000 ohms. 
2 irfL = 22,000 

L = 59 henries 

Xt. 

4.0 
2.0 
1.0 
O. 5 
O. 3 

97 
89 
71 
44.6 
28.7 
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The Dynamic Loud Speakers 

THE FIELD MAGNET 

'T̀ HE dynamic-type loud speaker depends for 
its operation on the production of a very strong 

magnetic field in the air-gap in which the moving 
coil is placed. This air-gap is indicated in the sketch 
on this sheet. The useful magnetic flux is that indi-
cated by the light solid lines flowing directly across 
the gap, and the leakage flux—that part of the mag-
netic field which serves no useful purpose—is 
indicated by the dot-dash lines. 
The flux which any given amount of magnetic 

material, such as iron or 
steel, can handle effi-
ciently is definitely lim-
ited by saturation. When 
the iron is saturated its 
resistance—reluctance 
is the technical term—to 
the flow of magnetic 
lines through it increases 
and then the leakage flux 
increases. The flux will 
tend to take that path 
which has the lowest 

Mov ng  Ça,p 

(40 

reluctance. To prevent leakage the pole pieces are 
frequently shaped in some peculiar manner, such 
as indicated at B, in order that the actual air-
gap will be a very much lower reluctance path for 
the flux than any other path. The leakage flux in 
sketch A does not have to travel a path much longer 
than the actual air-gap, i.e., the two paths have 
about the same reluctance. In the pole shape in-
dicated at B the flux path outside the air-gap 
is much longer than the path through the air-gap. 
The latter arrangement therefore tends to reduce 
the leakage flux. 

Assuming that the 
iron cioes not saturate. 
the flux in the air-gap 
will increase very rap-
idly as the size of the gap 
is decreased , and in prac-
tice the gap is always 
made as small as pos-
sible, leaving just suffi-
cient room for the coil 
to move without any 
danger of its striking 
the pole pieces. 

Radio Men 
Everywhere —ENDORSE 
KEITH HENNEY'S 

"RADIO" 

VIII•d eet; 

roe, ••••••• In • 4v • 4 1 

• -• 

'Keith lietsu.,,. 

PRINCIPLES 

of RADIO 
By KEITH HENNEY 

Formerly, Director of the Laboratory 
Radio Broadcast Magazine 

Keith Henney's book on Radio 
scored an immediate "hit" on its 
publication a few months ago. 
Thousands have already purchased 
it and are enthusiastic about the 
valuable material which the author 
has made available. 
This book brings together within 

one cover the kind of information 
on radio which will appeal to the 
practical interest of every radio ex-

perimenter, technician, engineer, and 
fan. It contains the latest data and 
the most modern methods. It treats 
in a thoroughly practical way every-
thing from the production of radio 
currents to their reception and trans-
mission. Scarcely any mathematics 
beyond arithmetic and elementary 
algebra is needed for a complete 
understanding of the theory and 
applications. 

See a Copy on Ten Days' Approval 

Price, $3.50 

A Wiley Book 
JOHN WILEY & SONS, Inc. 
440 Fourth Avenue, New York 

Gentlemen: Kindly send me on approval Henney's 
"Principles of Radio." I agree to remit the price ($3.50) 
within ten days after its receipt or return the book 
postpaid. 

N a me   

Address   

Reference 
RBDS-30 

- 
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Be among the first to 
wear this handsome 
lapel  pin,  official  in-
signia of Radio Inter-
national Guild, supplied 
free to all members. 

What RADIO 
INT'L GUILD 
offers YOU for 

50e. per year 
1 You will become a member of the 
'RADIO INTERNATIONAL GUILD, receiv-

ing, upon your acceptance, a membership 
pin, certificate, and card, giving you all 
the benefits of GUILD Membership. The 
GUILD is a worldwide organization of 
Radio Engineers, Custom Set-Builders, Ex-
perimenters, Constructors, and Advanced 
Students. 

2You will receive immediately the 
•Gultu's Official Organ-the current 

number of "Radio Design."  This issue 
contains the latest up-to-the-minute con-
struction articles  (including the sensa-
tional A.C. Super-Wasp), abort-wave data, 
radio in aviation, etc., written by engineer-
ing authorities-Robert Hertzberg, Robert 
S. Kruse, David Grimes, John Geloso, Zeh 
Bouck, Alfred Ghirardi, and others equally 
prominent. 

3You will receive three  additiona l 
• quarterly issues of RADIO DESIGN, 

each one crammed from cover to cover 
with the very latest developments, hot 
news published while it is news, straight 
from the laboratory by the self-same en-
gineers who do the actual work. 

Take advantage of this 
U NUSUAL OFFE R 

Return the Coupon 

Radio Design Publishing Co., 
Dept. 55, 103 Broadway, Brooklyn, N. Y. 
I enclose 50e coin (or stamps). Bend 

me Radio Design (4 quarterly issues) 
and enroll me as member of Radio In-
ternational Guild without extra cost, an 
per above announcement. 
Bend me, without cost or obligation. 

literature concerning Radio Design and 
Radio International Guild. 

Name    
(Please write or print plainly) 

Address   

City  State   
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The Telephone Transmission Unit 

No. of Power Ratio No.  of  Power Ratio No.  of  Power Ratio No.  of  Power Ratio 
TU 

Gain Loss 
TU 

Gain Loss 
TU 

Gain Loss 
TU 

Gain Loss 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 

1.023 
1.047 
1.072 
1.096 
1.122 
1.148 
1.175 
1.202 
1.230 
1.259 
1.288 
1.318 
1.349 
1.380 
1.413 
1.445 
1.479 
1.514 
1.549 
1.585 
1.622 
1.660 
1.698 
1.738 
1.778 
1.820 

.977 

.955 

.933 

.912 

.891 

.871 

.851 

.832 

.813 

.794 

.776 

.759 

.741 

.724 

.708 

.692 

.676 

.661 

.645 

.631 

.617 

.603 

.589 

.575 

.562 

.550 

2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 

1.862 
1.906 
1.950 
1.995 
2.04 
2.09 
2.14 
2.19 
2.24 
2.29 
2.34 
2.40 
2.45 
2.51 
2.57 
2.63 
2.69 
2.75 
2.82 
2.88 
2.95 
3.02 
3.09 
3.16 
3.24 
3.31 

.537 

.525 

.513 

.501 

.490 

.479 

.468 

.457 

.447 

.437 

.427 

.417 

.407 

. 3D8 

.389 

.380 

.372 

.363 

.355 

.347 

.339 

.331 

.324 

.316 

.309 

.302 

5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 

3.39 
3.47 
3.55 
3.63 
3.72 
3.80 
3.89 
3.98 
4.07 
4.17 
4.27 
4.37 
4.47 
4.57 
4.68 
4.79 
4.90 
5.01 
5.13 
5.25 
5.37 
5.50 
5.62 
5.75 
5.89 
6.03 

.295 

.288 

.222 

.275 

.269 

.263 

.257 

.251 

.245 

.240 

.234 

.229 

.224 

.219 

.214 

.209 

.201 

.200 

.195 

.191 

.186 

. 1P2 

.178 

.174 

.170 

.166 

7.9 
8.0 
8.1 
8.2 
8.3 
8.4 
8.5 
8.6 
8.7 
8.8 
8.9 
9.0 
9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
9.9 
10.0 
2A. 0 
30.0 
40.0 
50.0 

6.17 
6.31 
6.45 
6.61 
6.76 
6.92 
7.08 
7.24 
7.41 
7.59 
7.76 
7.94 
8.13 
8.32 
8.51 
8.71 
8.91 
9.12 
9.33 
9.55 
9.77 
10.00 
100 
1,000 
10.000 
100,000 

.162 

.158 

.155 

.151 

.148 

.144 

.141 

.138 

.135 

.132 

.129 

.126 

.123 

.120 

.118 

.115 

.112 

.110 

.107 

.105 

.102 

.100 

.01 

.001 

.0001 

.00001 

No. 230 RADIO BROADCAST Laboratory Information Sheet 

Filters 
HOW THE VARIOUS TYPES DIFFER 

TN TELEPHONE and radio circuits various 
A types of filters are used and in this Laboratory 
Sheet we will indicate how the several types differ. 
First let us define a filter. We might say that a 

filter is a circuit arrangement that will separate 
direct current from alternating current or vice versa 
or a circuit that will separate alternating currents 
of one or a group of frequencies from alternating 
currents of a different frequency or group of fre-
quencies. 
Filters can be divided into three general classes: 

(A) low pass filters; (B) high pass filters; (C) band 
pass filters. 
Low pass filters. A low pass filter is designed to 

pass all the low frequencies below a certain cut-off 
frequency and to oppose the passage of frequencies 
above the cut-off fre-
quency. The frequency 
characteristic curve of an 
ideal low pass filter is 
given in sketch A. The r.f. 
choke coil used in the plate 
circuit of a detector tube 
functions as a low pass 
filter. since it permits 
audio frequencies to pass 
into the audio amplifier 
but excludes from the 
amplifier the high carrier 

L frequencies.  - -

100 

LIE/5 
cc 0, id • o-

100 

Ui 

(r..1 

0  0   
O  High  0  High 0  High 
FREQUENCY  FREQUENCY  FREQUENCY 

(A)  (B)  (C) 

High pass filters. Sketch B gives a frequency 
characteristic of an ideal high pass filter and it will 
be noted that it has the opposite effect to a low pass 
filter in that it permits the passage of high frequen-
cies and obstructs the flow of low frequencies. 
The r.f. chokes and condensers used in the plate 
circuits of an r.f. amplifier are an example of a high 
pass filter, functiong to pass the high frequencies 
directly to the filament, thereby keeping them out 
of the plate supply, but obstructing the passage to 
the filament of the d.c. plate current (which can be 
considered a current of o frequency). 
Band pass filters. This type of filter permits the 

passage of a band of frequencies and excludes all 
those frequencies below or above this band. A very 
common type of band pass filter is used in radio 
receivers-the tuned circuit. When a coil-condenser 

combination is tuned to a 
given broadcasting station 
it permits the passage of 

100  that band of frequencies 
associated with that 

z  broadcasting station and 
tizó  excludes to a more or less 
ce_9. greater degree frequencies 

either lower or greater 
than that of the station 
we are trying to receive. 
The ideal curve of a band 
pass filter is indicated in 
sketch C. 
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Impedance-Coupled Amplifiers 
THE EFFECT OF THE SIZE OF THE INDUCTANCE 
T N  CONNECTION  with  impedance-coupled 
A audio amplifiers, the statement is frequently 
made that the coupling inductances should have 
as large an inductance as possible, creating the 
impression thereby that the larger the inductance 
the better the results. Such is not the case. First, let 
us examine the effect of the inductance at low 
frequencies. 
The curve on this sheet indicates how the amplifi-

cation from a stage of impedance-coupled audio 

20 

16 

o 12 

a_ 8 

RADIO BROADCAST 
LABORATORY 

40  80  120  160  200  240 
L IN HENRIES 

varies with the inductance in henries of the coupling 
cod, L. This curve is calculated for a frequency of 
60 cycles, assuming that this is the lowest frequency 
which we desire to amplify uniformly. It is assumed 
that the tube has a plate impedance of 30,000 ohms 
and a mu of 20, and that the coupling condenser, C, 
and the grid resistance, R, are of such values as not 
to affect the amplification. If 100 per cent, amplifi-
cation were obtained, the gain would be 20, and with 
an infinitely high inductance this gain might be 
realized at low frequencies. With practical values 
of inductance, however, the gain is less than this 
and varies with the inductance as indicated by this 
curve. 
The value of the coupling inductance should be 

the smallest value that will give satisfactory gain 
at the lowest frequency to be amplified, which we 
have assumed in this case to be 60 cycles. 
At medium frequencies the amplification obtained 
from a circuit of this sort is approximately equal 
to the amplification constant of the tube and we 
might assume as a reasonable figure that the amplifi-
cation at 60 cycles shall not be less than 75 per cent. 
of the amplification obtained at medium audio 
frequencies. 75 per cent. of 20 is 15, the value there-
fore of the gain at 60 cycles. This corresponds to an 
inductance of 100 henries. 
If a value of inductance much greater than this 

is used to obtain more amplification at low frequen-
cies, it will be found that the high frequencies begin 
to fall off due to the shunting effects of the tube and 
coupling coil capacities. Amplifier curves with vari-
ous values of coupling impedance will be given and 
explained in a future Laboratory Sheet. 
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HOW IT WORKS 

The Voltmeter 

TN PRECEDING Laboratory Sheets, Nos. 205, 
J. 214 and 222 we explained the construction of the 
galvanometer and the ammeter and indicated how 
they differed. The voltmeter is quite similar to these 
two instruments, differing in only one important 
respect to be explained below. 
A. voltmeter is used obviously to measure voltage. 

We desire to measure this voltage using as little 
power as possible, for if the instrument itself re-
quires any great amount of power it is liable to 
affect the voltage reading of units such as batteries 
or B-power units which are designed to deliver 
only a small amount of power. 
To measure the voltage of some source of po-

tential we might take a very low reading ammeter, 
one having a maximum scale reading of perhaps 
0.01 amperes, place it in series with a known high 
resistance and then connect it across the source of 
potential. The ammeter would read the current 
that flowed and then by Ohm's law, which states 
that the voltage is equal to the current times the 
resistance, we could calculate the value of the volt-
age. 
In a voltmeter this high resistance is permanently 

connected inside of the instrument and the scale 

is calibrated to read volts instead of amperes. In 
other words we might say that the instrument 
solves Ohm's law for us and makes it unnecessary to 
calculate the IR drop every time we wish to measure 
a voltage. 
Ammeters and voltmeters may in general be dis-

tinguished in one other way other than the fact 
that they are marked "volts" or "amperes" on the 
scale of the instrument. It will generally be found 
that ammeters have fairly large terminals and they 
are generally of metal. Voltmeters have small 
terminals and they are always of the insulated type. 
Ammeters are equipped with metal terminals be-
cause no damage results to the instrument or the 
circuit in which it is connected if the terminals are 
accidently short-circuited; ammeters are always 
connected in series with a circuit and have a very 
low resistance, so that shorting them affects the 
circuit very little. Voltmeters, on the other hand, 
are always connected across the source of potential, 
and if the voltmeter terminals are accidentally short-
circuited then the source of potential is short-
circuited. A short-circuit may not be a serious thing 
when measuring a B battery, but may cause damage 
if it occurs when measuring the voltage at a light 
socket or when measuring the output voltage of a 
large generator. 
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Balancing Radio Receivers 

AN EASY METHOD 

T HE change in the plate current of the detector 
a tube, when a signal is being received, may be 
utilized to balance the various tuned circuits in a 
single-control receiver. If the several tuned circuits 
in a multi-stage r.f. amplifier are not properly 
ganged, the set will be in-
sensitive and the selectivity 
will be poor. It is essential, 
therefore, that the various 
stages be accurately aligned. 
How this can be done is 
the subject of this lab-
oratory Sheet. The method 
used is simple and is based 
on the action of a detec 
tor when a signal is being 
received. 
If a milliammeter with a 

range of about 2 milliam-
peres is connected in series 
with the B-plus lead to the 
detector, as indicated in the 
diagram, it will be found to 
read about I mA. if the de-
tector is of the grid leak and 
condenser type and about 
0.2 mA. if a C-battery type 
detector is used. If a station 
is tuned-in, the plate cur-

Det 

rent of the detector tube will decrease if the former 
arrangement is used and increase with a C-battery 
detector circuit, the amount of the increase or de-
crease being proportional to the strength of the sig-
nal —the stronger the signal the greater the change 
in current. Therefore, when the set is accurately 
tuned and all of the condensers are perfectly aligned 

the deflection of the meter— 
and therefore the output of 
the set—will be greatest. 
Balancing therefore be-

comes a matter of tuning in 
some station, preferably one 
operating on a short wave-
length, and then adjusting 
the various condensers, by 
whatever means are pro-
vided by the manufacturer, 
so that the greatest change 
is indicated on the meter in 
the plate circuit of the de-
tector. When circuits have 
been adjusted so that the 
greatest current change is 
obtained, the set is balanced. 
It is best to make this ad-
justment with the set tuned 
to a short wavelength, for it 
is in this part of a receiver 
range that the greatest lack 

BtDet.  of balance is liable to occur. 

Milliam meter 

IstA.F. 
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The Audio Transformer 

OPERATION AT HIGH AUDIO FREQUENCIES 

TN LABORATORY Sheet No. 227, in the October 
a number, we studied the characteristics of audio 
transformers and pointed out that the lowest 
frequency response depends upon the ratio of the 
reactance of the transformer to the plate resistance 
of the tube. Here we will consider the high fre-
quencies. For convenience we have reprinted here 
the diagram from Sheet No. 227. 
At high frequencies the reactance of L is very 

large in comparison with C. and it may therefore be 
neglected. Essentially, we then have a circuit con-
sisting of Rp, L. and C in 
series. As Ls and C come 
into resonance, the impe-
dance of the circuit will 
decrease and more current 
will flow, thereby tending 
to increase the voltage 
across C. which is the 
voltage applied to the grid 
of the next tube. How-
ever, the voltage across C, 
for a given current, is in-
versly proportional to the 
frequency, and this will (A) 

tend to lower the voltage across it at high fre-
quencies. In some transformers, however, there is 
a marked peak at about 6000 cycles, corresponding 
to the resonant frequency of La and C in series, the 
output falling off rapidly beyond the point. 
If this upper resonant peak is very pronounced 

the gain of the entire amplifier will increase greatly 
at this point, tending to make the amplifiers oscil-
late. Good design requires that the peak be kept as 
small as possible. 
At frequencies higher than that at which La and 

C resonate, the reactance of La continues to in-
crease, and the reactance of C to decrease; there-

fore, the voltage across 
C rapidly falls. If some 
transformer curves are 
examined,  it will fre-
quently be found that 
the curve drops rapidly 
beyond the upper reso-
nant point. 
The problem of design 

is to adjust the leakage 
inductance, La, and the 
effective capacity, C, so 
as to give satisfactory 

(B)  high-frequency response. 

Get The Facts about 
making money in Radio. 
Send for the R. T. I. 
Radio Opportunity 
Book. There are plenty 
of REAL opportunities 
for men who are willing 
to train for well paid 
work in this great in-
dustry. The man who 
"tinkers" along without 
definite  training  has 
little chance for big 
pay. 

EASY W AY 
to BIG PAY 

R. T. I. offers you the 
easy, quick, right way 
to the Big Money in 
Radio — also Talking 
Pictures and readiness 
for  Television,  too. 
R. T. I. trains you in 
your home in spare 
hours. Why? Because 
the industry wants 
earnest, ambitious, 
practical men. It is 
right because prepared 
and supervised by 
prominent men in 
Radio engineering and 
the different branches 
of the business—easy 
because clearly ex-
plained —quick because 
you train your head 
and hands with the 
wonderful  R.  T.  I. 
tools, instruments, 
Work Sheets, Job 
Tickers. No experience 
necessary. You quickly 
get the money-making 
knowledge that others 
take years to learn. 

Free Radio Book 
The big R. T. I. Radio. 
Television and Talking 
Picture Opportunity 
Book, gives the actual 
facts, figures and pic-
tures. It shows how 
R. T. I. qualifies you 
for big pay. Send for 
this FREE BOO K 
NOW. 

RADIO & TELEVISION 
INSTITUTE 

4806 St. Anthony Ct. 
Chicago 

41.111"141 
dat 

WANTS MEN 
TO TRAIN AS 
R. T. I. TRAINS 

THE M 
R.T.I. Training 
Brings BigJobs 
Like These! 

gt 

itke  F 
riot-
Earned $500 Extra 

Money in Two Months 
Your radio course haeenabled rne to 
earn over HAD in two months mi. 
is all 'spare time work. as I have a 
rnermanent poattion with my father 

foroge.e rv'errn'delrwoiord'I'Lth'ǹf.1,"tt: 

de g9r1rIGBIL,''"  a.  
I oso.— 

IL 1, Box 87. Greenville, Ky. 

Makes $25 a Day 
I make.. high as 125.00 per day and 
have made 1600 in two month. from 
Radio work.That's not so bad when 
I'm only 19 and in a email town You 
did all you said you would and about 
au much more.—ELOYDKNISELY. 

R. F. D. 2, Box Si. St. Joe, Ind-

Let F. H. Schnell and 
R.T. I. Advisory Board 

Help You 
Mr, Schnell, Chief of the R. T. I. 
Staff. has 20 yearn of Radio experi-
ence.  First to eatablish two-way 
amateur communication with Eu-
rope.  Former Traffic Mgr. of Am. 
Radio Relay league, Lieut. Comm. 
of U .S.N. R. Inventor and designer. 
Consulting Engineer to large Radio 
manufacturers.Aasisting him is the 
R.T.I. Advierry Hoard comPoimd of 
men prominent in the Radio ind wan. 

RADIO & TELEVISION INSTITUTE 
Dept 114-R, 4806St. Anthony Ct., Chicago 
Send me Free and prepaid your BIG 
BOOK **Tune In On Big Pay" and full 
details of your three-In-one Home Training 
(without obligating me in any way). 

Name   

Address   

l'itv   State   
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A Jewell 
Self-Contained 
Ohmmeter 

for 
Trouble 
Shooting, 

T HIS Jewell Pattern 89 Ohmmeter has 
been developed especially for making 

resistance and continuity tests quickly and 
accurately in radio service work. 
The instrument consists of a Jewell 

Pattern 88 D. C. meter mounted in a bake. 
lite case which also contains a 1%2' volt flash 
light cell. The scale reads ohms direct and 
a convenient adju stment is provided to com-
pensate for variation in 'battery voltage. 
The current drawn from the battery is so 
low that the cell will last several months. 
It is easily replaced. 
Due to the fact that adjustment can be 

made for variation of battery voltage very 
accurate resistance measurements may be 
made rapidly. 
The Pattern 89 Ohmmeter represents a 

distinct advance in design for instruments 
of this kind. Every radio service man 
should be equipped with one of these 
time savers. 
A new bulletin just off the press des-

cribes the Pattern 89 and tells how to use 
it. Mail the coupon for your copy. 

Jewell Electrical Instrument Co. 
1642-R Walnut Street, Chicago, Ill. 
Please mail at once description of the 

Pattern 89 Ohmmeter together with in-
structions on how to use it in radio 
testing work. 

Name   

Address   
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Television 

FREQUENCY BAND REQUIRED 

TN TELEVISION transmission a problem which 
.1 must be given careful consideration is the width 
of the band of frequencies which must be transmit-
ted to reproduce at the receiver end, with good 
quality, the scene being scanned by the television 
transmitter. 
Theoretically, a television signal contains com-

ponents of all frequencies from zero to infinity. In 
practice the frequency band is much more re-
stricted and depends upon various factors. 
The width of the band of frequencies which must 

be transmitted is a func-
tion of the number of ele-
ments scanned per second 
at the transmitter. For 
example, if the number of 
lines into which the pic-
ture is broken—which is 
equal to the number of 
holes in the scanning disc 

1 —is 50, then the number Lof elements into which the 
picture will be broken will 

No. of 
lines 

25 
50 
75 
100 

be 50 times 50, or 2500. If we transmit 20 pictures 
per second, the total number of elements trans-
mitted per second will be 50,000. The highest 
frequency which must be transmitted, to get good 
quality, can be taken as equal to half this figure, 
or 25,000 cycles. The table given herewith shows 
how the value of the highest frequency which should 
be transmitted varies with the number of scanning 
lines and the number of pictures per second. For 
example, a 50-line picture sent 15 times per second 
requires up to 19,000 cycles. 
A station transmitting within a broadcast band 

is limited to 5000-cycle modulation. Therefore, any 
broadcast station trans-
mitting  television  pro-
grams and using a number 
of lines and number of 
pictures per second such 

15  20  that requires a frequency 
  band greater than 5000 

4,700  6,000  cycles must either modu-
19,000  25,000  late above the legal limit 
42,000  56,000  or suppress in the ampli-
75,000  100,000 fiers the frequencies above 
  5000 cycles. 

No. of pictures per second 

10 

3,100 
12,000 
28,000 
50,000 
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Moving-Coil Loud Speakers 
THEIR OPERATION 

T HE important characteristic of the dynamic or, 
1. more properly named, moving-coil type loud 
speaker is the fact that it has a coil fastened directly 
to the cone, which is caused to move back and forth 
in an air gap in a magnetic circuit, the movements 
being in accordance with the frequencies flowing 
through the coil. 
The moving coil is mounted at the apex of the 

cone, as indicated in the diagram, and connects to 
the secondary of the transformer, T, the primary of 
which connects to the plate of the power tube. The 
moving coil of a well-designed unit has a fairly 
constant impedance over the entire range of audio 
frequencies and the transformer, T. is designed to 
"match" the coil's impedance to the output im-
pedance of the tube. So long as the power tube 
works into an impedance about equal to or some-
what greater than twice the tube's plate impedance, 
satisfactory power transfer from the tube to the 
moving coil will be obtained. The instructions 
covering the use of one of these loud speakers should 
indicate what tubes or combination of tubes are 
recommended for use with the unit. 
The term "dynamic loud speaker" is not a very 

accurate description of a type of loud speaker whose 
distinguishing feature is that it has a moving coil. 
The word "dynamic" is defined as "mechanics 
treating of the motion of bodies and of the action 
of forces in producing or changing their motion." 
Since all loud speakers move they can all be called 
"dynamic." We have seen descriptions and adver-

tisements of "dynamic" loud speakers which con-
sisted mainly of an ordinary electromagnetic unit 
coupled to a cone. This term used to describe sueh 
loud speakers is probably misleading to some al-
though technically it is not incorrect. 

Leads from 
field wading 

magnet • 

Leads from 
reeving Coir.. 

Power 
Tube 

111111 

No. 237 RADIO BROADCAST Laboratory Information Sheet 

Power Output 
HOW IT DEPENDS UPON IMPEDANCE RATIOS 

TT HAS been proved mathematically and experi-
1. mentally that a tube delivers the maximum 
amount of undistorted power when it works into a 
load resistance equal to twice the plate resistance 
of the tube; maximum power output, however, 
is obtained when the load resistance equals the 
tube's plate resistance. The curve on this sheet in-
dicates relatively in TU how the power in the load 
varies with the ratio of the load resistance to the 
tube's plate resistance (sometimes called plate im-
pedance). The X on the curve indicates where a 
tube is normally operated, the load resistance at the 
point being twice the tube resistance. 
We frequently see statements to the effect that 

the loud speaker we use must 
be matched to the tube to get 
the largest amount of undis-
torted power into the loud 
speaker. Such is the case, but the 
curve indicates that there can be 
considerable mismatching with-
out serious loss of power. For ex-
ample, even when the load resis-
tance is about five times greater 
than the tube's resistance, there 
is only a 2 iv loss—a loss which 
would hardly be noticeable to 
the ear.  0  1 
It is unwise, however, to work 

a tube into a load resistance less 
than its own resistance, because 

under such conditions the tube's characteristic is 
curved (see Laboratory Sheet No. 124) and this 
curved characteristic introduces distortion. 
In cases where the element of the loud speaker 

has a low impedance, for example, it is necessary 
to use a transformer between the tube and the loud 
speaker to compensate the differences in impedance. 
A moving-coil type, i.e., dynamic loud speaker, 
might have an impedance of, say, 20 ohms at some 
frequencies, and if it is to be used with a 2000-ohm 
tube (171A) which requires a load impedance of 
4000 ohms to get maximum undistorted power, 
then the coupling transformer would have an im-
pedance ratio of 4(100 divided by 20. or 200, cor-
responding to a turns ratio of the square root of 
200, or 14. 

i 

[ 
! 
1 

2  3  4  5  6 
LOAD RESISTANCE   

PLATE RESISTANCE OF TUBE 
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A Hook-up for Short- Wave and 

Broadcast Receivers 

A METHOD FOR SWITCHING OVER 

TT IS general practice in constructing short-wave 
adapters to arrange them with extension leads so 

that they may be plugged into the broadcast set in 
the detector socket in place of the regular detector 
tube. This practice is all right when one is building 
an adapter that perhaps will not be used continually, 
but when both the broadcast and the short-wave 
tuners are going to be used frequently, it is better to 
arrange the circuit as indicated in the diagram on 
Sheet No. 239, which permits one to change from 
broadcast to short waves by a simpler means than 
taking out a tube and plugging in an adapter. 
The diagram shows the detector of the broadcast 

receiver and the detector of the short-wave re-
ceiver. They are both wired to the same A and B 
voltages, and either set is thrown in or out of oper-
ation by simply turning the proper filament switch, Si 
or St; Si turns on and off the broadcast receiver and 
SI similarly controls the short-wave set. 

The two plates are permanently wired together. 
and for this reason the arrangement we have in-
dicated should only be used when the two sets are 
located close to each other (which is usually the 
case) so that the plate lead running from one set 
to the other is not more than 1 or 2 feet long. 
Most of us have available only one antenna to 

use with both sets. To use it with both receivers a 
single-pole double-throw switch, Si, can be placed 
in the antenna circuit; thrown to one side it con-
nects the antenna to the broadcast set, and thrown 
the other way it connects the short-wave receiver. 
An easier arrangement, which works well in 

practically all cases (how well it works depends upon 
the characteristics of the two receivers) is indicated 
by dotted lines. The antenna is connected directly 
to the broadcast set and through a 50-mmfd. con-
denser, C. to the short-wave set. This small con-
denser will block the broadcast signals from the 
short-wave set but permit these latter currents to 
pass quite readily. 
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Circuit for Short- Wave and Broadcast Reception 

t.tifte 

.cD 

BROADCAST RECE:VER 

SHORT-WAVE RECEIVER 

roB.Det 

 OA B 

 I LOA. 
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Television 

DATA ON THE BELL TELEPHONE LABORATORIES' 
METHOD 

THE demonstrations of television given by the Bell Telephone Laboratories, assariated with 
the American Telephone and Telegraph Company, 
rank higher, in our opinion, than any of the other 
demonstrations so far given, in quality of the results. 
In the following paragraphs are summarized some 
of the most important elements of the apparatus 
used by these Laboratories. 
(a) The scanning discs contained 50 holes and 

revolved at a speed of 1062.5 revolutions per min-
ute, giving 17.7 pictures per second. 
(b) The output voltage of the photo-electric cells 

at the transmitter was about 10 microvolts. 
(c) The range of frequencies decided upon as 

being essential for good quality extended from 10 to 
20,000 cycles. Overall measurements on the final 
amplifier indicated a frequency characteristic 
constant within plus or minus Z TU over this 
range. 
(d) The signals from the transmitter were ampli-

fied and delivered to the transmission line at a level 
of 10 milliwatts. The amplification from the photo-
electric cell to the line was 130 TU. 
(e) Synchronization was accomplished by the use 

of synchronous motors containing 120 poles and 
having a synchronous speed of 1062.5 r.p.m. The 
angular phase displacement was above 0.07 de-
grees. This magnitude of phase displacement corre-
sponds roughly to the angular twist in a steel 
shaft 6 feet long of 1 inch in diameter, operated at 
full load. 
(f) With regard to the effect of extraneous cur-

rents due to noise, it was found that satisfactory 
results were obtained if the average picture currents 
were 10 times greater than the average noise cur-
rents. 
This corresponds to 20 TU, or a power ratio of 

100. In ordinary sound broadcasting the noise in 
the telephone lines is kept at a level 60 TU below 10 
inilliwatts, giving a power ratio of 1,000.000. It is 
evident that it is permissible to have the noise 
level much higher in television reception than in 
sound reception. 

NATIONAL 
Precision Built 

RADIO PRODUCTS 

The New Thrill Box 
A. C. and D. C. Models 

Designed by the research laboratories of 
National Company, collaborating with 
Robert S. Kruze, the A. C. model uses 
heater-type tubes throughout. HUM 
LESS OPERATION ON HEAD 
PHONES. Gives consistent loud speaker 
reception from foreign short wave broad-
cast stations. SPECIALLY ADAPTED 
FOR AMATEUR USE—SPECIAL 
TUNING CONDENSERS ARE 
READILY ADJUSTED TO PROVIDE 
FOR "WIDE BAND SPREAD." Push-
Pull Audio. COMPLETELY SHIELD-
ED—SIMPLE AND EASY TO AS-
SEMBLE. 
Price, complete set of parts, including cabinet, 
$79.50. Also made in D. C. Model—Price, com-
plete set of parta, including cabinet, 875.00 

Special Power Supply 
Type 5880—AB Power Supply (less tube) for use 
with A. B. short wave Thrill Box—$34.50. 

(Licensed under R. C. A. Patents) 

G £, H E 

National Velvet-Vernier Dials 
Made in eight types to fit all radio use. Out-
standing National Company specialty since 1924. 

The New M B-30 Tuner 
Improved 1930-31 Model. New and mach higher 
sensitivity and selectivity. Absence from cross-
talk.  Absolute freedom from oscillation.  A 
quality instru ment throughout make for those 
who recognize the best in radio. 

Send for Special Bulletin 

National Velvetone Amplifier 
Designed for best use with the new MB-30 
Tuner. 
Send today for new complete catalog and 

descriptive price list, No. 136 

NATIONAL CO. Inc. 
Engineers and Manufacturers 

61 Sherman St., Malden, Mass. 
Nlakers also of NATIONAL Transmitting 
Variable Condensers, Grid-Grips, and 

ial tra mmtitting equip ment. 
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for 
Better Reception 
Ideal radio results depend upon precision— 
attention to minute details—micrometric ad-
justments—exact balance—things done right. 
And that is why the radio expert, who is satis-
fied with nothing but ultimate perfection, 
turns to the CLAROSTAT for that greatest 
compensating factor of all in radio work—ad-
justable resistance. 

And there is a CLAROSTAT for every purpose, 
no matter whether it is the delicate shield grid 
control of the 222 tube or the grid bias for the 
giant 250 tube. In type, resistance range, and 
current-handling rating, there is a CLARO-
STAT available for your use. 

SHORT-WAVE  • 
Perhaps the most critical of 
all radio technique, short-
wave reception, depends for 
its successful operation upon 
two factors: correct grid leak 
value, and throttle control of 
regeneration. The former is 
best obtained by the Grid 
Leak CLAROSTAT, which provides the exact 
grid leak resistance. The latter calls for the 
Volume Control CLAROSTAT. 

A-C TUBES 
Humless operation, without 
distortion, is obtained in A-C 
tube sets by means of proper 
resistance control. Line-volt-
age fluctuations are compen-
sated for by means of the 

04  Power CLAROSTAT. Dis-
tortionless volume control is 

obtained with the Volume Control CLARO-
STAT or again the Table Type CLAROSTAT 
for remote control. The Duplex CLAROSTAT 
provides grid biases for two circuits, or again 
accurate center tap resistance for the grid re-
turn of the filament type A-C tubes, reducing 
the residual A-C hum to the vanishing point. 

ANY RECEIVER 
But no matter what type or vintage or make, 
a receiver can be greatly improved by the ap-
plication of micrometric resistance as furnished 
by the CLAROSTAT of the proper type, re-
sistance range and rating. 

The Gateway to Better Radio" 
It is all a question of selecting the proper 
CLAROSTAT and applying it in proper man-
ner. And to the end of guiding you in both 
these respects, "The Gateway to Radio," 
in new and revised form, is ready. Here is a 
36-page manual, with 20,000 words of practical, 
concise, understandable text, and with 88 illus-
trations. It's yours for 25 cents a copy, either 
from your dealer or direct from 

CLAROSTAT MFG. CO., Inc. 
Specialists in Variable Resistors 

285-7 North Sixth St.  Brooklyn, N. Y. 
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Supplying Power Devices from 220 volts A.C. 

USE OF STEP-DOWN TRANSFORMERS 

ETTERS are received frequently from readers 
in which the following question is asked, "I 

live in a district in which the only ac. supply is 220 
volts. How can I adapt a 110-volt B-power unit for 
operation on a 220-volt line?" 
There are two methods by which this may be 

accomplished. First, a resistance of such a value as 
to produce a drop of 110 volts and leave remaining 
110 volts for the power unit may be connected in 
series with the 220-volt line. This method is not 
very satisfactory, however, for the value of resis-
tance which must be used varies considerably with 
different power units and with the load on the out-
put of the power unit. Also, 
unless one has available in-
struments for measuring the 
a.c. voltages there is no 
simple means of determin-
ing what value of resist-
ance must be used in order 
to reduce the line potential 
to 110 volts. If one has 
available an a.c voltmeter 
this method can, of course, 
be used quite 'readily. The 
variable resistance is con-

Step-dawn 
Transformer 
2 to 1 Ratio 

nected in series with one side of the line, the volt-
meter is connected directly across the input term-
inals to the power unit, and the resistance then 
adjusted until the voltmeter reads 110 volts. 
The second method of adapting 110-volt B-power 

units for operation on a 220-volt line is somewhat 
more expensive, however, it is much simpler and 
does not require that any voltage measurements 
be made. This system of reducing a line potential 
to 110 volts calls for placing a separate power trans-
former between the power unit and the line. The 
transformer should have a step-down ratio  f 2 
to 1 so that with 220 volts across its primary 110 
volts will be developed in the secondary win-

The secondary is connected 
directly across the terminals 
of the B-power unit as in-
dicated in the diagram. The 
same transformer may be 
used with any B-power unit 
so long as the input power 
to the B-power unit floes 
not exceed the power rat-
ing of the step-down trans-
former. Such transformers 
are now made by several 
manufacturers. 

No. 242 RADIO BROADCAST Laboratory Information Sheet 

Resistance-Coupled Amplifiers 

PREVENTING DISTORTION 

A T VARIOUS times letters asking how to reduce 
1-1 . distortion have been received from readers, 
who have constructed resistance-coupled amplifiers. 
The correspondent usually explains that the ampli-
fier produces considerable distortion unless the 
volume is kept down very low. In this sheet we 
have endeavored to indicate what we consider the 
causes of the distortion. 
As proof that a resistance-coupled amplifier, 

when properly constructed and operated, is capable 
of giving excellent results, we might refer to the 
use of such an amplifier in the demonstration of 
television by the Bell Telephone Laboratories. In 
this work an amplifier of this type was used to 
amplify the output of the photo-electric cell and 
it was essential that the audio response curve be 
practically flat over a very wide frequency band. 
Distortion in an amplifier of television signals 
would be much more serious than similar distortion 
in the amplification of music, the eye being a 
much more critical judge of quality than the 
ear. 
What, then, is the probable cause of the distortion 

which many notice when using such an amplifier? 
The answer is, first overloading of the amplifier, and 
secondly, common coupling in the plate-voltage 

supply, be it batteries or a power unit, although, of 
course, such coupling generally will be more serious 
in the latter case. 
If any of the tubes in a resistance-coupled ampli-

fier are overloaded so that the grid of one or more 
tubes goes positive, some grid current will flow and 
produce so-called "blocking." If the overloading is 
very slight, the blocking may not be noticeable as 
such, but the amplifier will distort. The important 
point is that the blocking does not affect only the 
signal which caused the blocking but will also af-
fect the following signals until the blocking current 
leaks off through the high-resistance grid leak. If 
the signals were fed into a transformer-coupled 
amplifier some overloading might occur but the 
tubes would not block because the transformer 
windings are of low resistance in comparison with 
the resistance of the grid leaks used in a resistance-
coupled amplifier. 
The resistance-coupled amplifier is, therefore, 

much more critical with regard to overloading, than 
a transformer-coupled amplifier, and in the opera-
tion of the former type of amplifier the signal 
input must be kept down to a level at which no 
overloading occurs. 
Laboratory Sheet No. 243 discusses a second 

cause of distortion in resistance-coupled amplifiers. 
i.e., common coupling in the plate-supply circuits. 
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Resistance-Coupled Amplifiers 

EFFECT OF COMMON COUPLING 

T ABORATORY Information Sheet No. 242 gave 
1-, some data on distortion in resistance-coupled am-
plifiers due to overloading. A second cause of distor-
tion (which applies to this type of amplifier as well as 
to any other type of amplifier) is that due to common 
coupling between the plate circuits of the various 
tubes. This form of coupling is generally due to the 
resistance or reactance of the plate-supply device. 
In a resistance-coupled amplifier the phase rela-

tion of the input voltage and the output voltage is 
practically 180 degrees, and, therefore, if any 
signal voltage from the plate circuit is returned to 
the grid circuit in any way, this feed-back voltage 
will be in exact opposition to the original input 
voltage and will tend to decrease the amplification. 
In a multi-stage amplifier the various feed backs 
from the different circuits combine; in some in-
stances they may neutralize each other but more 
frequently they produce regeneration or anti-
regeneration, either of which distorts the frequency 
characteristic of the amplifier so that good quality 
is not obtained. 

To prevent common coupling in the plate-supply 
unit it is essential that the grid and plate circuits 
of each of the amplifier tubes be filtered so that 
none of the signal currents have to pass through 
the plate supply unit. In this way common coupling 
and its effects are prevented. 
Laboratory Information Sheet No. 193 illus-

trated a circuit for preventing resistance-coupled 
amplifiers from motorboating. The circuit presented 
afforded a means of thoroughly filtering the plate 
circuit to the detector tube and it was found by 
experiments in the Laboratory that such a circuit 
will almost invariably prevent an amplifier from 
motorboating. This circuit can also be used ad-
vantageously with transformer-coupled amplifiers, 
it frequently being found that oscillations in am-
plifiers of this type can be prevented easily by this 
means. 
In a later Laboratory Information Sheet we will 

illustrate a resistance-coupled amplifier with filter 
circuits in each of the various plate and grid leads. 
This sheet will explain what determines the values 
of resistance and capacity generally used in such 
filters. 

CLAROSTAT 

• 1 
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Alternating-Current Ratings 

EFFECTIVE VS. PEAK VOLTAGES 

A T THE present time there are several devices 
used in radio receiving sets, such as power 

transformers, filament transformers, filter conden-
sers, etc., which are rated in terms of a.c. voltages. 
References are made frequently to the peak value 
of an alternating-current voltage, to the effective 
value of such a voltage, and to the r.m.s. value of 
the voltage. The significance of these various 
terms is explained in this sheet. 
The first and most im-

portant point is that alter-
nating-current apparatus al-

min ottseetrmr missn  ovfa erffiaebcltyi vei sv olrtaatgeed.   Effective 
and effective voltage has  Voltage 
exactly the same meaningas 
the r.m.s. voltage so that 
these two terms may be 
used interchangeably. If the 
secondary of a power trans-
former is rated at 350 volts 
it means that the effective 
value of the voltage is 
350. Power lines in homes 

—  —  I Cycle — — — 

— 
Peak Voltage 

generally have an effective value of voltage of 
about 110 volts. The filaments or heaters of alter-
nating-current tubes are rated in terms of effective 
voltage. 
The letters r.m.s. are an abbreviation for root-

mean-square, this value of an alternating voltage 
being such that it gives exactly the same heating 
effect as a direct current of the same potential. 
It is for this reason that the r.m.s. value of an 
alternating voltage is termed the effective value. 
The peak value of an alternating voltage is the 

maximum value to which 
the voltage rises during 
any part of the cycle. The 
shape of a.c. voltages with 
which one ordinarily deals 
are such that the potential 
is proportional to a sine of 
an angle and it is for this 
reason that we frequently 
hear the term "sine wave.' 
If the voltage wave has 
such a form then the peak 
value is equal to 1.4. times 
the effective or r.m.s. 
value. 
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Power Output 

HOW MUCH IS REQUIRED 

IN THE last audio stage of one's receiver there are 
I. more than half a dozen arrangements that can 
be used. We might use a single 171A or two of these 
tubes in push-pull, but perhaps some prefer a 
single 210, a single 250 or either of these tubes in 
push-pull. 'From these and other combinations one 
can obtain equally good quality provided the tubes 
are not overloaded. The question one naturally asks 
is what tube or combinations of tubes he should use? 
How much power output does one need for ordinary 
home reproduction? These are questions about 
which we all want definite information, but which 
unfortunately cannot be answered very simply. 
How much power is available from any one tube 

or combination of tubes can be determined by re-
ferring to the table published on Laboratory Sheet 
No. 246. Although opinions differ as to how much 
power is required for ordinary home reproduction, 
George Crom, Engineer of the Amercian Trans-
former Company, in a recent paper read before the 
Radio Club of America, states that for a sound level 
slightly above normal, using a good loud speaker. 
from 1 to 1.5 watts input power is required. By 
referring to the table on Laboratory Sheet No. 246 it 
would appear, therefore, that to obtain a power out-
put of about 1.5 Watt§ We IDUnt use either a single 

210-type tube, a 250-type tube operated at low 
voltage or lower power tubes, such as the 171A 
operated in push-pull or parallel. 
The phrase "normal output" referred to in the 

preceding paragraph is obviously a rather ambigu-
ous one, and, since the ear is not especially sensi-
tive to variation in power, it is probable that an 
increase or decrease of 3 TU would not affect 
seriously the loudness as heard by the ear. 3 TU 
corresponds to a power ratio of approximately 2. 
In other words, variations from I to 2 watts in the 
power available in the output circuit would not pro-
duce very great changes in volume. 
The table given on laboratory Sheet No. 246 

will also be helpful in determining the power out-
put of any power amplifier that one may have or 
may contemplate purchasing. For example, if the 
power amplifier uses two 171A-type tubes in push-
pull, then the power output will be about three 
times that of a single tube or 2100 rnilliwatts. 
Large power amplifiers are used frequently to supply 
several loud speakers in an auditorium, hotel. etc. 
An approximate determination of the number of 
loud speakers which such an amplifier can supply 
may be obtained by remembering that each loud 
speaker requires approximately 1.0 watt, and then 
the number of loud speakers which can be supplied 
may be determined easily. 

No. 246 RADIO BROADCAST Laboratory Information Sheet 

Power Output Characteristics of Vacuum Tubes 

A USEFUL TABLE 

T HE table below gives the power output of the 
-1- various types of power tubes used in radio 
receiving sets. The table has been arranged in order 
of power output, starting with the 120-type tube 
with a power output of 110 milliwatts and ending 
with the 250-type tube with a power output of 

Plate 
Tube  Voltage 

120  135 
112A  135 
171A  so 
112A  157 
171A  135 
210  210 
210  300 
171A  180 

Negative 
Grid 
Voltage 

22.5 
9 
16.5 
10.5 
27 
18 
22.5 
40.5 

Milliwatte 
Power 
Output 

110 
120 
130 
195 
330 
340 
600 
700 

'1000 milliwatts is equal to 1 watt of energy. 

4650 milliwatts. If two tubes are used in a push-
pull amplifier, then the power output of the com-
bination will be equal approximately to three times 
the power output of a single tube. Two more or 
tubes used in parallel will have a power output equal 
to the power output of a single tube multiplied by 
the number of tubes used. 

Plate 
Tube  Voltage 

250  250 
210  350 
210  400 
250  300 
210  425 
250  350 
250  400 
250  450 

Negative 
Grid 
Voltage 

45 
27 
31.5 
54 
35 
63 
70 
84 

Milliwatte 
Power 
Output 

900 
925 
1325 
1500 
1540 
2350 
3250 
4650 

Why Variable Resistance 

'fliere 
any 
ference 
ilie 
intercepted 
ages 
ables. 
for 
.s 

But 
must 
handle 
metrically 
All 

Means Fixed Voltage 
are many variables or uncertain factors in 
radio circuit—the types of tubes, the dif-
between tubes of the same type, and even 

age of the tubes; the various components; the 
signal strength, and so on. Fixed volt-

are impossible in the face of so many vari-
It is absolutely essential to compensate 

these unknown factors —and variable resistance 
the answer. 

- and Why the CLAROSTAT 
the variable resistance must be reliable. It 
stay put. It must be noiseless. It must 
the necessary current. It must be micro-
variable to meet precise requirements. 

of which spells CLAROSTAT. 

Duplex CLAROSTAT 
,...,,, t.  Here is micrometric resistance 

in multiple form —two CLARO-
STATS in one. Screwdriver ad-
justment to provide two semi-
fixed resistances of the precise 
values determined by actual test. 

1  Ideal for B-power voltage, di-
vider, grid bias, plate voltage 
control, mid-tap resistance, and 
so on. 

Standard 
CLAROSTAT  1,111 

A micrometric resistance of uni-
versal range—practically 0 to 
5,000.000 ohms in several turn, 
of knob. 20-watt rating. Hold-  _ 
any adjustment. Noiseless. Fool-  e  ' 
proof. Troubleproof. A stand  tu 
ard device for securing adjust-
able voltage taps in B-power 
units and socket-power receivers 
and power packs. 

Power CLAROSTAT 

A giant variable re-
t sistance which takes 

.[ II  the  place of crude 

.........,  wire-wound  resistors 
..  of the fixed and con-

1  sequently  guess-work 
/ Or*  values. Provides the 
-:  dependable  service 

usually associated with 
' 0 4'\l  1',  fixed wire-wound re-

CL. ' f '''  sistors, with the addi-
vAnienLi ..  tional  advantage of 
perr PE  M E IN , .  being instantly adjust-

able to meet exact re-
_ ..  sistance requirements. 

Made in three resist-
ance ranges to meet 
filament control, line 
control,  and  plate 
voltage  control  re-

quirements. Holds any setting. Noiseless. 40-
watt rating. Ideal for motor control in television 
mi.eption. 

There's a CLAROSTAT 
for Every Purpose— 

Whether your set is home-built, custom made, or 
factory product; old or new; good, bad, or in-
different; it can be improved by the proper ap-
plication of one or more CLAROSTATS. And 
"The Gateway to Better Radio," described on 
page 68, tells how to do it. Ask your dealer 
about it, or write direct to 

CLAROSTAT MFG. CO., Inc. 
Specialists in Variable Resistors 

285-7 North Sixth St. Brooklyn, N. Y. 

clAPC1STAT 
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This shows the exclusive rock-
ing disc construction of Cen-
tralab volume control. "R" is 
the resistance contact disc "D" 
has only a rocking action on 
the resistance. Pressure arm 
"P" together with shaft and 
bubhing is fully insulated. 

1 e «F, / 1// 

liáieilMad 

This I, the action of the usual 
wirewound control after it has 
been in use for some time ... 
like dragging a stick over a 
cobblestone pavement. 

The tailor uses the seine prin-
ciple as Centrelab. He does not 
want to ruin the garment In 
placing the iron on it so he 
places a cloth in between. Ceti. 
tralab controls cannot ruin the 
resistance because the rocking 
disc is in between the pressure 
arm and the resistance. 

Centralab 
controls 
are used in Millions 
of Radio 
Receivers 

The manufacturer producing 
thousands of sets daily ... and 
the experimenter laboring lov-
ingly over a single pet circuit 
employs CENTRALAB volume 
controls for smooth, quiet, effi-
cient performance. 

If you are up against a RE-
SISTANCE problem let CEN-
TRALAB solve it for you. 

ir CONTROL 
for free interesting  boo k-

let on VOLUME CON ROL 
VOLTAGE CONTROLS AND 

THEIR USES. 

CENTRAL RADIO  LABORATORIES 
20 Keefe Ave.  Milwaukee, Wis. 

r 
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Frequency Characteristics of Television Amplifier 

Developed by the Bell Telephone Laboratories 

'  «,  .  me  'epee  «a« 

4 2 

e 
- 

-.....is.:?-="•='"':-..... 
--•\ .« 

• g 
«cord 

.... 1 
It 

te o«..„ , 
;  

es 
Ile 
is 
14 

1, 4111102.422 

12 I i. M'-

s. 

cntes 4241122.442 
41  100  WOO 50:120  230000 

No. 248 RADIO BROADCAST Laboratory Information Sheet 

Television 

AMPLIFIER CHARACTERISTICS 

ON LABORATORY Sheet No. 247 are pub-lished a group of curves taken from the 
October,  192.  Bell System  Technical Journal 
where the apparatus used in connection with the 
demonstration of television made by the Bell 
Telephone Laboratories was described. In this 
demonstration a complete radio system was used. 
The television transmitter was located at the trans-
mitting station and the output of the television 
transmitter, after being amplified, was sent over 
the air, the frequency of the radio transmitter being 
1.150 kilocycles. A superheterodyne receiver was 
used at the receiving end, and the television signals, 
after being detected, were sent through the neces-
sary amplifiers and finally made to modulate the 
neon tube used in the television receiver. In order 
to insure that the reproduction of the picture might 
not suffer distortion careful frequency measure-
ments were made on all of the apparatus and the 
results of these tests were plotted and are reprinted 
on Laboratory Sheet No. 247. The dash curve gives 
the characteristic of the radio transmitter and it is 

evident from the curve that the frequency char-
acteristic of this system is excellent. There was 
practically no loes down to 10 cycles and only a 
4 TU loss at 20,000 cycles. 
The receiver characteristic is indicated by the 

dotted curve. At 10 cycles there was a lo« of about 
1.5 TU. At 10,000 cycles there was a loss of about 
4 TU and at 20,000 cycles a loss of 10 TU. The 
"overall normal" curve indicated as a solid line 
shows about 1.5 TU loss at 10 cycles and a loss of 
about 13.5 TU at 20,000 cycles. This characteristic 
was unsatisfactory since the engineers had de-
termined previously that it was desirable that the 
frequency characteristic be constant within about 
2 TU. up to 20.000 cycles. 
The necessary improvement in the characteristic 

was obtained by the use of equalizers and the final 
curve of the equalized system is indicated by "over-
all equalized." This overall curve is down about 1.5 
TU at 10 cycles and there is 0 TU loss at 20,000 
cyles. Between these two limits there are slight 
variations in the curve although none of these 
variations are as large as 1 TU. 
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A Resistance-Coupled Amplifier 

PARTS REQUIRED 

nN LABORATORY Sheet No. 250 is published 
s--• the circuit diagram of a resistance-coupled 
amplifier illustrating the use of filter circuits in the 
plate and grid leads. As explained in Sheet No. 243, 
lack of proper filter circuits will cause distortion 
due to common coupling in the plate supply. It will 
frequently be worth while to incorporate such filter 
circuits in existing resistance-coupled amplifiers, 
especially if the amplifier exhibits a tendency to 
"motorboat" or distort. 
In operating a resistance-coupled amplifier it is 

especially important that overloading be prevented 
by keeping the volume down to the point where 
none of the tubes draw grid current, and it is up 
to the user of the amplifier to operate it so that grid 
current does not flow. 
In constructing the amplifier illustrated on the 

next sheet the following parts will be required: 
RI —Three plate-coupling resistors, 250.000-ohm; 
Re—Three grid resistors, 2-megohm; 
RI —Three plate-circuit filtering resistors, 25,000-
ohm; 

124 —Three grid-circuit filtering resistors. 50.000-
ohm; 

Ri—Filament rheostat, 6-ohm; 
CI —Three coupling condensers, 0.01-mfd.; 
Cs —Six by-pass condensers, 1-mfd.; 
Cs —One by-pass condenser, 0.0002-mfd.; 
Ci—Output condenser. 4-mfd.; 
L5—R.F. choke coil; 
Li —Output choke coil, 30-henries; 
Sw —Filament switch. 
The detector and the first two of the audio ampli-

fiers may be 240-type tubes and the power tube 
may be any type, depending upon the personal 
preference of the builder. The voltages applied to 
the B-plus power terminal and the C-minus power-
terminal will, of course, depend upon the type of 
power amplifier; it is recommended that a 171a-
type power tube be used. 
The simplest and most satisfactory construction 

to follow in building a resistance-coupled amplifier 
is to mount the tube sockets and the resistor mounts 
for the grid- and plate-coupling resistors all in a 
line. With this arrangement the grid and plate leads 
between the tubes and the coupling resistors are 
very short. 
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A Resistance-Coupled Amplifier 

Type 240  I  Power Tube 

Ci 

fis 

/ 

Power --33  -1.5 

Loud 

Speaker 

0 00 0  0 
C•  A- A.  13. 

DeL 
13+  0+ 

135  Power 
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Moving-Coil Loud Speakers 

DESIGN OF THE COUPLING TRANSFORMERS 

W HEN an engineer designs a moving-coil loud 
" speaker, he alro has to design the input trans-
former which is used to couple the loud speaker and 
receiver. The impedance ratio of this transformer 
will depend upon the impedance of the moving-coil 
system and upon the plate resistance of the power 
tube in the receiver. Since the engineer doesn't 
know what type of power tube the buyer of the loud 
speaker is going to use, upon what facts does he 
base his decision regarding the impedance ratio of 
the transformer which is finally incorporated in the 
loud speaker? 
The fact has been mentioned many times in these 

data sheets that the maximum undistorted output 
is obtained from a tube when the load into which 
it works is equal to twice the plate resistance of the 
tube. A curve was also given on Laboratory Sheet 
No. 237 showing how the power output changed with 
variations in load impedance and this curve indi-
cated quite clearly that a large percentage of the 
maximum amount of undistorted power was still 
available in the load, even though the load resistance 
was 5 or 6 times greater than the plate resistance 
of the tube. Suppose the engineer designed the coup-
ling transformer so that looking into the prim-
ary the, impedance is 4000 ohms. The plate 
resistance of a 171A-type tube is 2000 ohms 

and if this tube were used the maximum undis-
torted power output would be obtained (since 
4000 ohms is twice the plate resistance of a 171A). 
If, however, this loud speaker were to be used with 
a 112A- or 210-type tube, both of which have a plate 
resistance of about 5000 ohms, then only 40 per cent. 
of the maximum available power would appear 
across the loud-speaker circuit. Also, when a high 
plate resistance tube is used with a low-impedance 
load the tube characteristic is curved (see Labora-
tory Sheet No. 124) and this produces distortion. 
Evidently then, if such a design were decided upon, 
the power loss would be somewhat greater than half 
when using a 112A- or 210-type tube and also dis-
tortion would be produced due to curvature of the 
tube's characteristic. 
If the transformer were designed so that from the 

primary the impedance was 10,000 ohms then the 
maximum amount of undistorted power would be ob-
tained from a 112A- or 210-type tube, since they are 
both 5000-ohm tubes. On the other hand, if a 171A-
type tube with a 2000-ohm plate resistance were used 
with this transformer we still would obtain 70 
per cent, of the maximum power, and, since the 
plate load, 10,000 ohms, is much greater than the 
tube resistance, 2000 ohms, distortion would not be 
introduced due to curvature of the characteristic. 
This design of the transformer is obviously the 
correct one. 
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Audio Amplifiers 

IMPORTANCE OF BY-PASS CONDENSERS 

TN SKETCH A on this sheet we illustrate the cir-
i cuit of a single-stage audio amplifier, Resistor 
R, being connected in series with the cathode of the 
tube, functions to supply C bias to the grid of the 
tube. Should the resistance. R. be bypassed with a 
condenser? 
If this circuit were casually analyzed one would 

be inclined to answer this question negatively, since 
this resistance is in series with the primary of the 
audio transformer, T. and the impedance of this 
circuit is very high.  Consequently the a.c. 
currents around through the plate circuit and 
through the resistance ought to be very small. If, 
however, we draw out the equivalent circuit, as we 
have done in sketch B, a different condition is seen 
to exist. This equivalent circuit represents what the 
tube and transformer look like 
at high audio frequencies, L. be-
ing the leakage inductance in the 
transformer and C the distributed 
capacity reflected into the prim-
ary. R is the grid resistor and RI, 
the plate resistance of the tube. 
At high frequencies this is a series 
resonant circuit and the currents 
are, therefore, quite large. For 
this reason a comparatively 
large voltage may be developed 
across the resistor R which sup-
plies the C-bias voltage, Et:, to 

the grid of the tube. This voltage, Ec, should ob-
viously be only a d.c. voltage, but, since the circuit 
is a series resonant one, considerable a.c. voltage will 
be developed across the resistance and be impressed 
back on the grid of the tube. This voltage impressed 
back on the grid will be out of phase with the orig-
inal voltage and it will, therefore, reduce the am-
plification at high frequencies. 
These facts were checked on an amplifier in the 

Laboratory a short while ago and proved to be true. 
The low-frequency response of the amplifier was 
unaffected by the condenser across the C-bias re-
sistor. At high frequencies, however, there was a 
very considerable loss in gain unless a by-pass con-
denser of 1 or 2 mfd. was placed across the resistance. 
It is therefore recommended that home construct-
ors always make certain that all the C-bias resistors 
are properly bypassed. 

Without a Doubt 
The Most Complete 

CONDENSER and 
RESISTOR LINE 

in Radio 

This 32-page manual containing com-
plete electrical and mechanical specifi-
cations of the following complete line of 
condensers and resistors will be mailed 
free of charge on request. 

Condensers 
Filter Condensers 
High Voltage Condensers 
Transmitting Condensers 
Bypass Condensers 
Filter Blocks 
Bypass Blocks 
Buffer Blocks 
Bakelite Case Units 
"A" Condensers 
Mica Condensers • 

Pyrohm Resistors 
These are vitreous enameled resistors 
which are available in all resistance 
values and watt ratings, in fixed and 
tapped combinations. 

Non-Inductive Resistors 
Lavite Units 
Grid Leak Type Units 

Resistor Mountings 
A wide variety of mountings for all 
types of resistors. 

Wire Wound Resistors 
Grid Suppressors 
Center-tapped Units 

The Aeroros Research Worker is a free month y 
publication that will keep you abreast of the latest 
dereloprnents in radio.  Your name will be put 
on the mailing list free of charge on request. 

Aerovox Wireless Corp. 
76} Washington Street 

Brooklyn  New York 
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John 11. Morecioft 

24 Years ot Leadership 
All radio tu bes are made under the 

patents 
basic  of Dr. Lee De Forest 

only Deforest 
but  Audions include 
all the lates t developments of the 
De Forest Laboratories. 

DE FOREST RADIO CO. 
PASSAIC  NF,W JERSEY 

By the author of 

"Principles 
of Radio 
Co m muni-
cation" 

An independently 
written introduc-
tion to the subject 

of Radio 

Elements of Radio 
Communication 

BY JOHN H. MORECROFT 

"We can highly recommend 'Elements 
of Radio Communication' to those of 
our readers who want a book that will 
give them a strong, elementary ground-
ing in radio and leave them with few 
questions to ask save those which may be 
born of a desire for more knowledge." 

Boston Post Radio Section 

$3.00 
— —  — 

JOHN W ILEY &I SONS, Inc. 

440 Fourth Ave., Ne w York 
Please send me Morecroft's "Elements" for free 
examination. Within ten days after its receipt I 
will either return the book or send you $3.00. 

Name   

Address   

Firm  RBDS-31 
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Shielding 

SUGGESTIONS REGARDING ITS USE 

SHIELDING is used in radio receivers for two 
p . First, it prevents direct pick-up, by 

the coilsi snesa receiver, of signals from powerful local 
stations, for, when such pick-up exists, the receiver 
is likely to be non-selective. Second, the use of 
shielding prevents electrostatic and electromagnetic 
coupling between the various parts of the circuit, 
particularly the various inductance coils. Electro-
static coupling is readily prevented, thin sheets of 
shielding material between the apparatus to be 
shielded generally being sufficient. Electromagnetic 
coupling is more difficult to prevent. The prevention 
of such coupling necessitates the use of very com-
plete shielding, the joints must be tight and a ma-
terial with a low electrical ¡resistance must be 
used. 
The shielding in a receiver should be used for 

only one purpose—shielding. It should not be used 
to conduct currents, for example, between a coil 
and a condenser. If this is done the usefulness of the 
shielding frequently will be destroyed due to the 

fact that these currents flowing through the shield-
ing material constitute circuits which can readily 
produce coupling to adjacent conductors. 
All the shielding in a receiver should be grounded 

and connected also to negative-B. negative-A, and 
plus-C wires. Except for the fact that the shield 
may be used for the A-minus conductor, the wiring 
of the set should be done as though the shielding 
were not present. In other words, the fact that some 
condenser, for example, one of the tuning condensers, 
is connected to the shield should not cause us to 
connect one end of a tuning coil to the shield and 
thereby complete the circuit through the shielding 
material.Instead a lead should be run from the tun-
ing coil to the tuning condenser so that the currents 
in this circuit will pass through this lead and not 
through the shielding. 
The coils in a receiver should preferably be 

cated about central within the shielding compart-
ment, since in this position the increase in resistance 
of the coil due to the shielding will be a minimum. 
If these simple rules are followed in constructing a 
shielded receiver, many difficulties will be prevented. 
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A. C. Tubes 

EFFECT OF FILAMENT VOLTAGE 
TT IS becoming increasingly common to find manu-
facturers designing the filament windings on 

power transformers to supply voltages somewhat 
less than those rated for use with 226- and 227-type 
a.c. tubes. One parts manufacturer is marketing a 
filament transformer designed to supply 2.25 volts 
to the filament of a 227-type tube, although the 
rated voltage of this tube is 2.5 volts. A study of the 
circuit diagrams of manufactured receivers pub-
lished in RADIO BROADCAST will bring to light other 
cases where a.c. tubes are supplied with somewhat 
lower than rated voltage. 
The life of a vacuum tube depends very much 

upon the filament voltage with which it is supplied, 
and frequently a very small increase in voltage 
above the rated value will cause a considerable 
shortening in the life of the tube. With a.c. tubes 
this problem has assumed especial importance, for 
these tubes are subjected to variations in filament 
voltage in accordance with any fluctuations of the 
line voltage. If the line voltage becomes somewhat 
higher than that value at which the set is designed 
to operate, the various tubes receive excessive fila-
ment voltage and their life is shortened to a marked 

extent. It is for this reason that manufacturers have 
designed the power transformer to deliver somewhat 
lower than rated voltage to the tubes so that even 
if the line voltage rises above normal the tube fila-
ments will not be overloaded. 
A.C. tubes, types 226 and 227, will give entirely 

satisfactory operation at less than the rated voltage. 
The table on this sheet, obtained from figures in the 
Cunningham Tube Dala Book, gives the characteris-
tics of the 226-type tube with a filament voltage of 
1.3 volts and 1.5 volts, the latter value being that 
at which the tube is rated. The slight increace in 
plate resistance and decrease in mutual conductance 
which results when the tube is operated at 1.3 volts 
is not sufficient to affect its operating characteristics. 
The 227-type tube saturates at about 1.9 volts on 
the filament and, therefore, it also may be operated 
at somewhat less than its rated voltage with satis-
factory results. 

TUBE FILAMENT  PLATE  MUTUAL AMPLIFI-
VOLTAGE  I MPED-  CONDUC- CATION 

ANCE TANCE FACTOR 

226 
226 

1.3  10,030  750  8.3 
1.5  9,000  830  8.3 
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WIDTH OF HAND 

Band-Pass Circuits 

n AND-PASS filters, as used in radio receivers, 
consist of an arrangement of coils and con-

densers which produce a resonance curve of a form 
approximating that illustrated in the drawing on 
this sheet. It is possible to design a circuit to have 
a band-pass characteristic by the use of two separate 
tuned circuits, each tuned to exactly the same fre-
quency and coupled. The coupling may be produced 
by condensers, by a separate coil, or by simply 
placing the coils of the tuned circuits in such rela-
tion that there is some coupling be•ween them. One 
of the most important character-
istics of a band-pass circuit is the 
distance between the two peaks 
in the curve, marked (..h and Gk. 
J. H. Morecroft in Principles of 

Radio Communication gives some 
formulas for coupled circuits. If 
two circuits are coupled induc-
tively, then the width in kilocycles 
of the band' between  and wi is 
equal to the resonant frequency 
of either circuit alone multiplied 
by the percentage coefficient of 
coupling, k, between them. For 
example, we might take  two 

coils and two condensers, arrange them in the form 
of two tuned circuits adjusted, say, to 1000 kilo-
cycles. When there is 1 per cent, coupling between 
them then the width of the band will be equal to 

band with=iiii x k 
=4000 x 0.01 
=10 kc. 

The width of the band is, therefore, 10 kilocycles. 
It should be noted that the band width is directly a 
function of (th (or 02 since they are both tuned to 
the same frequency). Therefore, if the percentage 
coupling remains constant then the width of the 
band at 500 kc. is 5 kilocycles and at 1500 kc. is 15 

kilocycles. The fact that the width 
of the band varies over the broad-
cast band in a ratio of 3 to 1 (5 
kc. to 15 kc.) is a disadvantage, it 
being desirable, of course, that the 
width of the band should be con-
stant over the entire broadcast 
range. If the circuits were capaci-
tatively coupled the characteristic 
would be opposite to that when in-
ductive coupling is used, i.e., at 
1500 kc. the band width would be 
5 kc., at 1000 kc. the width would 
be 10 kc., and at 500 kc. the band 
width would be 15 kc. 

Wi 



No. 256 RADIO BROADCAST Laboratory Information Sheet 

Power Output 

HOW MUCH IS REQUIRED? 

LTOW much available power in the output tube 
"  of a radio receiver does one need for ordinary 
home reception when using a standard loud speaker? 
This is a question about which one can find many 
diverse o_ffinions. In Laboratory Sheet No. 245 we 
quoted George Crom to the effect that the usual 
loud speaker requires an input of 1 to 1.5 watts for a 
volume of reception slightly above normal. In the 
Cunningham Tube Data Book (which costs $2.50 
and which we recommend that you purchase, if 
possible) we read, "For home reception, with a 
speaker of average sensitivity, a tube capable of 
supplying at least 100 milliwatts (0.1 watt) maxi-
mum undistorted power output is recommended. 
The use of a tube giving lower output is almost 
certain to result in distortion appreciable to the 
listener. It is very desirable to have additional re-
serve power available, up to approximately 500 

milliwatts, if the "B" power required can be con-
veniently supplied. Under such conditions the qual-
ity will not suffer if the volume is turned a little 
above normal, as may be required in a large room 
or for dancing, or if the loud speaker is somewhat 
low in sensitivity." 
The average of George Crom's figure is 1.25 

watts and Cunningham recommends 0.500 watt. 
The mean of these two is 875 milliwatts. 0.875 watt. 
If the table of Laboratory Sheet No. 246 is referred 
to it will be found that the smallest power tube giv-
ing approximately this output is the 171A which is 
capable of supplying a maximum of 700 milliwatts 
to the loud speaker. 
It, therefore, seems fair to state that any installa-

tion using a power tube or combination of tubes in 
the output such that the available power is about 
0.7 watt, that this amount of power will be suffi-
cient to permit loud-speaker reproduction at fair 
volume without overloading. 
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Heater Connections for A. C. Tubes 

AN EXAMINATION of the circuits of various 
1-1 - a.c. receivers using one or more 227-type tubes 
shows several different ways the heaters of these 
tubes may be connected into the circuit. 
In sketch A we show the heater of the tube quite 

independent of the remainder of the circuit. In 
sketch B the center tap of a resistor connected 
across the heater is grounded and in sketch C the 
center tap of the resistor connected across the 
heater is connected to the plus 45-volt terminal. 
Of these three arrangements the one most com-
monly used is B in which the heater is grounded, 
since such an arrangement gives satisfactory oper-

at ion in most mu m. It is generally unwise to arrange 
the circuit as indicated at A, since the heater under 
such conditions is more or less floating and is liable 
to Introduce hum into some part of the circuit. 
The reason for the use of the arrangement shown 

at C is somewhat complicated. When the heater 
of the tube becomes hot it, of course, emits some 
electrons and it is possible for some of these elec-
trons to enter the plate circuit. Since the heater is 
operated on a.c. the emission from it is not uniform 
and, therefore. a la m will be produced i f any 
appreciable number  electrons are drawn fr. an the 
heater. 

AC 

US) 
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An Analysis of Filter Circuits 

O e LABORATORY Sheet No. 259 are given 
a circuit diagram and set of curves showing the 

output voltage from a typical full-wave rectifier 
using two 281-type tubes. These curves will prove 
helpful in determining what voltage is necessary 
acmes the power transformer to deliver a given volt-
age to the filter system. The curves show the output 
of the rectifier with transformer voltages ranging 
from 550 volts per plate up to 700 volts per plate. 
Two sets of curves are given, one set being ob-

tained with the standard filter system indicated in 
the circuit diagram and the other with a special 
circuit recommended by the E. T. Cunningham, 
Inc. The solid curves show the voltages with a 
standard filter system and the dotted curves show 
the voltage with a special filter system. In determin-
ing the latter curves the first filter condenser, 
was omitted. 
When using the standard type of filter system the 

load on the tube is quite heavy and the peak value 
of current, which the rectifiers are called upon to 
supply under full-load conditions, reaches values as 

high as 310 milliamperes, although the average cur-
rent drawn from the filter system is only 125 milli-
amperes; the filament must be capable of supplying 
the maximum value of current, i.e. 310 milli-
amperes. With the first condenser. CI. removed from 
the filter system the voltage output for a given 
transformer voltage decreases considerably, us 
indicated by the curve, but with this condenser re-
moved the tube operates under much more satis-
factory conditions. The peak value of current used 
in such a circuit is only 140 milliamperes when the 
load current is 125 milliamperes. In other words the 
peak current has been reduced from 310 milli-
amperes to only 140. This reduction increases the 
life of the filament, and a tube having a total emis-
sion of 150 milliamperes will still give satisfactory 
operation in the special filter circuit although it 
would not function satisfactorily in an ordinary 
falter circuit where the plate current reaches values 
up to 310 milliamperes. It is recommended that this 
special filter system be used wherever possible. 
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Filter Circuit Characteristics 
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Voltage Gain in Resistance-Coupled Amplifiers 

LABORATORY Information Sheets Noe. 242, 243, 249, and 250, discussed resistance-coupled 
amplifiers; the latter two sheets gave the circuit 
diagram and a list of parts for the construction of a 
good amplifier of this type. In this sheet further 
data is given regarding resistance-coupled amplifiers 
in comparison with other types. 
The overall voltage gain in a resistance-coupled 

amplifier is generally much greater than that of a 
transformer-coupled amplifier. For example, a stand-
ard two-stage transformer-coupled affair has a volt-
age gain of about 100 from the input to the grid of 
the power tube. The usual three-stage resistance-
coupled amplifier using high-mu tubes has a gain 
of about 400 from the input to the power tube's 
grid. This additional gain is not always an ad-
vantage. If such an amplifier is used in a receiver 
operated entirely from batteries this high gain will 
simply have the effect of increasing the loudness of 
the signals, but if such an amplifier is used in a re-
ceiver operated from a B-power unit it is probable 
that the hum output will be much greater than 

it would be if a two-stage transformer-couple' 
amplifier were substituted for it. This is due to the 
fact that, as pointed out in Laboratory Sheet No. 
261, the hum voltage developed across the loud 
speaker is a direct function of the overall gain of the 
amplifier and the amount of hum introduced into 
the detector circuit. Since the amplifiers have 
ratio of about 4:1 in gain, the hum voltage de-
veloped when using the resistance-coupled amplifier 
will be about four times as great, assuming that all 
other conditions remain the same. 
For these reasons it frequently is advisable to 

construct the resistance-coupled amplifier with 
somewhat lower gain. For example, if instead of 
using two 240 tubes we use one 201A and one 240 
then the overall gain will be about 150 which is a 
very satisfactory value. 
For some reason the resistance-coupled amplifier 

has not found wide use in manufactured or home-
constructed receivers although when properly 
designed it is certainly capable of giving results as 
good as any other type of amplifier. 
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Where A. C. Hum Originates 

rrHE amount of ac. hum audible in a loud speaker 
connected to a radio receiver depends upon 

various factors. With a given installation, however, 
the hum depends to the greatest degree upon the 
amount of a.c. ripple introduced into the plate 
circuit of the detector tube. This hum voltage may 
come from the B-power unit or from a.c. tubes, and 
in a.c. sets some hum is, of course, obtained from 
both of these sources. 
It is important to realize the importance of any 

hum in the detector circuit. Consider an ordinary 
transformer-coupled amplifier using, say, a 3 to 1 
ratio transformer between the detector and first 
a.f. tube, and assume that the first al. amplifier 
tube has a mu of 8. Between the plate circuit of the 
detector tube and printery winding of second a.f. 
transformer the gain is, therefore, 24. It follows 
from this calculation that, if a given amount of hum 
is obtained from a loud speaker when there is a 
certain hum voltage in the plate circuit of the first 
al. tube, that the same amount of hum will be ob-
tained with only one twenty-fourth as much hum 
voltage in the plate circuit of the detector tube. 
Fur these reasons it generally is found that ampli-

fiers which are noisy under normal operation are 
generally quiet if the output of the detector tube is 
short circuited—a definite indication that the major 
part of the hum arises in the detector circuit. 
Let us consider a concrete example. Suppose that 

we have a two-stage a.f. amplifier with 3 to 1 trans-
formers, the first audio tube having a mu of 8 and 
the power amplifier having a mu of 3 and that the 
load resistance in the output is equivalent to 4000 
ohms. Assume that a hum potential of 0.1 volts is 
existent in the plate circuits of the detector tube 
and also the first audio amplifier. The hum voltage 
from the plate Circuit of the first a.f. amplifier circuit 
will produce a hum potential of a 0.6 volts acmes the 
4000-ohm load resistance. The hum voltage in the 
detector circuit will produce 14.4 volts in the load 
circuit. Even assuming that these two voltages are 
180 degrees out of phase so that they oppose each 
other the voltage in the load circuit would be 13.8 
volts. It follows from these figures that practically 
all the hum in the output will come from the de-
tector circuit. The importance of proper design in 
the detector circuit to eliminate any small bum volt-
ages cannot be overemphasized. 
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Advantages of Dual Push Pull 

HIGH-GAIN ac.-operated  power amplifiers, 
designed particularly for use in public-address 

systems, frequently make use of two 250-type 
tubes in push pull in the output. If these tubes are 
operated at their rated voltage in order to obtain 
the maximum amount of undistorted power a total 
value of peak signal voltage across the secondary of 
the push-pull transformer feeding these tubes must 
be about 160 volts. Assuming that this transformer 
has a ratio of 3 to 1, the voltage across its primary 
must he 160 divided by 3, or approximately 53 
volts. If the tube feeding this transformer has a mu 
of 8 then the voltage on its grid must be about 7 
volts, and, in order to prevent the possibility of 
overloading, the grid buts should, therefore, be 
twice this value plus about 10 per cent. or 8 volts. 
We might consider using a 226-type tube to feed 
the push-pull stage, but using the rated voltage 
of this tube 90 volts with a corresponding grid bias 
of 6.0 volts is, from the figures given above, not 
sufficient. 
It is for this reason that we find many of the 

power amplifiers designed for public-address work 
consisting of two push-pull stages, the power output 

stage being fed by a preceding push-pull stage using 
227- or 226-type tubes. Through the use of the 
push-pull arrangement we are able to handle volt-
ages somewhat greater than twice that which can 
be handled by a single tube. These tubes in push-
pull can then handle without difficulty the voltages 
required to load up two 250-type tubes in push-pull. 
It follows obviously, from these figures, that any 
power amplifier using 250-type tubes in push-pull 
must be preceded by a push-pull stage if maximum 
output is desired, since a single 226- or 227-type 
tube will be overloaded when called upon to supply 
the necessary voltages. The above discussion, of 
course, does not consider the possibility of using 
a small power tube in the circuit preceding the push-
pull stage. 
If we assume that we can obtain from the de-

tector circuit about 0.3 volt and that 160 volts are 
required on the grids of the power tubes, it follows 
that the gain in the amplifier must be about 530 
(160 divided by 0.3). The gain of an ordinary 
amplifier, is about 100 and, consequently, when 
using 250's in push-pull it is essential that a three-
stage audio amplifier be used under such conditions. 
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• Three Types of Graphs 

IF WE have before us a job of plotting a curve of 
an al. amplifier to show how the voltage gain 

varies with frequency, we must decide just how the 
curve is to be plotted. Curves may be plotted on 
several types of croes-section paper which will be 
illustrated in a future Laboratory Sheet. The prob-
lem is this, should we plot the curve on ordinary 
cram-section paper or on log or log-log paper, and 
should we plot frequency against na or against 
voltage output. 
The essential purpose of a curve is to enable one 

to obtain a visual idea of the characteristics of the 
amplifier. Since the purpose of an a.f. amplifier is 
to amplify currents which will finally be converted 
into sound, it is preferable to plot the curve to such 
a scale that its final shape indicates as nearly as 
pomade the variations in response us they would be 
audible to the ear. 
Now it has been determined that the ear hears 

variations in intensity in accordance with a logarith-
mic function. For this reason, if we are to plot fre-

quency against output voltage, it is advisable to 
plot the curve on log-log paper so that the variations 
will be indicated on the curve in their relative 
importance as heard by the ear. 
If we desire to plot frequency against na then the 

curve should be plotted on log paper. In such a case 
we would find that the shape of the resultant curve 
was the game as that of the preceding curve plotted 
on log-log paper, for in converting from voltage to 
DB we take into consideration the logarithmic func-
tion. 
In all cases the frequency scale should be plotted 

on a log scale so that each octave in the scale takes 
up an equal amount of space. Take a piece of croes-
section paper with a log scale on it and measure 
the distance in inches between 10 cycles and 100 
cycles, a change in frequency of 10 to 1. Then 
measure the distance between 100 and 1000 and 
between 1000 and 10.000. The distance» are all 
equal and equal sections of the curve therefore 
receive an equal amount of space. 
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Electrifying Battery-Operated Sets 

TT IS much easier and generally more satisfactory 
to change a battery-operated receiver over to 

complete a.c. operation by the use of an A-power 
unit than by rewiring the set for a.c. tubes; in both 
cases a source of B and C voltages is, of course, 
necessary. The use of an A-power unit to permit 
light-socket operation may be accomplish  with-
out rewiring the set, and, if the unit is a good one, 
one can be sure that the operation of the set from 
the A-power unit will be essentially the same as 
when it was run from the storage battery. 
An A-power unit is somewhat similar to a B-

power unit, both of them consisting of a trans-
former, rectifier, and filter system. The A unit dif-
fers from the Et unit simply in the rectifier and 
filter system which mu,t be capable of supplying 
two or three amperes in, t »1 of a few milliamperes. 

The circuit of a typical A-power unit is given on 
this sheet. The transformer. T, supplies a.c. voltage 
to the rectifier. R, which feeds pulsating d.c. to the 
filter system where the ripple is removed so that 
the current leaving the output terminals of the 
filter system is practically pure d.c. 
The arrangement of the chokes and condensers in 

the filter system varies in different units. In some 
cases both the chokes are placed in the same side of 
the line and three condensers are frequently used 
instead of two. 
The transformer, T, is generally provided with 

taps on the secondary, as we have indicated, so that 
the output of the system may be corrected for dif-
ferent current drains. The greater the output current 
required from the unit, the higher must be the volt, 
age impressed acmes the rectifier. 

R  --filter-
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Effect of Room Acoustics 

M R. IRVING WOLFF, of the Technical and 
1"- Test Department of R. C. A., remarks in an 
article on loud-speaker measurements (Prot. I. 
R. E., December, 1928) that, 

We are sometimes annoyed after having con-
ducted listening tests on a loud speaker, and having 
reached the conclusion that it is pretty good, to find 
it unsatisfactory when moved to a different room 
or even a different position in the same room. It is, 
therefore, very important when taking loud-speaker 
curves to consider the question of room acoustics 
and loud-speaker position. 
"Some of the factors which may be expected to 

have a pretty big effect are: 
Room absorption characteristics 
Room resonances 
Position of loud speaker in room 
Position of listener with respect to loud speaker. 
High frequencies are radiated in a beam. If high 

response is wanted the speaker should, therefore, be 
pointed and placed so as to cover as large a portion 
of the audience as possible. Placing the loud speaker 

in a corner or in any kind of a cavity will usually 
have a big effect on the response. The space be-
tween the back of the loud speaker and wall or 
other obstruction will act as a resonant chamber 
whose vibrations will be excited by the vibrations 
of the rear side of the loud speaker diaphragm. It 
is impossible to say whether this effect will be 
pleasing or otherwise. It will depend on the un-
adulterated response characteristic and whether 
the resonance is of such frequency as to supply a 
region which is lacking. 
'Under present broadcasting conditions where 

the range of frequencies transmitted is cut off pretty 
sharply at 5000 cycles or below, tube overloading 
on a loud speaker which reproduces real high fre-
quencies show up as a roughness, rasp, and very 
often as a sound which resembles a paper rattle. 
This is caused by the generation of harmonica and 
combination tones. These added notes show up 
particularly badly when they are produced at the 
higher frequencies, as there is no true transmitted 
sound of the same frequency to act as a mask." 

 - 1 

No. 267 

Power in Broadcast Harmonics 
A BROADCASTING station is assigned to a 
1-1 - definite frequency by the Federal Radio Com-
mission. In the operation of the station it is essen-
tial that the major part of the radiation take place 
within 500 cycles of this assigned frequency. Since, 
however, for reasons of economy, the oscillators at 
the transmitter are generally overloaded rather 
than underloaded, it is always found that they 
generate, beside the fundamental frequency, a con-
siderable amount of energy at harmonic frequen-
cies. A transmitter operating on a frequency of 500 
kilocycles will generate energy at 1000 kilocycles 
so that the program could be heard on both of the 
channels—and, of course, it is probable that the 
1000-kilocycle wave would produce interference 
with a station assigned to that frequency. Some 
method must, therefore, be used to suppress the 
harmonics since, if they are permitted to get into 
the antenna, they will cause interference in other 
broadcasting channels. The greatest interference is 
caused in the channel corresponding to a frequency 
twice that on which the station is authorized to 
operate. In the August, 1928 Bell Laboratories Record 
the following interesting remarks were published 
relative to the suppression of harmonics from one 
of the experimental stations operated by the Bell 
Telephone Laboratories: 

"In this respect, as in many others, 3xN, the 
latest broadcasting development of our Laborator-
ies, marks a new level of attainment. The trans-
mitter has a power input into the antenna system 
of 50 kilowatt» for the carrier wave alone, and the 
instantaneous peak power during the broadcasting 
of a program  may reach 200 kilowatts. And yet 
with all that power in the carrier wave, the amount 
of the second harmonic allowed to escape would not 
light the tiniest incandescent lamp made. To be 
exact, it is less than 0.005 watt and represents 
about one-ten-millionth of the power of the carrier 
wave. 
"Ordinarily, a purity (lack of harmonics) of 80 

to 95 per cent, can be readily and cheaply attained. 
To carry this to 99 per cent. costs considerably more 
and to carry it to 99.9 per cent, many times as 
much. The extent to which the purification is car-
ried out is now left largely to the designers of the 
radio transmitter, and they look upon it as an 
economic balance between the job that they would 
like to do and the cost of the equipment that can 
be justified. The more powerful the broadcasting 
transmitter, the more important becomes the 
problem of attenuating its harmonics, and the 
greater the care which must be bestowed upon its 
harmonic filters." 
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Mathematics of the Tuned Circuit 
T HE tuned circuit and its characteristics are 
-• important.. Therefore, in this sheet are presented 
a few of the mathematical expressions concerning 
such circuits. 
The current (I) flowing around a circuit con-

sisting of a coil and a condenser connected in series 
may be determined by the following formula: 

Et 
I= 

where 
I = current in amperes 
El = voltage induced in the circuit 
R = resistance of circuit 
L = inductance of coil in henries 
c = capacity of condenser in farads 
= 2 rr times the frequency in cycles 

1 
At resonance toL equals — and equation too 
is therefore reduced to 

E 
I-

(1) 

(1) 

(2) 

At resonance the energy stored in the condenser is 

cEè  (3) 
2 

where Eg is the voltage across the condenser. 
The energy in the coil is 

LI, 4) 
2 

and if the resistance is small in comparison with 
then the energy is equal in both cases and 

E 
whence 

Eg- Le• 

(5) 

(6) 

The last equation indicates that the voltage, 
Eg, across either the coil or the condenser is pro-
portional to the ratio of L to c. 
The gain of a tuned circuit may be defined as the 

voltage, Eg, generated across the circuit divided by 
the voltage, Et, induced in the circuit. 

Eg  (7) 

and combining equation (2) with (7) and solving 
for the gain, we have 

i Eg  CUL 
Et  R 

(8) 
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Formulas for Power Output 

THE undistorted power output of a tube is de-
fined as the maximum power which can be 

supplied to a load without introducing more than 
five per cent, distortion due to the curvation of the 
tube s characteristic. It has been determined that 
the maximum amount of undistorted power is ob-
tained from any given tube when the load resistance 
equals twice the plate resistance of the tube. The 
power output can be computed from the formulas 

2 (uEgr), 
P=  102 

9 Rp 

when 

(1) 

P = power in milliwatts 
u = amplification constant 
Egr  r.m.s. value of signal voltage on the grid 
Rp = plate resistance 

If peak values of a.c. voltage on the grid are used 
instead of r.m.s. then the formula is: 

(uEgp)2 (2) 
-  au. 
9 Rp 

when Egp = peak value of signal voltage on the 
grid. 
Both of these formulas are calculated for the 

condition that the load is twice the plate resistance 
—the condition for maximum undistorted output. 
These general formulas can be simplified if ap-

plied specifically to the various power tubes in 
use, and the table on this sheet gives these simpli-
fied formulas. For example, the power output of a 
112s is equal to 2.86 times the square of the r.m.s. 
value of the a.c. voltage on the grid of the tube. 
The column Bp indicates the plate resistance used 

in calculating the simplified formulas. 

Type of Tube 

171s 
112s 
210 
250 

Rp 
Power in Milliwatts 

R. Al S.  Peak 

2000  Egs  0.5  Eg, 
5000  2.86 Ell, 1.43 Egs 
5000  2.86 Eg, 1.43 E52 
1800  1.78 Eg, 0.89 Eg2 
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Importance of Bass Notes 

SUPPOSE that a certain note on the piano is 
sounded in the studio of a broadcasting sta-

tion and the characteristic of the radio circuit is 
such that the fundamental frequency of the tone is 
not transmitted but all the harmonics are. Even 
though the frequency of the fundamental never 
even reaches the loud speaker, if all the harmonics 
are reproduced we will be able to tell what note 
was sounded. It is a peculiar characteristic of the 
human ear that to a considerable extent it can, 
in some manner, supply to our consciousness 
many of the fundamental frequencies which are 
not reproduced by an ordinary radio system. 
The fact that the ear is capable of supplying miss-

ing fundamental frequencies under some conditions 
does not mean that it is not worth while to design 
the radio system so that it is capable of reproducing 
them. The results would be much better if the fun-
damental were transmitted —this may be proved 

easily by playing the same note on the piano. The 
difference would be quite noticeable as the true 
note would sound much richer and be somewhat 
lower in pitch. The qualities which the note lacked 
when the fundamental was eliminated would be 
quite evident and the advantages, of designing a 
radio system to transmit the fundamentals of all 
the audio frequencies, of obvious value. 
Since there is a large group of instruments in an 

orchestra—the trombone, 'cello, double bass, bas-
soon, drums, etc. —which sound many notes 
that are low in frequency, say below 150 cycles, it 
would seem that Just as these instruments are 
essential in an orchestra to give correct balance, 
so the reproduction of the fundamental frequencies 
of their notes is essential for good quality. Imagine 
a symphony orchestra with all of these instruments 
lacking! However, it is usually unnecessary to re-
produce notes below 60 cycles. 

No. 271 RADIO BROADCAST Laboratory Information Sheet 

Test for a Faulty Push-Pull Amplifier 
QEVERAL letters have been received recently 
by the Laboratory relative to the operation 

of push-pull amplifiers. Evidently some service-
men, quite capable of servicing any ordinary type 
of amplifier, are frequently unable to repair the 
push-pull amplifier that does not give good qual-
ity but which is wired correctly, uses good appa-
ratus, and employs tubes that take normal plate 
current. The trouble is generally due to oscillations 
in the push-pull amplifier but to detect these os-
cillations it is necessary to apply to the push-pull 
amplifier a somewhat unusual test. 
The test which is necessary to detect the oscilla-

tit c-  84-
(B) 

tions consists of placing a meter in the C minus 
lead to the push-pull stages to determine if there 
is any grid current. The location of the meter is 
shown in sketch A. Under normal conditions 
there will be zero current in the grid circuit but 
if the circuit is oscillating several milliamperes 
may flow in the grid circuit. If such a test indicates 
that an amplifier is oscillating, then one or both of 
the following remedies must be applied. 
The first thing to do is to connect a 50.000-ohm 

resistor in the common C-minus lead at the point 
indicated as " A " in sketch B; this resistance should 
not be bypassed with a condenser. The fidelity 

will not be affected in any 
manner by the inclusion of 
this resistor in the circuit but 
it is practically always effec-
tive in suppressing the oscilla-
ions. 
In some cases a second change 

may have to be made to sup-
press completely the oscilla-
tions. If the resistance is not 
entirely effective, a choke coil, 
such as miqht be used in a 
B-power unit, may be con-
nected at point "C" in sketch 
B. A choke coil must be used 
here instead of a resistance 
because of the losa in plate 
voltage which would be pro-
duced by a resistance. 
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Importance of Correct Filament Voltages 

'T̀IIIS  Laboratory Sheet supplies  additional 
-1 information on the subject covered in Sheet 
No. 254 published in the January issue. The latter 
sheet suggested the use of somewhat lower than 
rated voltage on the filaments of 226- and 227-
type a.c. tubes. The information which follows 
from R. M. Wise, Chief Engineer of E. T. Cun-
ningham, Inc., points out that the use of lower 
than rated voltages is not to be recommended 
general] y. 
" In using new tubes, and particularly with cer-

tain tube types, very satisfactory operation will be 
obtained at considerably reduced voltages. How-
ever, we find that reduction of the voltage below a 
certain point has little beneficial effect on tube life, 
and in some cases may shorten it due to the fact 
that the coated filament at times loses its activity 
when operated at very low temperatures. 
"As an example, we find that average new c-327 

tubes will give excellent performance below 2.0 
volts, yet the emission life of the cathode at this 
temperature is not as satisfactory as is the case 
when it is operated at, or near, rated voltage. 
"The c-327 heater voltage rating has been 

chosen with all of these factors in view, and, while 
for detector service we find it advisable for a time 
to recommend 2.25 volts, this recommendation has 

never been extended to the operation of the tube 
as an amplifier. As an amplifier we consider the pre-
ferred operating range to be from 2.4 to 2.6 volts, 
while as a matter of fact it will show satisfactory 
operation over a wider range of voltage!. This 
recommendation has also been extended to include 
tubes used for detector service. 
"It is particularly important to operate power 

and rectifier tubes within a range of  or — 5 
per cent, from the rated value. Several instances of 
unsatisfactory operation of type cx-350 have been 
traced to operation at 6 volts. In each case satisfac-
tory operation was obtained as soon as the filament 
potential was raised to 7.5 volts. 
" It is true that there is not much change in char-

acteristics when the tubes are operated somewhat 
below rated voltage. This holds for new tubes, but 
the question of maintaining uniform emission 
throughout the life of the tube is an important fac-
tor. and, as previously mentioned, this is best 
realized by operating the tube close to rated volt,-
ages. There is added advantage that when so 
operated a moderate change in emission will not 
affect operation, due to operation on or below the 
knee of the saturation curve, while if operated at 
reduced voltages a similar change in emission will 
result in impaired performance." 
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Neutralizing and Compensating R. F. Circuits 

PROBABLY two of the most common tasks 
which servicemen are called upon to perform 

are the adjustment of the neutralizing and compen-
sating condensers in tuned r.f. receivers. These tasks 
are exceedingly important although not especially 
difficult. 
If a set is not neutralized properly it will oscillate 

on some wavelengths, especially down around 200 
or 300 meters. Therefore, if a set does oscillate it is 
necessary to reneutralize the various stages. This 
should be done in an orderly fashion, starting with 
the stage nearest the antenna and following with 
the other stages in order. Also, all servicemen should 
be equipped to perform these adjustments quickly 
on all receivers, and in this connection specially 
prepared tubes of the types used in r.f. amplifiers, 
the 201A, 226, and 227. are a great aid. These tubes 
are prepared by cutting off as close to the base as 
possible one of the filament prongs, in the case of a 
201A- or 226-type tube, and one of the heater prongs 
in the case of the 227-type tube. 
In adjusting a receiver tune-in a strong local station 

broadcasting ou some wavelength between 200 and 

300 meters, carefully tuning the dials to exact res-
onance. Then, with the prepared tube placed in 
the first r.f. socket in place of the good tube, care-
fully adjust the first neutralizing condenser to that 
position which gives the minimum signal from the 
loud speaker. Then remove the prepared tube, and 
replace the good tube. Now put the prepared tube 
in the second r.f. stage and repeat the operation, etc. 
The compensating condensers in a receiver are 

placed across the main tuning condensers and 
function to compensate the slight differences in 
capacity between the various stages so that all the 
tuned circuito will be in exact resonance. Compen-
sation should also be done with the set tuned to 
some station around 250 meters. When compensat-
ing a set it is best to tune-in some weak station, since 
slight changes in volume will then be noticeable 
more readily. The exact procedure is as follows. 
First tune-in a weak signal to maximum volume 
and then adjust all the compensating condensers to 
give the maximum signal strength. Retune the main 
dial to the point of maximum volume and then 
readjust the compensating condensers again. 
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Bucking Coils in Dynamic Loud Speakers 

MANY a.c. dynamic loud speakers use "bucking 
coila" to reduce the hum due to the use of 

rectified but poorly filtered a.c, to supply the field 
current. This bucking coil functions as follows. 
Referring to the diagram, the bucking coil is 

connected in series with the moving coil and the 
secondary of the coupling transformer. The moving 
coil is, of course, fastened to the diaphragm. The 
bucking coil is wound around the pole piece of the 
electro magnet-
Now, since the rectifier supplies to the field a 

pulsating current, it follows that the magnetic 
flux produced by this current will also fluctuate. 
Since the moving coil is in the field of this flux, there 
will be a reaction between it and the varying mag-
netic flux and the coil will tend to move—and its 
movements would have the same frequency as that 
of the field current. If the diaphragm moves, sound 
is produced and as a result we would get an audible 
hum. The effect of the pulsating field current is, 
however, nullified (more or less) by the bucking coil. 
The coil is also in the magnetic field and it, therefore, 
has induced in it a voltage corresponding in fre-
quency to that of the pulsating field current. This 
voltage induced in the bucking coil sends a current 
around the circuit consisting of the transformer. Lthe moving coil, and the bucking coil. The magni-
tude of this current is such that its effect on the 
moving coil is equal and opposite to that produced 

directly on the moving coil by the flux. Since the 
two effects are equal and opposite they nullify each 
other and the hum is prevented. 
It is evident that the important thing is to get 

into the moving-coil system a voltage that will 
nullify the forces tending to make the coil move and 
thereby produce hum. 

To Rectifier 

Coupling 
Transformer 

field 
Winding 

Bucking Coil 

Moving Coil 

' Paper Cone 
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Obtaining Grid Bias from B-Power Units 

P OTII B and C potentials for a I71A tube may 
" be obtained readily from a simple B-power unit 
without adding any resistors or condensers to the 
circuit; it is simply necessary to change a few con-
nections. 
Sketch A on the sheet shows an ordinary B-power 

unit and the connections which would be made to 
it if it were to supply only plate potential to the 
171A power tube. Sketch a shows the connections 
if it is to supply C potential as well. 
In these diagrams it should be noted that the 

connection of negative filament from the regular 
B-minus terminal on the power unit has been 
changed to the  45-volt terminal With this ar-

B.Power 

8+135  o 

B+90 

B+45  o 

B-

To Plate 
of 
17144 

To Fil. 

B+ Power 

13+135 

B+90 

B+45 

B - 

rangement the  45-volt terminal then becomes 
B minus, the plus 90 volt terminal becomes plus 
45 and so on, each terminal supplying 45 volts less 
than it is marked. The regular B-minus terminal is 
now 45 volts lower in potential than the new B-
minus terminal, and, therefore, from the regular 
B-minus terminal we are able to secure a negative 
potential of 45 volts which we can apply to the grid 
of the 171A-type tube. In this way we have, by a 
simple circuit change, made it possible to obtain C 
bias for the power tube. 
Forty-five volts is slightly higher than normal, but 

not sufficiently so to affect seriously the output from 
the tube. This slightly higher than normal bias will 

help to lengthen the life of the 
tube. 

To Plats 
of 
17144 

o 

o 

0-7,- Te Fil. 
o— H- C-45 

(A)  (B) 

The arrangement described 
above can be applied only to 
those B-power units capable of 
supplying under load a maxi-
mum of about 225 volts. This 
much voltage is necessary be-
cause 180 volts are required on 
the plate and 45 volts are used to 
supply C bias. With this arrange-
ment 45 volts are obtained from 
the tap that normally supplied 
90 volts and 90 volts are ob-
tained from the tap that ordi-
narily supplied 135 volts. 
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Simple Two-Way Telephone Set 

TN THE country friends who live some miles apart 
often wish to establish a telephone communica-

tion channel without the expense of installing a 
regular pole line. Lieutenant W  H. Wenstrom, 
U. S. A., suggests the following simple method of 
building such a communication system. 
As can be seen from the diagram given in Labora-

tory Sheet No. 277 the set is simplicity itself. It is 
essentially a radio receiving tube (a 199-type tube is 
satisfactory) provided with input and output trans-
formers. The b«.t ratios are somewhere around 1:6 
for the input and 3:1 for the output. The micro-
phone may be an old, discarded telephone "mike." 
Two sets are, of course, required for one com-

munication channel. Due to the economy of ap-
paratus, radiophone practice must be used in opera-
tion. A definite time for communication is arranged 
in advance. At this time "A" calls and "B" listens. 
When "A" finishes calling, both operators throw 
their switches, and "B" then answers "A." The 
procedure might be compared to two unusual 
people carrying on a conversation where each one 
politely waits until the other has finished before be 
MmseIf begins. 

Because two stages of audio-frequency amplifica-
tion are used in the talking circuit, one at the send-
ing end and one at the receiving end, the connecting 
wire line may be very much poorer than a standard 
telephone line. Continuous fence wire, or any 
medium-resistance metal circuit fairly well insu-
lated from the ground may serve as one conductor, 
with the ground as the other conductor. 

Paris Required 
1 Audio transformer, 6:1-ratio 
1 Audio transformer, 3:1-ratio.  (connected re-
versed) 

1 Four-pole double-throw switch 
1 Microphone, telephone-type 
1 Pair of headphones 
1 199-type tube and socket 
A battery, fiL ballast and fil. switch 
B battery, 45 volts 

The four-pole double-throw switch changes the 
set from "send" to "receive." It saves expense by 
permitting the use of the same tube and trans-
formers for both operations. 
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Simple Two-Way Telephone Set 
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Inductance-Capacity Products 

rrHE formula for determining the frequency to 
"- which a circuit will tune is 

159,000 

'VW 
where f equals the frequency in cycles per second 

L equals the inductance of the coil in micro-
henries 

C equals the capacity of the circuit in micro-
farads 

It is evident from this formula that the frequency 
to which a circuit tunes is not determined by the 
inductance or the capacity alone but by their prod-
uct. Tables of LC products are to be found in many 
textbooks, and in "Laboratory Sheet" No. 279 is 
given a table of LC products covering the broad-
cast band. The usefulness of this table will become 
evident from the following examples. 
Example 1: Suppose we have a radio receiver 

which uses 0.0005-mfd. tuning condensers and which 
tunes-in a station broadcasting on 525 meters at 100° 
on the dial, i.e., with the condenser plates all in. 
What is the inductance of the tuning coils used in 
the set? 

Answer: From the table the LC product for 525 
meters is 0.0776. Therefore, L times C equals 
0.0776. We know that C is 0.0005. Therefore, 0.0776 
divided by 0.0005 gives 155 microhenries as the 
inductance of the coil. 
Example 2: Suppose we wanted to rebuild this 

set to use 0.00025-mfd. condensers? What would the 
inductance of the coil have to be? The LC product 
must remain the same,10.0776. Therefore, 0.0776 
divided by 0.00025 gives 331 microhenries for the 
coil inductance. 
Example 3: The receiver described in example 

No. 1 will tune down to only 230 meters. Therefore, 
what is the minimum capacity of the circuit and 
what must it be reduced to to permit the set to tune 
down to 200 meters? 
Answer: The LC product for 230 meters is 

0.01489. From example No. 1 the inductance of the 
coil is 155 microhenries. Therefore, 0.01489 divided 
by 155 gives 0.000096 mfd. as the minimum capacity 
of the circuit. To tune down to 200 meters the 
capacity must be reduced to 0.01126 (the LC 
product for 200 meters) divided by 155 microhen-
ries. The quotient is 0.000073 which is the minimum 
capacity (in mfd.) the circuit must have if the set 
is to tune down to 200 meters. 
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Inductance-Capacity Products 

THIS table gives the inductance-capacity products to tune  to var ious  frequenc ies  
throughout the broadcast-frequency band. L is in microhenries and C is in micro-

farads. The use of the table is explained in "Laboratory Sheet" No. 278. 

Meters  f  L X C 

200  1,500,000  0.01126 
210  1,429,000  0.01241 
220  1,364,000  0.01362 
230  1,304,000  0.01489 
240  1,250,000  0.01621 
250  1,200,000  0.01759 
260  1,154,000  0.01903 
270  1,111,000  0.0205 
280  1,071,000  0.0221 
290  1,034,000  0 . 0237 
300  1,000,000  0.0253 
310  968,000  0.0270 
320  938,000  0.0288 
330  909,000  0.0306 
340  883,000  0 . 0325 
350  857,000  0.0345 
360  834,000  0 . 0365 
370  811,000  0 . 0385 
380  790,006  0.0406 
390  769,000  0 . 0428 
400  750,000  0 . 0450 

Meters  f  L X C 

410  732,000  0.0473 
420  715,000  0 . 0496 
430  698,000  0.0520 
440  682,000  0.0545 
450  667,000  0 . 0570 
460  652,000  0 . 0596 
470  639,000  0. 0622 
480  625,000  0 . 0649 
490  612,000  0.0676 
500  600,000  0.0704 
505  594,000  0 . 0718 
510  588,000  0 . 0732 
515  583,000  0 . 0747 
520  577,000  0.0761 
525  572,000  0.0776 
530  566,000  0 . 0791 
535  561,000  0.0806 
540  556,000  0 . 0821 
545  551,000  0.6836 
550  546,000  0.0852 
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Characteristics of the Ear 

rrIIE ear is undoubtedly the most commonly 
used of acoustical devices and the curves on 

"Laboratory Sheet" No. 281 illustrate a very 
important and interesting characteristic of the ear. 
Them curves are known as curves of "equal loud-
ness," for each curve shows the pressure required 
at different frequencies, to produce sounds of equal 
loudness. 
The lowest curve marked "threshold curve" 

is sometimes called the curve of minimum audibility 
and it indicates the pressures which will produce 
sounds jug audible to the average ear. This curve 
shows that at minimum audibility the ear varies 
greatly in sensitivity, at different frequencies. 
'File upper curve, which indicates how the sensitiv-
ity of the ear varies with loud sounds, shows the 
ear to be almost equally sensitive throughout the 
entire range of frequencies. 
These curves have a definite relation to the repro-

duction of radio programs and indicate why we 
seem to loos the bass when the volume is cut down 
very low and why a loud speakenseems to boom (too 
much bass) when the volume is increased greatly. 

Sounds must be reproduced at a normal volume 
level, i.e.. that level at which we are accustomed to 
hear music, if the reproduction is to sound natural. 
Even though the intensity of all the tones in the 
music are amplified equally well the curvesindicate 
that a relatively increased effect on the ear will come 
from the bass portion if the sounds are too loud and 
a relatively increased effect from the treble if the 
sounds are too low in intensity. 
The data from which these curves were plotted 

was obtained from experiments made in the Bell 
Telephone Laboratories. The subjects listened to 
pure tones from a telephone receiver driven by cur-
rent from an audio oscillator. The listeners com-
pared different tones, two at a time, as to loudness 
and adjusted the intensity of the two tones so that 
they were equally loud. All of the apparatus was 
calibrated carefully and the engineers were able to 
determine from the setting of the adjustment the 
sound pressure in dynes per square centimeter. 
Some additional da ta on this same subject will he 

found in "Laboratory Sheet" No. 109 in the July 
1927, issue. 
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Amplifier Input Circuits 

D OVVER amplifiers such as are coming into promi-
nent use in auditoriums, theatres, dance halls, 

etc. may be employed to produce entertainment by 
connecting the input of the amplifier to a regular 
receiver, by making connections to a phonograph 
pick-up so that phonograph records may be played, 
or, in other cases, by connecting a microphone to 
the input. The amplifier may be used in any of these 
ways with practically no change in the circuit— 
the only change necessary is at the input to adapt 
the circuit to the source from which ,the signals 
are to be obtained. 
These amplifiers are arranged normally so that 

they may be used with either a radio receiver or a 
phonograph pick-up. Appropriate terminals for 
these two devices form an integral part of the am-
plifier. In case the amplifier is designed for use only 
with a radio receiver, a phonograph amplifier may 
he used readily by connecting the two terminals 
of the pick-up acmes the primary of the first al. 
transformer of the amplifier. However, when it is 
desired to use a microphone at the input of such an 
amplifier a change is necessary since the microphone 
requires direct current for its operation and also 
the microphone is a low-impedance affair whereas 
the phonograph pick-up and radio receiver have 
high output impedances. With a microphone it is 
necessary that a special microphone transformer be 

marl to adapt the impedance of the microphone 
to the input impedance of it tube. The primary of 
the microphone transformer should be connected 
acmes the microphone and in series with a few dry-
cell batteries or a storage battery, the latter being 
preferable because of its greater capacity. The 
secondary of the microphone transformer is con-
nected to the grid of the first a.f, amplifier tube. 
Microphone transformers are made by most of the 
well-known transformer manufacturers and com-
plete instructions regarding their use can be ob-
tained easily. 
It should be realized that the above notes do not 

apply to allpower amplifiers since some of them are 
equipped with three sets of input terminals so that 
either pick-up, radio, or microphone may be used. 
Obviously, the thing to do when purchasing such 
an amplifier is to decide what is to be used to supply 
the input signals and to then make certain that the 
amplifier under consideration is arranged with the 
proper input connections. 
This sheet is the result of several letters received 

at the Laboratory from readers who have been 
under the impression that it is possible to obtain 
good results by simply connecting microphones 
across the input of an amplifier originally designed 
for use with a phonograph pick-up unit or radio 
receiver. 
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Characteristics of the Ear 

THESE curves show the sound pressures which, acting on the ear, give sensations of 
1 equal loudness. They were prepared from data obtained from experiments made in 
the Bell Telephone Laboratories. 
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Hum-Voltage Characteristics 

(226-Arm 227-TYPE ru s) 

IT IS becoming increasingly common to find 
3. that most recent models of various well-
known receivers use 227-type tubes in all the 
sockets rather than only in the detector socket 
with 226-type tubes in the r.f. stages and in 
the first al stage. To explain this trend in 
receiver design the statement is generally 
made that 227-type tubes produce less hum 
than 226-type tu .. This is true—but it isn't 
an explanation. Why the 227 is a better tubo 
is indicated by the curves on "Laboratory 
Sheet" No. 284 taken from the Cunningham 
Tube Data Book. 
Curve A is for a 226-type tube and shows the 

relation between the hum voltage in the plate 
circuit of one of these tubes as a function of 
the plate current. The minimum hum voltage 
indicated by this curve is about that obtained 
from a 226-type tube under normal conditions. 
If, however, the plate voltage increases or de-
creases somewhat there is a rapid increase in 
the amount of hum. If the plate potential were 
90 volts and the bias about 6 volts minimum 
hum would be obtained, but a 10- or 15-volt 
decrease in plate voltage would double the 
hum output. 
Curve B shows a comparison between the 

227- and 226-type tubes with reference to hum. 

This curve shows hum output as a function 
of the accuracy of the center-tapped resistor 
connected across the tube's filament. It should 
be noted that the 227-type tube is affected 
only slightly by an unbalance of the center-
tapped resistor whereas the 266-type tube neces-
sitates the use of a very accurate center-
tapped resistor. Specifically, the curve shows 
that if the resistor is unbalanced ten per cent. 
the hum voltage from a 227-type tube is in-
creased very slightly. On the other hand, a 
ten per cent, unbalance in the resistor across 
the 226-type tube causes the hum voltage to 
increase from a minimum of 10 millivolts to 
about 600 millivolts! 
The rather recent improvements in radio re-

ceivers—in loud  speakers particularly—has 
made it especially important that everything 
possible be done to keep the hum output at the 
lowest possible level. The hum is not only an-
noying, as of itself, but it also has an apparent 
effect on the fidelity. When stimulated by a 
tone such as a hum, it is difficult for the ear 
to hear other tones of the same or nearly the 
same frequency and so we get an apparent 
reduction in low-frequency response. This tech-
nically is known as the "masking effect" of 
one tone on another. 
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Hum-Voltage Characteristics 

(226-Arto 227-TYPE TUBES) 
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Frequency Vs. Capacity and Inductance 
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Frequency Vs. Capacity and Inductance 

T N  "LABORATORY ISTFORMATTON SHEV:Ir" No. 
1 286 are given a group of curvee indicating 
what capacity is necessary to tune a circuit to 
a given frequency when using a coil of known 
inductance. The curves are applicable to broad-
cast frequencies and the capacities cover the 
range of sizes ordinarily used in such receivers. 
The curves were calculated by substituting 

in the formula. 
159.200 

f vr-,c 
where f = frequency in cycles per second 

C = capacity in microfarads 
L  inductance in microhenries 

The curves were calculated for various fre-
quencies between 500 and 1500 kc. A few ex-
amples will indicate quite clearly how the curves 
are used. 
Example. What size condenser is necessary 

to tune to 600-kilocycles with a 200-microhenry 
coil? To determine this we locate the vertical 
line corresponding to 200 microhenries and fol-
low it to the 600-kilocycle line and it is found 
that this point corresponds to 0.00035 mfd. 

which is the capacity necessary to tune the 
coila to 500 meters. 
Example. To what frequency will a circuit 

tune if it consista of a 250-microhenry coil and 
a 0.0004-mfd. condenser? The unknown fre-
quency in this case is determined by finding 
the intersection of the vertical line correspond-
ing to 250 microhenries and the horizontal line 
corresponding to 0.0004 mfd. They intersect 
at the line corresponding to 500 kilocycle( 
which is the frequency to which they would 
tune. 
Example. How much inductance is required 

in parallel with a 0.0003-mfd. condenser to 
tune to 1500 kilocycles? Determine the inter-
section of the horizontal line corresponding to 
0.0003 mfd, with the transverse hne corres-
ponding to 1500 kilocycles. The intersection 
is found to fall on the vertical line correspond-
ing to 38 microhenries which is the required 
value of the coil's inductance. 
If it is desired to make calculations of induc-

tance, capacity, or frequency for values above 
or below the broadcast bands, the formula 
given at the beginning of the sheet may be 
used. It is simply necessary to substitute the 
known quantities and solve for the unknown. 
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Protecting Meters 
SEVERAL READERS have written us and re. 
quested suggestions on how to protect a 

milhammeter in a set-tester or tube-tester from 
(lainage in case there is a defect in the circuit of 
the device being tested which would permit 
sufficient current to flow through the meter to 
damage it. 
The simplest way of protecting the meter is 

by the use of the arrangement indicated in 
sketch A ou this sheet. NI is the meter to be 
protected and it is protected by the shunt cir-
cuit consisting of Ft and the switch S. The 
switch, 8, is the type which is usually used 
as a voltmeter switch; it normally remains in a 
closed position and must be held in the open 
position by hand. The resistance, R, should 
have a value such that, with the 
switch closed and maximum rat-
ed current of the meter flowing 
through the circuit, the meter 
gives a very small deflection. For 
example, suppose that the meter 
had a range of 10 milliamperes. 
The procedure would be to pass 
10 mA. through the meter so that 
the meter read a maximum and 
then to place acroas the meter a 
resistance such that the meter 
deflection decreased to, say, 0.5 
mA. Now when we use the in-
strument in which the meter is 
located we first note the reading 
of the meter with the switch 

closed (its normal position) and if the meter 
reads more than 0.5 mA. we will know that exces-
sive current is flowing through the circuit and 
the meter will be overloaded if the switch, S, 
is opened. If the meter reads less than 0.5 mA. 
it will be safe to open the switch. 
Another good method of protecting a meter 

is by the circuit arrangement in B. In this 
sketch Fif is a rheostat with a resistance of 
about 10 ohms. The procedure here is to start 
with the arm at the right and then to move 
gradually the arm to the left end. If as 
this end is approached the meter needle goes 
off scale it is an indication that current in ex-
cess of what the meter can read is flowing 
through the circuit. 

(A) (3) 
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FILTER CIRCUIT DATA 

I" "LABORATORY Snarls" Nos. 258 and 259 some data were given on filter circuits showing 
the effect on the regulation, output voltage, 
and tube load when using and when not using 
a choke at the input to the filter system. Similar 
data will be found in Roger *Wise's article 
"Characteristics of Power Rectifiers" in the 
April, 1929, RADIO BROADCAST. Several readers 
have written us to the effect that they have not 
been able to duplicate these curves when using 
a choke in the input. Some have obtained 
greater and others less output voltage than 
was indicated by the curves in "Laboratory 
Sheet" No. 259. 
This discrepancy between the values we gave 

and that readers have obtained is undoubtedly 
due to the use of a different size choke coil in 
the input than was used to obtain the curves on 
Sheet No. 259. For these curves a standard 
filter choke of some 30 henries was used. The 
output voltage, of course, is greatest when 
there is no choke coil connected in the innut 
and will decrease when a choke is placed at Lie 

input. The greater the inductance of the choke, 
the greater the decrease in output voltage. 
Those experimenters who obtained greater 
voltages than the curves indicated probably 
used an input choke of low inductance and 
those that obtained smaller voltages used a 
choke of high inductance. 
It could appear from these considerations 

that a small choke should be used but it should 
be remembered that the primary reason for the 
use of choke input circuits is to reduce the 
instantaneous load on the rectifier tubes so 
that their life will be a maximum. With chokes 
of low inductance this desirable effect of re-
duced load on the tube is not obtained to any 
considerable degree. In designing such systems 
a compromise must, therefore, be reached 
between the use of a large choke giving a good 
tube load characteristic arid a small choke 
giving a less desirable load characteristic but 
greatcr output voltage (a...Inning that the 
transformer ittput voltage is not changed.) 
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VOLTAGE-DOUBLING CIRCUITS 

TN CAROB WHERE there is need of a plate-supply 
A device delivering greater voltages than can 
ordinarily be obtained from the usual type of 
rectifier tube, such as the type 281, it is possible 
to use these tubes in "voltage-doubling" cir-
cuits. Two circuits together with their regula-
tion characteristics are given on Laboratory 
Sheet No. 292. Although the 281-type rectifier 
in ordinary circuits can supply only about 600 
volts to the filter system it should be noted that 
when using these special circuits it is possible 
to obtain an input to the filter of appronmately 
1600 volts. 
The circuit shown at A is probably the more 

familiar type of voltage-doubling connection. 
As indicated by the curves the voltage regula-
tion is rather poor but, when only small 
amounts of current are to be drawn from the 
system, this circuit can be used and has the 
advantage that it requires but little apparatus. 
Improved results can be obtained from the 

cirorit shown at B. With this arrangement four 
rectifier tubes are used in a full-wave system 
supplied from a center-tapped transformer 
having a secondary potential of from 500 to 700 
volts a.c. either side of the center tap. Two 
separate transformers, each supplying frorn 500 
to 700 volts might, of course, be used. The curves 

for this rectifier system show it to have much 
better regulation than that obtained from the 
circuit in Sketch A. With circuit /I a maximum 
current of up to 170 milliamperes can be drawn 
from the filter system. 
The disadvantage of circuit B over circuit A 

is that the former requires three separate fila-
ment windings each of which must provide the 
full output voltage. 
The first filter condensers in these circuits 

must be capable of withstanding a potential 
of one half the load voltage. The second 
condensers must, of course, be able to with-
stand the full load voltage. The filaments of 
the tubes should be turned on before the high-
voltage winding is closed. If this is not done, 
the initial charging current may overheat the 
tubes or cause them to arc over. Across the 
output of the filter systems resistors should be 
connected as indicated at R. In general a 
100,000-ohm resistor may be used and it 
shculd be capable of carrying some 20 milliam-
peres. This resistor is especially necessary when 
using circuit A since, with this arrangement, 
the voltage tends to increase quite rapidly 
when the load is less than 20 milliamperes. 
The data for this "Laboratory Sheet" were 

supplied by E. T. Cunniuslunn, 

No. 292 
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REGENERATIVE R. F. AMPLIFIERS 

ra ADM-FREQUENCY amplification may be ob-
1-1. brined by the use of carefully designed r.f. 
circuits or by the use of carelessly designed cir-
cuits with regeneration. Many of the sets made 
a few seasons ago had considerable inherent 
regeneration in them, not because circuits to 
prevent regeneration were not known, but be-
cause the sets were not properly designed. The 
tendency to-day is to design the set so that 
without any regeneration the gain and selec-
tivity are satisfactory. If an engineer relies on 
regeneration in a receiver to give it gain, it is 
generally found that in the mass production of 
the set in the factory it is not possible to control 
the set's characteristics closely enough to give 
just the right amount of regenerative amplifica-
tion. As a result in production some of the sets 
will be found to oscillate while others will not 
have sufficient regeneration and will be practi-
cally dead. This is perhaps. one of the major 
reasons why regeneration is being used less 
and less in manufactured sets. 
There is one time, however, when the use of 

. regeneration 
might 
to increase the gain and the 

be considered the best thing 
to do. This case arises in the servicing of an old 
receiver that has poor gain and poor selectiv-
ity. Such a set would be unproved greatly by the 
use of some regeneration, and, since the service-

man who changes the circuit to give it some 
regeneration can introduce just enough in this 
particular set to provide satisfactory perform-
ance, there is little difficulty involved in its use. 
Regeneration can be added most readily to 

an existing receiver by the use of one of the 
circuits indicated on Laboratory Sheet No. 
294. 
In Sketch A regeneration has been added by 

winding a coil (No. 32 or smaller wire) around 
the filament end of the secondary, Li. The 
number of turns should be the maximum that 
can be used without causing the set to oscillate. 
In Sketch B a small variable condenser, CI— 

for example, a neutralizing condenses —is con-
nected between the plate of the detector and 
the plate of the preceding r.f. amplifier tube. 
The capacity should be adjusted to the maxi-
mum possible without making the detector 
oscillate. 
In Sketch C regeneration is secured by 

tapping the secondary, Li, as indicated and 
connecting a small variable condenser (maxi-
mum capacity about 0.0001 mfd.) between the 
lower end of the secondary and the plate of the 
detector. 
Arrangement B is generally the most C011-

venient although in some cases it may be 
simpler to use the circuits of A or C. 
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REGENERATIVE R. F. CIRCUITS 
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TUBE-TESTING CIRCUITS 

l'APIT COMMEICIAL tube-testing devices are 
t equipped with a button which is used to 

determine whether or not the particular tube 
being tested is up to standard. Generally the 
procedure is to place the tube in the socket, 
read the plate current, then press the button, 
and again read the plate current. Then it is 
possible to determine from these two readings 
whether or not the tube is any good. 
Just how this circuit functions should be of 

interest. The arrangement described below may 
not be the one actually used 
in some of the testers but the 
principles are certainly the 
same. When a tube is placed 
in the socket (see the sketch 
A on this sheet) the plate cur-
rent as read on the plate mil-
liammeter depends upon the 
plate voltage and upon the 
C-bias  voltage.  With the 
switch, S, which represents 
the button, in the open posi-
tion, the bias is equal to the 
voltage of the t.. battery. 
When, however, the button is 
pressed the bias is reduced to 
zero. This change in bias, 
of course, produces a change 
in plate current and the a-
mount of change determines 
how good the tube is. What 

we are actually doing is determining the 
mutual conductance of the tube by noting the 
change in plate current obtained from a given 
change in t, bias. 
This circuit, it should he pointed out, in-

dicates only one of the many possible arrange-
ments. Another arrangement, for example, 
would be to make S a single-pole double-circuit 
switch (sketch B) so that in one position the 
bias is zero and in the other position it has a 
value equal to that of the C-battery voltage. 
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Output Transformer Ratios 

SOME nrrenesfrsto curves which were pub-lished in a recent bulletin issued by the 
Ferranti Company are given on "Laboratory 
Sheet" No. 297. These curves show the trans-
former turns ratio neceesary for use with power 
tubes of different plate impedances when used 
with dynamic loud speakers of various imped-
ances. The chart covers tube impedances up to 
15000 ohms and loud speaker impedances up to 
55 ohms. 
The charts are calculated on a basis that the 

tube is to work into an impedance equal to 
twice its own impedance. That is, for example, 
a tube with an impedance of 4000 ohms should 
work into an 8000-ohm load. Transformer ratios 
for output circuits are always calculated under 
this condition and the chart ought to prove 
quite useful. 
The required ratio of a coupling transformer 

is determined by taking the square root of 
twice the tube impedance divided by the loud 
speaker impedance. Expressed ai a formula, 

the turns ratio of the transformer is equal to 

T )112 R P R L 

where rip is the plate resistance of the tube 
RL is the impedance of the loud speaker 
T is the required turns ratio of the trans-

former 
As an example, suppose we have a loud 

speaker with an impedance of 40 ohms and that 
we were going to supply it from a push-pull 
stage using two tubes each with a plate im-
pedance of 5000 ohms. Substituting in the above 
formula we obtain approximately 22.5 as the 
required turns ratio. Checking this on the curves 
we find that the line corresponding to 40 ohms 
and the line corresponding to 10,000 ohms (two 
5000 ohm tubes in push-pull give a total 
impedance of 10,000 ohms) intersect at a point 
corresponding to the line giving a ratio of 22.5:1 
which checks our calculation. 
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Circuits for the 245-type Tube 

fOST or the new radio receivers are using 
z audio power amplifiers which employ 

either one or two 245-type tubes, the tubes 
being arranged in push pull when two are used. 
Because of the wale use of this tube we give 
on this sheet and sheet No. 299 some data on 
the various circuit arrangements generally 
used with the 245. 

CIRCUIT A 

Two 245-type tubes are indicated in cir-
cuit A on "Laboratory Sheet" No. 299. The 
plate voltage required is 300 volts, 250 of 
which is impressed on the plate of the tube and 
the remaining 50 supplying the necessary C 
bias. The filament is shunted by the 10-ohm 
resistance. The C-bias resistance is calculated 
by dividing the required C bias, 50 volts, by the 
plate current, 32 milliamperes, and dividing 
by two since there are two tubes. This calcula-
tion shows that the C-bias resistance should 
have a value of 750 ohms us indicated. 

CIRCUIT B 

This circuit shows a single 245-type tube with 
transformer output. The required plate voltage 
is 300 volts and the C-bias resistance is 1500 
ohms. Since the a.c. current in the plate circuit 
must flow through the C-bias resistor to get to 
the filament, it is essential that the resistor be 
bypassed with a condenser of 1 or 2 mfd. The 
output transformer may be an ordinary one with 
a ratio of about 1:1, or it may be the transformer 
which couples the tube to the moving-coil 
system of a dynamic loud speaker, in which 
case, of course, it should have a step-down ratio. 

CIRCUIT C 

This arrangement is similar to that indicated 
at B except that a choke condenser output is 
used. With this arrangement d.c. current is 
kept out of the primary of the loud speaker or 
coupling transformer if one is required. Since 
one of the loud speaker terminals returns di-
rectly to the center-tapped resistor connected 
zeros. the filament, if is not essential that any 
condenser be connected across this resistance. 
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Center-Tapped Filament Resistors 

QEVERAL READERS have written us request-
ing information on what determines the 

value of the center-tapped resistance connected 
across the filament of an a.c. tube. In some 
cases it is apparently felt that this resistance 
must have a definite value in order to produce a 
definite load on the transformer secondary 
supplying the filament. This is seldon, if ever, 
the case. 'however. 
No hard and fast rules can be given for the 

value of the resistance used across the filament 
In fact a wide range of resistances can be used 
with equally good results. The important point 
to consider is the resistance of the filament 
acmes which the center-tapped resistor is to b.: 
connected and to make sure that the latter's 
resistance is fairly high in comparison with that 
of the tube. For example, if a tube filament has 
a resistance of 1 ohm then the total resistance 
of the center-tapped resistor should be at least 
10 ohms and might well be higher. Never use a 
center-tapped resistor of an ohmage comparable 
to that of the tube across which it is to be con-
nected. 
( ine other factor is of some importance, espe-

cially in connection with the resistors placed 

across the filaments of power tutu,. C bias for 
these tubes in a.c. sets is obtained by means of 
an additional resistor whose value is equal to 
the C-bias voltage required divided by the 
plate current of the tube. Actually, however, 
the center-tapped resister also supplies some of 
the bias for the current in returning to the fila-
ment must flow through both halves of this 
resistance. In effect, therefore, the plate -current 
flows through a resistor equal to one half the 
total value of the center-tapped resistance, 
since both halves of it are in parallel from the 
standpo:nt of the plate current. In calculating 
required values of C-bias resistance, it is wise. 
therefore, to substract from the calculated 
results one half the value of the center-tapped 
resistance. For example, two 171s tubes in 
push pull draw 40 milliamperes and require a 
bias of 40 volts. The value of the C-bias resistor 
should, therefore, be 1000 ohms. If, however, a 
200-ohm center-tapped resistor (values as high 
as this are frequently used) is placed across the 
filament of the tube, one half of this value (100 
ohms) should be subtracted from the required 
1000 ohms leaving 900 ohms. This value should 
then be used for the C-bias resistor. 
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RADIO BROADCAST Labora tory Infor mation Sheet N o. 301 

Output Transformer Ratios 

OUTPUT transformer ratios required for use with cone or horn type loud speaker 
are shown on the chart on Sheet No. 302. 
This chart, reproduced from a recent bulletin 
of Ferranti, Inc.. covers the range of loud 
speaker impedances from 0 to 6500 ohms and 
tube impedances from 0 to 15,000 ohms. On 
Sheet No. 297 in the Sept., 1929, issue, a chart 
was given of output transformer ratios for use 
with moving-coil type loud speakers. 
In the case of horn and cone type loud speak-

ers the bulletin suggests that the impedance 
used in determining the transformer ratio 
should be the impedance of the 
loud speaker at about 200 cycles. 
The impedance at this frequency 
may with fair accuracy be taken 
as 2.5 times the d.c. resistance of 
the winding. That is, a loud 
speaker with a d.c. resistance of 
2000 ohms has an impedance at 
200 cycles or approximately 2000 
times 2.5 or 5000 ohms. 
Owing to the fact that the imped-
ance of cone type loud speakers fre-

quency varies from 1000 to 30,000 ohms between 
200 and 5000 cycles, ideal results are not possible 
but transformer ratios determined as indicated 
above will give best results. As an example of the 
manner in which the impedance of a magnetic 
loud speaker varies we show on this sheet an im-
pedance curve the Western Electric 540 AW. 
An example will help to make perfectly dear 

the use of the chart on sheet No. 302. 
Example 1. A loud speaker has an impedance 

of 4000 ohms at 200 cycles. It is to be used in a 
push-pull circuit using two tubes each with a 
plate impedance of 5000 ohms. What trans-

former ratio is required? 
Two 5000-ohm tubas in push-

pull give a total impedance of 
10,000 ohms. Referring to the 
chart we find the horizontal line 
corresponding to a loud speaker 
of 4000 ohms impedance inter-
sects the vertical line corres-
ponding to a tube impedance of 
10,000 ohms at a point corres-
ponding to a transformer ratio of 
1.6 to 1. 
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Output Transformer Ratios 
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"Power" and "Linear" Detection Explained 

DOWER detection" and "linear detection" are two terms frequently used to describe 
certain characteristics of new receivers. On this 
sheet we explain briefly what these two terms 
mean. 
A power detector (according to the popu-• 

lar definition) is one operated at fairly high 
values of input voltage. Power detectors are 
frequently followed by a single stage of audio 
frequency amplification because sufficient a.f. 
voltage can be obtained from them to load up a 
power tube. It should be realized, however, that 
power detectors are not always followed by 
single audio stages but may be followed by a 
two-stage  audio  amplifier. The important 
factor is the signal level at which they operate. 
Accurately defined, however, the power detec-
tor is one from which sufficient power may be 
obtained to operate a loud speaker directly. 
Ordinary detectors operate on what is called 

a "square law," that is the al. output voltage 
is proportional to the square of the r f. input 
voltage. Such detectors produce some distor-
tion especially if the r.f. input is modulated at 

fairly high percentages. The distortion reaches 
a maximum of 25 per cent, when the input 
signal is modulated 100 per cent. The present 
tendency in broadcasting is to increase the 
modulation to 100 per cent, so as to utilize as 
completely as possible the output of the trans-
mitter. Linear detectors will produce very little 
distortion on 100 per cent, modulated signals 
and it is for this reason that this type of de-
tector is increasing in use. 
A detector is "linear" when its a.f. output is 

directly proportional to the r.f. input. Such 
detectors produce a distortion of about 10 per 
cent., with 100 per cent, modulated signals in 
comparison with the 25 per cent. distortion pro-
duced by square-law detectors. The decreased 
distortion (from 25 to 10 per cent. ) due to 
the linear detector is readily noticeable to the 
ear. 
It should be pointed out that the fact that the 

detector operates at high signal levels does not 
necessarily mean that it is fincar. C-bias detec-
tors are linear over only a small portion of their 
operating chartic;teristk. 
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Distributed Capacity Measurements 

T HE method commonly used in laboratories 
-1 to determine the distributed capacity of a 
coil is to tune it to various wavelengths by 
means of a condenser and then plot a curve of 
wavelength squared against the capacity of the 
tuning condenser. The curve will be a straight 
line but will not pass through zero because of 
the distributed capacity of the coil. If the 
curve is extended so that it intercepts the line 
corresponding to zero wavelength, the intercept 
will give the distributed capacity of the cod. 
The method is simple and quite accurate pro-
vided the individual measurements are care-
fully made. If, however, there are slight dis-
crepancies in the various measurements it is 
necessary to estimate as accurately as possible 
the correct position for the curve. 
There is another method of graphically 

determining the distributed capacity which is 
not generally used but which is sometimes more 
accurate than the one described. This second 
method is illustrated on "Laboratory Sheet," 
No, 305. 
The general method of procedure is similar. 

The CORI to be measured is connected across 
known capacities and the resonant wave-

length is determined. Some sample data is 
given below: 

WAVELENGTH  CAPACITY  TO  TUNE  TO 
RESON ANCE-M111 ED. 

300  315 
247  200 
134 

The next step is to lay out a curve sheet as 
shown on "Laboratory' Sheet" No. 305. The left-
hand axis is wavelength squared and the right-
hand axis is the toning capacity in micromicro-
farads. Straight lines are now drawn being the 
various values of tuning capacity and the cor-
responding values of wavelength squared. 
If all the measurements were perfect, these 

various straight lines would all intersect at a 
common point but because of slight inaccuracies 
they do not. As a result there is formed at the 
center a small polygon. The center of this polygon 
must now be estimated and between the center 
and the point corresponding to zero wavelength 
a straight line is drawn. This line will intersect 
the capacity axis at the poingcorresponding to 
the distributed capacity of the coil. This latter 
line is shown dotted on the curve. 
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Advantages of Automatic Volume Control 

T HE use of automatic volume controls in 
-1- receivers has certain definite advantages. 
The most obvious advantage is, of course, that 
such a control definitely determines the output 
of the receiver and maintains this output con-
stant over wide variations in field intensity. 
Ordinarily as we tone from one local station to 
another the volume varies considerably, depend-
ing upon the field strength obtained from the 
station, but in a set equipped with an automatic 
volume control, all stations will give approxi-
mately the same volume. 
The second advantage of an automatic 

volume control is that it helps to some extent 
to reduce the effects of fading, since, as the signal 
begins to fade, the sensitivity of the set automa-
tically begins to increase and in this way 
partially compensates the fading. 
A third advantage of this control system, is 

that by its use it is possible to apply an input 
to the detector tube of a definite value of r.f. 
voltage. The set may be so designed that with 
this value of voltage applied to the detector, the 
distortion produced in the detector circuit will 

be a minimum. The distortion ordinarily 
produced in detector circuits is a function of 
input voltage. It is high for small values of 
input voltage and also for very large values of 
input voltage. At some medium values deter-
mined by the operating voltages of the detector 
tube, the distortion will be a minimum and it is 
of course advisable to operate the detector tube 
always under the conditions for minimum dis-
tortion. 
These three advantages are responsible for 

the greatly increased use of automatic volume 
control systems and it is probable that in the 
future their use will become quite general. 
The automatic volume control tube generally 

works on the output of the r.f. amplifier and 
it automatically functions to control the output 
of the r.f. amplifier by varying its sensitivity. 
When the field strength is very high, the volume 
control tube causes a large reduction in the 
sensitivity of the amplifier and when the field 
strength is very low the tube functions to main-
tain the radio frequency amplifier at maximum 
sensi tivity. 
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Frequency-Band Requirements 

Oiv sneer No. 308 is reproduced a chart taken from an article by B. S. Cohen in the March, 
1928. Proceedings of the Institute of Electrical 
Engineers, London. The chart shows eleven oc-
taves of sounds. According to this chart we find 
that the 
(a) Ideal frequency range for perfect speech 

and music and most noises is 30 to 10,000 cycles 
(b) Reproduction of high-quality  speech 

and music requires a frequency band from 100 
to 5000 cycles 
(c) Reproduction of good quality articulate 

speech requires a frequency band from 200 to 
3000 cycles 
Considering the reprod ,ction of music, on 

reference to the chart it will he noted that the 
highest note of the organ, 0, has a frequency of 
8000 cycles so that if the ideal band extends to 
10.000 cycles little or no deviation from a 
sinusoidal wave form would be included. How-
ever, the extreme upper notes of the organ or 
piano are used very infrequently and the cor-
rect reproduction of their timbre is probably 
not important. It is doubtful whether many 
persons could differentiate_between say a piano, 

flute, and clarinet when listening only to the 
signal note C. 
Although in the case of speech, the ear will 

reconstruct the fundamental frequency of a 
tone when the latter has been removed from 
the reproduction it is doubtful that the same 
thing applies in the case of music. In any case 
the practically pure sinusoidal frequencies 
produced for example by the organ would not 
be produced at all if below the lower trans-
mission limit. 
For the correct reproduction of noises such 

as tapping, hissing, etc. a very wide frequency 
range is required and it is in this connection 
that the ideal range of 30 to 10,000 cycles 
would probably be found most essential. 
Attention should be drawn to one other point 

in the chart. The mean speech frequency from 
an articulation standpoint is 1500 cycles. By 
this it is meant that the removal of all fre-
quencies above 1500 cycles produces the same 
decrease in articulation as does the removal of 
all frequencies below 1500 cycles. 
The term "Gamut" in the chart on sheet 

No. 308 is simply the expression used in music 
for the standard notes of the musical scale. 
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NOTE 
CYCLES 
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Beyond limit of audibility for average person. 
C' Telephone silent with 40 volts on receiver terminals. 

Considered ideal upper limit for perfect transmission of speech and music. 
Ce i In Highest note on fifteenth stop. 

Considered as satisfactory upper limit for high quality transmission of speech 
and music. 

C5 Highest pite of pianoforte. 
E4 
Ga 

Approximate resonant point of ear cavity. 

Considered as satisfactory upper limit for good quality transmission of speech. 
C4 

Maximum sensitivity of ear. 

A Mean speech frequency from articulation standpoint. 

8b2 Representative frequency telephone currents. 

1,2 Orchestral tuning.  See note below. 
Ci 

Considered as satisfactory lower limit for good quality transmission of speech. 
Ce 

Considered as satisfactory lower limit of high quality transmission of speech 
end music. 

Es 
Co aft 

Lower note of man's average voice.  . 
Lowest note of 'cello. 

Bs 
C1 16ft Lowest note of average church organ. 

Considered ideal lower limit for perfect transmission of speech and music. 
A2 Lowest note of pianoforte. 
G2 
G2 32 ft Lowest audible sound. Longest pipe in largest organ. 

Notes o the "Gamut"  C  D  E F  G  A  B C 
Vibration frequencies proportional to  1  %  Si  »  1St  2 
Intervals between successive notes  96  1% '919 %  194  9e icrls 
NOTE:- Nearest n te is indicated. Scale based on Middle G' (Physical Pitch)  256 
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Volume vs. Fidelity 

D ARTICULARLY when reproducing music. the 
J. volume of the reception has quite a little 
to do with the naturalness of the reproduction. 
l'he loudness of the sounds influences the 
fidelity in two ways as explained in the follow-
ing paragraphs. 
In the first place, we should realize that we 

are accustomed to listen to different types of 
music—symphonies, jazz, string trios, etc. — 
at definite levels of volume. If we adjust our 
set so that the music is not reproduced at a 
volume of approximately the same level to 
which we are accustom , then the reproduc-
tion will sound unnatural—in fact, it is un-
natural. If we increase the volume so a soloist 
sounds like an entire orchestra, or decrease the 
volume so that the boom of the base drum 
sounds like someone tapping the table with a 
pencil, we have certainly distorted the original. 
For most natural reproduction the volume level 
must appear to the ear to be about the same 
as the onginal. The fact that we never increase 
the volume to such a level because we couldn't 

tolerate so much sound in a single room, and 
because we don't want to annoy our neighbors, 
does not invalidate the argument. 
The second manner in which the reproduc-

tion of music at other than normal volume af-
fects the naturalness of the sound is due to the 
characteristics of the ear. At low volume levels 
the ear is quite insensitive to high and low 
audio frequencies but as the volume level is 
raised the sensitivity of the ear becomes more 
uniform over the entire range of audio fre-
quencies. The effect of this variation in the 
characteristic of the ear is such as to cause an 
apparent loss of low frequencies when the 
volume is turned down. This probably explains 
why a loud speaker seems to lose the lows when 
the volume is turned down—a point about 
which many experimenters have written us. 
Probably in almost all cases the loss of lows at 
low volume is not due to the characteristics of 
the loud speaker but is simply due, as indicated 
above, to the characteristics of the ear of the 
listener. 
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Factors Considered in Receiver Design 

TN THE DESIGN of a radio receiver certain factors 
must be considered in order to determine the 

circuits to be used. Some of these important fac-
tors are: 
1. The limiting values (maximum and minimum) 

of the field strength from the transmitting station. 
2. The output obtained from the antenna at a 

given field strength. 
3. The power output required from the receiver. 
4. The r.f. frequency band to be received. 
5. The al. frequency band to be amplified. 
6. The nature and strength of the interference 

from other radio transmitters and from noise. 
7. The selectivity required to permit the satis-

factory reception of the desired signal and the 
elimination of all undesired signals. 
8. The stability of the frequency transmission 

characteristic and the gain of the receives. 

With these facts decided, it is possible to pro-
ceed with the design and to determine how much r.f. 
and s.f. amplification is required, how selective the 
r.f. circuits must be, and what type of audio-fre-
quency output circuit must be used to supply 
power to the loud speaker. 
In the design of broadcast receivers the ten-

dency has been toward the building of stable, high-
gain r.f. amplifiers that are able to deliver sufficient 
voltage to the detector for satisfactory output at 
field strengths in the order of 1 to 10 microvolts per 
meter. This represents a very high order of sensi-
tivity and it is probable that the average noise 
level in many locations is of the same order or 
greater than the above field strengths, thereby 
making it of no advantage to endeavor to increase 
further the gain of the r.f. amplifier since this 
would simply result in an excessi v..1 ratio of noise 
to signal. 
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Measurements of Sensitivity 

IT IS BECOMING truite 00I11111011 to read statements to the effect that a certain receiver has a sensi-
tivity of so many microvolts per meter. As this me-
thod of rating the sensitivity of receivers is becom-
ing so popular, in this "Laboratory Sheet" we 
indicate exactly what this term means. 
When a receiver is to be measured for sensitivity 

it is generally done in the following manner. A re-
ceiver is set up and a resistor is connected across 
the s.f. output circuit of the set. This resistor has 
a value such as to give maximum power output 
per volt on the grid of the power tube. In most 
cases the resistor will have a value equal to twice 
the plate resistance of the output tube. 
The next step is to apply to an artificial antenna 

a known r.f. voltage modulated 30 per cent. at 
400 cycles and to increase the r.f. input voltage 
until 50 milliwatts of audio-frequency power is 
developed across the output resistance. We then 
determine the magnitude of the input r.f. voltage 
required to produce this output by dividing by the 
effective height of the artificial antenna which is 
usually four meters. This gives us the micro-
volts per meter input required to produce the 
standard output of 50 milliwatts. 

p_  

Assuming that such a method is used in deter-
mining the sensitivity of the set, it is simply neces-
sary to give the microvolts per meter input for 
standard output in order to define completely the 
sensitivity of the receiver. We can, therefore, say, 
for example, that a certain set has a sensitivity of 
10 microvolts per meter. This means that if a thirty 
per cent, modulated r.f. signal is impressed across 
the input, then 50 milliwatts of power will be de-
veloped in the output at 400 cycles. 
During the past few years there have been re-

markable improvements in r.f. amplifier circuits 
and as a result receiving seta te-day are much more 
sensitive than past models. Whereas a sensitivity 
of 50 or 100 microvolts per meter was not uncom-
mon during past seasons, more recent receivers have 
a much higher sensitivity, in many cases being of 
the order of 3 or 5 microvolts per meter. 
In many seta the sensitivity varies widely over 

the broadcast band, generally being low at low 
frequencies and high at high frequencies. This is a 
disadvantage which is gradually being overcome and 
sets are being produced which have a more uniform 
high sensitivity throughout the entire broadcast wave 
band. 
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Effect of Reflection and Echos 

T nr conrrestrLATmo the subject of fidelity in its relit-  will be quite noticeable bet it is not as effective 
±  tion to the problem of loud speaker reproduc-  in producing a definite audible change in intensity 
bon there are many factors to be considered. In  when listening to music. In music or speech the 
this connection one of the most important consider-  frequency changes so rapidly that the effects of 
ations is the condition under which the loud speaker  standing waves are not especially noticeable, if 
is to be operated, whether it is to be operated in  at all. 
the open, in a large room with heavy drapes, in a  From the above remarks it should not be thought 
room practically bare of furnishings, etc., for it  that the effects of reflection and echoes are always 
should be realized that the naturalness of the re-  detrimental. In many cases a certain amount of 
production will depend to a large extent upon these  echo effect improves the reproduction, adding an 
conditions.  effective vastness and a richness to the tones which 
When a loud speaker is operated in a room there  would otherwise be lacking. 

is a certain amount of reflection of sound from the  It is frequently the case that the naturalness 
walls and standing waves are also generated. Both  of the reproduction is greater if one listens in some 
of these factors cause a change in response depend-  room adjacent to the one in which the loud speaker 
ing upon the position of the listener in the room,  is located, and if possible it is frequently advisable to 
At one point we might hear a very intense sound  locate the loud speaker in some room other than 
at some particular frequency but, upon moving  that in which one ordinarily sits when listening to 
but a step or two away, the intensity of the sound  a program. In such a case the increased natural-
will markedly decrease. If the loud speaker is  ness is probably due to the effect of the reflection 
supplied with a single-frequency tone this effect  and echoes which occur. 
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Fidelity in Radio Receivers 

RAi m ENGI NEERS, in rating the performance  signal having a value such that normal output 
of radio receivers, now make use of three  is obtained. The frequency of the modulating 

terma, sensitivity, selectivity, and fidelity,  signal is then varied (the modulation being 
These three factors completely define the essen-  held constant) over the entire audio-frequency 
tial characteristics of a set and make it possible  band and the output power at each frequency 
to compare readily one set against another,  is noted. From these data a curve can be plotted 
Sensitivity is determined, as explained iii  showing how the audio-frequency output power 

"Sheet" No. 312, by impressing an r.f, voltage  from the set varies with frequency. 
on the input of the set, of a value such that  Such curves are run at various radio fre-
normal output-50 milliwatts—is obtained.  quencies—say 600, 1000, and 1500 kc.—in the 
In this sheet we explain the meaning of the  broadcast band so that the variation in fidelity 
term fidelity and explain briefly how it is  can be determined. In this way we can tell 
measured. " Laboratory Sheet" No. 314 gives  something regarding the characteristics of the 
similar data on selectivity.  r.f. amplifier system, for if the system tunes too 
Fidelity is the term used to indicate the ac-  sharply at some point in the broadcast band 

curacy of reproduction, at the output of a radio  the sidebands will be suppressed partially and 
receiver, of the modulation impressed on the r.f.  this will show up on the curve which we plot as a 
signal applied to the input of the receiver under  falling off in response at the higher audio Ire-
test A receiver having perfect fidelity would  quencies. 
be one in which the form of the output current  In making such tests it is essential, of course, 
was exactly similar to the form of the current  that the source of audio-frequency voltage used 
used to modulate the r.f. signal. Fidelity is  to modulate the r.f, input signal be quite purer 
determined by setting up the receiver to be  i.e., free from harmonies. Generally the total 
tested and impressing on its input an r.f.  harmonic output from the al. oscillator 
signal modulated at 30 per cent., the input  should not be allowed to exceed five per cent. 
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Selectivity of Radio Receivers 
pRACTICALLY  speaking, the selectivity of a 
receiver  is that  characteristic  which 

enables us to determine how well the set will 
tune-out one signal and tune-in another. 
Technically, it is defined in somewhat similar 
fashion, as the degree with which a radio re-
ceiver is capable of differentiating between 
signals of different carrier frequencies. 
Selectivity is determined with the aid of an 

if, oscillator by means of which we are able to 
impress known r.t voltages on the input of a 
radio receiver. There are various methods of 
carrying out the test but the one generally used 
is to impress a small known voltage on the input 
of the set, note the output of the set, and then to 
vary gradually the frequency of the r.f. oscilla-
tor, at the same time adjusting the voltage 
supplied to the receiver so as to maintain the 
same output. In this way we obtain a set of 
figures showing how the output of the receiver 
falls off either side of the frequency to which it 
is tuned. Generally the more rapidly it falls 
off the better is the selectivity. 
Unfortunately a receiver's selectivity is, as 

has been pointed out many times, closely tied 
up with its fidelity, for if we make the selectiv-
ity too great the sidebands are suppressed and 
the high frequencies are partially suppressed. 
At least this is true of ordinary circuits. 
Selectivity curves are, of course, made at 

various points throughout the broadcast band 
so that the variation in the receiver's selectivity 
at different points in the broadcast band can be 

determined. The results are finally plotted in 
the form of curves, un example is given below. 

300 

10 20  10  0  10 
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Range of Frequencies Required 

11)Agr AND PRESENT improvements in quality 
of reproduction from radio receivers has 

been due in no small extent to the important 
research carried on by the laboratories of the 
Bell Telephone Company to determine the 
characteristics of the ear so that some rules 
might be laid down regarding the range of 
frequencies required for good reproduction 
and the range of pressure common in speech 
and music. A group of curves illustrating some 
of these important characteristics is given in 
" Laboratory Sheet" No. 317. These curves 
show how the sound pressure varies for sounds 
of constant volume over the entire band of 
audible frequencies. On the curve are also in-
dicated some contour linea of equal volume 
which have been divided into three parta, the 
base, the tenor or alto, and the soprano, corres-
ponding to the range of notes produced by 
various instruments. 
The vertical distance between the two limit-

ing lines indicates the range in pressure and 

shows that although the pressure is greater at 
the l.wv frequencies, the range of pressure is not 
as great as at the higher frequencies. 
The musical instruments producing the great-

est pressures are the percussion type such as the 
traps and drums. Although the fundamental 
tones produced by these instruments are quite 
low they are very rich in harmonics extending 
sometimes up to 10,000 cycles. 
Generally speaking, the fundamental and 

first three overtones are essential in order to 
distinguish the notes of various instruments and 
better reproduction is obtained if the fourth 
overtone is reproduced. The frequencies used 
most in music are contained in the octaves 
between 128 to 512 cycles. As the fourth over-
tone of 512 cycles is 8192, tones of this frequency 
and below frequently occur in music. The aver-
age individual, however, would probably find it 
difficult to detect the elimination of all frequen-
cies above 6000. The letters "uy" on the curve 
mean "double vibrations." 
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C-Bias Resistor Values 

M AE TABLE ON this sheet gives the values of  TYPE OF  PLATE  C-BIAS RESISTOR IN OHMS 
C-bias resistor in ohms which must be used 

in conjunction with various types of tubes used 
in a.c. receivers to supply correct bias. It will 
be noted that the value of the resistor for 
use when the filament is operated on a.c. is 
slightly different from the value when the fila-
ment is on d.c. This à due to the fact that in the 
case of d.c. operation the returns are connected 
to the negative side of the filament and in a.c. 
operation they are connected to the mid point 
of the filament aide. If the two tubes are con-
nected in parallel, and obtain their C bias from 
a common resistor, then the value of the C-bias 
resistor  should, of course, be half that 
indicated in the table. 

TYPE OF  PLATE  C-DIAS RESISTOR IN OHMS 
TUBE  VOLTAGE FIL. ON D. C. FIL. ON A. C. 
226  90  1700 

135  1500 
180  1800 

TUBE  VOLTAGE FIL,  Lb. G  FIL. ON A. C. 
227 

135 
180 

112A  90 
135 
180 
90 
135 
180 

210  250 
350 
425 

250  250 
300 
350 
400 
450 

245  180 
250 

224  180 

90 

171A 

850 
1300 
1350 
1650 
1700 
2000 
1500 
1700 
1750 

2000 
1800 
2250 
1300 
1650 
1600 
1900 
1850 
2150 
1800 
1950 
1950 
1600 
1550 
1400 
1300 
1550 
1250 
1550 
350 
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Range of Frequencies Required 
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60- and 120-Cycle Hum Measurements 

IN rims "Laboratory Information Sheet" are 
J. given some data on hum measurements made 
in the Laboratory some tame ago. The measure-
ments were made using an a.c.-operated Wright 
DeCoster electrodynamic loud speaker. These 
measurements were made to determine how 
much a.c. voltage at 60 and 120 cycles was neces-
sary alSOEIS the primary of the coupling transfor-
mer in the loud speaker to produce an audible 
hum output. 
Two series of measurements were made. The 

first to determine what voltage would produce 
a just audible sound and the second to indicate 
what voltage was required to produce the 
maximum hum that might be tolerated. The 
figures are useful in indicating how much hum 
voltage in the output circuit of a radio receiver 
is permissible. It is interesting to note from 
the figures given below that the ratio of the 
voltage at 60 cycles to the voltage at 120 cycles 
is approximately 10, which ratio agrees quite 
well with the variation in sensitivity of the ear 
between 120 and 60 cycles. 

60 cycles 
120 cycles 

JUST AUDIBLE MUM 

1.3 volts 
0.15 volt 

MAXIMUM TOLERABLE HUM 

60 cycles 
120 cycles 

5.2 volts 
0.54 volt 

If we assume that most of the hum arises in 
the detector circuit, it is a simple matter to 
calculate the maximum permissible valus of 
this hum. We simply have to divide the voltage 
indicated above by the gain of the amplifier. 
For example, if an amplifier had a gain of 200, 
then the amount of 60-cycle voltage in the 
plate circuit of the detector tube to produce a 
just audible hum from the loud speaker would 
have to be 1.3 divided by 200 which gives 
0.0065 volt or 6.5 millivolts. The maximum 
permissible 120-cycle voltage is 0.15 divided by 
200 which gives 0.00075 volt or 0.75 millivolts. 
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Apparent Demodulation of Weak Signals 

JE NovEzrata, 1929, Experimental Wireless and the Wireless Engineer S. Butterworth published a 
short article entitled "Notes on the Apparent 
Demodulation of a Weak Station by a Stronger 
One." In this article the author treated mathemati-
cally the effects which occur when two modulated 
carriers are applied to a linear detector of perfect 
characteristics, i.e., the detector that completely 
suppresses one half of the applied signal. 
With such a detector it is found that the intensity 

of the two audio-frequency signals produced by 
demodulation do not bear the same ratio as do the 
carriers of the applied signals. Instead it is found 
that the ratio of the audio-frequency outputs is 
greater than the ratio of the carriers, the differences 
in these two ratios becoming greater with increases 
in the ratio of the two carriers. The only point at 
which the carrier ratio and the audio-frequency ratio 
are equal is where the two carriers have the same 
valve. When the two carriers have a ratio of 10 to 1 
the audio-frequency signals produced by the demod-
ulation of the earners have a ratio of 200 to 1. In 
other words, if two modulated carriers have a ratio 

of 10 to 1 and the stronger carrier produces an 
audio-frequency output of 1 volt then the output 
due to the weak carrier is only 0.005 volt. The net 
remit of this apparent demodulation of a weak 
signal by a strong signal is that the apparent selec-
tivity, as judged by the ratio of the two audio-
frequency outputs, is greatly increased. 
The figures given in Mr. Butterworth's article 

have been plotted in the form of a curve which ap-
pears on Laboratory Sheet No. 320. From this curve 
it is possible to determine quickly the audio-
frequency ratio for carrier ratios of from unity to 
10. 
The audio-frequency ratios indicated on the curve 

are, of course, only obtained when the detector is 
perfect, and, as the detector departs from this char-
acteristic, the apparent demodulating effect de-
creases. 
This same effect treated mathematically by Mr. 

Butterworth was illustrated graphically and ex-
perimentally by F. E. Terman in his article entitled 
• Linear Power Detection" published on page 49 
of November, 1929, RADIO BROADCAST. 
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Apparent Demodulation of a Weak Signal 
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Service Procedure 

IN TEE servicing of radio receivers a sensible, 
a. systematic method of testing is most essential. 
Testing this, that, and the other thing—testing 
haphazardly, in other words—will finally lead one to 
the fault, but it can hardly be called the proper 
method of procedure. In servicing, as in most every-
thing, there is a proper place to start and a proper 
procedure that will locate most quickly the thing 
we are looking for. 
Voltages delivered to the tubes should first be 

checked. This should usually be done. 
If there is some definite indication of the trouble 

it is usually a simple matter to fix it, but if there 
are no indications of what part of the circuit is at 
fault, it is generally beet to proceed somewhat as 
follows: 
First check the a.f. amplifier. Lightly tap the de-

tector tube and listen for a response from the loud 
speaker. If the set has a phonograph connection 
(and most receivers have) connect a pair of head 
phones to the circuit, tap the diaphragm of the 
phones and listen for an answering tap from the 
loud speaker. If there is no response from the loud 
speaker, the fault must be in the al. amplifier, the 
power tubes, the loud speaker, or the voltage supply 
to these tubes. 

The next part of the circuit to test is the detector. 
It is usually possible to disconnect the antenna from 
its usual location and connect it instead directly 
to the stator plates of the variable condenser tuning 
the detector circuit. By tuning the set it should then 
be possible to pick up powerful local stations provid-
ing the detector circuit is functioning properly. If 
the al. amplifier works satisfactorily but no signals 
can be picked up with the antenna connected as 
indicated above, there is probably some fault in 
the detector circuit. 
After checking over the a.f. amplifier and detector 

circuits, it is then possible to check the r.f. amplifier, 
the simplest method being to touch the antenna 
to the plate terminal of the r.f. amplifier tube pre-
ceding the detector, then to the plate circuit of the 
preceding r.f. amplifier, etc., until the normal 
antenna connection is reached. 
By systematically testing in this manner it is 

generally possible to locate quickly the point in the 
circuit where the fault lies and then to take what-
ever measures are necessary to correct it. The need 
of a good set tester in such work is, of course, obvi-
ous, for without one it is hardly possible to determine 
accurately the condition of the tubes and whether 
or not they are receiving proper voltages. 
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Inductance of Coils 

LABONATOAY SHEET" No. 323 contains a set of iLa  curves by means of which the inductance of 
a coil in microhenries may be determined if the size 
of the tube, size of the wire, and number of turns 
are known; or conversely, a coil of any given in-
ductance may be constructed using the number of 
turns indicated by the chart for the particular size 
of tube and size of wire to be used. The chart covers 
tube sizes of three and four inches and wire sizes of 
No. 16, 18, 20, 22, and 24. In all cases the wire is 
double cotton covered. 
The curves are based on the simplified formula 

for the inductance of a coil— 

L  a2ntK 
10 v 

where L = inductance in microhenries 
a = tube radius in inches 
= length of winding in inches 

n = number of turns of wire 
• K  a constant 

Using the chart on "Laboratory Sheet" No. 323 

in conjunction with the chart given on "Laboratory 
Sheet No. 286, it is possible to determine quickly 
how many turns of a particular size of wire are 
necessary on a given tube to cover the broadcast 
band with a certain size variable condenser. 
For example, suppose a coil were made for use 

with a 0.0005-mfd. variable condenser. The chart on 
Sheet No. 286 indicates that 170 microhenries of 
inductance are required, to tune up to about 550 
kc. Suppose we wanted to use a 3-inch tube wound 
with No. 22 wire. By referring to the chart on tlie 
following sheet we find that in order to obtain an 
inductance of 170 microhenries the coil must have 
47 turns of wire. 
With these two charts it is also possible to work 

back and find the size condenser necessary to tone 
a given coil over the broadcast band. Suppose we 
had a coil wound with 65 turns of No. 24 wire, the 
tube size being 3 inches. What size variable con-
denser will tune it over the band? By referring to the 
chart below we find that such a coil will have an 
inductance of 295 microhenries. Then, referring to 
the chart on Sheet No. 286, we can determine that a 
0.0003-mfd condenser will be required. 
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Hum vs Volume Control 

'rim « rs  characteristic difference in the 
-1-  operation  of  receivers  with  and  without 
automatic volume control circuits which has a 
fundamental effect on the amount of a.c. hum from 
the loud speaker. 
In a receiver in which the volume control is lo-

cated in the r.f. amplifier the detector must function 
at a level depending upon the setting of the volume 
control. At high volume levels the detector must 
work at r.f. input voltages large in comparison 
with those applied to the detector when the desired 
volume level its low. Now, in a set using an auto-
matic volume control, the manual volume control 
is usually located in the a.f. amplifier and the auto-
matic circuits function to apply a constant r.f. 
voltage to the detector. As a result the a.f. output 
from the detector is constant and volume is ad-
justed by impressing more or less of this constant 
detector output on the following a.f. amplifier tube. 
The fundamental difference between these two 
arrangements is, therefore, that in one case the 
detector input varies and in the other case it is 
constant 
The hum from the detector circuit is responsible 

for a large part of the hum finally impressed across 
the loud speaker. The hum voltage from the detector 
is constant—it does not depend on the setting of 

the volume control. Therefore, if the desired signal 
is much louder than the hum at all volume levels it 
is necessary to operate the detector at signal levels 
such that the desired al. output is always much 
greater than the hum output With the volume con-
trol in the r.f. amplifier this is not always possible, 
for, when the volume is turned down very low, the 
desired signal output may become comparable with 
the hum output of the detector, lf, however, the 
volume control is in the al. amplifier the detector 
is operated at high signal levels at all times regard-
less of the setting of the volume control. As a result, 
in receivers with automatic volume the ratio of de-
sired signal to hum in the plate circuit of the detector 
tube is always high, and, other factors being equal, 
the hum from receivers using automatic volume 
control will be less than that from receivers not 
using automatic volume control, provided the man-
ual volume control is in the a.f. amplifier. 
It is, of course, at low volume levels that the 

difference in hum will be most noticeable, for it is at 
such levels that the hum voltage from the detector 
will be largest in comparison with the desired 
signals. At high volume levels there is no reason 
why the hum from sets without automatic volume 
control should not be equal to that from sets with 
automatic volume control. 
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Beat-Frequency Oscillator 

Aiv siertcLE entitled "The Frequency Character-
"1 inks  of  Telephone Systems  and  Audio 
Frequency Apparatus, and Their Measurement," 
written by B. S. Cohen, A. L. Aldridge, and W. 
West, and published in the September, 1926, 
Proceedings of the Wireless Section of The Institution 
of Electrical Engineers, England, gives the circuit 
and constants of a beat-frequency oscillator for use 
in making measurements on telephone apparatus. 
This circuit is reproduced on "Laboratory Sheet" 
No. 326. 
Each high-frequency oscillator circuit comprises 

a grid coil, Ls, of 50,000 microhenries coupled to 
a plate coil. Li, of 20,000 microhenries and tuned by 
a fixed condenser. CI, of about 0.001 mfd. A variable 
condenser, Ca, with a maximum value of 0.0005 
mfd. is connected in parallel with condensers CI 
to cover a frequency range of about 5000 cycles. 
The output cods. Li, each of 10,000 microhenries, 
introduce the high frequencies from each oscillator 
into the high-frequency amplifiers, Vs--the use of 
these high-frequency amplifiers serves to prevent 
interaction between the two oscillators. The coup-
ling between the output of the high-frequency am-
plifiers and the detector is obtained through a 
coupling condenser, Cs, and the two-megohm leak in 
the grid circuit of the detector tube. The detector, 

V.. is of the plate-rectification type. In the plate 
circuit of the detector is a low-pass filter having a 
cut off at about 20,000 cycles. The filter functions to 
reduce to negligible values the high frequencies in 
the output of the oscillator. Two stages of resistance-
coupled amplification are used between the detector 
and the output of the oscillator. 
With a special output transformer it was still 

found that there was a tendency for the output to 
fall off at high frequencies. This was corrected by 
reducing the output at low frequencies to the value 
obtained at high frequencies. This was accomplished 
by means of an 0.2-henry air-core inductance. Ls, 
in the plate circuit of the amplifier VI. In series with 
the inductance is the variable non-inductive re-
sistor, 114, which in combination with the choke coil 
produced the desired rising frequency characteristic 
so that a uniform output could be obtained. 
The harmonic output determined by means of an 

oscillograph was found to be less than 5 per cent 
and could be further reduced by connecting a con-
denser in shunt across the input to the detector tube. 
This provided in the plate circuit of the high fre-
quency amplifier tubes a lower impedance for the 
harmonics than for the fundamental and tended to 
improve the wave form of the high frequencies im-
pressed on the detector tube. 
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Fidelity in Modern Receivers 

9 , 1113 ONLY way the user of modern radio ap-
.1 paratus can make his rat-river distort is by 
(a) not tuning it accurately to the station to be re-
ceived and (b) increasing the volume to the point 
where overloading occurs in one or more of the 
tubes. Distortion due to (b) rather than (a) is 
most generally found in practice, but trends in re-
ceiver design are gradually leading to receivers in 
which the tubes cannot be overloaded. Such re-
ceivers cannot be made to produce distortion other 
than that inherent in the characteristics of the cir-
cuit or that produced by improper tuning. 
Tube overloading generally takes place in the 

detector and power tube long before it becomes 
serious in any of the other tubes. The task, .there-
fore, is to design sets in which the amplified audio-
frequency output of the detector is sufficient to 
apply the maximum permissible voltage to the grid 
of the power tubes (the maximum permissible 
voltage being limited by distortion in the power 
tube) and to include some method making it im-
possible to apply signal voltages in excess of the 
maximum permissible value to the power tube. 
To design such a set we must first determine the 

maximum a.c. voltage which may be impressed 

across the power tube before distortion occurs. We 
then work back through the a.f. amplifier and de-
termine how much at, voltage is required from the 
detector tube. Then, knowing the rectification 
characteristics of the detector tube, we can de-
termine the maximum r.f. voltage which must be 
impressed on the detector. In order to impress on 
the detector a value of r.f. voltage which, when 
rectified and amplified, will impress the maximum 
permissible voltage across the power tube, automa-
tic volume control circuits must be used. In such 
sets it is a function of the automatic control 
circuits to limit the detector input to this pre-
determined value regardless of the value of the 
field strength. Therefore, such a receiver cannot be 
overloaded. 
The manual volume control in such a receiver is 

located in the a.f. amplifier so that the desired 
portion of the a.f. voltage from the detector may be 
impressed on the power tube. However, the design 
should be such that it is impossible to apply 
sufficient a.f. voltage to overload the power tube. 
The automatic volume control circuit which limits 
the maximum value of the a.f. output from the de-
lector makes such a design possible. 
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Loud Speaker Bibliography 

T im rom.oveirio short bibliography on the theo-
retical development of electrodynamic loud 

speakers was prepared by F. V. Hunt, Cruft Labor-
atory, Harvard University. 

T HE  D EVELOPMENT  OF  A  H ORNLESS  T YPE  OP 
LOUD SPEAKER: (This is the definitive paper that 
lays the foundation for subsequent design. Con-
sulted at this date it seems incomplete, but one 
cannot be "in the know" without a grasp of 
these fundamentals.) Rice and Kellogg. A.I.E.E. 
Journal, Sept., 1925. 

L OUD SPEAKERS:  (A lecture delivered before the 
Radio Society of Great Britain in January, 1926, 
that greatly stimulated the discussion and de-
velopment of electrodynamic loud speakers in 
England.) McLachlan. E. W. J W. E. (London), 
March, 1926. 

A SERI ES OF A RTICLES ON L OUD SPEAKERS: (Gen-
eral discussion of electrodynamic loud speaker 
design, with notes in the first on the influence of 
diaphragm diameter on interference effects at 
high frequencies. Many details of interest to the 
home constructor) McLachlan. IVireless World, 
March 23, March 30, April 13, 1927. 

T HE  OUTPUT STAGE  AND  THE  M OVING  C OIL: 

(Report of some measurements on the impedance 

of electrodynamic loud speakers and discussion 
of its influence on the response curve.) McLach-
lan. Wireless World, Aug. 8, Nov. 28, 1928. 

R ESONANCE  P HENOMENA:  (Consideration of the 
factors produchiff and affecting the resonant 
frequencies, especially the low-frequency 'boom' 
resonance due to the diaphragm-supporting mem-
brane.) McLachlan. Wireless World, Oct. 10, 
Oct. 17, 1928. 

OUTPUT PO WER M EASUREMENTS ON  A M OVING-

COIL LOUD SPEAKER:  (Practical measurements 
of loud speaker output, using the method of 
bridge measurement of the motional resistance. 
In addition the equivalent electrical circuits 
of the electro-mechanical loud speaker system 
are developed in an appendix and off a power-
ful approach to the design problem for one 
familiar with electrical filter theory.) Clark and 
Bligh. E. W. J W. E.. Sept:, 1928. 

LOUD SPEAKER T ESTING  M ETHODS:  (Description 
of what is still the best method available for 
obtaining loud speaker response curves: con-
denser microphone, equalised amplifier and 
vacuum-tube voltmeter, and semi-automatic re-
cording.) Wolff and Ringel. I. R. E. Prue., May. 
1927. 
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Continuation of foregoing paper, showing several 
actual curves and discussing their interpretation. 
Wolff. I.R.E. Proc., Dec. 1928. 

A HIGH- EFFICIENCY R ECEIVER OF LARGE PO WER 
C APACITY  FOR  H ORN- TYPE  L OUD  SPEAKERS: 
(This is a detailed description of the Western 
Electric 555-w unit now being used chiefly for 
"talkie" installations. One hesitates to use the 
superlative but it is probably the best loud 
speaker now made, yielding honest efficiencies of 
25-50 per cent. from 50 to 5000 cycles and with 
no resonance peaks. Unfortunately the horn 
required to do the unit justice makes it unsuitable 
for home use. Wente and Thoras. Bell System 
Tech. Journ., Jan., 1928. 

NEW M OVING- COIL Loun SPEAKER. .lourn. Scient. 
Inste., June, 1929, V. 6, pp. 107-108 -

T HE  ACOUSTIC PERFORMANCE  OF  A  VIBRATING 
RIGID Disc D RIVEN By A C OIL SITUATED IN A 

R ADIAL M AGNETIC FIELD.  N. W. McLachlan. 
Phil. Mug., June, 1929, V. 7, No. 46, pp. 1011-
1038. 

D ESIGN D ATA ON THE M OVING C OIL: (Some notes 
on the most efficient coil and its correct design.) 
L.E.T. Branch. Wireless World, May, 1929, V. 
24, pp. 561-564. 

T HE M OVING C OIL Loun SPEAKER: II. M . Clarke. 
E.W. J W E., July, 1929, V. 6, pp. 380-384-

M OVING- COIL LOUD SPEAKERS, WITH PARTICULAR 

R EFERENCE  TO  THE  FREE- EDGE  C ONE  T YPE. 

C. R. Cozens. E.W. J W.E., July, 1929, V. 6, 
pp. 353-368. 

SOUND R ADIATION FROM A SYSTE M OF VIBRATING 

CIRCULAR DIAPHRAGMS. I. Wolff & L. Molter. 
Phys. Review, June, 1929, V. 33, pp. 1061-1065. 

T HE  " B REAKING  UP" or  L OUD  SPEAKER  DIA-
PHRAGMS.  N. W. McLachlan, Wireless World, 
July 10 & 17, 1929, V. 25, pp. 33-35 & 62-64. 

M ESSUNG  D ER  O ESA MPTENERGIC  VON  SCHALL-

QuELLEN:  (Measurement of Total Energy of 
Sound Producers.) E. Meyer & P. Just. Zedsch, 
f. tech. Phys.. Aug., 1929, V. QP, No. 8, pp. 309-
316. 

R
A
DI
O
 
BR
O
A
D
C
AS
T'S
 
D
A
T
A
 
SH
E
E
TS 



No. 330 RADIO BROADCAST Laboratory Information Sheet 

Loud Speaker Bibliography 
(C,onlinued) 

MIER NEUERE AKusTiscEE:  (New work on 
acoustics and in particular electro-acoustics.) 
F. Trendelenburg. Zeilselar. f. Hochfreg. Tee., 
Oct., 1928, Vol. 32, pp. 131-135. 

PRESSURE DISTRIBUTION IN A FLUID DUE TO THE 
AXIAL VIBRATION OF A RIGID Disc. N. W. 
McLachlan. Proc. R . Soc., Feb. 4, 1929, V. 
122A, pp. 604-609. 

THE EFFECT OF A FINITE BAFFLE ON IIIE EMISSION 
OF SOUND BY A DOUBLE SOURCE, M. J. O. Strutt. 
Phil. Mag., March, 1929, No. 43, V. 7, pp. 135-

APPARENT EQUALITY OF LOUD SPEAKER OUTPUT 
AT VARIOUS FREQUENCIES. L. C. Hector & H. N. 
Kozanowski. I.R.E. Proc., March, 1929, V. 17, 
pp. 521-535. 

TRANSIENTS ALIAS "ATTACK": (Natural oscilla-
tions of loud speaker diaphragms.) N. W. Mc-
Lachlan. Wireless World, April 3 & 10, 1929, 
V. 24, pp. 346-348, 385-388. 

DOES A VIBRATING DIAPHRAGM C &ART A MASS OF 
AIR Wi m IT? G.W.0.11. (Editorial) 5.1V. d 
W.E., March, 1929, V. 6, pp. 117-118. 

ON THE SOUND WAVES RADIATED FROM LOUD 
SPEAKER DIAPHRAGMS. E.W.  W.E., April, 
1929., V. 6, pp. 175-177. 

A.E.G.  Coll.-Diu% EN  LOUD SPEAKER:  (Rice-
Kellogg) F. A. Fischer and H. Lichte. A.E.G. 
Mill., Jan. 1929, No. 1, pp. 25-31. 

THE INDUCTOR DYNAMIC: (Farrand Laud Speaker 
Movement.) H. P. Weinman. QST, Aug., 1929, 
Vol. 13, pp. 29-30. 

TRANSIENTS IN LOUD SPEAKERS AND AMPLIFIERS: 
(How sudden changes in sound intensity affect 
the amplifier: the important effect of a choke-
filter output.) N. W. McLachlan. Wireless World. 
Aug. 7 & 14, 1929. Vol. 25, pp. 118-121, 154-157. 

Acounrric PRESSURE AND VELOCITY RELATIONS 
ON A CIRCULAR Disc AND IN A CIRCULAR OBI-
rice. A. G. Warren. Phys. Soc. Proc. 40. pp. 296-
298. Disc. 299 Aug. 1928. 

THE ELECTRODYNAMIC Loup SPEAKER: (Good brief 
discussion of motional impedance with some 
notes on practical design.) E. A. Uehling. Ramo 
BROADCAST, Dec. 1929, pp. 113-115. 
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Modulated Oscillators and Output Meter 

nNE OF the most important tasks in the servicing 
of radio receivers is the accurate alignment of 

the tuning condensers and the accurate adjustment 
of the neutralizing condensers. Although these 
operations may be carried out by tuning the set 
to some local station and making the necessary 
adjustments while listening to the a.f. output, this 
method is not very accurate. It is much better to 
set up a local oscillator and an output meter so that 
the input to the set and the a.f. output are reason-
ably constant and so that slight changes in the 
adjustments can be detected readily. 
On "Laboratory Sheet" No. 332 are given the 

circuits of two simple modulated oscillators and 
two output meters that may be used in checking a 
receiver. Oscillator No. 1 is designed for operation 
on a.c. and oscillator No. 2 for operation from bat-
teries. The a.c.-operated oscillator uses a 226-type 
tube supplied from a filament transformer and 
plate potential is obtained by connecting the plate 
lead to the primary of the power transformer. The 
oscillator will then have 110 volts a.c. on its 
plate and will be modulated by the a.c. The bat-
tery-operated oscillator uses a 199-type tube and 
the grid leak and condenser values are such that 

they will function to modulate the output. It is. 
essential, of course, that the oscillator be modu-
lated ao that a note will be audible in the output of 
the loud speaker connected to the set under test. 
The output meter No. 1 uses a 226-type tube 

as a rectifier in series with an 0-10 milliammeter and 
a 1-to-1 output transformer. The output meter of 
oscillator No. 2 simply uses a 1-to-1 transformer 
to whose secondary an a.c. milliammeter is con-
nected. If an ac. milliammeter is available this is, 
of course, the simplest circuit but if a d.c. milliam-
meter must be used it is necessary to rectify the 
output by some circuit such as is indicated by cir-
cuit 1. 
In use the output meter terminals marked "to 

set" are connected either directly across the moving 
coil of the electrodynamic loud speaker or, if neces-
sary to get sufficient reading, across the primary 
of the transformer supplying the loud speaker. The 
oscillator is set up near the set and located at such 
a point that a satisfactory deflection is obtained 
on the output meter when the set is tuned to the 
frequency being generated by the oscillator. The 
various condensers can then be accurately aligned 
until maximum deflection is obtained on the meter. 
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Modulated Oscillator and Output Meter 

rrillE CIRCUITS on this sheet show arrangements 
1 that can be used to supply a constant modu-
lated signal to a receiver for testing purposes and 
also output meter circuits that can be used to in-

OSCILLATORS 

PLATE COIL  0 0005 
.20 TURNS ON END OF TUBE  MFD. 

50 
TURN 
ON 3" 
TUBE 

FIL TRANS  110V 

\ 100 TURNS ,,, 
N.28 ON 

4 
TUBE, TAPPED 
AT CENTER 

diode qualitatively the output of the set. All 
specifications are given on the circuits and some 
notes on their use will be found in "Laboratory 
Sheet" No. 331. 

195 

e-- OUTPUT METERS — 1 

t -1 OUTPUT 
TRANS 

TO 
SET 

0-10 
M.A 
0 C 
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Calculating Power Output 

ONE or the simplest and most effective ways of 
calculating the power output of an ordinary 

three-element power tube is by the use of "load 
lines" plotted across a group of characteristics 
showing the relation between the plate current and 
plate voltage for various grid biases. A group of 
plate current-plate voltage curves for the 171A-
type tube are given on "Laboratory Sheet" 
No. 334 and the following notes indicate how the 
load lines are determined. 
It should be noted that these curves show the 

plate current obtained for various plate voltages at 
grid biases corresponding to from 0 to —80 volts. 
The first thing to do is to pick out the normal oper-
ating point of the tube, which in this case is —40, 
volts and 20 milliamperes. The tube has a plate 
resistance of 2000 ohms and for maximum undis-
torted output the load resistance would therefore 
be 4000 ohms. Wr, now have to lay off the line to 
indicate the manner in which the plate current will 
change Tith grid voltage. This is not difficult. With 
no signal on the grid the plate current will be 20 
milliamperes. Now assume that the plate current 
changes from 20 milliamperes to 40 milliamperes. 
This means that there will be a change of 20 milli-

amperes in the current flowing through the 4000-
ohm resistor. By Ohm's Law the resistance, 4000 
ohms, multiplied by this current, 20 milliamperes, 
gives the change in voltage across the 4000-ohm 
resistance, or in this case 80 volts. We, therefore, 
mark on the diagram point B at a plate current of 
40 milliamperes and a plate voltage of 100 (80 volts 
less than the normal operating potential of 180 
volts). A line is then drawn from the operating 
point at 20 milliamperes and 180 volts so as to pase 
through the point B. This is the load line corres-
ponding to a load resistance of 4000 ohms. 
Load lines for values other than 4000 ohms can 

be calculated in this same manner. For example, 
if the load resistance is 2000 ohms then a 20-mA. 
increase in plate current will produce a 40-volt 
change across the load resistance. This gives us 
point C at a current of 140 milliamperes and a 
plate voltage of 40 volts. Drawing a fine between 
t. and the operating point A gives the load char-
acteristic corresponding to 2000 ohms. 
In future Sheets we will show how these load lines 

may be used to determine the power output of 
the tube and also the percentage of second-harmonic 
distortion. 

R
A
DI
O
 
BR
O
A
D
C
AS
T'S
 
D
A
T
A
 
S
H
E
E
TS 



No. 334  RADIO BROADCAST Laboratory Information Sheet 

Calculating Power Output 

PL
A
T
E
 
C
U
R
R
E
N
T 

Ea-ci -io 220 -30 -40 

-50 

Eb718 

El, C .. 

-BO 

\ ••••A -70 

-80 

I-MIN. _  _ 
- - - - - - - - - 

 I-MIN•_ _t _ _ _  --

20  40  80  80  100  120  140  160  180  200  220  240  280 
PLATE VOLTAGE 

No. 335 RADIO BROADCAST Laboratory Information Sheet 

Undistorted Output vs Dynamic Range 

/TIM DYNAMIC range in volume which a radio 
J. receiver can handle depends largely on the 
maximum undistorted power output from the 
power tubes, upon the minimum acoustic power out-
put, and upon the efficiency of the loud speaker. 
In this sheet and the following some figures are 
given which serve to give some idea of the maxi-
mum undistorted power output required with loud 
speakers of various efficiencies for dynamic ranges 
of 20 to 60 DB, all the figures being based on the 
assumption that the acoustic sound output from 
the loud speaker at minimum volume is 5 micro-
watts. Some relative idea of this power may be ap-
preciated from the fact that the average power in 
speech is about 10 microwatts. 
An example will clearly indicate the basis on 

which these figures were determined. Assume that 
the sound output power at minimum volume is to 
be 5 microwatts, that the loud speaker has an 
efficiency of 3 per cent., and that the ratio between 
maximum and minimum volume is 40 DB, corres-
ponding to 10,000 to 1 in power. It the minimum 
sound output is 5 microwatts then the power input 
to the loud speaker for minimum volume is equal 
to the sound output divided by the efficiency which 
gives 0.167 milliwatts input to the loud speaker. 

If the ratio of maximum to minimum power is 
10,000, then the maximum power input to the loud 
speaker must be 10,000 times 0.167 or 1670 milli-
watts which is equal to 1.67 watts. The figures used 
in this examp:e correspond to those given in the 
second line of the data on "Laboratory Sheet" No. 
336. 
As will be noted the table on the following sheet 

is worked out for loud speaker efficiencies of from 
2 to 10 per cent, and for dynamic ranges of from 
20 to 60 DB. Each 10 DB increase in dynamic 
range, of course, requires a ten-fold inci ease in 
the maximum power output from the receiver. 
The maximum power output required for any given 
dynamic range is an inverse function of the effi-
ciency of the loud speaker so that doubling the 
efficiency halves the power output required. The 
maximum output requirements also depend nat-
urally upon what sound output at minimum 
volume is decided upon. In the table 5 microwatts is 
assumel but, of course, if this level is cut in half 
the power output for maximum volume i. also 
halved. The power outputs indicated under the 
columns 20, 30, 40, and 50 DB are expressed in milli-
watts. The power outputs under 60 DB are ex-
pressed in watts. 
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erns TABLE below serves  to  indicate! what 
I dynamic range in volume can be handled with 
a certain loud speaker efficiency and some definite 
value of acoustic power output at minimum volume. 

Efficiency 
of Loud 
Speaker 

2% 
3% 
4% 

8% 
10 % 

Power Out-
put for 

Minimtun Volume 

0.250 
0.167 
0.125 
0.100 
0.062 
, 0.050 

The basis for the figures and a brief explanation 
of their meaning will be found on "Laboratory" 
Sheet No. 335. Note: The figures under columns 20, 
30, 40, and 50 represent power output in milliwatts. 

Maximum power output in milliwatts required for a DB difference 
between minimum and maximum volume of 

20  30  40  .50  60 

25 
16.7 
12.5 
10.0 
6.2 
5.0 

250 
167 
125 
100 
62 
50 

2500 
1670 
1250 
1000 
620 
500 

25000 
16700 
12500 
10000 
6200 
5000 

250 watts 
167  " 
125  " 
100  " 
62  " 
50 " 
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Measuring 

ONE OF Tim simplest methods of measuring re-sistances is by the use of a d.c. voltmeter con-
nected in series with the resistor to be measured and 
across a known d.c. voltage. The circuit is shown on 
this sheet. 
The procedure is to measure the d.c. voltage first 

with the voltmeter. The resistor to be measured is 
then connected in series with the meter and the 
reading of the meter noted. With these data the 
value of the resistor may be obtained from the 
formula— 

Es—Er 
Ro  X Rm 

where Ro is the resistance in ohms; 
Er  is the voltage read on the voltmeter with 

the resistance connected in series with 
the voltmeter; 

E0 is the voltage of the source, i.e., that 
voltage indicated by the meter when it 
is connected directly across A-B; 

Rol is the resistance of the meter. 
Therefore, the only data needed to measure re-

sistances by this method is the resistance of the 
voltmeter. This information may be marked on the 
meter or, if not, it can be obtained from the manu-
facturer. In the following paragraphs are a few 
examples worked out by this method. 
Example: A 250-volt meter with a resistance of 

1000 ohms per volt is to be used to measure the 

Resistance 

value of an unknown resistor. The voltmeter is 
connected directly across three B batteries and the 
potential is found to be 140 volts. The unknown re-
sistor is then connected in series with the meter and 
the meter reads 25 volts. What is the value in ohms 
of the resistance? 
Since the voltmeter has a resistance of 1000 ohms 

per volt, the total resistance, Rm, is 1000 times 250 
or 250,000 ohms. Eo as measured is 140 volts. Er is 
25 volts. Therefore—. 

Ro 
14o 5-25 

X 250400 
2 

Bo = 1,150.000 ohms as the value of the un-
known resistir. 

(!) A 
RESISTOR 

SOURCE  TO BE 
OF D C  MEASURED 
VOLTAGE  IS CONNECTED 

HERE 

• 

VOLT METER 
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Three Types of Distortion 

SEYERAL DIPFERIENT types of distortion can be produced in the power tube. Distortion may 
result from (a) volume distortion, (b) frequency dis-
tortion, and (c) harmonic distortion. 
Volume distortion: The ratio between the output 

obtained from a tube and the a.c. input voltage to 
its grid should be constant up to the point where 
the tube begins to overload. If the ratio between 
output voltage and input voltage increases as the 
input voltage increases the strong signals are am-
plified more than week signals; if, conversely, the 
ratio decreases as the input voltage is increased, 
strong signals are amplified less than weak signals. 
In power tubes this type of distortion is slight, 
the power output per volt input square,' being 
constant up to the point at which the tube over-
loads. 
Frequency distortion: A tube and its associated 

circuits should give uniform amplification to all 
frequencies over the audio-frequency hand it is 
desired to transmit. If the amplification varies with 
different input frequencies certain notes are am-
plified more or lees than others. Over the audio-
frequency band little distortion of this type is 

produced by the tube itself, although frequency 
distortion may be introduced by the apparatus asso-
ciated with the power tube, such as the input or 
output transformer and loud speaker. 
Harmonic distortion: If a pure sine wave at some 

frequency is applied to the grid of a tube and in the 
output of the tube the same and other frequencies 
appear, then harmonic distortion is occurring. All 
power amplifiers produce a certain amount of this 
type of distortion, its extent depending upon the 
characteristics of the tube itself and the circuits 
out of and into which it works. The amount of 
second-harmonic distortion is used as a basis for 
rating the maximum undistorted output from a 
tube. If an ordinary three-element tube is working 
into a load resistance equal to twice its own plate 
resistance, the second-harmonic current is about 
5 per cent, at a point just before the tube begins to 
overload. This amount of distortion is considered 
small enough to be negligible. A tube may, of course, 
generate other frequencies besides the second har-
monic and, in fact, when a tube is somewhat over-
loaded it produces large amounts of second-, third., 
and fifth-harmonic distortion. 
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Detection Characteristics 

1-‘13113CTION  characteristics showing the rela-
tion between the d.c. plate current and r.f. 

input to a detector are very useful in determining 
the best point at which to operate a tube as a de-
tector. Such a group of curves are shown on this 
sheet, being taken from an article " Detection at 
High Signal Voltages" by Stuart Ballantine  'li-
belled in the Proceedings of the Institute of It.n no 
Engineers. 
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The curves on this sheet are for a 201.t-type 
tube operated with a resistance load in the plate 
circuit from a battery potential of 90 volts. Five 
curves are shown for grid biases from —2 to —20 
volts. These curves were made by measuring the 
plate current as the r.f. input voltage was gradually 
increased from 0 up to 30 volts. The plate cur-
rents obtained with the various input voltages were 
then plotted and the series of curves shown on this 
sheet was obtained. 
Minimum distortion will be obtained when the 

r.m.s. value of the carrier input is such as to bring 
the operating point of the tube at about the 
center of the straight portions of these curves. 
When this is done a linear characteristic is obtained 
and minimum distortion results. For example, the 
best operating point on the curve corresponding to 
the bias of minus 8 volts is with a carrier input of 
about 7 or 8 volts r.m.s. If the carrier input is 
greater or less than this figure some distortion will 
result especially at high values of modulation. 
Since many sets have the volume control in the r.f. 
amplifier so that the r.f. input to the detector varies 
depending upon the volume control setting an effect 
such as described above would take place. This 
can be prevented, however, by obtaining the bias of 
the tube from the plate current so that as the r.f. 
input changes the detector will tend always to 
operate on the proper characteristic. 
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Calculating Detector Output 

TR " L ABORATORY SITES!'" No. 339 is given the 
J. “transrectification" diagram of a 201A-type 
tube operated at a battery potential of 90 volts 
with a 110,000-ohm load in its plate circuit. This 
diagram shows the relation between d.c. plate cur-
rent and r.f. input voltage with various values of C 
bias. The method of obtaining the curve and a brief 
explanation of what it means will be found on the 
same Sheet. In the following notes we explain how 
it is possible from this simple diagram to determine 
the audio-frequency output voltage from a detector 
with a given r.f. input signal. 
To explain how this is done let us take for exam-

ple the center curve corresponding to a grid bias of 
minus 8 volts. This particular curve then shows the 
plate current obtained with various r.f. voltages 
applied to the input. With zero r.f. input the plate 
current is approximately 0.12 milliamperes, and, as 
the r.L input is increased, the plate current grad-
ually rises and then flattens out. It reaches a maxi-
mum of 0.8 milliamperes. Let us assume that an r.f. 
input of 7 volts modulated at say 43 per cent, is 
applied to the grid. What will be the al. voltage 
appearing across the load resistance? The steady 
plate current obtained with an r.f. signal of 7 voila 

will be 0.46 milliamperes. If the r.f. is modulated 
43 per cent, it means that the r.f. voltage varies 
about its mean value, 7 volts, by 43 per cent. There-
fore, it reaches maximum values of 7 + (7 X 0.43) 
or 10 volts and minimum values of 7 — (7 X 0.43) 
or 4 volts. The plate current corresponding to 10 
volts input is 0.63 milliamperes and the plate cur-
rent corresponding to 4 volts is 0.27. The a.c. plate 
current will therefore be one having an absolute 
peak of 0.63 milliamperes and a mimmum of 0.27, 
the difference between these two being equal to 
twice the peak value of the a.c. current. This differ-
ence is 0.36 and dividing by 2 we get 0.18 as the 
peak value of the audio-frequency current in the 
plate circuit. Dividing this peak value of 0.18 by the 
square root of 2 to get r.m.s, values we have 0.128 
as the effective a.c. plate current. This current in 
amperes multiplied by the load resistance gives the 
a.c. voltage. In this case it is 0.000128 X 110,000 
ohms which gives 14.1 as the audio-frequency 
voltage. This value of audio-frequency output ob-
tained by calculation agrees very closely with the 
measured value. This method of calculating detector 
output is therefore very effective and compara-
tively simple. 
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Reflection of Sound 

;rim m-reersrre of the sound we hear at 
1 any point in a room when listening to 
the output of a loud speaker is a function 
of the intensity of the direct sound ray, 
the reflected ray, standing waves, and the 
amount of reverberation. The diagram on 
this sheet together with the following 
notes gives a simple idea of the effect of 
the direct and reflected rays. 
The diagram shows a cone loud speaker 

placed a short distance in front of a wall. 
During operation of the loud speaker 
sound waves will be radiated in all direc-
time and if the listener is located at point 
A the sound he hears will be due to the 
direct ray and the reflected ray—the re-
flected ray being the one which leavee  DIRECT RAY. 
the loud speaker, strikes the wall 
and is then reflected into the room. 
The amount of energy reflected from  f 
the wall of course depends on the  ; 
material composing the wall—ordin-
ary hard walls are good reflectors 
and a major portion of the sound 
is reflected. If the walls are draped 
or are made of some acoustic ma-
terial the amount of sound reflected 
is much less. 

e 
REFLECTED 
RAY)  A 

DIRECT 
RAY 

REFLECTED  RESULTANT 
RAY  RAY 

The phase relation between the two 
waves at the point where the listener is 
located determines the intensity of the 
sound (neglecting reverberation), and if 
the two waves are exactly opposite in 
phase very little sound will be heard. 
On the other hand, some sound will 
always be audible became reflections 
are also taking place from all other parts 
of the room_ The effects of this type of 
reflections are prevented somewhat by 
the use of a baffle (although this is not 
the most important reason for the use 
of a baffle). Reflection is most noticeable 
at low frequencies. 
The curves on this sheet indicate 
graphically the effects which occur 
due to the direct and reflected 
rays. If the two waves are essen-
tially 180 degrees out of phase the 
resultant, shown by the heavy line, 
is very small which means that the 
intensity of the sound is very low. ; 
However, reflection is not always a 
thing to be avoided. For example, 
it occurs in an auditorium and often 
adds atmosphere to the music be-
ing Played. 
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Grid Current in Tubes 

¡N MAIM; measurements, especially on power 
• tubes, it is frequently found that a small amount 
of current flows in the grid circuit even though the 
grid has a negative bias. Offhand this seems very 
serious for we usually operate a tube at negative 
potential to prevent the flow of grid current. Act-
ually, however, the current flowing in the grid 
circuit when the grid is negatively biased may not 
affect the operation of the tube seriously for the 
following reason. 
In the first place, it should be understood that 

we operate the grid of a tube at negative voltages 
so as to make the input impedance of the tube very 
high; in fact, the input circuit of an ordinary am-
plifier may have an impedance of a million ohms at 
audio frequencies. Since the impedance is very high 
practically no power need be expended in the grid 
circuit to develop comparatively large voltages. If, 
on the ether hand, the input impedance is low the 
power required to develop the same voltage will be 
larger, and, as a result, the tube is a less efficient 
amplifier. 
Now if the a.c. voltage across the grid circuit is 

E then the impedance of the input uf the tube will 
be equal to the voltage E divided by I, the a.c. 
current in the circuit. That is— 

Input impedance = — 
lac 

So if I is zero then the impedance is infinitely large 
while if I is large then the input impedance is low. 
But it must be remembered that I is an alternating 
Jurrent. The d.c. current flowing in the grid circuit 
may be any value at all without affecting the a.c. 
input impedance of the tube. And now we reach the 
important point: it is not the value of the grid 
current as read on a d.c. meter that is important 
but rather it is to what extent this current varies 
with the applied a.c. input signal. In most cases the 
grid current which flows with negative voltage on 
the grid is a "gas" current, and about the same 
amount of current flows at all negative values of 
grid voltage. Therefore, even when an a.c. signal is 
applied to the grid so as to make the grid voltage 
vary about the operating point, the current in the 
grid circuit is constant (at least practically so) and 
the a.c. current produced is very small. This makes 
the denominator of the equation very small and 
therefore the input impedance very high. In sum-
mary, it may be said that grid current at negative 
grid voltages does not affect the input impedance 
of a tube unless this current varies considerably 
with grid voltage. 
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Speech Power and Its Measurement 

TN emvemc-rrost with a paper entitled "Speech 
Power and Its Measurement" by L. .1. Sivian 

published in October, 1929, Bell System Technical 
Journal, curves and data are given on two devices 
useful in many ways. Curves and circuits of the two 
units—a volume indicator and an impulse meter — 
appear on "Laboratory Information Sheet" No. 344 
and the following are some notes regarding their use. 
The volume indicator meter has been widely used 

for controlling amplification in radio broadcasting, 
in phonograph and film recording of speech and 
music, and for rapid measurement and control of 
speech levels. Essentially the volume indicator is a 
three-element vacuum-tube voltmeter with a rapid-
action d.c. galvanometer in the plate circuit. The 
tube is operated on a part of its characteristic such 
that the rectified plate current is proportional to the 
square of the voltage input. The meter combined 
with the electrical circuit has a dynamic characteris-
tic as shown by the curve on "Sheet" No. 344, 
which gives the maximum deflection as a function 

of the duration of the a.c. input voltage. For inputs 
lasting more than about 0.18 seconds the maximum 
deflection remains the same, and, since the average 
syllable duration in speech is of the order of 0.2 
seconds, it follows that the maximum deflection is 
approximately proportional to the mean power. 
The impulse meter is essentially a peak-reading 

voltmeter and the circuit is designed so as to cause 
the plate current to reach its ultimate value with 
an input of as short a duration as possible. The time 
required for the galvanometer to reach its maximum 
deflection is determined by the dynamic characteris-
tic of the meter and its associated plate circuit as 
well as by the time constant of the condenser-
charging circuit connected to the grid of the tube. 
The curve, therefore, shows the ram at which the 
potential on the blocking condenser builds up and 
by reference to the curve it will be noted that the 
plate current reaches 80 per cent, of its ultimate 
value with an a.c. input of only approximately 
0.015 seconds. 
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Speech Power and Its Measurement 
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Regarding Grounds for A. C. Sets 

TN THE INSTALLATION and use of a.c. radio receivers 
I it is frequently found that more volume is ob-
tained without any wire connected to the ground 
terminal than is obtained with a ground connection 
to the binding post. This effect has evidently given 
quite a few servicemen the impression that there 
was something wrong with the receiver. The fact 
is, however, that this quite common effect does 
not necessarily indicate that the receiver is defec-
tive. 
The volume obtained from a receiver depends 

upon the ability of the antenna system to pick up 
signals and upon the gain of the radio receiver. 
Modern high-gain receivers have to be very care-
fully designed from the standpoint of shielding, 
filtering, and grounding to make them absolutely 
stable and if any one of these points is neglected 
the set will have some regeneration. On the other 
hand, if the set depends for some of its amplifica-
tion on regeneration its performance will 'depend 
somewhat upon the conditions under which it is 
operated. Proper grounding is an important point 
in the prevention of regeneration and the lack of a 

ground or a comparatively poor ground may cause 
an otherwise perfectly stable receiver to regenerate 
slightly. 
This is the effect which is responsible for the 

peculiar operation of a.c. receivers with and without 
proper ground connections. With a proper ground 
the set has a gain approximating that which its 
makers intended it should have. If, however, no 
ground is used some regeneration will exist which 
will generally tend to increase the gain and, as a 
result, more volume is obtained. The disadvantage 
of not using a ground, however, is that this in-
creased gain may only be obtained over a small part 
of the dial and at other points the set may tend to 
oscillate or the first tuned circuit may be thrown 
out of alignment so that the selectivity is impaired. 
For these reasons it is always advisable to operate 
a receiver with a ground if it is intended that it 
should have one. If for some reason the receiver 
must be operated without a ground it is worth 
while to try reversing the plug in the light socket 
in order to determine the position which gives the 
most satisfactory operation. 
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Radio Broadcast's Set Data Sheets 

TIIE EDISON MODELS R-4, R-5 AND C-4 RECEIVER 
These receivers incorporate several unusual features among which are  switch which automatically indicate; when the set is tuned to a favorite 

an interesting hum adjustor (a-13) connected to the mid point of the  station. Type 227 tubes are used throughout except in the output cir-
push-pull Iran...former feeding the two power tubes, the double primary cuit where there are two 245's. The volume control functions to reduce 
windings oil  each of the r.f, transformers, and the "light-o-matic '  the input from the antenna and also to increase the r.f. bias. 
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THE FREED-EISEMANN NR-95 A.C. RECEIVER 
Four stages of r.f. amplification, a detector and two stages of audio-

frequency amplification are used in this receiver. The antenna circuit 
is tuned by means of a variometer. Each r.f. amplifier stage is neutral-
ized by means of double-wound primaries on the r.f. transformers. In 
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all the stages except the last heater-type tubes are used. The use of 
heater tubes conforms with a general tendency among set manufacturers 
to utilize this type of tube rather than the 226 type. A light-socket an-
tenna is provided in this receiver. 
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THE MAJESTIC MODEL 180 RECEIVER 
Three stages of r.f. amplification are used in this Majestic re-  It should he noted that heater-type tubes are used throughout the 

ceiver. The inductance associated with the antenna circuit is ar-  set except in the power stage. It is also interesting to note that the 
ranged so that it can be varied somewhat in order that this circuit  phonograph pick-up unit is connected across the small tapped sec-
may be brought into exact resonance with the other tuned circuits. taon of the first audio-frequency transformer. 
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This receiver utilizes six a.c. tubes and a 280-type rectifier. It  sistors, not indicated in the diagram but connected in series with the 
consists of two stages of r.f. amplification, a detector, and two stages  lead to the light socket, function as automatic voltage controls. The 
of al, amplification, the output stage being push pull. Two re-  30-ohm variable resistor is a hum adjustment. 
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TIIE SONORA 310DEL A-36 RECEIVER 
This receiver consists of four stages of tuned r.f. amplification, a  coupling in the r.f. amplifier, a special first-stage al. transformer 

grid leak and condenser detector, and a two-stage transformer-  phonograph pick-up, a push-pull output stage, an electrodynamic 
coupled audio-frequency amplifier. The set contains the following  loud speaker, and au automatic control to compensate variations 
interesting features: combined electromagnetic and electrostatic  in line voltage. 
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The Na-78 isn completely a.c.-operated receiver using five heater  condenser. Either a long or short antenna may be used. The set 
tubes, two power tubes arranged in push-pull, and a full-wave  also contains a 1-mfd, condenser connected to one side of the power 
rectifier. Unlike many other sets, the antenna stage in this receiver  circuit 80 that the light socket may be used for the antenna by simply 
is tuned by means of a variometer in conjunction with a variable  connecting together two binding posts. 
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THE EDISON MODEL C-1 
Two 250-type tubes in push pull are used in the output circuit  controlling the connections to a phonograph pick-up unit. One 

of this receiver. Field supply for the dynamic loud speaker is  detail which is not shown in this diagram is a grid suppressor con-
obtained from the filter system. The circuit shows the switch  nected in the grid circuit of the third 226-type tube. 
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THE FADA MODELS 55 AND 77 

This receiver uses three screen-grid tubes in the r.f. stages  plate leads of the r.f. amplifier tubes and the use of r.f. choke coils 
followed by a plate-circuit detector and a two-stage transformer-  in the cathode and screen-grid leads. The output tubes are two 210s 
(=pled audio amplifier. Note the shielding around the grid and  in push pull. 
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A rxmventional six-tube receiver using three stages of r.f., a grid  audio amplifier. Grid suppressors are used to prevent oscillations. 
leak and condenser detector, and a two-stage transformer-coupled  The volume control varies the input from the antenna circuit. 
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GILFILLAN MODEL 100 RADIO RECEIVER 

T , 961-.No.25E 
I.. E!  UY-227 UY 227  .1 

/ 

.--9 4--A 

114 T.N0.28 Et. 114,T.No.28 E. 

UY-227 UY-227 

800w 

30 T. 

15 
No 36. 
os 

IS );  800w 800w 

114 T No.28 E 

1.1Y-227 UY-221, 
r• 

1 mfd 

E 

0.002 1500 ; 

UX-242 

fr  
10  05 

12 T.No.36 
D S. ----- '1• 

' 12 T.No.36  12 F.No.36 
D.S.  D.S. 

,.«Volume Control 
Pilot light  10.000 w 

30 w 

105 TO 120 V.A7C-7 3 

50 TO 60 Cycles 

0 F 1 ti. 

Specter Field 

B-

22 

.21/2 V.PI. 

—  1 m d.18O V 

Hum Control-' 

Sw.on Set 

1500w 

This receiver contains four stages of radio-frequency' am-
plification followed by a two-stage audio-frequency ampli-
fier, resistance coupled in the first stage and transformer 
coupled in the second staqe. It should be noted that the sec-
ond stage of audio amplification is shunt fed and that an 
auto-transformer is used. The auto-transformer feeds the 
single 245-type power tube. 

THE KENNEDY RECEIVER CHASSIS NO. 10 
This seven-tube receiver employs a three-stage radio-frecruency am-  two-stage transformer-coupled audio-frequency amplifier with two 245-

plifier of high sensitivity and uniform gain. All tuning condensers are  type tub«, in the output. The radio-phonograph switch connects the 
ganged to a single control. The detector is followed by the conventional  phonograph pick-up unit directly to the grid of the detector tuba. 
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CROSLEY GEMCHEST MODELS 609 AND 610 

226  T — 225 — - 7 — 2 6 0.0m0fOci2, 

CZ), 

0Ss 

e 

3 meg. 

o 

227  226  171A 

JLL 
25 
hms 

E  u•• 
o 

25 
s=0, ohms 

e=> 
Ca 

Output 

Chas is 

0.1 m fdT 

0.1 f̂fd 

Cl.fl711S 60,000 otirns 

Switch 

ohms 

C 3ci25 rr.fd 

235  235 
1 4058/.0 0 j 2.3V  6 7:9V  V.  V. 

 %   0.0 0-0)  0-0 0  1/49  0-0  

( 00-000000000-000000 
Power Transformer 

This is a conventional tuned radio-frequency receiver using  is obtained from a 280-type full-wave rectifier the output of which 
a grid-leak-condenser detector and two stages of audio-frequency  is filtered by a choke in combination with a Mershon condenser. 
amplification. The output tube is a single type 171s. Plate voltage  The volume control is a variable resistor across the antenna circuit.. 

226 •D 
d 
d d 
d d 

DAY—FAN MODEL 5091 RADIO RECEIVER 

226 â 

Loud 
Soft Sffitch 

226 

Ti 

26  g,0 

I  

Phono Switch 

227 
ca 

Pick tip 
Jacks 

00 

226 

000_, o 

 2 ,,Jr0"  
115 Volt A C,b, 

no, 

I amp Fuse 

This Day-Fan receiver incorporates four balanced tuned stages  stage of push-pull audio-frequency amplification. In the output are 
of radio-frequency amplification, a semi-tuned input system, de-  two 245-type tubes. Power for the electrodynamic loud speaker 
lector, one stage of straight audio-frequency amplification, and one  field is obtained from the filter system. 

Pf 
'Power Transformer 

280 

Hum 
Control 

Voice Coil 
Leads 

7'.7-p7a7,er1 
Field 
Jacks / 

Power  0..0.0  
Choke   

1 

.-Power Condenser 
e- ,  Block 
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APEX MODEL 36 

00025MFD. 

v.  v. 

OMFD. 
DUAL 

01 MED. 

.002 
mFD 

GREEN  RED 

ORANGE BLUE 

A.C. 

fc, 2000 OHMS 
8—qt0 - 111'  1MFD 

20 OHMS 

.5V.A•C. 2.2VA-C•  +40V.  +115V. 

600 OHMS 

• 
10  10  1ió 
MF D  Mg).  ¡MFŒ 

C> 

O.5MFD. 

0 
d i 
00 

05 
MF(è 

-0 
SP. 
+0 

5V, 
A.G. 

+180 V. 

TUBE VOLTAGES 

LINE VOLTAGE -15 VOLTS 

FILAMENT 
VOLTAGES 

PLATE VOLTAGES 
(READ BETWEEN PLATE 

AND FILAMENT) 

GRID 
VOLTAGES 
. 

226- 1.49 226 R•F - 115 226-MINUS 9 
227-2 2 226 A.F - 105 
171.A-4 9 227 -  26 171-A-MINUS 37 
280 -4.9 17I-A - 182 

(SPEAKER TIP JACKS TO BE SHORTED) 

This is a six-tube ac.-operated receiver tuned-radio-frequency amplification, a grcido nlseisatk:1-1cgo nodf etnhsreere  dsteategecst oorf,   Ta.hf.e  spta6wgeesr  2tu2b6-et yisp ae  ttyupbee s1 7a1res . used. The detector is a 227-type tube. Plate Voltage* ate obtained from a 28G-

and a two-stage transformer-coupled a.f. amplitie . lu the r.f. and first  type tube in a full-wave rectifier circuit. 

FADA MODELS 10, 11, 30, AND 31 RECEIVERS 

REJEC TOR 

ONO 

LONG AN-11 4  

SHORT  .! 
o 

TWISTED-s. 

110V A-C. 

7 r-
.N 

G 

RED 

ALL VAR. CONDENSERS 
ON ONE SHAFT 

7 227 

; 

---
SHAFT 

ED Kwee.,7  ̀
e 

VOLUME CCNTROL 

L_ 

C> 

PHONOGRAPH 

o° 
227 

• 
• 

17I-A 

ELECTRIC UNIT 

110-130\1 0  

90.110V.; 

POVVER j 
TRANS, 

TWISTED 

a 
OC 

TWISTED 

ENAMEL 

(JD 

BLACK 
.L HEAVY ENAMEL-1 

I GREEN 
RED 

I'D !  BLUE 

28 

5  4 
0 —•  • 

2 

NOTE — 

r`G'130ÚSND 

1400 OHMS 3500 OHMS 

PILOT I 
LIGHT 

Y 
,-TWISTED 

One of the unusual features about this Fada receiver is the use of a  the desired signals but is tuned so as to eliminate undesired signals. 
"rejector" circuit in the antenna stage. The primary of this rejecter  Another unusual feature is the use of an untuned r.f. transformer be-
circuit is placed in series with the primary of the usual antenna trans-  tween the first and second r.f. amplifier tubes, the transformer being 
former. The rejector circuit is not, however, tuned to the frequency of  of such characteriaticr as to equalize the ri. gain. 
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THE MAJESTIC MODEL 90 

JeD 

Antenna 
Tuning 
Control 

flf Ghote 

3 

0.001  . 
told. 

o  
SA 

eol me 

G-27 

CoD  

00,  

0.5 mfct 

G 27 

000 
R.F.Choke 

— Lab 

0.5 mid. 

75.000 ohm 
Volume Control 

G27 

o 760001 mld. 
L.A.  Equalizer 

500 to 250C o   God  ohms 

"1" 

1! 
5 V. 

G-80 
Tube 

220 ohms 

Black 

Pilot Lamp 

05 mld. 

Non-induct re 
" Center Tap 
1.6 ohms Total 

G-27 

0.5 mid.' 

1800 ohm 
,- Blue 

R F Choke 
n   

0.004 
"TM' oDt 

G 45 

, 

G-45 

35.000 ohm 
Green 

220 ohms 

00 Ole,   

2730 ohm Model G-2 Speaker 

Red  f308 

2000 
3600  Ohms 
ohms 

2  • 

+308 8 
+144 

ellow  Green 

306 

Red 

Orange 

Red 

Blue 

Blue 

 o  
3 

2.5 V. G 45 Tubes 

2.5 V. G-27 Tubes 

Speclai Plug 
25' Angle 

T HE MAJESTIC Monnt 90 receiver uses the 
same fundamental type of radio-frequency 

amplifier circuits as did the previous Majestic 
receivers, Models 70, 7011, and 180. This set 
uses  four stages  of tuned-radio-frequency 
amplification followed by a C-bias detector 
and a single stage of audio-frequency amplifica-
tion. There are five tuned circuits in the re 
ceiver, all of them controlled by the same tuning 
dial. Across the second, third, fourth, and fifth 
tuned circuits small compensating condensers 
are connected so that all the stages may be 
accurately tuned to resonance. The inductance 
of the antenna tuning circuit can be varied 
slightly so as to compensate the effect of the 
antenna circuit. 
The volume output of the receiver is con-

trolled by varying the grid bias applied to the 
first, second, and third r.f. amplifier tubes. 
For  this  control  a variable resistor of 
75,000 ohms is connected in series with the 
cathodes of the r.f. amplifier tubes. Increasing 

9P6 
Ballast 
Black 

Sratch 

100130V. 

the value of this resistor increases the bias on 
the tabes and thereby der reason the gain, 
causing a reduction in volume. 
To make the receiver uniformly sensitive 

over the entire broadcast band, an equalizer 
circait is used. This equalizer consists of a 
variable 500-2500-ohm resistor connected in 
series with a 75,000-ohm volume control. The 
shaft of this equalizer is mounted on the rotor 
shaft of the gang condenser so that as the rotor 
is turned in tuning the movable arm on the 
resistor unit moves correspondingly. The result 
is that an automatic variation in grid bias is 
obtained which is sufficient to compensate the 
normal variation in r.f, gain of the receiver. 
Grid bias for the fourth r.f, amplifier tube is 

obtained by the use of a fixed resistor of 1800 
ohms connected in series with the cathode of 
this tube. Bias for the detector tube is obtained 
by the use of a 35,000-ohm fixed resistor in the 
cathode circuit of the detector. l'he two 45-type 
tubes obtain their bias from an 800-ohm resistor 

READINGS W ITH niE W ESTON SET-TESTER MODEL 547 

Type  Tube  "A"  "B"  "C"  Calls.  Nat'l  Ted  Tube 
Tube  Position  Volts  Volts  Volts  Volts  mA.  mA.  Type 
27  1 B.F.  2.3  150  14  19  3 . 4  6  27 
27  2 R.F.  2.3  150  13  17  3 . 5  6  27 
27  3 R.F.  2.3  150  13  18  3.6  6  27 
27  • 4 R.F.  .3  158  12  12  6 . 6  8  27 
27  Det.  2.3  290  29  28  .8  1  27 
45  P.P.  2 . 4  285  50  35  40  45 
4$  P.P.  2 . 4  285  50  35  40  46 
80  Rect.  4 . 8  60 

Out- - 
put _̀e 

connected in series with he center tap of the 
transformer winding supp ying filament voltage 
to these tubes. 
The power unit uses a 280-type rectifier tube 

in combination with two filter choke coils and 
two filter condensen. It should be noted that 
there is no filter condenser connected directly 
across the output of the rectifier tube. With such 
a circuit it is necessary to use somewhat higher 
voltages across the secondary of the power 
transformer to obtain sufficient output voltage, 
but the advantage of such a system is that the 
load on the rectifier tube is much lighter than 
it would otherwise be and as a result the rectifier 
tube will have a long life. The full output of 
the filter circuit is used to supply grid and plate 
voltages to the two power tubes. This voltage is 
decreased fo, application to the other tubes in 
the receiver by connecting the field of the elec-
trodynamic loud speaker in series with the high 
voltage tap so that the plate current of all the 
tubes except the power tubes must flow through 
the field winding. The resistance of the field 
winding is 2730 ohms. 
The primary of the power transformer is 

wound for an input potential of 80 volts so that 
an automatic fine voltage ballast may be used. 
This automatic ballast functions to supply 
approximately 80 volts to the primary of the 
power transformer even though the fine voltage 
fluctuates between 100-130 volts. 

VOLTAGE READINGS W ITH SUPREME DIAGNOMETER 

1 lee 
1 111? 
2 LW 
3 111, 
4 RI, 

V. 
2.35 
2.35 
2.35 
2.3a 

Detector  2.35 
Power  2.45 
Power  2.45 

All readings under full load. 

Plate V.  Grid V.  K.  P. Cur. 
130  a  8  5.5 
130  8  8  5.5 
130  8  a  55 
130  9  9  5 
270  30  30  1 
250  50  32 
250  50  32 
Line voltage 115. volts. 
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THE A. C. DAYTON NAVIGATOR 

Switch  
THE A-C DAYTON NAVIGATOR receiver, the 
circuit of which appears on this sheet, is 

an example of a set using a system of "pre-
selection  in which the signals to be received 
are selected by several tuned circuits before 
they reach the first r.f, amplifier tube. Reference 
to the circuit diagram shows that the tuning 
dial controls the setting of four variable con-
densers, each of which functions to tune a 
circuit to resonance. There are, therefore, four 
tuned circuits between the antenna and the 
grid of the first r.f, amplifier tube. Induced in 
the antenna circuit are signals from all broad-
casting stations, but in the process of passing 
through the various tuned circuits all of these 
except the desired one are eliminated. Although 
there are many different signals across the in-
put, in the output of the selector there is only 
one signal -the desired signal to which the 
various circuits have been tuned. 

THE R. F. AMPLIFIER 

After this signal goes through the tuned 
stages it reaches the first tube of the r.f. ampli-
fier. In the r.f. amplifier there are five tubes 
and each of these functions to amplify the 
desired signal. The r.f. amplifier is untuned, 
that is, it is designed to amplify a signal of any 
frequency in the broadcast band that is im-
pressed on its input. Since the selector circuits 
weed out all but the desired signal, the am-
plifier functions to amplify this signal whether 
it be from a station transmitting on 500 kc., 
1000 kc., or any other frequency in the broad-
cast band. 
The difference between the system described 

above and that used in many other receivers 
should be noted. In most seta a tuned circuit is 
placed between each tube so that the processes 
of selection and amplification occur in the same 
circuit. In this receiver the functions of selection 
and amplification are separate, the signal is first 
selected and then amphfied. 

THE DETECTOR CIRCUIT 

The output of the r.f. amplifier supplies 
voltage to a C-bias detector operated at suffi-
ciently high grid and plate voltages (see table) 
so that it can supply enough al. output to 
operate the two 245-type push-pull tubes at 

Tube 
Number 

Vo 

10,000tv 

c.:D1 g •--
d 

1000w 

Green  100w 

Black. V 

olo  
 rOMoo 

Red 

Yellow 

MANIA"' 
1000W 

25.000 

125 V. _  _ 

z_• 
105 V. Fuse 

i10 v. 
g 6°-s ilI  

Triple 8 m d. 
Mershon Cond. 

Radio 

Blue 
Pheno l 

o ic;Speaket 

750 

Phono 

Field 

240,000 w 

7500 W 

_....5peaker 
i Voice  11  I, 2.2Lo'0 Field 
Coil 

their maximum power. It should be noted that 
in the plate circuit of the detector tube there is 
an r.f. filter circuit consisting of r.t chokes and 
two 0.002-mfd. condensers. This filter circuit 
bypasses to the heater of the detector all the 
r.f. currents in the plate circuit so that only 

/ audio-frequency currents will be applied to the 
primary of the al. transformer. 
Plate voltage for all the tubes is obtained from 

the 280-type-rectifier tube which feeds into a 
filter circuit consisting of two chokes (one of 
which is the field of the electrodynamic loud 
speaker) and a three-section Mershon condenser 

AVERAGE VOLTAGE READINGS OF TILE A.C. DAYTON NAVIGATOR Itec.eivsa 

Tube Function Healer "B" -Plate Voltage  "C" Bias Volts 
Type of Tube  Volts Min. Vol  Max. Vol. Min. Vol. Max. Vol. 

1  27  1st. r.f.  2.4  20  110 
2  27  2nd. r.t  2.4  20  110 
3  27  3rd. r.t  2.4  20  110 
4  27  4th. r.f.  2.4  20  110 
5  27  5th. r.f.  2.4  20  110 
6  27  Detector  2.4  180  185 
7  45  Audio  2.4  230  230 
8  45  Audio  2.4  230  230 
9  80  Rectifier  4.75  330  330 
Note: The above readings for "Detector" are given with the "Phono-Radio" switch in the 

"Radio" position. With this switch in the "Phono" position, the detector should have the 
following readings: Plate Volta.« 120; "C" Bias.. 4.0 volts; Plate current .• 5.0 mA. 

Normal 
Plate  mA. 

4.5 
4.5 
4.5 
4.5 
4.5 
15 
50 
50 

3.5 
3.5 
3.5 
3.5 
3.5 
15 
50 
50 

4.5 to 5.0 
4.5 to 5.0 
4.5 to 5.0 
4.5 to 5.0 
4.5 to 5.0 

1.0 
20 to 24 
20 to 24 

with a capacity of 8 microfards per section. The 
primary of the power transformer is tapped 
for various line voltages from 105 to 125. 

EASE OF SERVICING 
In serving the receiver the fact that the set 

is made up of three separate sections-the 
selector, the r.f. amplifier, and the power am-
plifier and B supply -makes it possible to 
readily remove any one section and replace 
it with a new unit while the defective unit is 
being repaired. The chart of voltage and current 
readings given on this sheet will prove helpful 
in determining whether or not the various cir-
cuits are receiving the correct voltages and 
whether the plate current ut these voltages is 
normal. 
The fact that the r.f. amplifier is of the un-

tuned type makes it possible to determine 
readily whether or not the selector unit is in 
proper working order. For example, if the set 
does not seem to have very much gain it might 
be due to some defect in the selector and this 
could be checked readily by removing the an-
tenna from its usual location at the input of 
the selector and connecting it instead to the 
contact between the selector unit and the r.f. 
amplifier. If the signals from any local station 
then come in with tremendous volume it is 
a definite indication that the loss in gain 
is due to some defect in the selector which can 
then be removed and replaced with a new unit. 
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THE AMRAD MODEL 81 RECEIVER 

t. 

51 

FUSE 

521  

SHIELD. ...11  rCONDENSERS IN BLOCK-C3.C4.C6,C7 &CS; 
TN ru ffle notes on the Amrad Model 81 re-
1 ceiver we have two purposes, first to give a 
general description of the receiver and secondly 
to bring to the attention of readers the excellent 
service manual which has been prepared by the 
Amrad Company on this set. The manual con-
tains some ninety pages which give valuable 
data on the importance of service and an ex-
cellent description of the engineering basis for 
the design of the Model 81. It is supplied in a 
leather binder.and can be obtained for $1.50 by 
writing directly to the Amrad Corporation. The 
following notes on the Model 81 have been 
obtained from the manual. 

Three Screen-Grid Stages 
The Model 81 receiver is designed to use three 

screen-grid tubes as radio-frequency amplifiers 
in special circuits of such characteristic as to 
match the operating characteristics of the 
screen-grid tube. In this way a design is obtained 
which gives the receiver a uniform sensitivity 
over the entire broadcast band, the gain actu-
ally varying leas than ten per cent. The r.f. 
transformers are wound with a large number of 
turns on the primary, the winding being placed 
at the top end of the secondary. This type of 
primary does two things; first it gives higher 
amplification at 500 meters than at 200 meters, 
and secondly it changes the relation of the feed-
back due to capacity between leads so that 
oscillations are prevented by such couplings 
rather than assisted as is the case with ordinary 
radio-frequency transformers. The amplification 
per stage varies from 30 at 500 meters to 16 
at 200 meters. This change in amplification is 
just the reverse of that obtained in the antenna 
stage, the result being uniform sensitivity. The 
overall gain up to the detector measures 23,000 
at 500 meters, 28,000 at 300 meters, and 20,000 
at 200 meters. 

The Detector Circuit 
A grid leak-condensc. detector is used be-

cause a large number of tests by the engineering 
department of the Corporation indicated that 
its advantages more than offset its disadvan-
tages. Some of the advantages which are ob-
tained through the use of a grid_leak-condenser 
detector are: 

A. Greater sensitivity 
B. Does not cause detector tube over-

loading provided sufficient a.f. 
amplification is used in order to 
make the output power tubes over-
load first. 

C. Has no appreciable effect on the 
fidelity 0 e  the selectivity of the r.f. 
tuning circuit starts to cut off high 

audio frequencies before the grid 
leak-condenser detector starts to 
cut them off. 

H. The greater sensitivity of the cir-
cuit permits supplying the power 
tubes with maximum a.f. voltage 
without the possibility of overload-
ing last r.f, amplifier tube. 

The A. F. Circuits 
Two stages of audio-frequency amplification 

are employed. Between the detector and first a.f. 
stage a special coupling system is used, the de-
tector being shunt fed through a 100,000-ohm 
resistor, a tapped impedance being used in the 
grid circuit of the first a.f. amplifier tube and an 
0.5-mfd. condenser functioning to couple the 
detector to the first al. tube. An r.f. choke and 
by-pass condenser are connected in the plate 
circuit of the d etect or to keep all audio-frequency 
currents out of the r.f. amplifier. The various 
audio-frequency componente used in the set are 

Type 
Tube 

CD  a•re• 
0(r 

designed to give uniform amplification. This 
receiver has sixty-two per cent. as much output 
at 60 cycles, and twenty-five per cent, as much 
output at 4000 cycles, as at 400 cycles. The 
lower output at 4000 cycles is largely compen-
sated by a rising frequency characteristic in the 
loud speaker used. 

Volume Control 
Volume control is obtained by varying the 

positive voltage supplied to the screen grids of 
the r.f, amplifier tubes, Reducing the voltage, 
of course, reduces the gain and thereby lowers 
the volume. The resistance unit used is of the 
graphite type which dues not corrode and cause 
noisy operation. 
In the receiver circuit two hum adjusting 

potentiometers are provided. The first potentio-
meter permits the adjustment of the amount of 
positive bias applied to the heater and the 
other provides u mid-point connection to the 
heaters. 

READING WITM A SUPREME li mmo DIAGNOMETER 

Tube  Noel 
Position  Volts  Volts  Volts  mA. 

224  1 R.F.  2.25  180  1.5  4.0 
224  2 R.F.  2.25  180  1.5  4.0 
224  3 R.F.  2.25  180  1.5  4.0 
227  Det.  2.25  30  0  1.5 
227  1 A.F. 2.25  160  10.5  4.1 
245  2 A.F. 2.25  250  50.0  28.0 
245  P. P.  2.25  250  50.0  28.0 
280  Rect.  4.65  110.0 

Line voltage = 120. Set on 120-volt tap. Volume control in full-on position. 
Note: Hum-control potentiometer turned to ground side. 

Screen-Grid 
Volts 

80 
80 
80 

READINGS WITH JEWELL SET ANALYZER MODEL 198 

Readings with Plug in Socket of Set and Tube in Tesler 

Type Position  Tube Oui 
of  of  A  B  A  B 
Tube  Tube  Volts  Volts  Volts  Volts 

224 
224 
224 
227 
227 
245 
245 
280 

1 R.F. 
2 II.F. 
3 11.F. 
Det. 
1 A.F. 
2 A.F. 
2 A.F. 
Rect. 

2.32 
2.32 
2.32 
2.32 
2.32 
2.32 
2.32 

190 
190 
190 
140 
190 
300 
300 

2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
4.65 

180 
180 
180 
30 
160 
250 
250 

Cathode- Normal  Plate  Plate  Screen 
C  Healer  Plate  mA. Grid Change  Grid 
Volts  Volts  mA.  Test  niA.  Volts 

1.5 
1.5 
1.5 
0 

10.5 
50.0 
50.0 

4.0 
4.0 
4.0 
1.5 
4.1 
28.0 
28.0 
110.0 

7.5  3.5  80 
7.5  3.5  80 
7.5  3.5  80 
1.6  0.1 
5.2  1.1 
32.0  0.4 
32.0  0.4 

Line Voltage = 120. Se. on 120 Volt Tap. Volume control in full-on position. 
Note: To get the 10.5 V reading (4-8) the hum-control potentiometer must be turned to ground 
side. 



¶ 8 RADIO BROADCAST'S DATA SHEETS 

SWITCH 

Radio Broadcast's Set Data Sheets 

SPARTON MODEL 301 RECEIVER 

130-120 

120-110 

110-100 

900 OHMS 

POWER CONVERTER 

ANTENNA 
CONDENSER 

= 1MFD 

25 MFD = 

SELECTOR 

e OO P' 

SPEAKER ss0   

15 MFD  0 0 

2 NAM  2MFD. Y 

484 

AMPLIFIER 

This receiver uses two 250-type amplifier tubes feeding into an elec-  ripple voltage. The field winding of the electrodynamic loud speaker 
trodynamic loud speaker. In the filter circuit of the rectifier a tuned  constitutes the second filter choke coil. The schematic drawing shows 
circuit consisting of a filter choke coil shunted by an 0.015-mfd. con-  how the untuned radio-frequency transformers are connected in the 
denser is used. This circuit is tuned to the fundamental frequency of the  receiver circuit but it does not accurately indicate their unusual con-
output of the 280-type rectifier and eliminates practically all of the  atruction. 
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CROSLEY MODELS 40-S, 41-S, 42-S, AND 82-S 

ANT 

E›  

'Î;1e 
o 

GND 

/224 

25,000 

15.000 
OHMS 

NE W ANTENNA 
CONNECTION 

CABLE 
AND PLUG 

/224 

0.5 
MFD 

0.00025 
MFD 

0.00/ 
MFD 

/224 

,_0000  

227 

F 

100.000 OHMS 

AV  /Weer' 
25,000 OHMS 
 Ww WWW 

3300 6.000 
 N AM, 
OHMS 

MERSHON 
CONDENSER 

3 SECTIONS-
MFDS EA H 

,e0000000 „0000000, ,0000 )  

r 000000000 00000 0000 

M UIR RECE/VER incorporates an eight-tube 
(including  rectifier  tube)  circuit which 

employs three stages of tuned radio-frequency 
amplification, an untuned detector stage, and 
two stages of audio-frequency amplification, 
the second of which is a transformer-coupled 
push-pull stage. The first audio-frequency stage 
is resistance coupled to the detector stage. 
Screen-grid tubes are used in the radio-fre-
quency stages. 
Receivers having serial numbers prefixed with 

"GCA", "GCB", or "GCC" have 
volume controls composed of two rheostats 
operated simultaneously. One of these is shunted 
across the antenna coupling coil primary so as 
to regulate the strength of signal passing 
through this coil. The other is used to control 
the potential of the screen grids in the radio. 
frequency tubes. Receivers of serial numbers 
other than above have a volume control con-
sisting of but one rheostat, controlling the 
potential of the screen grids. 
The filament supply for the heater-type tubes 

(that is, the 224-type tubes used in the radio-
frequency stages, and the 227-type tubes used 
in the detector and first a.f. stages) is obtained 
from a winding on the power transformer. A 
50-ohm potentiometer is shunted across the 
filament supply leads for these tubes, and the 
middle tap of the potentiometer is connected 
to the chassis. The dial light is also shunted 
across these leads. The filaments of the 245-type 
output tubes are supplied from another winding 
on the power transformer. The 50-ohm poten-
tiometer shunted across these leads has its mid-
point connected through an 850-ohm resistance 

to the chassis. A third minding on the power 
transformer supplies current to the filament 
of the 280-type rectifier tube. The high poten-
tial plate supply taps on this winding. 
A centertapped high-voltage winding on the 

power transformer supplies power to the plates 
of the 280-type tubes. Each end of this winding 
is connected to one of the plates of the 280-type 
rectifier tube, so that full-wave rectification is 
obtained. The tap of this winding is connected 
to the chassis, which thus acts as the low-
potential side of the plate supply. As stated 
above, the high-potential lead of the plate sup-
ply is connected to the transformer secondary 
supplying power to the filament of the 280-type 
rectifier tube. This lead is connected through 

350 
OHMS 

BROWN 
CORD 

SPEAKER 
OUTPUT 

CD 

OE 
(,) 

BROWN 
CORD 

25 
OHMS 
EACH 

PTO 
iRD 

C ' SPEAKER 
FIELD 

BLACK 
CORD 

an iron-core choke coil to the "Black" terminal 
on the receiver. Two sections of the Mershon 
condenser are connected to the terminals of the 
choke coil so that the condenser and choke act 
together as a filter system. When the Dynacoil 
loud speaker is connected to the receiver, its 
field coil is placed between the terminals marked 
"Black" and "Red." Thus the entire plate 
current from the high-potential lead of the 
plate-supply circuit passes through the field of 
the Dynacoil. The plate supply for the two 
245-type output tubes is obtained through a 
connection inside the Dynacoil loud speaker 
from the field coil of the loud speaker to a 
mid-tap on the primary side of the built-in 
output transformer. 

READINGS W ITH JEWELL ANALYZER MODELS 198 AND 199 

Tube  Out 
Readings With Plug in Socket of Set and Tube in Tester 

Type  Position 
o  of A  13A  B  
Tube  Tube  Volts  Volts  Volts  VOIll 

224 
224 
224 
227 
227 
24$ 
280 

1st R.F. 
2nd R.F. 
3rd R.F. 
Det. 
1st A.F. 
2nd A.F. 
Rect. 

Line voltage = 

2.60 
2.60 
2.60 
2.60 
2.65 
2.5$ 
5.60 

180 
180 
180 
100 
220 
265 

2.40 
2.40 
2.40 
2.45 
2.4$ 
2.30 
5.00 

175 
175 
175 
100 
180 
240 

Cathode-
C  Healer 
Volts  Volts 

1.5 
1.5 
1.5 
12.0 
15.0 
48.0 

1.5 
1.5 
1.5 
12. 
12. 

Normal 
Plate 
mA. 

1.5 
1.5 
1.5 
0.2 
4.0 
26.0 
100.0 

Plate 
Grid 
Test 

4.0 
4.0 
4.0 
0.3 
5.0 
30.0 

Plate Screen 
Change Grid 
mA.  Volts 

2.5 
2.5 
2.5 
0.1 
1.0 
4.0 

117.5. Set on high voltage tap. Volume control position maximum. 

70 
70 
70 
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ERLA MODEL 224 A.C. SCREEN-GRID RECEIVER 

4 GANG CONDENSER  
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O 
o 
o 
o 
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O
H
M 

150V DC  

L  
T2HEO. 00V D.C. 

TAPPED PE COIL 

UV-224_, 

20 OHMS 

e•—• 

toi 

le R F CO L 

- 1 R F CHOKE 

0.001. MED. 
0.001 MED. 

PHONO -PICKUP 

0.25 MFD 

o 
O 
o 

UV-227 

0.5 
'TIED MFD  .125  0.25. MFD 

PHONO-RADIO SWITCH 

O 
o 
o 
0.25 0.1 MED. MEO 

AUDIO INPUT TRANS. 

O 
o 
o 

UX•245 

_ -  6.000 OHMS. 
FILTER CONDENSER, 

1 1MFD 5 MFD. 150V.   D.0 ...IIMFDJ2MEDJ2MED.1 
1753V.  300V.  525V. I D.C. D.C. A.C. 

'FILTER CHOKE 
LOW    HIGH CURRENT   

1  CURRENT ''CHOKE 

THE CIRCUIT of this receiver chassis employs three stages of tuned-radio-frequency am-
plification with four tuned circuits and uses 
three 224-type screen-grid tubes. The detector 
is a 227-type tube operated in a grid-bias or 
plate-rectification circuit. In the first audio-
frequency stage a 227-type tube is employed 
with resistance-coupled amplification. In the 
output stage two 245-type tubes are used in a 
push pull. Reference to the diagram will show 
that two antenna connections are provided. 
For most purposes the "S. Ant." connection 
should be used as it provides the greatest sensi-
tivity, but if a very long antenna is used, con-
nection should be made to the "L. Ant." post. 
It will be noted that the "L. Ant." 
connection consists of a resist-
er (attenuator) in  series with 
the "S. Ant." connection. This 
serves to cut down the signal  Position 
pickup  and  consequently  the  of 
noise level when a very long an-  Tube 
tenus is used. 
The local-distance switch func-  Rectifier 

tions to tap the primary coil of  2nd A.F. 
the first r.f. transformer. When  1st A.F. 
in the tapped or "local" position  Det. 
the amplification is decreased.  11.F. 
This setting is best for most local 
stations as that proper control of 
volume is obtained. By moving 

US-245 
20 OHMS 

PILOT LAMP 
1 

  0000, .0  0900000„0000)  ,oQQÇ ri 25, OR 90., POWER TRANSFORMER' 
FINISH TAP 95-115 To 115 125 LINE SWITCH 

this switch to the distance position extreme 
sensitivity is obtained, but if powerful local 
stations are tuned-in improper volume control 
action is obtained for these strong signals tend 
to overload the screen-grid tubes. 
The volume control consists of a 6000-ohm 

wire-wound potentiometer connected so as to 
vary the screen voltage on the screen-grid tubes. 
In combination with this volume control a 
single-pole, double-throw toggle switch is em-
ployed to throw the receiver from "phono-
graph" to "radio." When the control is turned 
all the way to the left the input to the resistance-
coupled a.f. stage is switched from the output of 
the detector circuit to the phonograph pick-up 

AVERAGE VOLTAGE READINGS 

Type  Screen-grid  Plate lo 
of Fil. Volts to cathode  cathode 
Tube  (A.C.)  volts  volts 

Ground to  Grid to 
cathode  filament 
volts  volts 

280 4.8 to 5  340 to 360 
245 2.4 to 2.5  240 to 250 
227 2.35 to 2.4  90 to 100  4.5 
227 2.35 to 2.4  60 to 75  6 to 7.5 
224 2.35 to 2.4 75 to 80  160 to 170  1.5 to 2 

(The above are based on a line potential of 110 volts and the switch 
in the 95-115 position, no signal and volume control at maximum.) 

\STAITT \. 
,.. ON-OFF 

 I   

'SWITCH 

jacks on the rear of the chassis. It will be noted 
that a small clip-type switch is connected across 
one of the jacks and the chassis frame. This clip 
should be connected in this manner when the 
pick-up unit is not inserted in the jacks, as other-
wise a hum will be evident when the volume 
control is set so that the receiver is in the phono-
graph position. This hum results from having 
the input circuit of this first a.f. tube open. 
A small toggle switch located alongside of the 

280-type rectifier tube is used to tap the pri-
mary of the power transformer. The approxima te 
line voltage ranges for the two positions of this 
switch are shown. It is well to keep this switch 
in the 115-125-volt position wherever possible. 

The loud speaker used with this 
receiver is of the electrodynamic 
type and contains in its assembly 
the output transformer for coup-
ling the output of the two 245-
type tubes to the moving coil of 
the loud speaker. The field of this 
loud speaker has a d.c. resistance 
of 1000 ohms and is designed to 

45 to 50  carry 100 milliamperes. All con-
nections from the loud speaker 
are made by means of a five-
conductor cable and the special 
five-prong plug which avoids any 
danger of improperly connecting 
the loud speaker to the receiver. 

• 
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BREMER TULLY MODELS S-81 AND S-82 
/ ANTENNA 

1. 
0.0002 
MEO. 
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a e a a --

a 
a a , 
a a 

  C> /010 e c> 
c, 

c>  II - 

/UY-224  ¡UY-224  /UY-224  h   ,___ /  .,  ., 0,  c,  

,  ,   ,  

GROUND 

4,000 
OHMS 

BLACK 

TO SWITCH 
TERMINALS 
ON AMPLIFIER 
POWER SUPPLY 
CHASSIS ......  

0.01 --. 
MFD 

D 

TERMINAL 
STRIP ON 
R.F.CHAS5IS 

0 

2 

3 

4 

5 

WHITE 

25, 0 
0.14MS  

0.1 MFD.  4e 

PILOT LIGHT 
2.5 VOLTS 

COMBINATION 
VOLUME 
CONTROL 
AND SWITCH 
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YELLOW 
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71, RE en ‘ssis used in the Models S-81 and 
J. S-82 receivers is designed for the new a.c. 
screen-grid tubes. The radio-frequency circuit 
consists of three stages of tuned and shielded 
high-gain amplification using the a.c. heater-
type screen-grid tubes (224). By the use of local-
ized shielding and proper grounding (each roter 
section of the tandem condenser assembly is 
individually grounded even though the rotors 
are electrically connected in a common grounded 
steel shaft) the chassis and tubes are made 
accessible and are unencumbered by unneces-
sary shielding. All wiring is rigidly secured in 
position under the automobile-type steel chassis 
and protected from interstage reaction by the 
use of secondary aluminum shields. All r.f. coils 
are matched to a standard and are interchange-
able. Volume is controlled by increasing or de-
creasing the screen-grid  voltage. A local-
distance switch controls the sensitivity. 
The power detector uses the grid-bias method 

of demodulation instead of the condenser-leak 
method. This is possible because of the tremen-
dous  amplification  secured  in  the  radio-

UY-227 

T. 
MF D 

O 
TO FIELD 

OF 
LOUD 

SPEAKER 
9  

100 OHMS 

1 MF D. 

01 = 
MFD 

¡UY- 224 

UX-245 

UX -245 

BOO OHMS 
BROWN 

1UX-280 
=  1  = 5 
MF D.  MF D. 

0.0275 MFD 

0000090)  

frequency amplifier. The power detector is a 
screen-grid tube. 
The power detector is automatically biased 

for use as an amplifier for the reproduction of 
phonograph music when the magnetic pick-up 
unit is plugged into the jack provided at the 
rear of the r.f. chassis. Any good high-impedance 
pick-up unit provided with a volume control 
may be used. 

AVERAGE: VOLTAGE READINGS 

Type Position of  A  B  C  Normal 
of  Tube  Plate 
Tube  Volts  Volts  Volts  mA. 

227 
227 
227 
227 
227 
245 
245 
280 
D98 

1st R.F. 
2nd R.F. 
3rd R.F. 
Detector 
1st A. F. 
1st P-P 
2nd P-P 
Rectifier 
Ballast 

2.5 
2.5 
2.5 
2 . 5 
2.5 
2.4 
2.4 
5.0 

150  12 
150  12 
150  12 
45  . 0 
145  9 
240  27 
240  27 

5.5 
5.5 
5.5 
3.4 
3.6 
30.0 
30.0 

PI-IONOCR AP I-I 
JACK 

2 

O 
o 
o 

OUTPUT 
TO CONE 
OF LOUD 
SPEAKER 

VOLTAGE 
REGULATOR 
TUBE -D-1101 

k( 

TERMINALS 
FOR A C. 
SWITCH 

510 -130V.-A.C. 

The audio-frequency amplifier consists of two 
stages. The first stage of amplification is resis-
tance coupled to the detector tube, and employs 
a heater-type tube of the 227 type. The power 
amplifier employs two 245-type tubes in a push-
pull amplifier circuit. All amplifying tubes and 
the detector tube have automatic grid-bias 
control which compensates differences in cur-
rent drain from the rectifier system. 
The power pack supplies all required voltages 

to the seven receiving tubes and energy for the 
field of the electrodynamic loud speaker. The 
Duresite type No. 110 voltage-regulator tube 
maintains a constant voltage across the primary 
of the power transformer, and protects the other 
tubes in the receiver from line voltage changes 
between 98 and 130 volts. 
The direct current filter system is tuned to 

remove all trace of a.c. ripple. The loud speaker 
field acts as an additional choke in the filter 
system, and also furnishes the necessary resist-
once to reduce the high voltage for the two 
213 tubes to the correct value for the r.f. and 
al. amplifier tubes. 
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GREBE SK-4 SUPER-SYNCIIROPIIASE RECEIVER 
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FrITIS  RECEIVER consists of a three-stage 
screen-grid r.f. amplifier, a type 227 detec-

tor, and a push-pull output stage using two 
245-type tubes supplying power to an electro-
dynamic loud speaker. The receiver contains 
several unusual features. 

R.F. Amplifier 
Preceding the first screen-grid radio-frequency 

amplifier tube is a band-pass filter circuit con-
sisting of two tuned circuits coupled by both 
capacity and inductance. Tuning condensers 
associated with these band-pass circuits are 
marked Ct on the diagram and these circuits 
function to prevent any signals other than those 
from the desired station from being impressed 
on the grid of the first r.f. amplifier tube. Highly 
selective circuits of this type are used, es-
pecially in connection with the screen-grid r.f. 
amplifiers, because these tubes tend to produce 
cross-talk. Cross-talk is eliminated if the cir-
cuits preceding the first tube are sufficiently 
selective to prevent practically all signals other 
than the one desired from being impressed on 
the first tube. To obtain this high selectivity 
simple tuned circuits might be used but these 
would produce sidebar's' suppression. By the 
use of band-pass circuits, highselectivity with-
out sideband suppression is obtained. 

Impedance Coupling 
The following tubes in the r.f. amplifier are 

impedance coupled, that is. a tuned circuit is 
in the plate circuit of each tube. The plates are 
choke fed and the tubes are coupled to the 
tuned circui Ls through small adjustable con-
densers, Ck. The condensers are, of course, 
properly adjusted at the factory and need only 
be altered in the event that the set has been 
tampered with or the adjustments have been 
altered due to rough handling. 

Deledor Circuit 
The detector, using a 227-type tube, is of the 

plate-detection type. In the grid circuit of the 
detector tube a phonograph pick-up transformer 
is connected with two taps to make it suitable 
for use with either low- or high-impedance pick-
up units. In normal operation as a radio re-
ceiver this transformer is shorted out of the 
circuit by the phonograph switch. When the 
set is to be used with a phonsig.reeph pick-up 
unit this switch is opened and the phonograph 
pick-up transformer is thereby connected in 
series with the grid circuit of the detector. 

AY. Amplifier 
The two 245-type power tubes obtain n.f. 

PHONO. 
TRANS 

.002 

isAUTOMAT C 
PHONOGRAPH 
SWITCH 

TERMINAL 
• BOARD 

RED & MAROON y 

AUDIO 
AMPLIFIER 

-16  W16 mt,...p...25 MEG. 

signal voltage from the secondary of the a.f. 
transformer, the primary of which is connected 
in the plate circuit of the detector tube. Since 
push-pull amplifiers sometimes have a tendency 
to oscillate, a j-megohm resistor is connected in 

MOVING 
COIL, 

(" MGR 
0 -0 
G.L.,C)FA1 

.Î .C_.(.061MON 

R F• 
c ro.<8 

DET. 
PLATE 

( OUte  
SPEAKER 

series with the center tap of the secondary of 
the transformer. This resistor prevents the 
circuit from oscillating but has no effect on the 
audio-frequency characteristics of the ampli-
fier. 

READINGS W ITH W ESTON SET TESTER Monm. 547 

Type  Tube  A  B  C  Screen  Screen  Cathode  Normal  Grid 
Tube  Position  Volts  Volts  Volts  Volts  Curren!  Volts  mA.  Test 

mA. 
224  1 R.F.  2.4  155  0.2  38  0 . 5  2.8  32.0 
224  2 R.?.  2.4  150  0.2  38  0 . 5  2.8  3.0 
224  3 R.F.  2.4  150  0.2  38  0.5  2.8  3.5 
227  De!.  2.4  180  0.5  1.4 
245  P. P.  2.4  225  *  37.0  42.0 
215  P. P.  2.4  225  es  37.0  42.0 
280  Rect..  4.9  50.0 per anode 

Line Voltage =116 
*No bias reading at socket due to resistance in series with grid. 
Bias can be read with voltmeter lead connected between filament and chassis. 

READINGS W ITH JEIVELL SET ANALYZER Monm. 198 

Readings with Plug in Socket of Set and Tube in Tester 

Tyr Position  Tube Out  Cathode Norma l Plate m A. Plate  Screen  
of of  A  It  A  it C  Healer  Plate  Grid  Change  Grid 
Tube  Tube  Volts  Volts Volts  Volts  Volts  V0113  Volts  Test  mA.  Volta 

224  1 R.F.  2.7  195  2.35  188  14  0  2.0  ^  57 
224  2 11.1e.  2.7  195  2.35  188  14  0  2.0  2  57 
224  3 fin  2.7  195  2.35  188  14  0  2.0  2  57 
227  Det.  2.7  195  2.35  210  z  0.8  0.8  0 
-45  1 A.F. 2.7  270  2.35  245  z  30.0  31..0  4 
245  2 A.?.  2.7  270  2.35  245  z  30.0  34.0  4 
280  Beet.  7.0  5.2  z  90.0 

Line Voltage = 120. Volume control position Min.* 
Note: z Resistors in circuit prevent readings. 
Note: *224 plate current read with volume control at maxi mu m position. 

Type 
Tube 

224 
224 
224 
227 
245 
245 
280 

READINGS W ITH A SUPREME RADIO DIAGNOMETER 

Tube 
Position 

1 R.F. 
2 R.F. 
3 R.?. 
Det. 
P. P. 
P. P. 
Rect. 

A  B 
Vats  Volts 

2.4  155 
2.4  150 
2.4  150 
2.4  180 
2.4  225 
2.4  225 
4.9 

nu* 
0.2 
0.2 
0.2 

Screen 
Volts 

38 
38 
38 

Nor'! 
mA. 

2.8 
2.8 
2.8 
.5 

37.0 
37.0 
50.0 

Line Voltage =116 
*No bias reading at socket due to resistance in series with grid. Rias read with voltmeter lead 
connected between filament and chassis. 
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THE BALKEIT MODEL C 

An interesting feature of this receiver is the use of double primaries on 
all of the radio-frequency transformers. In all cases the two primary 
windings are connected in series and an 0.00025-mfd. fixed condenser is 
connected across one of the primaries. These two windings are used to 

LA 
ANT 
0-11  SA1 
0000251, 
MFD 

SIl 

obtain uniform r.f. gain over the entire broadcast hand, the capacity 
shunted winding being most effective at low radio frequencies and the 
unshunted winding being most effective at high radio frequencies, thus 
the inefficiency of each winding is compensated by the other. 

I2  MFO I2  MFD.  2MFD 

0.1.MFD  

ir   

3,600 OHMS 

770 OHMS 

THE KENNEDY CHASSIS NO 10 

-.—.-J 

This is n screen-grid receiver using three 224-type tubes as r.f. ampli- output consisting of an r.f. choke and two fixed condensers, such n filter 
fiers followed by a C-bias detector, one resistance-coupled a.f, stage, and  being essential when the detector is resistance coupled to the following 
one transformer-coupled al. stage. Note the r.f. filter in the detector  amplifier tube. 

GND 

10 -120V 
60,.. A C 

POWER 

90-130 

ELECTRO -DYNAMIC 
1  CONE  - - 

AVERAGE VOLTAGE READINGS 
THE VOLUME CONTROL IS TURNED FULL -ON:OR TO THE 
RIGHT.FOR ALL READ/NGS. -o- THE LINE VOLTA6E WAS 
HELD Ar APPROXIMATELY 115 VOLTS. 

TUBE FILAMENT PLATE BIAS SCREEN 

FIRST R.F. 2.3 170 3.5 65 

SECOND R.F. 2.3 170 3.5 65 

THIRD R.F. 2.3 170 3.5 65 

DETECTOR 2.3 125 18 

FIRST A.F. 2.3 156 9 

POWER TUBES 2.35 230 48 

RECTIFIER 4.8 
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New! 

Improved 

PLUG-IN COILS 
Ha m marlund Short Wave 
Plug-In Coils are space-
wound and firmly anchored 
to a thin fil m of strong dielec-
tric material. Distributed 
capacity and resistance are at 
a mini mu m, thus insuring 
extreme sensitivity and sharp 
tuning. Widely-spaced plug-
in terminals. 

An adjustable pri mary is in-
tegral with the base. Separate 
coils are available covering 
wave bands fro m 10 to 225 
meters. 

Complete 

RECEIVER KIT 
A remarkably efficient two-
tube distance getter, with one 
tuning and one audio stage. 
Contains all parts as illus-
trated. Easily constructed 
from simple directions. 

It includes the famous Ham-
marlund Dru m Dial, the new 
Ha m marlund wide-spaced 
Short - Wave Condenser and 
the improved Ha m marlund 
space wound Plug-In Coils. 
Extra coils are available cover-
ing wave bands from 10 to 225 
meters. 

V V V 

T 

For Thrilling 
SHORT- WAVE 
RESULTS 

EVERY hour of every day short-wave 
radio is coming into its own—is prov-
ing the claims of super-efficiency the 

experts have made for it. 

Probably no other development of radio has 
grown as fast or promises so bright a future. 

For the experimenter, for the dyed-in-the-
wool fan, for DX "hound"—the short-waves 
are packed with thrills. The whole world is 
their horizon. Foreign stations become local. 
Day or night—in sunshine or shadow, short-
waves "percolate" when the equipment is 
right. 

Hammarlund Short-Wave Coils and Con-
densers—Drum Dials, Chokes, Shields are 
the products of more than twenty years ex-
perience in the manufacture of precision 
instruments for telephone, telegraph and 
radio use. The name "Hammarlund" is 
known and respected wherever quality in 
radio means what it is supposed to mean. 

Whatever your interest in short-wave radio 
products—whether using, buying or sell-
ing—the Hammarlund reputation is your 
safeguard. 

Write Dept. BD-7 for complete information on these 
and other new Rammarland Precision Radio Products. 

HAMMARLUND MANUFACTURING COMPANY 

424-438 West 33rd Street, New York 

giàL, .B.12.11SX % did' Itlimmarlund 
P R E CI S/ O N 

PR ODUCTS 

New 

WIDE -SPACED 

CONDENSER 
Heavy, widely-spaced 
plates for strength. Less 
chance for accumula-
tion of dust affecting 
capacity changes in 
close tuning. 

"Parmica" insulation, 
the re markable new 
material which so 
closely matches the 
ideal dielectric effici-
ency of dry air. Current 
loss greatly reduced; 
selectivity and sensi-
tivity marvelously im-
proved. 

Double cone, smooth-
operating bearings — 
easily adjusted to take 
up wear. Non-corrosive 
brass plates with tie-
bars to preserve perfect 
alignment.  Warpless, 
aluminum alloy frame. 
Accurate capacity rat-
ings. 

A real short-wave con-
denser in  the three 
most desirable sizes: 
.00025, .00014 and .0001 
mfd. 

V V V 



On the market the first of June, the S-M 770 Auto-Set 
has proven itself to have everything! 
1. SENSITIVITY-2.5 to 14 microvolts per meter 

(an average of 8 over the broadcast band). That's one 
of the things that makes possible real console-model 
reception. 
2. THREE SCREEN-GRID TUBES and '71A 2nd 

Audio—giving you console-model wallop. 
3. SCREEN-GRID POWER DETECTION —as you 

know, five times better than a '27 detector! 
4. POSITIVE TUNING—directly through a regu-

lar S-M 810 illuminated drum dial, eliminating dubious 
control through a "remote" shaft—another feature ex-
actly like the finest console. 
5. SMALL SIZE -12 inches longlyy 7% inches high 

and 6Wi inches deep —a pocket edition expresslY 
designed for its job. 
6. NO CUTTING UP THE CAR —mounts on 

brackets under the cowl to the right of the driver's 
seat—dial and controls easily seen and accessible. 
7. VIBRATION-PROOF —tests over hundreds of 

miles of rough back-country roads have proven this 
Auto-Set to be trouble-proof and shock-free. 
8. SPECIALLY DESIGNED SPEAKER-9% inches 

wide and only 3 inches deep, magnetic, with matched 

For Short Waves: 
The Bearcat 

The first all-modern short-wave receiver 

—a. c. with built-in power supply, gang 

condenser, and 2 e.g. tubes. Single tuning 

dial —you can spread the crowded ham 

bands by a twist of the wrist —no tools 

required. Treat yourself to a short-wave 

set that will "get Prague" whenever 

Prague can be got. S-M 737 —wired com-

plete, $139.60 list. Component parts 

total $109.60. 

r— 
I Silver-Marshall. Inc. 
6437 West 65th St., Chicago, U. S. A. 

.  .. Send your 1930 catalog with sample copy of the I MAR.SFIALL RADIOBL UDER. Also Data Sheets as follows: (Enclose 
2c for each Data Sheet desired.)  . . 
•  ... No. 22: 770 Auto-Set and Installation. 
.. No. 19: 692 Power Amplifier. 

• ... No. 21: 737 Short-Wave Bearcat. 

You'll Put This 

Auto-Set 
In Your Own Car! 

impedances, fitting under the cowl to the left of 
the receiver. 
9. STURDY—cabinet built of heavy sheet steel. 
10. RESISTANCE-COUPLED DETECTOR— 

giving fidelity fully equal to modern full-size 
receivers. 
The Auto-Set was designed by the world-famous 

Silver-Marshall laboratories to give absolutely every-
thing regardless of price—but look at thé prices: 
770 Auto-Set, receiver only, RCA license. Price 

$79.50 list. Parts total $61.40. (Tubes required, 3— 
'24, 1—'12A, 1—'71A.) 
771 Auto-Set Accessories, including all installa-

tion equipment but batteries, tubes and speaker. 
Price $17.50 list. 
870 Automotive Magnetic Speaker (9%" wide 

by 3" deep). Price $15.00 list. 

And a Big Power Amplifier with 
Twice the Wallop! 

The S-M 692 Amplifier combines per-
fect fidelity of tone with twice as much 
amplification as any other three-stage 
amplifier available today! Its unusual 
fidelity is due to uniform amplification 
of the higher harmonics in the 5000 to 
10,000 cycle range. While most ampli-
fiers cut off fairly abruptly around 5000 
cycles, the 692 has as much amplifica-
tion at 10,000 as at 400. The low-fre-
quency end is exceptionally good, too, 
the curve going below 30 cycles and giv-
ing no peak in the 60 to 300 cycle range 

The 692 gets its power from any 105-
120 volt, 50-60 cycle, a. c. source and 
has a voltage amplification of 4000 
(72 d.b.) which comes primarily from 
the use of an a. c. '24 screen-grid tube 
in the first audio stage. It has an input 
circuit of "universal" type and will 
operate directly out of any pickup of 
200 to 10,000 ohms. Completely wired 
and tested, less tubes, $245 list. 

•••• 1 

Name   

LAddress 
J 

SILVER-

Inc. 
6437 %Vest 65th Street 
Chicago, U. S. A.  

S-M Speakers Ideal for 
Theatre and Hotel 

S-M offers speakers for es ery power 
amplifier installation: flush-mount-
ing wall-type magnetic speakers, 
with volume control and three-
station selector on panels dynamic 
speakers up to the most powerful 
auditorium type, with or without 
input transformer. All show the 
characte   S- M tone fidelity, 
esteemed everywhere as second to 
none. Send the coupon for details. 

The Radiobuilder, Silver-Marshall's 
publication telling the very latest de-
velopments of the laboratories, is too 
valuable for any setbuilder to be with-
out. Send the coupon for a free sample 
copy. If you want it regularly, enclose 
50c for next 12 issues. 
4000 authorized S-111 Service Stations 

are being operated. Write for informa-
tion on the franchise. 


