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ULTRA - FREQUENCY 15? 
OSCILLATORS Per Copy 

PICTURE DIAGRAM 
OF 2-TUBE SET 

FOR SHORT WAVES 

MULTI -RANGE 
DIAL SYSTEMS 

ALL -WAVE 11 -TUBE SKY -RAIDER 

A Super for Broadcasts, a Double Super for Short Waves. For Alan 
Mannion's Article on His Excellent Receiver, See Pages 12 and 13. 
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LINE -BLOCKED UNIVERSAL 
TEST OSCILLATOR 

THIS Test Oscillator, Model 30 -NB, is service- 
able for all intermediate frequencies from 135 

k.c. up, and all broadcast frequencies, for lining 
up the receiver channels. It is constantly modula- 
ted and the same instrument works on 90 -120 

volts a.c. (any line frequency), line d.c. or bat- 
teries. A new improvement is line blocking, so 
the only feed to the receiver is through a wire 
from output post of Test Oscillator. Frequencies 
are direct- reading and never more than 1% off. 
Model 30 -NB is contained in shield cabinet. Etched 
metal scale is non - warping. Oscillator sent tree 
(complete with 30 -tube, ready to operate) on 
receipt of $12 for a 2 -year subscription for Radio 
World (104 issues, one each week). Order Cat. 

30 -NB. 

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

You Can't Beat 
-this price - 

.0 
COMPLETE 

IT isn't often that such 
an opportunity presents 

itself. Take advantage of 
this low price. We cannot 
guarantee that we will 
have these pickups long 
because they will go fast at 
this low price. 

for a genuine 
Stromberg= Carlson 
MagneticPickup 

Outfit 
°.:isii--: ;¡.i 

rom bétr ''Cfá'iclsöñ rs =S °i'li_ . . 

I- 
Meñ..4a=_.. uen- ;: 

VOLUME 
CONTROL 
KNOB 

INPUT 
TRANSFORME R 

PICKUP 
HEAD 

RELIABLE RADIO Co. 
145 West 45th Street, New York City 

PICKUP 
PLUG 

The outfit is abso- 
lutely complete, 
packed neatly in 
compartments of 
original Stromberg. 
Carlson box. 

Selected Quality Tubes FREE With Subscriptions for Radio World 
Here is your opportunity to subscribe 

for RADIO WORLD and get just the 
tube or tubes you want, made by a very 
large, reliable, licensed tube manufac- 
turer; picked tubes you'll appreciate. 
On this offer you have five days after 
receipt to put the tube to any logical 
test, and if not entirely satisfied with its 
performance, return it for replacement. 

For an 8 -week subscription (8 issues, 
one each week), at the regular price, 
$1.00, you may select any one of the fol- 
lowing tubes as free premium, or more 
at the same rate ($2, 16 -weeks subscrip- 
tion for two tubes, etc.), from this par- 
ticular list: OlA, 01AA, IV, 12Z3, 112A, You may select any assortment of 
24A, 26, 27, 30, 31, 35, 36, 37, 38, 39, 45, tubes desired and send in a subscrip- 
47, 51, 56, 71A, 80, 82. tion amount for the total required un- 

With a 13 -week subscription (13 is- der the above classifications. 

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

sues), at the regular price, $1.50, any 
one of the following tubes, or more at 
the same rate, from this particular list 
(two for a 26 -week $3.00 subscription, 
three for 39 -week $4.50 subscription, 
four for 52- weekly, yearly $6.00 sub- 
scription, etc.), 1A6, 5Z3, 2A5, 2A6, 
2A7, 2B7, 6A4, 6A7, 6B7, 6F7, 25Z5, 22, 
32, 33, 34, 41, 42, 44, 46, 49, 53, 55, 57, 
58, 59, 67, 75, 77, 78, 83, 83V, 84, (6Z4), 
85, 89, 483, 485. 

For a $4.00 subscription, 34 weeks (34 
issues), one No. 10 tube or one No. 
50 tube may be obtained. 

SPEAKER REPAIRS 
Free edge cone and voice coil assembly. 
Field coils for all Dynamic Speakers. 

We take care of all your speaker troubles. 
THE MOST COMPLETE ORGANIZATION 
OF ITS KIND IN THE UNITED STATES 

Cleartone Speaker Service 
Fourth Floor 

72 Cortlandt Street New York City 

For information about the 

"SKY- RAIDER" 
11 -tube all -wave receiver 

Write to 

MANNION 
LABORATORIES 
135 Liberty St., New York City 
This laboratory will gladly furnish estimates 
or designs on special receivers or other 

electronic equipment. 

UNIVERSAL 
Stretched- Protected 

Diaphragm Type 
1934 Model "BB" 

Now with stretched diaphragm 
fuly protected against damage. 
Superlative Quality of reproduc- 
tion makes Model "BB" the 
general all purpose microphone 
for both voice and music. No 
increase In price. Sold by Job- 
bers everywhere. 
Universal Microphone Co.. Ltd., 

Inglewood, Cal.. U. S. A. 

HENLEY'S "TWENTIETH CENTURY BOOK 
OF RECIPES, FORMULAS & PROCESSES." 
New 1933 Edition. Ten thousand procesess, recipes 
trade secrets and money -making formulas. For 
the laboratory, workshop, factory and home. Some 
subjects fully covered: Dyes, Inks, Waterproofing, 
Perfumes, Cement, Plating, Glass, Dentifrices, 
Varnishes, Soaps, Glues, Paints, Adhesives, Ea- 
amelling, Hairdressings, Cosmetics, Oils. Price, 
S4.00. Book Dept., Radio World, 145 W. 45th St., 
New York City. 

RADIO WORLD AND RADIO NEWS. Both for 
one year, $7.00. Foreign, $8.50. Radio World, 145 
W. 45th St.. N. Y. City. 

Matched Condenser 
and Coils for 
Dual -Band Tuning 

111.1: 

JJJII I IIJIII 
0 0 

A four -gang tuning condenser o the semi -precision type. 
Small in size, exec In adjustment and construction for 
precise tuning. it ranges In caper ty from 18 to 400 mmfd. 
Has built -In trimmers. 8 to 35 mmfd. With standard cells 
Intended to be tuned with a 0.00035 to capacitance, this 
condenser will cover the band from 200 to 600 meters. 

The sections are separated by half shields, while shield 
as high as the maximum height of the rotor plates Is st 
each end. The rotors are turned by a common shaft. %" 
'n diameter which is mounted on ball bearings. Condenser 
closes to the left and Is equipped with mounting spades. 
Overall size 5x31/4x2% Inches (not Including shaft for dial 
In measurement). Noted for its extreme compactness. 
4 -pang condenser Cat. No. 4GG 52.95 

Set at four shielded roils for this condenser, for 465 ks 
super, includes three r -f and oscillator coil. Tapped for 
police calls. DLC 51.50 

RELIABLE RADIO COMPANY 
145 WEST 45th STREET NEW YORK CITY 
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i L1i_c$jI 6 All Coils in Each Set are the Famous BRUNO Make 

STEPS TO 
WORLD -WIDE FAME 

i 

© SCOUT One Tube All -Wave 
Battery Operated 

S.W. Receiver 
A set for the beginner ! Will 

cover the entire short wave 
I and broadcast bands. It is 

remarkable how the "Scout" 
intercepts short wave signals. 
Police signals, ship to shore, 
airplane, amateurs, etc., tuned 
with ease. 

Parts in the kit are of the 
highest quality. Smooth re- 
generation control. Exceed- 
ingly simple to build. Uses 

cells, and 1-45 volt "B" battery. 

F 

1 -230 tube, 2 -1% volt dry 
Model SC -1 -R- Complete kit of parts $3.95 
Model SC -1 -W -Wired and tested Extra 1.00 
Sylvania 230 tube .70 
Set of batteries 1.80 
Set of Matched headphones ,95 
Broadcast coil -200 -550 meters .39 

D Three Tube 
A.C. Short Wave 

Receiver 
15 -550 METER TUNING RANGE 

One of the most popular of the 
Powertone line of short wave re- 
ceivers. Tuner and pack all built 
in one. Uses 1 -'S8, 1 -'58 and 1 -'80 
rectifier tubes. 

Especially recommended for use 
with headphones. Covers both the 
short and broadcast band with 
the aid of plug -in coils. Rust- 
proof chassis is mounted into 
beautiful modernistic, crystal - 
finished cabinet. 

A Model SW5009 -K -Kit of parts $10.95 Model SW5009 -W -Wired and tested..Extra, 2.00 Set of matched Sylvania tubes 1.95 Set of matched headphones .95 Broadcast coil (200 to 550 meters) ,39 

1 1110 i lki rTI II 
De Luxe 
Short Wave Receiver 

15 to 550 Meter 
Range 

The latest addition to the 
famous line of Powertone 
short wave receivers. New 
type airplane dial. Built -in 
tuner and pack. Provisions 
for headphones. Low -loss, 
octo- formed coils. Uses 
2- '58's, 1 -'58, 1 -'80 and 1 -'59 
tubes. 

Model SW5008 -R -Kit of parts $24.50 
Model SW5008 -W -Wired and tested Extra, 5.00 Set of matched Sylvania tubes 3.75 
Broadcast coil (200 -550 meters) ,89 

FREE 
Servicemen's 
Manual with 
each Set. 
Regular 25e. 

WI DO OUll MCI 

POWERTONE Wallace 
Hoover Cup Winner 
Short Wave Receiver 

Designed by Don C. 
Wallace, featuring band 
spread tuning and coup- 

ler for Doublet 
Antenna. Prob- 
ably the finest 
two -tube, bat- 
tery operated 
short wave re- 
ceiver ever de- 
signed. 

Uses the eco- 
nomical two - 
volt 230 tubes. Easily con- 
verted to A.C. 
operation. Re- 

quires 2 -1% volt dry cells, and 45 -135 volts "B ". 
One silver- wound, octo -formed coil included in each kit. Choice 

of one of the following 20 -32, 40 -80, 75 -150. 150 -200 meter. A 
Model PW -2 -R -Kit of parts $1 0.90 
Model P%V -2 -W -Wired and tested Extra 2.00 
Model PW -2 -T -Set of matched Sylvania tubes 1.40 
Model PW -2 -C -Each coil. additional .95 

REGENT Four Tube A.C. 
Short Wave Receiver 

With Built -in Speaker 
15 to 550 METERS 
Up -to- the -minute in 

short wave design. Dy- 
namic speaker is built 
directly into the chas- 
sis, making the entire 
receiver one unit. Built - 
in power supply. 

World -wide, loud 
speaker reception. Uses 
2- '58's, 1 -'80 and 1 -2A5 
tubes. 

y C 
Model R4A -R -Kit of parts $11.50 
Model R4A -W -Wired and tested.. Extra, 2.00 

Complete set of Sylvania matched tubes 2.50 
Modernistic cabinet 1.50 
i{r":uh a.t coil (2(t) to 550 meters) .89 

1 

b Tube 
All Wave Super -Het 

Short Wave Receiver 
The most advanced 

model in the Power - 
tone Short Wave Re- 
ceiver line. Any ex- 
perienced short wave 
fan can construct it 
with little effort. All 
the short wave offer- 

ings of the world are at your linger 
tips. Automatic regeneration control 
aids in tuning -in the weaker stations. 

Uses 1 -2A7, 2- '58's, 1 -'55, 1 -2A5 and 
1 -'80 rectifier tubes. Two sets of 

plug -in coils cover the short wave band. (14 -200 meters.) 
Model P8 -9 -R -Bit of parts with 8 coils $24.50 
Model PS-6-W-Wired and tested Extra, 5.00 
Set of matched Sylvania tubes 3.95 
2 Broadcast coils (200 to 550 meters), each .89 

TRY-M0.1114010 J I,D10 CO.iN.85 Coilandt St.NewYork, 
Address All Mail to Dept. RW 

SEND FOR NEW 1Y.3 CATALOG -I-Ktt 

Headquarters 
for short wave 
and trans- mitting 
equipment. 
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Ultra- Frequency Oscillators 
Offer a Limitless Chance for Profitable 

Experimenting 
By J. E. Anderson 

P 

FIG. 1 

The equivalent network of an 
ultraudion oscillator showing the 
three tube capacities, Cp, Cg, and 
Cm, the grid condenser C, and the 
inductance L. This applies to ultra- 

high frequencies. 

tB 
FIG. 2 

The circuit of a short -wave oscil- 
lator often used. It is doubly peri- 
odic but is converted to a Colpitts 
by putting a radio -frequency choke 

in the B supply lead. 

THE radio experimenter who has ceased to find much excite- 
ment in the reception of broadcast and short -wave stations 
but who still wishes to indulge in his hobby can get an end- 

less amount of interest and pleasure out of the ultra -short waves, 
which he himself can generate and receive. 

The advantage of working with ultra -short waves is that the 
apparatus costs practically nothing and no antennas of large di- 
mensions are required. The generation and reception of ultra -short 
waves is a game which any one can play, and the main prize is 
the generation of the shortest wave. There is comparatively little 
trouble in getting down to 3 meters, but to get down below one 
meter is a harder nut to crack. Yet anybody who has a few radio 
apparatuses has as good chance as any one else getting down. The 
utilization of the ultra -short waves after they have been generated 
and detected is another problem, but that, too, is in the same game. 

Short -Wave Circuits 
The problem of generating ultra -short waves is mainly one of 

reducing the distributed capacities, mainly those pertaining to the 
tube. Of course, the inductance can also be reduced, and must be 
if the generated waves are to be very short, but if the inductance 
is made too low, the circuit will not oscillate because it does not 
have enough fly -wheel effect. In an effort to reach the ultra -short 

C, 

FIG. 3 
The equivalent network of the cir- 
cuit in Fig. 2 before the choke has 
been put in. Cl is the grid stopping 
condenser, which may be used for 
tuning if condensers C are omitted. 

waves many experimenters have resorted to push -pull circuits, but 
little is gained in that direction, for as more tubes are added, ca- 
pacities are also added. 

As an aid in understanding what capacities enter into the problem 
and in what way they affect the frequency generated, let us look 
at Fig. 1. This represents the a -c portion of an oscillating circuit 
of the ultra -audion type. There is supposed to be a radio -frequency 
choke in the grid circuit and another in the plate circuit, but the 
reactances of these are assumed to be so large that they do not 
affect the operation of the oscillator, that is, in respect to fre- 
quency. Cp is the plate to cathode capacity, Cg the grid to cathode 
capacity, Cm the plate to grid capacity, C the grid condenser, and 
L the inductor. The internal resistances are represented by rg 
and rp. 

Now in most practical cases the internal resistances are so high 
their effects on the frequency can be neglected. Therefore the 
oscillating circuit is the network remaining when these resistances 
are removed, and the frequency of oscillation can be computed in 
terms of the capacities and the inductance. First of all, Cp and 
Cg are in series. Therefore their capacity is CpCg /(Cp+Cg). 
For short, let us call this K. Across this capacity is the grid to 
plate capacity Cm. Therefore we have K+Cm. This in turn is 
in series with C, and therefore the total effect capacity in the 
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Segregating the Duo -Diode 
of the 55 for Independent Second 

Detection and A. V. C. 
By Roger Braddock 

0.0!11.4 
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jilt II 
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4, 

The interesting thing about this circuit is the manner in which one diode of the 55 is used for second detection, 

the other for third detection so as to establish independent automatic -volume- control action, the a.v.c. being 

delayed some 10 volts, so that it does not affect the circuit in any way unless the amplitude at the second detector 

is in excess of 10 volts. This delay improves sensitivity, compared to immediate a.v.c. Also, one -sixth less than 

the total rectified voltage is put into the triode of the 55 as a precaution against signal- stopping overload. 

IAJ 

1v 

UP to the detector most circuits are pretty good. With diode 
detection, up to and including the detector they are pretty 
good. The reason for including the detector when the 

diode is mentioned is that the diode will stand about 100 volts 
before it will show signs of overloading. Therefore it will stand 
practically anything that can be put into it. After the diode 
comes the trouble. This fact may as well be recognized, espe- 
cially as manufacturers of commercial receivers have come to 
recognize it, and are treating their audio channels accordingly. 

The interest in the diagram herewith enters on the second 
detector. The function is really divided. There are two detectors. 
One is the single diode that is used for straight detection of the 
signals, so that the audio component may be put into the audio 
amplifier. The other is the rectified current that is used for 
automatic volume control. It is understood, of course, that the 
55 is really three tubes in one : (1) a diode, (2) another diode, 
(3), a triode. 

Of all the duo -diode -amplifier tubes, the 55 will stand the 

biggest input. But it does not stand any too much. The bias 
may be as high as 20 volts negative, which, let us say, would 
accommodate a signal of 14 volts, counting the peak of the in- 

termediate frequency oscillation. That is just a safety margin. 
Somewhat more than 14 volts peak a.c. could be put in without 
overloading. 

10 Volts Better Than 20 

However, the 55 triode does not work at its best at such a 

high negative bias as 20 volts. It is true enough that when the 
tube was announced the load resistor (assumptively the plate 
load, though the details were not there) was to be 20,000 ohms, 

the negative bias 20 volts, the diode load resistor 0.5 meg. But 

that has been changed. It was found experimentally that nearer 
10 volts gave much more satisfactory performance. The work- 
ing mu of the tube, or its mutual conductance, was so much 

greater that the lower bias became advisable, and retained its 

acceptance or preference even if the input signal had to be cut 

Grid Temperature Limits Ultra Frequency 
(Continued from preceding page) 

By making the voltage very high, frequencies represented by a 

quarter of a meter can be attained. This means a frequency of 

1,200 megacycles. The limitation on the frequency for a given 

tube is the temperature of the grid. Since the grid is highly posi- 

tive, a high grid current will flow, and this will cause much re- 
lease of energy on the grid. As the grid is inside the plate, there 
is little chance for heat radiation and the grid becomes red hot 
very quickly. Moreover, tube does not last long in this kind of 

oscillator. 
The best way to start with the ultra -short waves is to use either 

a dynatron or a regular oscillator, such as the ultraudion. They 
will work dependably and they will not ruin tubes as fast as they 

are put into the socket. The first rule in construction of such oscil- 

lators is simplicity. Use the minimum capacities possible, the 

smallest inductance that will make the circuit oscillate, and mod- 

erately high voltages on the elements. 
The frequency generated can be measured with Lecher wires 

if the wavelength is not more than the distance across the room 

in which the work is done. These Lecher wires should be coupled 

loosely to the oscillator. If a bridge consisting of a low resistance 

thermo- milliammeter and two sturdy leads from it to the parallel 

wires is put across the wire maximum current will be found at 

certain positions along the wires. The distance between two adja- 

cent positions is one -half wavelength. 
It is also possible to measure the frequency by means of har- 

monic ratios, utilizing beats between the frequency generated and 

the harmonics of a calibrated oscillator. 
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FIG. 4 
The circuit of the Bark - 
hausen -Kurz oscillator. It 
is characterized by hav- 
ing a high positive poten- 
tial on the grid and a low 
negative potential on the 

plate. 

Ch 

FIG. 5 
A simple oscillator of the 
type in Fig. 1, a single - 
turn loop of wire being 
used for inductance and 
the grid stopping con- 
denser being used for 
tuning. Tube capacities 

not shown. 
circuit, that is in series with the coil, is C(K+Cm) /(C+K+Cm). Let us call this Ke, the effective capacity in series with L. There- fore the frequency of the circuit is F= 0.159 /(LKe) %, or the wave- length is X= 1.884(KeL) , X being measured in meters, Ke is micro - farads, and L in microhenries. 

Let us apply this formula to an assumed case, using values that are likely to occur in practice. Let L =1µH, C =5 mmfd., Cg= Cm =1.7 mmfd., and Cp =3.8 mmfd. Therefore K =1.175 mmfd., K+Cm =2.875 mmfd., and Ke =1.826 mmfd. When we substitute this value in the wavenlength formula we obtain a =2.55 meters. This is about the lower wavelength limit of oscillation of an ordin- ary tube. Of course, it may be possible to lower the inductance as well as the value of C, but there will be a combination at which the oscillation will stop. 
By removing the socket and connecting the leads directly to the . prongs on the tube, lower wavelengths can be obtained for the same value of inductance. However, the capacity values chosen above were for the tube alone and not including the capacities of the socket. The radio- frequency chokes used in the grid and plate circuits will have some capacity, and these will make Cp and Cg larger than the values selected. Suitable coils might have a ca- pacity of one micromicrofarad, and this would make the value of K 1.73 mmfd. in place of 1.175 mmfd. Thus if nothing else were changed, the wavelength would be 2.7 meters. The change is not great. 
By the tube the ube capaci an be re- du considerably, but even this change will not affect the fre- quency a great deal. One of the best ways of reducing the ca- pacities is to bring the grid and plate leads out at opposite sides of the tube. Special tubes for short -wave generation are con- structed in this manner. It should be noted that if the grid- cathode and plate- cathode capacities were zero, there could be no oscilla- tion. Making them zero, however, is impossible. Hence there is no danger of making them too small. 

Range of Oscillator 
It is clear that the frequency range of an oscillator such as is represented in Fig. 1 is very narrow for the variable condenser has a small effect on the total effective capacity. Let us see what the possible 

e 
range 

valu t has when it is 
largest 

shorted. If 
value 

e set C in the formula for Ke infinite we have Ke= KA -Cm. Using the value previously computed for K, we have K+Cm =2.875 mmfd. The wavelength is 3.2 meters. The smallest value that C can have is zero. But when it has that value the L branch of the circuit is open and there can be no oscillation. But we might set a lower limit of one mmfd. for C. The Ke =.741 mmfd. This makes the wave- length 1.62 meters. Still it is not down to one meter, and we have no assurance that the circuit will oscillate. 
The ultra -short wave oscillator can take many external forms, but most of them can be represented by the drawing in Fig. 1. In Fig. 2 we have a circuit that is sometimes used in short-wave oscillators and it is supposed to be a Hartley. When the same circuit is used with two tubes in a kind of push -pull arrangement it is called a "balanced Colpitts." It can be neither a Hartley nor a Colpitts as it stands, but it can be converted to a Colpitts by the simple expedient of connecting a radio -frequency choke in the B supply lead. The circuit in Fig. 2 can be represented by a network such as that in Fig. 3. the internal resistances of the tube being omitted. From either Fig. 2 or Fig. 3 it is plain that the circuit is doubly periodic, that is, it has two tuned circuits both con- 

Ch ch 

FIG. 6 
In this oscillator, which is 
of the ultraudion type, 
the inductance coil has 
been replaced by a pair of 
Lecher wires. This can 
oscillate whether the far 
end of wires is open or 

closed. 

B +BNigh -+B Law 

FIG. 7 
This circuit is a dynatron 
in which a pair of Lecher 
wires has been substi- 
tuted for the usual reson- 
ant circuit. The wave- 
length generated is al- 
ways longer than the 

wavelength of wires. 
tributing to the frequency. If a choke is put between the tap on the coil and ground, that is, the point where four condensers join, the circuit becomes a Colpitts. When this choke is put in, the circuit is essentially the same as that in Fig. 1, that is, the ultraudion. 

In Fig. 7 we have a simple oscillator in which the inductance consists of a small, single turn loop. A radio- frequency choke is put in each of the filament leads and in each of the grid and plate leads. The tuning condenser C is the grid stopping condenser. This circuit is exactly like that of Fig. 1 and the frequency can be estimated by exactly the same formula as was developed in connection with this circuit. The inductance is principally that of the loop. Suppose we have a loop in the form of a circle ten inches in diameter and made of a copper wire 3 inch in diameter. What is the approximate frequency of the oscillator, assuming that the total effective capacity 2 mmfd. as computed from the formula for Ke? First we have to compute the inductance of the loop. This is 0.7 microhenry. Therefore the frequency of the circuit is 130 megacycles, or the wavelength is 2.3 meters. If we had bent the wire into a square, the inductance would have been 0.675 microhenries, assuming we used the same length of wire and the same diameter. This it does not make much differ- ence if the circle is not perfect. 
The chokes should be suitable to the high frequency. Those in the filament leads must be able to carry the filament current and all must have a low distributed capacity. 

Lecher Wire Oscillators 
In principle, Fig. 6 is exactly the saine as the oscillator in Fig. 5 and the frequency of oscillation is determined in the same way. That is, the formula developed in conjunction with Fig. 1 applies, provided that we suubstitute for L and C the equivalent values of the Lecher wires. We shall not attempt here to find the equivalent. It depends on whether the wires at the far end are shorted or open. It is possible for the circuit to oscillate either way, but the fre- quency will not be the same in the two instances. Oscillation will occur more readily if the wires are shorted, but if they are it is necessary to insert a blocking condenser to prevent the B supply from shorting. A condenser of about 0.002 mfd. can be inserted in either lead without making any appreciable difference in the fre- quency. In Fig. 7 is another Lecher wire oscillator, but in this case the tube is connected as a dynatron. The circuit oscillates by virtue of secondary emission from the plate, or by virtue of nega- tive resistance. Now we have only one tube capacity to consider, that bétween the plate and all the other electrodes. This capacity, however, is much larger than the effective distributed capacity in the previous case. As in that case, the frequency will not be determined solely by the characteristics of the Lecher wires, but it will be lower. 
In Fig. 4 we have the Barkhausen -Kurz oscillator. The char- acteristic feature of this is that the grid is highly positive and that the plate is at zero potential or at a low negative potential. The short wire projection from the grid is not a part of the oscil- lating circuit but is used only as a means of detecting the presence of the oscillations or for radiating them. The real oscillating circuit is entirely inside the tube, the oscillation consists of a back and forth movement of electrons in the space between the grid and the plate. 
The frequency of these oscillations depend mainly on the voltage on the grid, the higher this voltage the higher the frequency. The variation is approximately as the square root of the grid voltage. 

(Continued on next Page) 
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down to avoid overloading the triode, for it was found that 
more could be taken out, due to the higher gain, when the lower 
bias prevailed and signal was reduced accordingly, than when 
the higher bias existed, and the signal was permitted to enter 
the audio channel at maximum. 

Also, the plate load resistor is now recommended to be much 
higher, the total resistance being in excess of 100,000 ohms, 
almost invariably. In the circuit herewith the effective plate 
load resistor is 50,000 ohms, but there is an additional resistor 
of 100,000 ohms, from which the signal is removed by a large 
capacity (8 mfd.), and besides this combination of 0.1 meg. 
and 8 mfd. constitutes an important hum filter. One of the 
worst places for hum trouble is at the detector, and this filter 
prevents the hum from backing into the detector through the 
plate circuit that is otherwise open to the reception of hum with 
a vengeance. 

One -Sixth of Amplitude Omitted 
Let us examine the input to the two diodes. The usual in- 

termediate- frequency transformer is present, and its secondary 
will be considered. From the upper or high side, looking into 
the 55 duo -diode, there are two condensers. The capacities are 
the same, 0.0001 mfd. One condenser, the upper one, connects 
directly to the upper diode plate, and then there is a resistor 
of 0.1 meg. that continues from that point in the direction of 
the cathode. However, a resistor of 0.5 meg. goes to the 
cathode, and therefore the total resistance, looking from the 
condenser just mentioned, to the cathode, is 600,000 ohms, or 
0.6 meg. This total expresses the load used for the detector 
itself, the so- called second detector or demodulator, and the 
tube depended on for the audio frequencies to feed the follow- 
ing channel. 

But we must realize that the rectification affects the total 
600,000 ohms, and since a slider moves across the 500,000 ohms 
(0.5 meg.) to grid of the triode in the 55, reached through a 
condenser, it is obvious that not all of the rectified voltage is 
delivered to the triode. In fact, the total voltage is represented 
by 600,000 ohms, and that taken off is represented by 500,000 
ohms at "full -on" position of the manual volume control, there- 
fore one -sixth of the rectified voltage is not utilized at all. The 
reason is plain enough. If that other sixth were added to the in- 
put to the audio amplifier there would be premature overload 
of the audio channel. Besides there might be some inter- 
mediate- frequency oscillation, because the amplitude at the 
detector affects the oscillatory tendency of the intermediate 
channel, always dangerously high unless special safeguards are 
taken. 

Delay Voltage 
From the pointer through a condenser to the grid, with grid 

return through 2 meg. to ground, represents the input, while 
the output is effectively that developed across the 50,000 ohms, 
being fed to the primary of the interstage audio transformer. 

Thus have we accounted for the second detector. 
Perhaps as good a name as any for the purpose to which the 

other diode is put is third detector, though the service rendered 
is automatic volume control. What is the advantage of this 
severance? Are not the functions usually combined? Why not 
stick to the simpler method of using the same detection for 
second and third detection, that is, for demodulation and also 
for automatic volume control? 

Answer : If the functions are separated it is possible to in- 
troduce a delay voltage quite easily, of such a type that the 
automatic volume control will not start functioning prematurely, 
but will be ineffective until the signal itself has risen to a 
certain amplitude, when the service that a.v.c. offers is most 
important. In other words, while it is true that the considera- 
tions just put forward, that too much could be delivered to the 
triode, whereby that tube would overload, do prevail, a.v.c. may 
be introduced to check that tendency, but when a.v.c. is the 
rule, and is untamed, the danger is there will be too much of it. 

While a.v.c. is never effective unless and until there is a 
signal of some ratable amplitude, yet it may become effective 
at a signal amplitude too low for the intentions. In other 
words, the drain on sensitivity may be too great. 

It is a fact that one of the attributes of a.v.c. is that it tends to 
correct for fading, but in practice this benefit is not as great 
as some imagine, and therefore steps are taken not to permit 
a.v.c. to constitute too much of a drain on the sensitivity of the 
receiver to serve a largely theoretical no- fading purpose. That 
means of checking a.v.c. is developed through delay voltage, 
or time lag, or holding back the a.c.v. action until the amplitude 
for detection proper is of a sufficiently high level. All these 
views or aspects of the situation paint the same picture. A.v.c. 
is made to trail after detection, and is not introduced until con- 
siderable detecting amplitude is reached. 

How the Bias Arises 
Suppose, then, that the negative bias on the triode of the 

55 is made 10 volts. Then there is no danger of overloading 
the 55 until the signal exceeds 7 volts (an assumption that again 
is over -cautious). At this point, however, the a.v.c. is made to 
function, and when the signal itself tends to raise its head above 
'7 - .,.1... .11.,.1n n hnrc +t,n+ l o t :c . :th a 
yoke on the neck, reducing the i -f amplification until no more 
than 7 volts ever get into the triode. Therefore the circuit 

is protected at the triode of the 55, the most vulnerable point, 
and though overload may occur subsequently, still it is not of 
the signal- stopping tyne, and besides one always has the manual 
volume control at his command in the event the signal is heard 
too loudly and too roughly for comfort. 

It has been stated that the 55 triode is negatively biased. This 
is true because there are a resistor of 800 ohms between cathode 
and ground, and another resistor from B plus to cathode 
(50,000 ohms) that sends B current through the biasing resistor 
independent of the plate current of the tube, and thus the 
10 volts are developed, the grid being returned to grounded B 
minus. Moreover, the bias does not depend entirely on the 
plate current of the 55 triode but strongly on the bleeder, which 
thus acts as a stabilizing agent, since the bias is steadied. Bias 
dependent on signal alone is unsteady. 

Input to Third Detector 
We have discussed the input to one triode, the true detector, 

but not the input to the other diode, the a.v.c. section or unit. 
We found that the resistance network between the 0.0001 mfd. 
stopping condenser and the detector wound up at cathode for 
the demodulator or straight detector. Therefore whatever recti- 
fied voltage was developed was put into the triode, except one - 
sixth of the total which never could get into the audio amplifier. 

With the a -v -c section it is quite different. Assuming a 
negative bias of 10 volts, measured between cathode and ground, 
we know from our familiarity with rectifiers that there is no 
possibility of rectification unless the anode goes positive. It 
is made positive by the signal. If the return is to a negative 
point, in respect to cathode, must not the signal overcome this 
bias before there is any rectification? Of course. Therefore 
we have lifted the a -v -c tube 10 volts above ground or B minus 
potential, and required that the signal itself be more than 10 
volts before a.v.c. is introduced at all. We find that out by 
examining the 2.0 -meg. load resistor of the a -v -c diode. It is 
returned to B minus, which is 10 volts negative in respect to 
cathode. The second detector resistor network was returned 
to cathode for immediate effect of detection, but the a -v -c- load 
resistor is returned to ground, for a delayed voltage equal to 
the bias. 

The method is similar to that used in Atwater -Kent receivers. 
It is more or less standard with this manufacturer, although the 
A -K circuit is quite different from the one illustrated. The prin- 
ciple of delay is there. however. 

Antenna and Coupling 
It is only in respect to the 55 tube that the commercial receiver 

is somewhat similar, but by no means identical. The rest of the 
circuit differs entirely from the commercial model just men- 
tioned. 

The circuit herewith portrays an all -wave receiver, using a 
built -in matching transformer of the step -up type, with primary 
rotatable for alteration of coupling, and with a condenser in 
series with the split secondary. Ahead of this primary is a 
transposition line of the standard type, leading to the stepped - 
down secondary of a transformer that is situated at or near the 
doublet antenna. The doublet may consist of a total of 40 feet 
or so of wire as high as possible, supported by masts, with an 
insulator at center separating the two severed stretches. The 
theory and practice of the installation of such a transmission 
line, with step -down transformer theory and purposes at the 
antenna and step -up transformer purposes at the feed to set 
were explained in detail in last week's issue, dated April 7th. 

If the coupling is loose, as it will or should be, then one may 
escape with merely one tuning stage associated with the pre - 
selector tube proper, for the tuning of the input transformer 
is the equivalent of another tuned circuit, at short waves at 
least, hence the coil problem is solved more easily. 

The Output Stage 
The coupling between 56 oscillator and 58 modulator is made 

by a condenser effect resulting from a piece of insulated wire 
held close to one grid wire by spaghetti and close to the other 
grid wire by the same means. 

The intermediate channel is standard, and the values will be 
found on the diagram. 

Passing to the driver, we find the 56 feeding 2A3 push -pull 
tubes. Care should be taken to adjust the biases independently 
on the 2A3's, if need be, to adjust the plate voltage through 
series resistance, until the plate current through one tube is 
exactly the same as that through the other, to avoid hum. 

Something of a novelty is the inclusion of the speaker field, 
only 300 ohms, in the negative leg of the rectifier, and con- 
nection of the power tubes' return so that the potential differ- 
ence across this field supplies the negative bias of around 55 
volts or so, while the main filter choke is an independent unit, 
marked 30 henries, the d -c resistance of which is not very 
material, except that in the interest of good regulation of the 
B system, the d -c- resistance of this choke should not be more 
than 1,000 ohms. 

A circuit of this type will be found to yield excellent results, 
and may be adopted, from first intermediate on, for almost any 
a -c receiver. The coil problems for all -wave coverage, and how 
to obtain a satisfactory switch, are other considerations. They 
are importa , uuL u cy arc ucyva,u uw awpc vi WC picscii[ 
article, which deals mainly with splitting up the diode uses of 
the 55 and establishing a safeguarded input to the audio amplifier. 
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SHORT -WAVE OSCILLATORS 
Single -Pole Switching for Five Bands 

Station Finder 
By Leonard Hopkins 

0.05Mn 
To Modalalor 

B- 

O.IMFd. 

For use in a receiver having switch- operated coil 
systems, the oscillator switching may be reduced to a 

single pole by using the method outlined. 

THE Hartley oscillator is a popular one for short waves. If 
this type of oscillator is used with a heater tube, such as the 
56, then it is possible to switch to various bands by using a 

single -pole switch. The number of throws or positions of the switch 
of course will depend on the number of bands to be covered, in this 
instance five. The upper diagrams show how this is done. 

The lowest- frequency coil has a tap about one -quarter the total 
number of turns from the return end, and this tap is connected to 
cathode. If successive coils are paralleled with the low- frequency 
inductance, one at a time, the frequencies generated will be higher, 
and the inductances are selected on the basis of Ohm's law, or may 
be done experimentally. 

The formula for the parallel inductances is the same as that for 
parallel resistors, assuming there is no mutual inductive coupling 
between the two coils. This formula, in words, is that the resultant 

O.OSMJt 

34 
50 Mmfd., 

-"11- 

t: 
e 

A test oscillator, using plug -in coils, may be con- 
structed from this pattern. The A battery voltage is 
3 volts, and the designation "2 volts" should be read 

as applying to the filament of the 34 tube. 

t-. Oat 

0.0/ Mn 

0.02MÁ 

For test oscillator service the same single -pole switch- 
ing arrangement may be used by following this dia- 

gram. The oscillator is not modulated. 

is the reciprocal of the sum of the reciprocals. Let the low- frequency 
coil be L and let the coil next to it in either diagram above be Ll, 
then the resultant inductance Lx is 

1 

1 1 

L1 L I 

To ascertain the necessary parallel inductance for reduction to 
cover the next highest frequency band, with a bit of overlap, we 
obtain the frequency ratio for the low- frequency band. Say it is 2.1. 
We square that and get 4.61. The required inductance for no over- 
lap is 1/4.61 of the low- frequency inductance, which must be known. 
The usual commercial plug -in coil for the low- frequency band (200 
to 85 meters) (0.00014 mfd. tuning) has an inductance of 70 mi- 
crohenries, approximately. Therefore the required inductance for 
the next band would be 70/4.61. To attain overlap we reduce the 
denominator to 4.6 and get the required inductance as 15.2 micro - 
henries, approximately. Therefore we must ascertain what induc- 
tance must be paralleled with 70 microhenries to yield a resultant 
of 15.2 microhenries. The simplified formula for this is : 

L X Ll 
Lx - 

L -L1 
where Lx is the unknown parallel inductance, L is the known in- 
ductance of 70 microhenries and Ll is the known inductance of 152 
microhenries. Hence Lx = 17.6 microhenries. 

Output Measurement 
The same procedure is applied to the next band, 70 microhenries 

retained, the required net resultant inductance being 15.2/4.6, or 
3.3 microhenries, the value of Lx being 3.6 microhenries. 

The oscillator at upper left is intended for service in a receiver, 
and the method of coupling is to run a wire from close to the grid 
wire of the oscillator to close to the grid wire of the modulator A 
piece of spaghetti into which the two wires at each grid are in- 
serted, without touching metallically, will do nicely for holding. 

The oscillator at upper right is for testing. It is not modulated. 
However, an output meter may be used on the device being tested, 
say, a receiver, and the deflection will show up all right. Modula- 
tion is necessary mainly for audibility, but a meter dispenses with 
any requirement of audibility for lining up. 

Bands Covered 
The diagram below is for a test oscillator, also unmodulated, using 

plug -in coils. It may be used as a station finder by loose coupling 
to areial, as may the diagram at upper right. The 2 -volt designa- 
tion near the A battery should be read as applying to the filament, 
that is, between the upper end of the 16.7 -ohm resistor and the 
filament point where the switch makes contact. The battery voltage 
is 3 volts, not 2 volts. The difference of one volt is dropped in the 
filament limiting resistor. 

Standard plug -in coils, with a condenser of the proper capacity 
(usually 0.00014 mfd.) will cover the necessary bands, and no con- 
struction or calculation of coils is necessary. 

i 
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A Short -Wave Universal 
Earphone - Speaker Set Uses Three Tubes, One 

Being 37 as Rectifier 
By Samuel Fender 

1-- O 
Simple indeed is this universal set for short waves. Some stations come in loud enough to be heard on the speaker. 

Others do not. It is mainly an earphone type receiver. 

View of the Universal Set 
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A Breadboard Set 
For Short Waves, Using Two Tubes 

By Edwin Stannard 
Supertone Products Corporation 
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THE breadboard type of layout is popular with short -wave 
beginners, as they have a freedom of choice in placement of 
parts, allowing leeway in case of some miscalculation. The 

plan presented herewith is for the construction of the conventional 
two -tube short -wave set, 200 to 15 meters, using plug -in coils, one 
coil for each band, and only a two -winding coil at that. The plan 
is about two -thirds scale. 

This type of receiver or circuit is popular because it does bring 
results, at small outlay, and also provides facilities for such ex- 

perimenting as the builder may desire to do, after he has got the 
set working. 

Reversing One Winding 
There is only one possible difficulty, and that is that the coils 

have not reverse -wound primaries or ticklers, but whichever 
way the coils are wound, they will provide oscillation only when 
connected properly, so make the reversal as indicated in the drawing, 
in case oscillation fails. 

It has been deemed worth while to use separate filament resistors, 
16.7 ohms, rather than to put two tubes on one resistor, because 
then if one tube filament burns out the other burns out due to the 
excessive voltage. While the two resistors are shown as appearing 
differently, in fact both will be of the wire -wound type, as one of 
them is depicted, and their purpose is to drop the 3 volts of the 
A battery to 2 volts for the filaments. 

Use No. 6 Dry Cells 
The A cells should consist of two No. 6 dry cells series -connected, 

central positive of one to edge negative of the other, the remaining 
or free positive of one and negative of the other for feed to the 
circuit as drawn. 

The ratio of the audio transformer is not vastly important, but 
somewhat greater volume will result if the ratio is 5 to 1 rather 
than lower ratio, and of course the sensitivity of the earphones 
should be as high as you can afford. . 

The circuit consists of a regenerative detector and a stage of 
transformer- coupled audio -frequency amplification. Both tubes are 
of the 30 type. 

The central socket is the coil receptacle. 
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DIALLING FOR ALL WAVES 
By Frequency -Calibrated Methods 

By Herman Bernard 

Disc dial with traveling 
light, circular movement, 

translucent scale. 

Cam mechanism to move 
the pointer over a wide 
arc, instead of in a circle. 

The drum dial offers the best A true vernier dial, 
advantages for multi -wave serviceable if the 
calibrations because the same tuning is linear and 
linear distance applies to all the ratio 2 to 1. 

bands. 

T HE illustrations show four types of dials, and the question 
is as to their application to frequency -calibrated short -wave 
or all -wave receivers. 

The first type, at left, is the disc dial of the traveling light type. 
Obviously there is not enough room on the illustrated model for the 
imprinting of four or more tiers representing the scales for as 
many bands of tuning. However, if the size of the scale as shown 
is representative of the broadcast band, the scale could be enlarged 
to accommodate other bands, it being preferable to have the higher 
frequencies calibrated nearer the periphery, although the opposite 
is the practice in commercial all -wave receivers, where the broad- 
cast band no doubt is deemed the most important. 

The transparency or translucency used as scale is not very satis- 
factory for retaining calibration, and as it is subject to warpage, 
and an etched metal scale would be preferable. That would rule 
out the traveling light at rear and require that it be at front to 
illuminate the scale, and, preferably, to illuminate only the particular 
scale representative of the band in which the tuning is then being 
done. 

Serving Convenience 

So the illumination would have to be associated with the coil - 
switch, for it is assumed that switching would be a necessary coun- 
terpart to any system using frequency calibration that is direct - 
reading. In other words, if convenience is to be served, it must be 
served consistently. 

The second dial from the left represents an easier solution, in 
that the pointer moves over a wide arc, and by some enlargement 
of the scale there would be plenty of room for extra bands. How- 
ever, the pointer is not of the accurate type, being subject to con- 
siderable parallax, but the scale could be etched metal, and the 
danger of warpage then would be eliminated. Since there is no 
necessity for the indication appearing through the scale, the metallic 
method becomes entirely practical. 

The pointer does not move along a horizontal line in the dial 
illustrated, although there is a pulley -drive dial, made by National 
Company, that performs the same general service, extends over a 
much wider area, and does move on a horizontal line. 

Notice in the illustration that the bars tip over, representing the 
effect of the arc described by the pointer. The dial is popular in 
inexpensive short-wave receivers, using plug -in coils, but frequency 
calibration invariably is omitted, as requiring a higher degree of 
skill in preparation and manufacture of the tuning parts than is to 
be expected from such an inexpensive device. The dial itself has 
excellent action. 

Drum is the Thing 

The drum comes closer to a solution than any other system, 
because no matter how many bands there are, the same scale space 
is afforded to each band. Thus as there are eight inches for imprint- 

ing the broadcast band, there are eight inches for imprinting the 
10 to 20 meter band, or a lower wave band, or any other band. This 
is because the tiers are not disposed concentrically. 

The precision type dial shown at right is of the true vernier type, 
meaning that there are the usual gradations on the scale, and a 
device that permits reading fractional parts of one division. The 
dial is National Company's and has 100 divisions for a condenser 
rotation of 180 degrees, the vernier enabling reading any one division 
in tenths, so that for 100 divisions thus subdivided the 180 -degree 
rotation is dissected into 1,000 parts. 

This method applies to a short -wave or all -wave receiver of the 
frequency- or wavelength- calibrated type, only if the condenser used 
is truly straight frequency line, or truly straight wavelength line. 
The meaning of these terms is that for a given distance anywhere 
on the dial the difference in frequency or wavelength is the same 
as for the same displacement anywhere else on the dial, or, that the 
change is linear. 

Really SFL Condenser Coming 

Up to the moment of writing there is no strictly straight fre- 
quency line condenser on the market, although one is in preparation. 
The trouble has been that the theoretical plate shapes do not work 
out strictly in practice. Usually there is serious divergence at the 
low- capacity tuning end, due perhaps to inadequate allowance for a 
definite minimum or distributed capacity in the circuit, external to 
the condenser, as well as perhaps to ignoring also the condenser's 
own minimum. 

However, by the work -and -trial method, the straight frequency 
line can be established, at least for a particular circuit, and then 
the true vernier could be worked, and if the frequency ratio is 
2 -to -1, then the same bars could be used for all bands, only num- 
bered by multiples, e.g., 540 to 1,080 kc, 1,080 to 2,160 kc, etc. 

The present almost general method in commercial all -wave re- 
ceivers of having the broadcast band covered entirely without switch- 
ing would have to be abandoned in such an instance, and there is 
no reason why it should not be abandoned, as the general principle 
of establishing a certain frequency ratio as suitable for the highest - 
frequency band, applying this necessarily to all lower frequencies, 
dispenses with padding condensers that, unless expensively consti- 
tuted of air -dielectric condensers, will not hold their settings. Fixed 
condensers selected of suitable accuracy at the time of testing do 
not hold their capacity, even the quantity- moulded type, due to com- 
pression and expansion of mica, and to shifting of the plates in ,a 
space into which the plates were put with non -uniform pressure. 

The compression type condensers change their capacity very 
ser ously. 

When a frequency -calibrated dial is used it is customary to adopt 
some scheme of automatically exposing the correct scale for any 
given switch position. This automatic feature highly serves con- 
vemence. 
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THE SKY -RAIDER: An l 
HERE is a new style of 

all -wave receiver. It in- 
corporates the idea of a 

short -wave converter into a 
broadcast superheterodyne. 
The conversion from a broad- 
cast set to a short -wave set is 
accomplished by throwing a 
three -pole, double -throw 
switch. Fig. 1 shows the posi- 
tion of the switch when the 
broadcast section is used only. 
The antenna is connected to 
the primary of the first high - 
gain coil and at the same time 
ground is connected to the low 
potential side of this primary. 
The circuit then is a nine - 
tube broadcast superhetero- 
dyne with two high -gain r -f 
tuners, an oscillator, two 
stages of intermediate ampli- 
fication, a diode detector, and 
a stage of power amplification 
in which there are two power 
pentodes in parallel. 

High -Gain Tubes 

The parallel operation of 
the output tubes insures a 
high output volume without 
the necessity of using heavy 
input and output push -pull 
transformers. The gain of the 
power tubes employed, name- 
ly, the 2A5's, is so high that 
it is permissible to omit the 
intermediate audio frequency 
stage. Thus there are only 
two stages of amplification in 
the receiver. Still, the output 
of the intermediate frequency 
amplifier is so great that it is 
easy to load up the triode of 
the 55 to its limit, and when 
that is done the input to the 

power tubes is more than they can handle. Hence the fact that there are 
only two stages in the audio amplifier does not put any limitation on the 
volume. The limit is set by the volume handling capability of the power 
tubes. Long before they are overloaded the listener will say, Enough. 

There is a manual volume control in the circuit, which is located in 
the onput to the triode of the detector tube. The load resistance is a 
Y2-megohm potentiometer and the grid of the triode is connected to its 
slider through a 0.1 mfd. stopping condenser. Since there is a stopping 
condenser there must also be a grid leak associated with the triode 
grid, and this is a fixed resistor of 0.5 megohm. 

Biasing of Tubes 
The triode of the 55 is biased by means of a drop in the voltage 

divider. Since the current in this section of the voltage divider is large 
compared with the current demanded by the triode, the bias is virtually 
fixed. A 25 mfd. condenser is connected across this portion of the 
voltage divider to insure a minimum of feedback. 

In addition to the manual volume control, there is automatic control, 
the two intermediate 58's and the r -f 58 being controlled by d -c feed- 
back from the load resistance of the diode detector. Double filtering 
is employed to prevent any signal feedback by this route. That is, 
there are a 100,000 -ohm filter resistor in each grid leak and also a 
0.05 mfd. condenser in each. Then there is a 0.5 megohm stopping 
resistor in series with the common lead and another 0.05 mfd. condenser 
associated with it. Besides the automatic bias there is a fixed biasing 
resistor in the cathode of each a.v.c. controlled tube. 

The power tubes are biased by means of a drop in a 300 -ohm section 
of the field coil, which also serves as choke in the B supply. The total 
resistance in the field is 1,800 ohms and the voltage drop across the 
field is about 100 volts. 

The intermediate frequency of the broadcast section is 465 kc and 
there are three doubly tuned transformers at this frequency. 

Series Padding Condenser 
Th oscillator for the broadcast section is of the padded type, the 

padding condenser being put in series with the coil on the ground side. 
Hence both the tuning and the padding condensers are grounded. Ease 

A Straight Super for Broadcasts ai 
By Alan 
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.1 -Tube All -Wave Receiver 
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circuit diagram of the 

the two -gang condensers in 
receiver. 

the 

LIST OF PARTS 
Coils 

One short -wave coil assembly of 
twelve windings with selector 
switch attached 

Two high -gain r -f couplers 
One three- winding r -f oscillator coil 
Three doubly tuned intermediate 

frequency transformers 
One 80- millihenry choke 
One 300 -1500 ohm field winding for 

filter choke 
One power transformer 

Condensers 
One two -gang 140 mmfd. condenser 
One 100 minfd. variable condenser 
One 80 mmfd. adjustable condenser 
One gang of three 0.00035 mfd. con- 

densers (Cl, C2, C3) 
One 800-1350 mmfd. padding con- 

denser 
Twelve 0.1 mfd. by -pass condensers 
Four 0.05 mfd. by-pass condensers 
One 0.25 mfd. by -pass condenser 
Three 0.0001 mfd. fixed condensers 
One 0.001 mfd. fixed condenser 
One 0.5 mfd. by -pass condenser 
One 0.00025 mfd. condenser 
One 0.002 mfd. condenser 
Three 8 mfd. electrolytic by -pass 

condensers 
One 25 mfd. 25 volt electrolytic by- 

pass condenser 
Resistors 

Two 10,000-ohm resistors 
One 1,000 -ohm resistor 
Three 2,000 -ohm resistors 
One 2,000 -ohm, 2 -watt resistor 
One 2,500 -ohm resistor (1 watt) 
One 5,000 -ohm resistor 
One 40,000 -ohm resistor 
One 25,000 -ohm resistor 
One 50,000 -ohm resistor 
Four 100,000 -ohm resistors 
One 100,000 -ohm tone control (with 

line switch attached) 
Four 3 - megohm resistors (one a 

potentiometer) 
Three 500 -ohm bias resistors 
One 8,000 -ohm, 3 -watt resistor 
One 7,500 -ohm, 10 -watt resistor 

Other Requirements 
One four -contact socket 
Two five -contact sockets 
Eight six- contact sockets 
Six grid clips 
One three -pole, double throw switch 
One dynamic speaker with 300 -1500 

ohm tapped field coil 
One eleven -tube chassis 

of adjusting the padding condensers follows. To prevent excessive 
oscillation, a 10,000 -ohm resistor is put between the tuned winding and the stopping condenser. This resistor taken in conjunction with the grid leak acts as a voltage divider, which is so proportioned that about 
0.8 of the voltage across the coil is impressed on the tube. This is on the assumption that no grid current flows. Since some current will flow, 
the proportion applied is somewhat less. 

All resistors not otherwise specified are 0.5 watt. 
This broadcast superheterodyne does not differ essentially from any other receiver of similar type except in details. But it is just these 

details that count most in the stable performance of a receiver. An 
examination of the circuit discloses the fact that filtering and shielding 
have been done with extreme care and with sound judgment. No by- 
pass condenser has been put in merely for appearance, but actually for 
filtering. In every case a condenser is connected between points where 
it does the most good. Not only does the design follow sound engineer- 
ing, but it follows the dictates of experience. The circuit is not a 
theory, but an actuality, and in evidence thereof we reproduce a photo- 
graph of the actual set. 

The Short -Wave Feature 
When the circuit is to be used for receiving short waves, those below 

200 meters, the three -pole double throw switch is moved to the right. 
The antenna then picks up an 80 mmfd. variable condenser which in 
turn picks up the grid of the short -wave mixer tube. The switch point 
connected to the high potential side of the primary connects with the 
plate of the same tube, and the switch point that is connected with the 
low- potential side of the primary connects with B plus. 

The short -wave part of the circuit contains two tubes, one a 56 
oscillator and the other a 58 mixer. Associated with the mixer is a 
tuner consisting of a 0.00014 mfd. condenser, which is part of a two - 
gang condenser, a 100 mmfd. trimmer condenser, and a coil assembly 
of four coils covering the range 10 to 200 meters. Associated with the 
oscillator is another 0.00014 mfd. tuning condenser, which is the second 
portion of the gang, and a coil system of four tuners and four ticklers. 
A three -pole, four throw switch is used for picking up the desired 
tuning range. 
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Selected Radio Terms 
Often Used but Seldom Explained 

By Arnold Schaefer 

Load 

FIG. 1 

The circuit of an oscillator to which the load circuit 
is coupled by electron coupling. The intervention of 
an amplifier further decreases the reaction of the load 

on the oscillator. 

THERE is a large number of technical terms used in describ- 
ing radio receivers and accessories. Some of them are definite 
in meaning and are generally understood, but some are quite 

obscure and perhaps do not deserve the distinction of being called 
technical terms. Let us review some of the terms and attempt to 
attach some meaning to them. 

Array. -An antenna array is a combination of conductors ar- 
ranged to perform a definite function, usually to achieve directivity 
of reception or transmission. An array might consist of a large 
number of vertical wires placed at definite intervals, each tuned 
to the same frequency and all excited by the same force in phase. 
Or the wires may be placed in the form of a parabolic cylinder. 
A very large number of different combinations of arrays has been 
worked out and the object usually is to obtain greater transmission 
or reception efficiency in a given direction. 

Transposition Block. -A transposition block is an insulator used 
for interchanging the relative positions of two parallel conductors. 
For example, if wire A was east of wire B before the transposition 
block it is on the west of it after it. A two -wire transmission line 
in which the wires are transposed at frequent intervals, say every 
15 inches, is used as leadin in short -wave receivers for the purpose 
of eliminating pickup of local noise. 

Sensitivity Explained 

Sensitivity. -This is an index of the ability of a receiver to pick 
up weak signals and is usually defined in terms of the signal voltage 
required at the input terminals to give standard output in the 
loudspeaker. When the sensitivity of the circuit is variable, the 
highest value of the sensitivity, naturally, is given as the index of 
performance of the circuit in this respect. Sometimes the sensi- 
tivity, so- called, is given in terms of microvolts per meter. This 
expression has absolutely no meaning, unless the exact char- 
acteristics of the antenna are specified. For example, the speci- 
fication may be that a standard antenna is used. When the sensi- 
tivity is expressed so as to be independent of the antenna, it is 
called absolute sensitivity. It is really not necessary to use the 
word "absolute," for the definition of sensitivity implies it. 

Gain. -The gain in a receiver or in any part is the amplification in 
that receiver or part. Hence there is no need for differentiating 
between amplification and gain. Gain, or amplification, is closely 
associated with the sensitivity, because the sensitivity is directly 
proportional to the gain. If the overall gain is known, the sensi- 
tivity is also known, for we can always determine what signal 
voltage at the antenna is required to give standard output. 

Volume Control. -There are two types of volume control, manual 
and automatic. A volume control is really a sensitivity control, or 
gain control. Long before broadcasting it was known as a gain 
control. The gain control has nothing to do directly with the out- 
put. The change in the output as the gain is varied is due to the 
fact that the signal at the input posts remains fixed. When this 
varies and when the gain control is automatic, the volume does not 
change. But the gain varies continuously, and in inverse ratio to 
the strength of the signal. 

Selectivity 

Selectivity. -The selectivity of a receiver is a measure of its 

signals. It is not dependent on the intensity of the signal, although 
it appears to be so, because the ear is a very accommodating organ 
to intensity of sound. In expressing selectivity is is assumed that 
all signals at the antenna have the same strength. If the receiver 
is to accept a weak signal and reject a very strong one close in 
frequency to the desired signal, the selectivity must be very high. 
Otherwise the strong signal might overwhelm the weaker. 

Microvernier. -A vernier is a device for reading a scale ac- 
curately in fractional parts of the smallest division. The term, 
however, has been applied in radio to devices for turning a dial 
slowly. In this sense a vernier is a reduction gear. When the 
prefix "micro" is used the meaning is that the ratio is great, or 
that it requires the turning of a knob through many degrees in 
order that the rotor coupled to it should turn a small amount. The 
vernier need not be mechanical but may take the form of a small 
variable condenser across a very large one, or a very large variable 
condenser in series with a small one. 

Bandspread. -This refers to a capacity vernier, usually, connected 
across a larger variable or fixed condenser. The purpose is to 
spread out the dail readings for a certain narrow band of fre- 
quencies. The main condenser may cover a band of two -to- 
one, whereas the bandspread condenser may not cover more than 
10 per cent. of this band. Thus 10 per cent. of the band is spread 
out over the entire scale of the vernier condenser. This does not 
help selectivity for it does not change the circuit. Neither does 
it help tuning any more than a slow motion dial would do, but it 
does it just as well and at the same time it allows close reading. 

Backlash or Lost Motion 
Backlash. -Is a mechanical imperfection in the coupling between 

the driver and the driven members of a gear or other mechanical 
coupler. It means that the driver must move a certain distance 
or angle before there will be any motion in the driven member. 
Such imperfection does not interfere with calibration of a dial unless 
the dial is placed on the driver. If an attempt be made to magnify 
a change of angle, for example, by putting the dial on the driver, 
and there is lost motion or backlash between the driven and driver 
members, large errors will creep in and no two readings of the 
same thing will be the same. Because of backlash it is preferable 
to spread out readings by using a condenser vernier. 

Electron Coupling. -When the screen of a screen grid tube is 
used for anode in an oscillator and the tickler is connected in its 
lead and the load circuit is connected to the plate, usually with- 
out any voltage on the plate, the load is said to be coupled to the 
oscillator by electron coupling. While other applications have been 
made of the term, this was the arrangement used by Jennings B. 
Down, who coined the phrase. When this coupling is used energy is 
delivered to the plate only by electrons which are hurled to the plate 
by the screen. The screen attracts electrons, giving them a high 
velocity, but it fails to catch all of them. Some of them reach the 
plate by virtue of their high velocities. There is no "back talk" 
from the plate and for that reason the load does not influence the 
frequency of oscillation to any appreciable extent. 

Power Output 
Power Output. -While the power output of a receiver or ampli- 

fier should be the power that is radiated into sound, the usual 
meaning of the term is the power that is delivered to the load re- 
sistance on the last tube. The load is supposed to have the optimum 
value for the particular tube used. The maximum undistorted power 
output is the power delivered to this impedance when the amplitude 
of the signal on the grid is equal to the grid bias on the tube. An 
arbitrary limit of 5 per cent. total distortion is usually set. That is, 
if the total distortion does not exceed 5 per cent. of the first a 
harmonic output the signal is regarded as distortion free. 

Power Factor. -The power factor of a circuit is the cosine of 
the time angle between the current and the voltage in the circuit. 
It is the ratio of the useful power to the total power involved in 
the circuit. If a circuit is to work at greatest efficiency the power 
factor should be unity. That is, the voltage and the current should 
be in phase. In a coil or condenser designed to be used in a tuner, 
the power factor should be as low as possible. That is, there 
should be no resistance in either the condenser or the coil in order 
that the current and voltage be 90 degrees out of phase. When 
they are the tuned circuit formed out of this condenser and this 
coil will be perfectly selective. 

Calibration in R's 
The R's.- Recently vacuum tube voltmeters have been offered for 

sale and one of the inducements is that they are calibrated in 
R's. What is an R? The amateur knows. for he uses it. ThrP 

ability to discriminate between the desired signal and all other is a scale by which signal strengths are estimated and it R1, R2, 
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One cycle 
One Period 

FIG. 2 
Two cycles of an alternating current plotted as a 
function of time. Current is in the positive direction 
above the times axis and in the opposite direction 

below. 

R3, and so on up to R9. The higher the number that is attached 
to the R, the stronger the signal. It is an arbitrary and inexact 
scale, for it is largely a matter of judgment just what R- number to 
ascribe to a given signal. Yet for practical purposes it serves well. 
When one amateur tells another that the signals of the latter are 
Rl, he is no doubt exaggerating, for if they were as weak as repre- 
sented by that number he would probably not be able to identify 
them. Yet the information is enough to convey the idea that they 
are entirely unsatisfactory. When he tells that the signals are R9 
he may still be exaggerating, but at least the sender will know 
that they come through very well. Calibrating a vacuum tube 
voltmeter in R's is an attempt to eliminate the judgment factor 
and put the scale on an as nearly exact basis as possible. 

Velvet tuning. -As the name implies it refers to smoothness of 
control of the tuner. A velvet dial does not turn the condenser in 
jumps but smoothly and surely. 

Shielding and Grounding 
Shielding. -When a coil, condenser or other device in a radio 

receiver is protected from the fields surrounding other devices it is 
said to be shielded. It may not be. A metal can surrounding a 
coil may not shield that coil from other devices, and they in turn 
may not be protected from that coil. But as a rule, a metal can 
or box around -a coil or condenser will reduce coupling. If the 
shielding metal is thin, electromagnetic induction goes through, but 
the shielding effect increases rapidly with increase of thickness of 
the shielding metal. 

Grounding. -In most radio receivers the low potential side of the 
circuit is connected to the metal chassis. The idea is that the 
chassis is at ground potential and therefore the device connected 
to it will also be at ground potential on the side connected to the 
chassis. But it is a fact that large currents may flow through the 
chassis from point to point, and not all points will be at the same 
potential. A ground is a very deceptive term. It is only in extreme 
cases that the current in the metal chassis will give rise to any 
trouble. 

Litz. -A type of wire used for low -loss coils at intermediate fre- 
quencies. Litz is an abbreviation of Litzendraht, a German word 
meaning lightning wire. It is composed of a large number of fine 
insulated strands, often No. 38 enamel. These are twisted to- 
gether in different ways. Sometimes a bundle of ten or twelve 
is twisted and then a number of these "ropes" are twisted together, 
the whole covered with silk insulation. There is little advantage 
in using Litz for broadcast frequency coils and an actual dis- 
advantage in using it for short -wave coils. The radio -frequency 
resistance is higher than for solid wire. 

Frequency and Periodicity 
Frequency. -The frequency of any regularly recurring phenomenon 

is the number of times per second it occurs. If the phenomenon is 
an alternating current in a circuit, the current will be at zero at 
a certain instant. Then it will rise to a maximum value when it 
will return to zero. Then it reverses direction and attains a maxi- 
mum in that direction and once more in returns to zero. This series 
of events is a cycle. The number of these cycles per second is the 
frequency. Tt requires a certain time for the current to go through 
a cycle. This time is the period. The periodicity is only another 
name for frequency and means the number of periods per second. 

A harmonic as generally understood in radio is a frequency which 
always is greater than the fundamental by an integral multiple. 
The 'S ref harmnnir is the fnnAament l tha cernnA hoc , fram.anr., 
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FIG. 3 
This illustrates the way reactances of coils and con- 
densers vary with frequency. The condenser reactance 
is below the frequency axis and the coil reactance 

above. Fr indicates frequency of resonance. 

twice the fundamental, the third, three times, and so on. Harmonics 
must be produced by the same source for otherwise there might be 
a difference in frequency. 

When zero beat occurs in a circuit where two different frequencies 
are present, one of the harmonics of one is equal to some harmonic 
of the other. The fundamentals of the two need not be the same. 
For example, one fundamental may have a frequency of 100,000 
cycles and the other 150,000 cycles. The fundamentals cannot pro- 
duce zero beat and the first possible beat is that between the third 
of the first and the second of the second. Each of these harmonics 
is equal to 300,000 cycles. If one of the frequencies is held con- 
stant and the other is varied continuously, there will be many values 
of the fundamental of the variable frequency at which beats will 
occur. If F is the frequency of the fixed oscillator and f the fre- 
quency of the variable, beats will occur whenever the equation 
f =nF /m is satisfied, n and m being whole numbers. Here m is 
the order of the harmonic of the variable frequency and n the 
order of the harmonic of the fixed frequency. It is clear that there 
is an indefinite number of values which will satisfy the equation, 
and that f may be both increased and decreased. 

Units and Concepts 

Potential. -Electric potential is the work done in moving a unit 
charge of electricity from a point infinitely far away to the point 
where it is, against the electrical forces. The potential difference 
between two points is the difference between the work done in 
moving the unit charge to the two points, or more explicitly, it 
is the work done on the unit charge in moving it from one point 
to the other against the electrical forces. The practical unit of 
potential is the volt. Therefore voltage is potential or potential 
difference expressed in volts. 

Current. -Current is the time rate of change of charge or the 
rate of flow of charge past a point in the circuit. It is usual to 
think of it in this way when charging batteries. It applies equally 
well to the charging of a condenser. 

A Resistance. -Resistance is electrical friction in a conductor - 
an obstruction to the flow of electric charge. The power 
when current flows through a resistance is the product of the re- 
sistance and the current. The work done on the resistor is product 
of the resistance and the quantity or charge. 

Imperance. -The impedance in an alternating- current circuit is the 
total obstruction offered to the current. It is composed of resistance 
and reactance. 

Reactance. -The reactance is that part of the impedance which 
opposes changes in the current. When the current is d -c, there is 
no reactance, although the circuit would offer high reactance to 
an alternating current. If the d -c is pulsating there is reactance to 
the pulsations, for they represent an a.c. superposed on the d.c. 

A coil has positive reactance and it is directly proportional to 
the frequency. It is zero at zero frequency and infinite at in- 
finite frequency. A condenser has negative reactance and it varies 
inversely as the, frequency. It is infinite at zero frequency and zero 
at infinite frequency. If a coil and a condenser are connected in 
series in a circuit, there is one frequency at which the coil react- 
ance is equal, numerically, to the condenser reactance. At this 
frequency the two reactances cancel each other, and the result is 
resonance. When that occurs the only impedance in the circuit is 
resistance, that is, electrical friction. It is only the friction which 
limits the . current that results from a finite electro- motive force. 

I_.uTh nueOE tin new Pa.4e1 
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FIG. 1 

The circuit of a slide -back vacuum -tube voltmeter with its own power supply. Voltages are measured in terms 
of the drop across a potentiometer. 

ASLIDE -BACK vacuum -tube voltmeter is a handy device 
to have around the radio laboratory. A device of this kind 
to be real handy should have its own B supply so that to 

get it ready for use all that is necessary is to plug in the cord into 
the nearest outlet. When the circuit is arranged in that manner 
the vacuum tube voltmeter becomes just as convenient as any 
other voltmeter. 

There are several types of vacuum tube voltmeter. One is the 
so- called slide -back meter, which measures peaks of alternating 
voltages and as well as d -c voltages. Another type is the direct 
reading instrument, which may be calibrated either to read 
r.m.s. alternating voltages or peak values. Then we may have 
current- drawing instruments as well as non- current drawing 
meters. For precise work, the meter should be non -current 
drawing. However, for practical purposes it is all right to per- 
mit some current to flow, provided this current is very small. It 
is only when measuring the voltage across highly selective cir- 
cuits that small currents affect the voltage measured. This does 
not apply to oscillators, that is, to measurement of voltages 
across oscillator tuners. There may be a high voltage across 
the circuit notwithstanding that there is a comparatively low 
resistance in parallel with. Therefore if a very high resistance 
is added in parallel with the resistance already across the circuit, 
the voltage will not be changed appreciably. But when the 
voltage is measured across a passive circuit, such as a resonator 
used in a receiver, even a small current through a shunt re- 
sistance might change the voltage considerably. 

The Slide -Back Meter 
In Fig. 1 we have a convenient slide -back vacuum -tube volt- 

meter designed and built by Alan Mannion. For rectifier a 280 
is used and this is fed by the usual power transformer. Also, 
the usual B supply filter is provided. This part of the circuit is 
of no particular interest just so it is present in the device and 
supplies the required filtered voltages. 

The vacuum tube employed in the voltmeter is a 56. It has a 
fixed, or nearly fixed, plate voltage of 75 volts, determined by 
resistance R6, which should have a value of 7,500 ohms. In the 
grid circuit is a variable resistance R5 of 2,500 ohms which 
serves to provide an adjustable grid bias. The maximum drop 
in this resistance is 25 volts, which biases the tube nearly to the 
cut -off point. 

In series with the voltage divider R5, R6 is a 25,000 -ohm po- 
tentiometer R4. The maximum drop in this will be 250 volts, 
and this is the limit of the voltages that can be measured with 
the instrument without resorting to accessories. 

Manipulation of Circuit 
In the grid circuit of the 56 is a press- button switch P.B. 

When this is pressed down the unknown voltage is removed 
from the grid circuit and the bias provided by R5 alone is on 
the grid. With the button down R5 is adjusted until the milli - 
ammeter in the plate circuit reads some low value -the lowest 
that can be read with certainty and a value that can be 
duplicated with precision. That is, a division point on the scale 
should be selected. 

When the press- button switch is released, an additional volt- 
age is impressed on the grid, assuming that the switch across 
the grid condenser is closed. The value of the added voltage 
depends on the setting of the slider on R4 and also on what 

Definitions of Recurrent Terms 
(Continued from preceding page) 

Susceptance. -The susceptance is the reciprocal of the reactance. 
Therefore the susceptance of a condenser varies directly as the 
frequency and the susceptance of a coil varies inversely as the 
frequency. 

Magnetic Ideas 
Magneto- motive force. -When a current flows through a wire 

wound around an iron core, the core is magnetized, and the mag- 
netization depends on the intensity of the current. The force that 
produces the magnetic flux in the core is called magneto- motive. 
The power engineer speaks of magneto- motive force as ampere - 
turns. 

Magnetic flux corresponds to current. Reluctance is the re- 
sistance equivalent, that is, reluctance opposes the flow of magnetism. 
The relation among magneto- motive force, magnetic flux, and re- 
luctance is the same as that among electro-motive force, current, 

and resistance. It is an Ohm's law for magnetic circuits. 
Permeability. -Some materials, especially those containing iron, 

nickel, and cobalt, are more easily magnetized than other materials. 
That is, for a given magneto- motive force a greater flux will result. 
The reluctance of the magnetic circuit is lower by a certain factor 
when the core consists of one of these magnetic materials. This 
factor is the permeability of the substance. If the reluctance of a 
magnetic circuit is R when the coil is wound on air, it becomes R/µ 
when the entire core is made of a material having a permeability A. 
The permeability for any given magnetic material is not a constant, 
but depends on the flux. If there is an air gap in the magnetic 
circuit, this gap reduces the effective permeability of the circuit 
for even a short gap will have a very high reluctance compared 
with the reluctance of the magnetic material, especially if that 
material is soft iron and certain alloys of iron and nickel, the so- 
called permalloys. 
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One power trans- 
former 

Two 30 -henry 
chokes 

Two 1 mfd. by- 
pass condensers 

One 4 mfd. by- 
pass condenser 
(slider to ground) 

Two 8 mfd. elec- 
trolytic condens- 
ers 

RI - One 1 -meg. 
resistor (1 per 
cent. accuracy) 

R2 - One 0.6 meg. 
resistor (1 per 
cent. accuracy) 

R3 - One 0.4 -meg. 
resistor (1 per 
cent. accuracy) 

R4 - One 25,000 - 
ohm potentiom- 
eter with knob 

RS - One 2,500- 
ohm variable re- 
sistor 

R6 - One 7,500 - 
ohm, one - watt 
resistor 

One rive - contact 
socket 

One four - contact 
socket 

One press - button 
switch 

One single - pole. 
double - throw 
switch 

One three - point, single -pole 
switch 

One line cord 
Four binding posts 
Ohe 0 -5 (or more 

sensitive) milli- 
ammeter 

One voltmeter (ex- 
ternal or built 
in) 

FIG. 2 

Front - top 
slide - back 
vacuum -tube 
voltmeter, 
showing the 
layout of the 
parts. 

voltage is applied across the input terminals. With the switch 
across the grid condenser closed, the circuit is ready for meas- 
uring d -c voltages. If a d -c voltage is impressed across the 
input terminals, the negative should be connected to the nega- 
tive end of R4 and the positive should be connected toward the 
grid. The slider on the potentiometer is now adjusted until the 
plate milliammeter reads the same as it did when the press -but- 
ton switch was closed. The value of the voltage impressed 
across the input terminals is now read on the voltmeter V, which 
in the circuit built up was external but may be incorporated 
.with the rest of the instrument. Before accepting the reading 
as final, the index plate current should be checked by pressing 
the button P.B. again. If the plate current is not the same as 
it was the first time, R5 should be readjusted first and then R4. 
A difference between the readings is not likely to occur unless 
it took considerable time to make the first adjustment. 

Measuring A -C Voltages 
We said that the circuit was in readiness for measuring d -c 

voltages. It is also ready for measuring alternating voltages. 
But when such voltages are measured, it is preferable to make 
the index current as read by the plate circuit milliammeter be as 
small as possible. If this is chosen practically zero, the d -c 
milliammeter will measure the peak of the input voltage. 

The function of the 1 mfd. stopping condenser in the grid 
circuit is to permit measurement of alternating voltages when 
the source also contains direct voltages. Suppose we wish to 
measure the alternating voltage across a plate coupling re- 
sistance. There is a strong d -c component in this and if the 
resistor were connected across the input terminals, the resulting 
reading would be the maximum voltage, that is, the d -c com- 
ponent plus the amplitude of the a.c. We only want the ampli- 
tude of the a -c voltage. Therefore the switch short the con- 
denser is opened, putting the condenser in series with the 
circuit and thus stopping the d -c. The condenser is so large 
that it will not appreciably change the alternating voltage even 
at the lowest frequency at which a measurement may be made. 

Voltage Extension 
We stated that the limit of voltage measurement was 250 

volts, the maximum drop in R4. That is true only when the 
one -to -one ratio is used. There is a voltage divider connected 

sistance, R2, a 0.6- megohm resistance, and R3, a 0.4- megohm 
resistance. Therefore there is a total of 2 megohms across 
the terminals. When the switch is set so as to pick up (1 -1), 
the limit is 250 volts. When it is set on the next point only 
one half of the total voltage applied is measured, and therefore 
the limit is raised to 500 volts. When it is set on the last step, 
only 1/5 of the voltage impressed is measured. Hence the 
limit is 1,250 volts. 

The lower voltage limit in any case is determined by the 
meter V. If a voltage of one volt can be read accurately on 
this meter, that might be said to be the limit, unless, of course, 
a still lower voltage can be read accurately. There is no objec- 
tion to having a multi -range voltmeter in this position, and it 
really should be used if accurate determination of both low 
and high voltages are to be made. 

The voltage divider used for extending the range of the meter 
draws current and for that reason the measured voltage will 
always be sightly less than the voltage existing across the 
device before the voltmeters is connected. However, as was 
stated, this has not practical significance except when the voltage 
across the tuned circuit not a part of an oscillator is measured. 
And even when this is dane, there is little drop in voltage when 
a 2- megohm resistor is connected across the circuit. In other 
words, even in cases of highly resonant circuit, a very good 
approximation to the true voltage can be obtained. 

Connection of Ground 
While there is a ground symbol in the vacuum -tube circuit, 

this does not mean an external ground, or the ground in the 
receiver or circuit under measurement. It simply means the 
chassis of the voltmeter. If the voltmeter and the receiver are 
connected many measurements cannot be made. Hence the 
two should be insulated from each other except at the two input 
posts. 

As indicated on the drawing, the milliammeter in the plate 
circuit of the 56 is a 0 -5 milliampere meter. But its range is of 
little importance, except that it should not be much less sensi- 
tive, for it is important in making a -c measurements with the 
slide back method that the minimum current be low. A low 
current is more easily read and duplicated with a sensitive milli- 
ammeter than with a meter of, say, 0 -10 range. If a more 
sensitive meter be used, there should be a suitable resistance in 

across the input terminals consisting of R1, a one -megohm re- series with it as a matter of protection. 

www.americanradiohistory.com

www.americanradiohistory.com


18 RADIO WORLD April 14, 1934 

A Neon Audio Oscillator 
Connections for Modulating an R -F Oscillator 

NL 

A neon oscillator modulating an r -f 
oscillator, by connection of the neon 

circuit to the grid of the triode. 

In this circuit the connection from 
the neon oscillator circuit is made 

to the plate of the triode. 
THE neon tube as an audio oscillator serves admirably the 

purposes of modulation in a test oscillator. That object is 
fully achieved even with the smallest -powered neon lamp 

commercially made, a small fraction of a watt. The oscillation 
intensity is sufficient, there is no danger of overmodulation if 
the correct connections are made to the radio -frequency oscilla- 
tor, and the nuisance of having a high- resistance leak as a 
blocking device to cause the r -f oscillator also to generate audio 
frequencies is avoided. 

The introduction of a separate modulator tube is advantageous 
because then the selectivity may be practically uniform over the 
tuning range or ranges, and zero beating always is possible. 
While the actual value of zero beating may be small, especially 
to those who use the modulated oscillator to measure and peak 
r -f and i -f channels, nevertheless the fact that it can zero beat 
at all and any settings is a compliment to the oscillator. It 
means that the damping is not so high as to drown the zero 
beat, which is actually present though not heard. 

How Shall Introduction Be Made? 
While zero beating is mentioned, all audio beating is really 

meant, for when the circuit is properly proportioned there will 
be audio frequencies heard when the test oscillator is worked 
in conjunction with a receiver which is bringing in a broadcast- 
ing station, whether beating is with the carrier of the station 
itself, the local oscillator or with the intermediate frequency, 
which is also an oscillating frequency, although not particularly 
so regarded by many. 

The problem is to introduce the modulation from the neon 
lamp in such a manner as to avoid over -modulation, avoid 
absence of audio oscillation, avoid detuning effects on the tuned 
circuit, and avoid the tuning condenser changing the pitch of 
the audio oscillation. 

But before three is any trouble of this type first there must 
be audio oscillation so let us state that values will produce it 
nicely. 

The neon tube will strike at around 76 volts or so, and any 
voltage applied in excess of this simply produces more glow, 
greater current through the lamp and small frequency change 1 

However, the oscillation is present by virtue of the interrup- 
tion of the current flow, and there must be a charging current 
which does not exceed the minimum discharge current. Various 
combinations will effectuate this, but then the frequencies of 
oscillation will differ. For instance, the frequency may be as 
low as 1 cycle per second, which is entirely too low for modu- 
lating purposes. The frequency may be raised either by raising 
the series resistor or decreasing the capacity across the lamp. 

Access to Lamp Itself 
Many of the lamps now used have a series resistor built in, 

around 100,000 ohms, hence access to the lamp terminals proper 
is not possible, without removing the resistor. If a condenser is 
put across the base into which the lamp fits, the condenser will 
be across the series circuit consisting of the neon lamp and the 
limiting resistor. Audio oscillation may not be reliable under 

NL 

Here the modulating frequency is 
unaffected by tuning and modulation 

is always present. 
such circumstances. It may be present at times, but the audio 
oscillation may not be always self -starting. However, small 
devices using pigtail lamps about as long as a thumbnail may 
be taken apart, particularly a neon- equipped fuse, and the 
small lamp's resistor removed. Then a condenser of 0.00039 
mfd. is put across the lamp, and a limiting resistor of 4.0 meg. 
is used. The audio frequency thus generated will be around 
3,000 cycles, and makes a nice -sounding and distinctive note, 
which one appreciates for modulation purposes. Moreover, the 
oscillation intensity of the neon lamp has a steady average that 
enables output meter readings being taken without confusion 
due to jumpiness of the needle. The grid -blocking method, that 
is, high resistance in the leak- condenser circuit of the r -f oscil- 
lator, produces decidedly wobbly output. 

The Shifting Spot 
With the constants properly chosen, R being 4.0 meg. in the 

diagrams, and C being 0.00039 mfd., the neon lamp may be of 
any wattage. The oscillation amplitude will depend on the dif- 
ference between the striking and the extinguishing voltages, 
hence partly on the amount of the voltage applied for any given 
value of R. However, if not enough is applied, there will be 
no striking. The resistance of 4.0 meg. is suitable for voltages 
around 100 volts. 

If the tube glows brightly it will not oscillate at an audio 
frequency, that is, the limiting resistor is entirely too low or 
voltage applied is too high. Usually the glow concentrates in 
one corner as a sort of spot, when audio frequency oscillation 
occurs, although as the capacity or resistance is changed, the 
spot travels in a spiral course. This denotes a phase shift and 
might be used by the ingenious experimenter for phase -angle 
displacement measurement. 

It is confessedly hard to find a suitable method of connection 
for the lamp, especially if a triode is used. If the total voltage 
available is something around 100 volts, as from the line in a 
universal type test oscillator, then if the method shown at left 
is used there will be too high a direct -current voltage on the 
grid during the conducting period in the neon circuit, and indeed 
this voltage is itself fluctuating at the audio frequency of oscil- 
lation, and produces an unsteadiness. 

Use With a 34 Tube 
If the connection is made to the plate from the other side 

of the line, as in the central diagram, then too much capacity 
is introduced in the plate circuit, where it is even more serious 
than its identical quantity in the preceding example of the grid 
circuit, because in the plate circuit it might stop oscillation at all 
radio and certain audio frequencies, or may start parasitic oscil- 
lations, with confounding results. 

The best method found for a universal test oscillator is that 
used in the commercial model 30 -AB, and is diagramed at right. 
Here the control grid of a 34 tube is used in the familiar fashion, 
the screen is used as the effective plate, for feedback, and the 
erstwhile plate is connected through a low resistance to the 
negative side of the line. It is called negative because whn a.c. 

(Continued on page 20) 
J. 13. Bryson, 924 - 7th St., West, Birmingham, Ala. 
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