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vantageous to ehmmate' entl' 'ly the ‘varl- T to: sw1tch pomts, and the natural wave'“ L
. able capacity prov1dmg uld - adopt gth was found to be 222 meters The =
some suitable means of - continuously o : :

1 nsf I‘mel“,v the carrymg rods bemg Gt

Th dl rib

'ns, arﬂxdythe nat— :

- ',Flgure 4, ticel :
. .capacities between ‘turns appear as in series
"Wlth each other as far as the oil as a whole si
s concerned -and it is  th :
-+ that, ‘providing the 'cail - cons
. “‘cient. turns, the alue “of th
~ " compared to_the inductanc
“ toa relatively small value
1] .

‘Tt s qult -appa : b
: we been . obtamed w1th thls S

the cross-sectlon of

~fic inductive ‘capaci ]

. insulation, the diame 1e coil, length

. of tap leads, or the design aml disposition o
_switch ‘points. - In this connec n the fol- -
lowing ‘will be of interest. ‘A coil 84"
~.in diameter consisting of 167 turns of No. -
26 D.C.C. magnet wire had a ‘natural wave of
" length of 148 meters ‘—»-TA:Eter being shel- - was

‘laced, its natural wave “length was found = found to haVe a 'natural wave Iength of 244

- to be 186 meters Twelve taps v were taken ,;_;meters. S




In general, for th
better to use se
. tc

o oscills nt of "h atﬁral wave‘leng}th of any coil of
: h'equency of 1,500 000 eycle the resistanc y may be determined by connectlng 3
~.of thls same 1en[ h of wn'e has~1 cre. sed' in Flgure 6 and excltmg the coﬁ w1t a
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 immediately ‘upon’ its

" the best work should not be depended upon.. - turn losses is one wherein separate indue-

" wave meter. It will be. found that the wave a switching device so arranged as to.conneet .

- ‘length at which the greatest response is'  or disconnect the sections automatically as
" obtained is quite sharply define Due to required.. (See. Figure 4, page 160,

““the distributed capacity of the coil it is in 1916 "y T

itself an oscillatory circuit and acts as such

nmediately citation by a cir-
cuit with which itis in resonance. . = . -
" Make the coil ment:

i : _ mentioned in connection sent are a
with the discussion of distributed capacity the wave length iv
and utilize it in a receiver, as in Figure of the value of

ed regardless
7. It is desired to tune to an inc@minéi_ o

: L : v a receiving tuner of suffi-
- signal at a wave length of 275 meters, " cient size to properly cover wave lengths
is possible to use less than half of the between say 200 and 3000 _meters, it is
coil for this purpose and, as a result, two  hardly practicable to divide the colls info
§ma I sections such that the natural wave.

- oscillatory circuits exist—the ci cuit com- 2
prised by the inductance b to s and the 1 section is well below 200

+ condenser € re’s’pondin%fto: 275 meters, and 1 possible however to cut the = .

the circuit comprised by the enti ind " number of divisions down to five or six -

‘tance and .the capacity Cd  (distributed  wi areful study and painstaking experi- -

capacity) responding to 268 meters. due . work with the wave meter. It

. to the slight difference between their pe-, e well to call attention to the fact G
" riods of vibration a division of the energy  tl end-losses may occur in. both  the =

between the two.circuits is unavoidable, the primary and: secondary coils of the receiv-

" energy loss to the detector being governed ing ‘tuner and that, where. a ‘series con

‘- by the percentage of difference between the  der ‘used in the primary cireuit, i

- periods of the two cireui t will also s be ‘placed between the an-
. be quite apparent that, since circuits having tenna and th receiving transformer since

two distinct periods of freedom are here - other ise the natural wave length of thy .

dealt with, the damping of th eceiver at pri anc onjunction with the

antenna may " easily ~é§§§eéé“w the safe limit.
" A very simple method of preventing end-

' will result. Short circuiting_is however
detrimental under certain conditions and for

In case it is desirable to utilize this method  tances are employed for different ranges of
means should be provided for shorteirenit- ~ wave length. The proper size of these coils ' .
. ing the overhanging turns when their num- may be very easily determined by means of

ber is great, the “short” to be lifted as soon: a wave meter. e ‘
. as their numbe s below say qu e Sl

. of the total turns 100 oeba . These inductances may take the form of
 The simplest met ‘of eliminating this variometers and to a decided advantage for, --

_ “dégnd-loss - effect”” 1s- to short cireuit the  in this form, no necessity is found for tap .
unused portions of the receiving coils. -A  off connections and since a continuously

marked improvement of signals in " the .variable inductance is had the variable

neighborhood of the “affected wave. lengths: - capacity ,elg.m'e,nt may also be -eliminated:
“certain wave lengths will = be ‘extremely = from the circuit. For short wave reception

i ~great and hence, the selectivity of the sys- _“the variometer, once used, will be found

tem as a whole guite materially lessened. to be indispensible, inasmuch as capacity ' - ' i

A second method of eliminating' the end- loss due to decreased voltage and end-turn }
turn losses lies in .the provision of means losses have been eliminated as far as it is ‘
for a division of the coil into sections and: possible to-do so in a practicable manner.
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One very interesting application of the
audion is found in the form of the Audion
Amplifier (Figure 9) wherein the audion is
used as a relay. A step-up transformer is
provided, the primary of which is substi-
tuted for the telephones in the circuit of the
first detector, the outside end of the second-
ary being connected directly to the grid
of the amplifier audion.. The filament of
this audion is then connected to the primary
~-of the transformer, or if two audions are
being used and both lighted from the same
battery, no connection at all need be pro-
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from the next by a layer of paper .005”

thick. On top of the primary wind suffi-
cient good quality paper to form a layer
.025” thick. The secondary should con-
sist of 50 layers of No. 38 S8.S.C. magnet
wire, each layer having the same separating
paper as the primary layers. It is impor-
tant that the leads from the two windings
be brought out at the proper places. Care
should be taken to connect the coil in
properly as the primary of the coil can not
be used as the secondary with any degree
of success.” : :
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vided at this point. It is possible to go
further and use a second and third step
(Figure 10) in the process of amplification.
It will be found disadvantageous however
to go further than a third step because of
the ‘interactions between the amplifier cir-
cuits resulting in a continuous whistling-
sound in the telephones.  Resistances
marked R in Figure 10 may consist of a-

few lead pencil marks on pieces of paper,.

the weight of the marks being varied as
desired. This high resistance leak tends to
prevent the whistling sound . mentioned
above, . - :

The construction of a very good step-up
transformer for this purpose is described
“by Stanley and Camp in the 1916 Year Book
of The Radio Club of America as follows.
“Assemble in a fikre tube six inches long,

Figure 11 shows an arrangement of au-
dion detectors originated by Professor G. W.
Pierce of Harvard University. An audion
amplifying transformer as described above
is used between the detector and the first
amplifier audion. -The battery current in
the wing circuits of the remaining audions
is increased until ionization of the gases in
the bulbs occurs, i.e., until the blue glow
appears. A very careful adjustment of this
arrangement will give wonderful amplifica-
tion, probably somewhere in the mneighbor-
hood ‘of 1,000 times.- This adjustment is
difficult however and the critical condition
of the audions comparatively hard to main-
tain especially, when less than three steps
are employed, although the writer has occa-
sionally secured excellent results with but
two steps. :
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one inch outside diameter and seven- If the wing circuit of an audion is suffi-

eighths of an inch inside diameter, a bundle
" of number 22 or smaller, double  annealed
iron wire. If the wires are all cut the
length of the fibre tube and packed in as
tightly as possible a good core will be had
upon which should be pressed two fibre
heads, each 3%” square and %" . thick.
These heads must be so placed that there
will remain a clear winding space of 4%”.
In this space is wound a primary which
will consist of 36 layers of No. 34 S.8.C.
magnet wire, each layer being separated

ciently coupled either electro-magnetically
or electro-statically to the grid, or closed
oscillatory circuit of the audion, and if a
charge is placed on the grid thereby inter-
rupting the existing flow between the fila-
ment and the plate, the resulting pulse of
current in the wing circuit will be repeated
by means of the coupling back into the grid
circuit. The grid condenser will then again
receive a charge, which it; delivers to the
grid and the phenomenon again takes
place, and will, providing the adjustments
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are proper, continue to do so indefinitely,
and at a frequency usually dependent upon
the time period of the closed oscillatory
circuit. If the closed oscillatory circuit is
tuned to an antenna, and this system placed’
in resonance with an incoming wave, it is
readily seen that, inasmuch as the resultant
pulse of current in the wing circuit is many
times greater than the = initial charge
thrown on the grid, and since the wing eir-
cuit current may be repeated back into the
grid circuit in exact phase with the incom-
ing oscillations, a reinforcement or ampli-
fication of the received signal may résult,
the degree of amplification depending upon
the radio frequency of the received wave.
In this condition the audion is oscillating
or generating a continuous oscillation.
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It is impossible to receive a continuous

- oscillation with a plain rectifier due to the
fact that the received currents are. of such
frequency as to be inaudible to ‘the human
ear. However, inasmuch as a generator of
continuous oscillations is had at the receiv-
ing station advantage may be taken of the
“heterodyne” method of reception for un-
damped waves. Reception by this method
is accomplished by the production of beats
at an audible frequency between the wave
being received and the wave generated at
the receiving station. For example, assume
that an incoming wave has a frequency of
200,000 cycles per second. Now there is
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produced in the receiving circuit an alter-
nating current with a frequency of, say,
199,000 cycles. The result is a “beat” fre-
quency, dependent upon the difference be-
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tween the two frequencies present, which
in this case is 1,000 -cycles per second, an
audible note. Since the audion then acts
as a generator, rectifier, and amplifier, by
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- FIG- 14~

its ‘use, either damped or undamped waves

“may be received and amplified.

Figures 12 anu 13, ‘respectively, show
electro-magnetic and electro-static coupling
Votween the grid and wing circuits. In
Figure 12 the coupling consists of an auto-
tonsformer. Tt may consist of an induct-
ively coupled transformer and. as is appar-
enit. the proper degree of coupling. between

the two circuits may be obtained by vari-

ation. - In Figure 13 the. coupling consists

‘of the condenser C, shunted by an iron. core
¢hoke coil, which permits the passage of

direct currert only. This is the so-called
“yltraudion.” Figure 14 shows an oscillat-

ing system wherein no coupling is provided

other than the small amount offered by
the audion itself. “Here the wing circuit is
tuned to resonance with the grid circuit,
the energy being transferred as above sug-
gested ‘through the _coupling provided by
the audion. This elimination of external
coupling however often renders the circuit
difficult of operation especially —on “the

“longer wave lengths. The writer prefers
‘the method as shown in Figure 15. Coils

a. b, and e are so arranged that e slides
in*o b, and b into a. Their length may be
~f the order of 8” and their diameter about
A” or-5”. They should be wound with No.
g R&.C. ma~net wire. Taps are provided
~ ~ut every %" and a loading coil and suit-
~"1s variometer should be used in conjune-
+1am writh coil a for tuning the antenna. The
loading coil (not shown) should consist of a
{ube 6” in diameter and 14" in length
wound with No. 28 D S8.C. magnet wire. The
condencers Cl, C2, and C4 should have a
~apacity of about .001 microfarads. C3
i~ rnmanarativelv very small. its maximum
capacity heing that of Cl with pointer on
12° ccale mark. .

A simple and very good method is shown
in Figure 16. Here S may be a tube 7”7 in
diameter and 14” in length wound with No.

.98 D. S. C. magnet wire. P may be a coil 6”

‘n diameter and 8” in length wound with
No. 24 D.S.C. magnet wire. On coil S taps
should be-taken off every %” to accommo-
date switch No. 1, and about every 1" for
a distance of 3” from the lower end of the

.
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coil for the accommodation of switch No.

2. The range of this system will lie between
epproximately 2, 000 and 15 OOO meters

7
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phones. - This sound may be quite loud and
disagreeable. The common inductance

should then be decreased until this sound

where the capacity of C is of a maxxmum
value of .001 microfarads.

Inasmuch as the peculiarities of operatlon
of these arrangements are the same
throughout, an outline of the procedure with
reference to Figure 16 will suffice for all.
The value of inductance and capacity in the
grid or closed oscillatory circuit of Fi
I8 i~ cat at random. The amount  of

ceases, at which time the audion. should be
oscillating. By adjusting the antenna in-
ductances, a point will be found where a
hiss is heard and reaches a maximum. At
this point the entire system is in resonance.
This hissing sound is due to the shock

. excitation of the system by infinitesimally

small atmospheric disturbances or stray
damped waves. If the adjustment of the

i
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inductance ccmmon to both the wing and
grid circuits is mcreased at sw1tch No. 2
until a. howling noise is heard in the tele-

;FIG_lG:

secondary tuning condenser now be Varled
it will be found that the oscillations of the
audion may be stopped or started at will
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and that their stoppage is accompanied by
a rather muffled click in the telephones. The
system as a whole may be gradually swung
from 2,000 to 15,000 meters and kept at all
tm@es in resonance. Hence, any stations
which happen to be working within range

\V%

e

be necessary to provide at least three vari--
ometers, each wound with different’ sizes

of wire, to cover the range from 200 to
2,000 meters. The secondary circuit is
coupled to the antenna circuit by means of
the coil which may consist of 50 turns of
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may be logged for future reference. Both
damped and undamped waves may be re-
ceived on these systems. The damped
(spark) waves however, will:come in with a

hiss, that is, their natural spark tune will |

not be apparent.. By decreasing the amount
of wire common to the wing and grid cir-

cuits, a point will be reached where the
audion ceases to generate, and at this point
the natural spark tone of the station will be -
apparent. However, in this condition: the:

audion still continues the repeating aetion

and amplification results. Close adjustment

" of grid-wing circuit coupling is necessary .

for the best'results. -
Figure 17 shows a ecircuit applicable to

the chorter wave lengths, that is, below -

2.060 moters. It will here be noticed that
the secondary tuning condenser has been
dispensed with, all the tuning of the sec-
ondary or closed oscillatory 'circuit being

accompliched by the variometer. It will

 The Possibi'lities,of A Spark Coil |

By M. A. Herzog

The ‘article on the “spark coil amateur”
Ly Mr. Felix which appeared in the July

jacue of “QST” was interesting, and the

writer heartily agrees with him that some

¢pare rhould be given in the magazine to
a3ci-t those who use them.

Since the advent of the transformer the .

epaik coll has been regarded by many ama-

~pretrs

™
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No. 22 magnet - wire wound on a tube 4”

in diameter. The two coils comprising the

coupler M, for coupling the wing and grid -
circuits, may also be -approximately this
size, except that one should slide within the

other, Direct coupling may be used at this
point, but with a smaller measure of suec-

‘cess due to the impossibility of getting as
~close’ an adjustment of the coupling, and

it may also be found: advantageous at cer-
tain wave lengths to resort to tuning the
wing circuit by the insertion of variometers.
Great pains should be taken in the assembly
of apparatus for the reception of shorter

wave lengths by these methods and care

" should be taken to eliminate all end-turn
~and similar effects, inasmuch as the pres-
" ence of additional frequencies due to over-

hanging ends or nearby oscillators = may
make these circuits at the higher frequen-
cies absolutely inoperative.

teurs as a toy inecapable of serious work.
This is a mistaken impression. The induc-
tion  coil, while rather inefficient as an
electrical instrument, is remarkably efficient
in radio work, since greater 'distances per

watt input can be covered with an induc-~

tion coil, than with a transformer. Some
personal experiences in this line may be of

PR, S
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