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Buy Your Parts With Apparatus Coupons

ERE is a splendid opportunity to purchase instruments and sup-
plies listed in the Sleeper Radio catalog without spending your

money.

Write to Mr. Skelton, Circulation Director of Radio & Model Engi-
neering, and he will send you a book of ten subscription receipts. For
each vear’s subscription to R & M that you obtain, he will give you an
APPARATUS COUPON which is the equivalent of 50c. in cash. When
vou have sent in 10 subscriptions you are entitled to two extra Coupons.
This makes a total of 12 Coupons or six dollars in trade—by obtaining
only ten subscriptions. Write in today and get your receipt book by
return mail with ample supplies and complete information on obtaining
subscriptions.

Get the members of yvour Radio Club busy with receipt books and pay
for vour radio sets with APPARATUS COUPONS.

Books for Your Radio Work
Modern Radio Receiving Sets

“The Brown Book,” by M. B. Sleeper. A strictly constructional book
of splendid photos, scale drawings, and clear instructions for building
crystal and audion receivers, short and long wave regenerative sets, de-
tectors and amplifiers. The designs are planned so that you can build
the sets in your kitchen table workshop.

Radio and Model Engineering Series No. 1. Postage 4c. .. Price, 50c.

Modern Radio Receiving Sets

“The Blue Book,” by M. B. Sleeper. This is also a book for the con-
strugtor and experimenter. It takes up a wide variety of receiving in-
struments such as radio and audio amplifiers, variometer tuners, loose
couplers, and regenerative equipment.

Radio and Model Engineering Series No. 2. Postage 4c.. . Price, 50c.

101 Receiving Circuits

Ready for delivery December 15, 1922

The “Green Book,” by M. B. Sleeper. Whenever you are undecided
about the choice of a circuit, the Green Book will tell you what to do.
The 101 diagrams give you not only the method of connection but de-
tailed information on every type of receiving set now in use. All obso-
lete circuits have been eliminated, making the Green Book the only
authoritative and up-to-date compilation of circuits available.

Radio and Model Engineering Series No. 3. Postage 4c.. . Price, 50c.
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Things We Have Learned in
Our Shop

The experimental work done in connection with the working
out of new cqmpmcnt (‘d][s for methods applicable

to the experimenter’s

HE majority of failures experienced by

men who build their own radio equipment

is due to mistakes and careless workman-
ship in small details, usually from lack of prac-
tice and fllllllldrll}' with the fine points of
craftsmanship.

s workshop as well

tip end of the strip is to be under the wire but
this is sufficient to hold up fairly in place until
the winding is completed.

The larger part of the illustration shows one
of the laboratory assistants soldering the taps,
taken off in the manner just described, after the

Fig. 1.

The photographs reproduced here were taken
around the laboratory which handles the work
of gettlng out new rl('su.,ns and ot’fur some sug-
gestions which may help you in the things
you are doing. Fig. 1 shows a new and very
satisfactory method of tapping either single
layer or bank wound coils. As the t dp;-lm,
point is approached the wire is scraped bare
and a narrow strip of copper foil, about 0.005
in, thick slipped under the bare section. The
winding is then continued after the strip has
been pinned back out of the way. Only the

Showing a new and very satisfactory method of tapping coils,
Insert at left indicates position of copper strip.

inductance for a C. W. transmitter was finished.
The very least possible amount of soldering
paste is used and only a tiny dot of solder.
The soldering paste is mrllullar]\ important
for if too much is used it runs over the adjoin-
ing turns and makes an unsatisfactory and un-
sightly appearance. By rolling the outer end
of the strip over a small brad a tube is formed
in which the tapping wire can be inserted and
soldered. This system is often times more
satisfactory than the extra turn method for
there is no possibility that, at the point where
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the wire is twisted and brought off, as in the
other method, a break will occur.

The left hand illustration in Fig. 2 offers a
suggestion to those who have difficulty with ex-
cess soldering paste at the switch points. Here
the switch point lugs, after being put in place
are tinned and the paste wiped off with an old
cloth and tooth brush. Later on, when the
coil is mounted, there will be no necessity for
applying any paste to the soldering lugs.
Most brands of paste seem to offer excellent
leakage paths across contacts. For this reason
it is very important to have the joints clear
and clean, as serious losses often occur when

Rapio AND MoODEL ENGINEERING
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Experimenters who wind their own variom-
eters will be intercslu] in the left hand illus-
tration of Fig. 3. One of the greatest diffi-
culties in making stator windings is to slip
them off the form without damaging the coil.
That trouble is over very nicely by the method
shown. Six strips of paper binding taps are
put on the form before the coil is wound. They
are a little more than twice as long as the wind-
ing. Shortly after the coil is started the outer
ends of the taps are moistened and bent over,
and stuck to the wire. With the coil hmshml
the inside ends are also bent over and stuck
down.

Fig. 2.
Above right shows method

the resistance between the taps is not kept at
maximum,

At the right in Fig. 2 the method for taking
off dimensions to the panel is illustrated. The
distance is first measured on the drawing by
means of a pair of sharply pointed dividers.
This measurement is then transferred to the
panel and doubled. Next a scratch mark is
run down the panel with a scriber and combi-
nation square. When the distance from the
side is laid out on the panel and a line drawn
at right angles to the first one the center for
the hole is located. A center punch mark at
the intersection helps to locate the drill accu-
rately.

Left hand picture illustrates si mrliclt{ini soldering when lugs have been previously tinned.
or ta

ng off dimensions from scale drawings.

In this way a strong coil is formed indepen-
dent of any varnish which may be applied later.
Particularly when several coils are to be wound
on the same form this system is advantageous
because there is no varnish on the form to be-
come sticky and impede the removal of the
coil from the form. In addition the paper
strips hold the turns closely together so that,
when the winding is inserted in the stator, if a
part of the coil is not held firmly, there is more
support than the mere binding of varnish.
Moreover, varnish or shellac stick to the paper
much better than they do to the wire itself.
A completed stator winding can be seen on the
bed of the lathe in the right hand picture.
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Like so many of the variometer stator wind-
ing forms, our first one was slightly loose.
Accordingly, strips of glued paper tape were
stuck to the ||.|H. r-[r:ip on .-!ri|'. until the coil
was enlarged sufficiently to make a perfect fit
in the stator or stationary forms. In addition,
the friction was reduced to such an extent that
no trouble was experienced in slipping the coil
off the winding form. l|11- method of shim-
ming worked out exceedingly well.

To check the number of turns in each stator
coil a Veeder counter was used. The shaft was
driven into a wooden plug, and the plug fitted
in a hole in the center of the wooden form.
You can see, in the illustration, a block of lead
melted into the base of the counter to keep it

Fig. 3.

LE:

Lahoratory method of winding stators.
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of the rotor. A similar disc is held in place by
pressure of the tailstock of the lathe. Attached
to the disc carried in the chuck is a brass strip
pressing against the shaft of the rotor like a
lathe dog. This carries the moulded form
around during the winding in a most satisfac-
the

tory manner. The holes are drilled at
outside and on each side of the center section
to take the ends of the windings in accordance

with customary practice. \\ hen one side of
the rotor has been wound it is removed and
turned around. But the |l'|'t is rotated in the
same direction. As a result, when the inside
ends of the coils are jnint-li the direction of the
winding is the same as if it were a straight coil.

Slight mechanical imperfections often result

A simple hand coil winding machine

will serve the experimenter equally well,

from revolving as the shaft rotates. No reset
is needed. Each time a coil is wound the winder
1s rotated until an even 50 shows, and the
number of turns counted from that.

The rotors used for Sleeper standardized
moulded variometers, unlike other types, are
split at right angles to the shaft. This intro-
duces something of a problem in winding as the
two halves are only held together by small lo-
cating pins or holes in the very narrow thick-
ness of the walls and the binding effect of the
wire. A little jig to hold the rotor is illustrated
above. wooden disc is recessed at a
diameter just great enough to slip over the rim

in failure to obtain maximum efficiency with a
even when extreme care is exercisedin
following detailed wiring diagrams. Before
building a piece of apparatus it is strongly rec-
ommended that tests be made on the individual
parts which make up the instrument. Fre-
quently a variable condenser is shorted due to
a bent plate—A simple test can be made by
means of a dry cell and a buzzer wired in series
One lead is fastened to the rotary plates while
the other is similarly connected to the station-
ary plates. If in rotating the plates the circuit
is completed the condenser is faulty and should
be replaced to avoid a possibility of rewiring.

set
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A Variometer of High Efficiency

Some interesting notes and data on variometer
construction and operation.

/ being replaced by types employing molded
stator and rotor frames. The latter are
more attractive in appearance and more perma-
nent in construction than the wooden types
which frequently shrink and warp, causing the
windings to move out of place. Moreover, the
practical limitations of manufacturing the
wooden parts necessitate a large clearance be-
tween the two windings. As a result the
amount of variation in inductance between the
minimum and maximum settings is compara-
tively small.

\Ylfiﬁ‘n' rapidly the wooden variometer is

work of mechanical strain the mounting block
was made very close so that any tendency to
break off is distributed around the strong center
framework. At each end holes are molded into
the shaft bearing to carry the contacts. The
nickel plated strips at the front and rear act
as terminals from the shaft.

Unlike other variometers the ball is split at
right angles to the shaft and the shaft molded
into each half. In this way there is no possi-
bility for the shaft to come loose or to run out
of true. Small lugs and holes in each half of
the ball locate the halves in position. The

Fig. 1. The completed variometer.

Molded variometers have, however, the dis-
advantages of high losses due to the presence
of molded material within the fields of the coils.
The variometer illustrated in Figs. 1 and 2 was
planned to show an efficiency even greater than
that of wooden variometers by cutting down
the volume of condensite to an absolute mini-
mum. At the same time it was necessary, of
course, to maintain a margin of mechanical
safety. Fig. 2 shows the separate stator and
rotor parts before assembly. The stator is in
the form of a cage carrying at one end one-half
of the mounting block. To relieve the frame

Cube at right 2 inches on a side, weighing 10 oz.
shows amount of molded maierial used.

binding of the wire holds the parts tightly.
Small shoulders at the outside of each half
around the shaft act as bearings against similar
shoulders on the inside of the stator. Thus the
end play is taken up. Constructing the ball
in this manner it is possible to use an ex-
tremely thin wall, only gy in. thick except for
shoulders around the shaft on the inside which
act as extra support. The perfection of detail
is indicated by the construction of the shaft at
the inside where the coil lead is soldered on.
The shaft is turned down to % in. diameter
This is done so that, in soldering on the lead,
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Fig. 3. Outline of drawing of variometer showing location of mounting screws.

an excessive amount of heat will not be trans-
mitted to the entire shaft, causing it to become
loose where it passes through the molded ball.
Ordinarily stator windings are merely held to-
gether by the binding action of a heavy coat
of varnish. This method was not approved be-
cause it frequently happens that the coil is
secured to the frame at the inside but is loose
at the outer part. Then the entire strain of
holding the free turns comes upon the varnish
binder. Coils for this variometer are wound
over six narrow strips of gummed tape. When
the winding is completed the ends of the tape
are bent over on the outside of the winding,
thus making a strong coil even tho no varnis
is used at all. These strips are hidden be-
neath the six arms of the frame work so that
they do not detract from the appearance of the
instrument.,

Fig. 3 gives an outline drawing of the variom-
eter and the location of the mounting screws
from which any additional dimensions can be
scaled since the drawing is one half size.

The Electrical Testing Laboratories of New
York City have provided some rather interest-
ing information on this variometer in their re-
port number 40849,

Some of the data is given below.

1. Direct Current Resistance.
D. C. Resistance, ohms—1.25

2. Inductance in millihenries.

audio radio
Setting  frequency frequency
5 — 0.08
10 0.10 0.11
15 0.12 e
20 0.15 0.20
40 0.31 0.42
60 0.55 0.77
80 0.74 0.99
95 0.84 1.14
3. Distributed Capacity.
Setting Microfarads
10 0.000036
20 0.000026
40 0.000020
60 0.000017
80 0.000014
95 0.000012

The two im(rortaqt factors are the induc-
tance ratio and distributed capacity. Upon the
inductance ratio depends the wavelength range
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which can be covered, and upon the distributed
capacity the radio frequency losses in the
variometer. From 0 to 100 degr the in-
ductance ratio is 1 to 24, an unusually high
ratio while the distributed capacity of 0.000012

RADIO AND MODEL ENGINEERING

November 1922

circuit. That is the wavelength is increased
from minimum to maximum by means of the
variometer. Then the variometer inductance
is reduced to zero and a fixed condenser cut in.
The wavelength is again increased as the variom-

o3

Fig. 2.

to 0.000036 is far lower than that of any other
variometer. One advantage in the low dis-
tributed capacity is the fact that, in designing
circuits, the capacity added to the circuit by
the variometer can be neglected in determining
the wavelength range of circuits with which the
variometer may be connected. The question is
often asked, “‘what is the wavelength range of
a variometer’? There is no such thing as the
wavelength range of a variometer because the
variation depends so largely upon the induc-
tance of the secondary coil with which the
variometer is used. Some companies employ
small mica condensers connected across the
grid and filament of the detector tube to in-
crease the wavelength range of the secondary

Noie The hegh efficiency

secnred from any of our distributors,

Separate stator and rotor parts before assembly.

eter is adjusted to maximum inductance. In
this way an ordinary variometer tuned set can
be made to respond to wavelengths as high as
1500 meters.

A very important feature about \armnulum
is the material of which the frame work i
made. Shellac compositions cause high I(_n:im:s
compared to Bakelite or Condensite. More-
over these two materials are far stronger me-
chanically than shellac compounds and take a
very much better finish. An easy test for
Bakelite or Condensite is to try to make a
mark with the part on a piece of paper. These
materials will not leave any mark on the paper
while shellac or other substitute compounds
make a black line.

vartomeler described in the foregoing article, completely assembled, may be

Price §7.50

101 Recerving Circuits

Eighth Installment

58. A combination of high and low fre-
quency regeneration is illustrated in this dia-
gram. The customary tickler coil is coupled

for radio fre-
quency feed-back, while the primary of an iron
coil transformer in the plate circuit and the

to the secondary of the tuner
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secondary in the grid circuit provide for re-
generation at audio frequencies. Condensers
are shunted across the windings of the iron coil
transformer as by-passes for the radio fre-
quency currents. They are variable to permit
adjustment of the degree of audio frequency
feed-back. In practice this system gives ex-
ceptionally amplification for a single tube
outfit, but some difficulty is experienced in
keeping it in stable operation. For this reason,
regenerative amplification at two frequencies
with a single tube is seldom used.

59. While this diagram shows a circuit em-
ploying a vacuum tube, a crystal is used as the

\%

145

detector. The audion has no grid condenser
and is used to amplify the radio frequency
energy it receives from the tuner. An induc-
tance shunted by a variable condenser is placed
in the plate circuit of the tube. In this
oscillatory circuit, the incoming signals are re-
produced with an increased amplitude, owing
to the amplifying properties of the vacuum
tube. Since ti:e current has an inaudible fre-
quency of variation, it is necessary to employ
a detector before the signals may be heard.
This system of employing a crystal detector
amplifier is a popular circuit in England, but is
not used very extensively in America.

samll

é'_!l
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65. An impedance coupled two-stage audio
frequency amplifier is shown wired to a two-
circuit tuner in this hook-up. In place of the
transformers used in the preceding amplifiers
choke coils and condensers are employed. The
impedances are connected from the B battery
to the plates so that the necessary charges may

\%4

be placed upon the anodes without providing
paths for audio frequency currents to the fila-
ment. These, being stopped by the choke coil,
are carried to the grid of the following tube
thru a fixed condenser which prevents the plate
battery from giving the grid a high positive
charge.

g!

—H

®

06.") The regenerative feature is added to
this impedance coupled amplifier by placing a
variometer between the detector plate and the

rimary of% the amplifying transformer.
“eed-back isTobtained in the amplifier tube by

-_—

"

IO HOT]

coupling the plate circuit to the impedance
coil. In this way we get radio frequency regen-
eration in the first tube and audio frequency
regeneration in the second. When properly ad-
justed this makes an efficient two-tube outfit.
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EDITORIAL

WO things have happened this fall which,

tho they may not be appreciated imme-

diately by radio Experimenters, are help-
ing tremendously to advance the art. One is
the lateness of fall business. The other is the
use of 360 and 400 meters for broadcast trans-
mission.

To those who are not intimately concerned
with the details of the industry, a review of
the radio situation may be interesting. Follow-
ing the start of the summer season, which has
been always very quiet, manufacturers gener-
ally maintained their production schedules so
that they would be prepared to meet the big
demand expected with the first of September.
Sales during June, July, and August were small,
cancellations large, and collections poor. New-
comers having few accounts receivable, and
those not collectible, promptly succumbed
under pressure of current expenses.

Others, a little stronger, held out until Sep-
tember. But the orders did not come. Their
goods, of cheap and inferior design, lacking the
support of advertising, were not at all in de-
mand. Moreover, dealers’ shelves were still
groaning under the weight of worthless mer-
chandise held over from last spring, when any-
thing could be sold. October arrived, and still
no widespread revival in orders. One by one
those companies have collapsed, the little
“‘down cellar factories,"” the imitation machine
shops, and the big stock selling fakers. They
couldn’t stand the gaff.

At the same time, the dealers have learned
what kind of apparatus sells and stays sold,
what manufacturers stand behind their goods
with guarantees that offer real protection to
them and to their customers—and it has been
a very expensive lesson,

Altho you may not know it, you and the
manufacturers who are powers in the industry
have been drawn closer together, for you have
been opening their eyes about their products
and they are working to make those products
more nearly according to your ideas.

When, this spring, you look back a , you
will find radio merchandise and merchandisin,
methods utterly changed and improved beyon
your expectations.

Whether or not it was done deliberately, the
addition of the 400-meter broadcasting wave-
length was a stroke of genius. No longer has
the crystal junk-box receiving set a place in the
market. e public must have sets capable of
reasonably sharp tuning. Those cheap crystal
sets, which have been sold in countless thous-
ands, defeat their own purpose in localities
where two waves are used. With the demand
for sharp broadcast tuning comes automati-
cally a relief from the complaints made against
200-meter transmitters. One almost feels that
K. B. Warner or Schnell had a finger in the
two-wave pie.

Now if someone will work out that wave
analyzer so that receiving sets can be rated for
sharpness of tuning, interference problems can
be put up, largely, to the lack of judgment on
the part of the person buying a receiving set of
broad tuning characteristics. o~

The super-heterodyne system, after exciting
passing notice last year, seems to have been
dropped. That is due for a decided revival
this winter, however. In preparation for an
article in R and M, showing features not fully
appreciated by Experimenters, some surprising
results have Eeen obtained. As a matter of
fact, the possibilities are greater than of radio
frequency amplification, the circuits in general
easier to handle, and the equipment in every
way more satisfactory to use. More tubes are
required, to be sure, than in the reflex circuits
now attracting attention, but the adjustments
are more stable and more readily made.

Anyone who suggests that interest in radio is
on the wane discloses a decided lack of famil-
iarity with current events. An experiment
which opens a new field for the use of radio is
that of the Pennsylvania Railroad in receiving
broadcasting stations on an outfit installed in
the Broadway Limited. The success of the
venture leads one to expect that very soon the
men who do not care to join in the smoking-
compartment arguments and the ladies who are
tired of reading can ask the porter for a pair of
Pullman phones, plug them into a concealed
jack, and listen in to the broadcasting stations.

M. B. SLEEPER,
Editor.
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Undamped Wave Transmitter

Altho this outfit is designed for telegraph transmission up
to 25 miles it can be easily modified for telephony
with a wavelength range of 10 miles.

Vacuum F the manv suggestions
T'ube | - ' = '.| .
Transmitters ‘lni_ recommendat “”.1:'
which have been sent in
for a vacuum tube transmitter the chief
demand seems to be for an outfit that

can be constructed of parts readily avail-
able and one which will not require too much
auxiliary equipment. The set here
calls for practically no special parts,
UUV201 or Western Electric VT tubes, can be
operated on 90 to 150 volts of B batteries with

"1""!'|'i| ""l

uses

Fig. 2. Front view of completed instrument.

the ordinary 6-volt batteries for the
filament. Arranging the set in this way it is
not necessary to employ a high voltage gene-
rator or the extra voltage needed to operate
UV202 tubes made with UV202
tubes with 6 volts on the filaments and 150
volts on the plates but no improvement was
accomplished in the radiation

storage

i.l“"] S were

Undamped wave telegraph transmitters are
exceedingly efficient in operation for surprising
results can be obtained with very low power.
Moreover an experimenter is only safe from
complaints against the interference he causes
to the operators of receiving sets
when he uses this type of transmitter. Suff-
the allowed so

broadcast

cient variation in controls is

that, with varying types of antennas the set can
be tuned down to 200 meters. As a matter of
fact the lower \\.|\':'|:'n;._’th on which transmas
sion is accomplished the greater the efficiency
down to the point where the natural period of
the antenna 1s approached.

The transmitting range of 25 miles for teleg-
raphy or 10 miles for telephony is a conserva
tive estimate. Many experimenters find that
they can increase the transmitting range of a
low power outfit by employing Western Elec

Note simplicity of design.

tric VT1 tubes altho that type is primarily
designed for receiving. By cutting a special
slot in the socket tube VT2 tubes can be em-
[n]n\ ed -L_i\ 1'1'.-_‘ a still greater tT.n]ail]i]Hllu|.m¢:-.

['he circuit for this set calls
for an antenna inductance which
is also connected in the plate
[ i[i lli[, H | l'lIlIF]H”L: \'llj].
plate condenser, two tubes in parallel and a
radiation meter. The absence of fixed con
densers, special resistances and choke coils
makes the outfit easy to construct, low in pri
ind sure in operation

General

Description
of the Set -
grid

On the front of the panel are the radiation
meter reading from zero to 250 miliamperes of
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the General Radio tvpe, switches for the ad-
justment of the inductance in the plate and

antenna circuits, and controls for the con-
denser, grid coupling and rheostats A\ base
panel measuring 5 by 5 ins., % in. thick,

carries the tube sockets and binding posts for
the key, B battery, and A battery.
introduced through holes in the
cabinet

Leads are
the

rear ol

] he \\|['Il|-| liil|l]l'l' i- made up of a I!l.1|: [ .L!li"f|
on a shaft which passes through a long bushing
secured to the panel and independent of the
tube on which the tuning inductance is wound.
This arrangement was decided upon because it
is difficult to drill accurately the holes in the
tubing to act as bearings to the shaft.

I ig. 5 gives a one fourth scale
drawing of the front and

Drilling base
panels 1

the . .
Panels Dimensions can be tak-
en off and transferred to the

panels by means of dividers, multiplying each

Fig. 2.

thus found by four Drill sizes are
the dirawings. Two
circles show that the hole is count
flat head screws. If L. P. |
the work of locating the holes is simj
the «

distanci

indicated on concent

tor

nKk

e
panels are used

* SINce

the edges are smoothly and

perfectly true.

cut orners

Those who prefer a polished finish on the

panels should rub them down with a soft cloth

and oil 1'.:'.||1ir|;_: the surfaces thoroughly so
that no oil will be t to hold dust On the
be obtained by

other hand a dull finish can

rubbing the I with linseed oil and

pan
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sandpaper. Remember when doing this to
take straight strokes clear across the panel for
otherwise irregular cross scratches will appear.

Fig. 5 illustrates at one fourth
scale the location of the taps.
An L. P. F. tube 315 ins. in di
ameter and 215 ins. long with a
¢ in. wall carries the stationary coil. The
winding is of No. 20 D. C. C. wire, B & S
No. 18 5. W. G Taps are taken off
at the 24, 26, 28, 30, 32, and 36 turns. Taps
from the 28th, 30th, 32nd and 36th turns are
connected to both antenna and plate induc-
tance switches Holes for the screws to fasten
the tube to the rllilllntin;._: 1\i|i.1['.- are located
3-16 in. in from the end of the tube.

The
Inductance

1

gauge,

Just beneath the lower coil |1||u||115|1g :li”.ll'
is a hole 13-32 in. in diameter through which
the bushing for the rotor shaft is inserted. An
L. P. F. piece measuring 1 in. by #j in. thick,
is slipped over the bushing and both bushing

Rear view of transmitter removed from cabinet,

and terminal block are |'|.l|11'|'='r| 1'_\ a nut
screwed down over the threaded part of the
bushing. Two flat head screws in the termi
nal block carry 1\'._;- which prov :t||' CONnnNe ]i””».
for the flexible leads from the ball and the ex-
ternal wiring

I'he ball, 3 ins. in diameter, is wound with
approximately 30 turns, on each side, of No. 24
S. S. C. wire, B & S gauge, (No. 22 S. W. G.
Both leads from the rotor winding are brought
out through a hole at the side of the ball which
is away from the stationary coil I'he stop
ping pin in

the ball prevents it from rotating
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Fig. 3. Side View of Transmitter,

more than 180 degrees. It is important when
winding the rotor to make sure that the turns
are put on in such a direction that they form a
continuous winding. That is, the two halves,
when the adjacent center leads are connected
together should be wound in the same direction.

All the individual parts should be made ready
before any assembly work is started. :

149

1. Fasten the two bindi
;nﬂll‘uﬂl"m posts, with the round head
or —— - . . ’ :
Assembly screws, to the panel as shown in

the diagram by numbers 26 and
37; placing a terminal lug between each screw-
head and washer. The posts are to be on the
front or engraved side of the panel, while the
lugs, shown by the short heavy lines, are on
the back, and should point in the directions
indicated in the |.1)'t:l11.

2. Into the four end holes of the groups of
switch holes under the words PLATE-IND and
ANT-IND, place the four switch stopping
points. Hold these in place with the hex nuts
furnished.

3. The remaining holes referred to above,
are filled with the switch contact points, placing
the heads against the front of the panel, and the
lugs and nuts on the rear as shown. Tighten
the nuts to avoid loose connections.

Note:—Put a little solder on the ends of
cach lug, before fastening in place. Remove
surplus paste on the lugs with an old tooth
brush or cloth.

4. Mount the two switches and tighten rear
collars on .-'-l].lftn'. |||;1'|-.'i|1g sure tll t a firm
pressure is obtained between the switch-arms
and contact points.

e Mount the variable condenser dIH] the
two rheostats thru the screws and nuts
furnished.

6. Place the contact arms of the rheostats
thru the holes provided for them, and shift the
arms so as to have them in the “OFF" position,
or resting on the bare elements of the rheostat

Fig. 4.

Top view of instrument illustrating wiring.
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~winding. This is clearly shown in the drawing.
Now, fasten the knobs on the shafts of the con-
tact arms, observing that the white lines of the
panel and knob coincide, and making sure that
a firm pressure exists between the contact arms
and the resistance windings.

9, Fasten the angle brackets to the base
panel, with two in. ¢ F. H. machine
screws and nuts, and mount it on this panel
to the front panel with two 3¢ in. % R.H.
machine screws and nuts.

10. Put the bushing of the variocoupler

IMDUCTAMCE CORL
BASE PANEL

/’{ \ ‘_.4»'4‘.,/: ;'\?*'\, 11—\

S 9.9 :
h:,‘ ®a % & —@5 "
| | v{
| | LY X
¢ * Ok &-
2] : A /
s

FRONT PANEL

Fig. 5. Scale drawing of front and base panels.

7. Take the base panel (5 by 5 by %
L. P. F.) and fasten the remaining five binding
posts at 11, 12, 14, 15, and 23.

8. Next mount the two sockets on this
panel holding them down with four 3{ in.
+ F. H. machine screws and nuts. It is
important to have the relative positions of the
slots of the socket as depicted in the diagram.
Failure to observe this may mean che burning
out of the vacuum tubes.

rotor thru the }% in. hole in the middle of
the panel, with the flange against the front.
Slip the small 1 in. by 7§ by % in. block over
the bushing as shown by the dotted lines in the
diagram. Fasten the bushing and block with
the nut supplied.

11. Connect 1 to 2. To do that, first fit a
iece of square tinned wire from 1 to 2, running
it as directly as possible with right angle bends,
avoiding contact with any intermediate metal
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or wire. Then solder the terminals neatly.
For all other connections, similar fitting and
soldering processes are used.

12. In the order mentioned connect 3 to 4,
5t06,7to 8, 9to10to 11, 12 to 13, 14 to 15,
16 to 17 18 to 19, 20 to 21, 11 to 16. There
will be two leads soldered to lug numbered 16.
Connect 23 to 24, 25 to 26.

13. Take some of the wire which was used
for winding the inductance coil, cut off eleven
4 in. lengths and solder them to the cop
foil strips as shown in the diagram. Note that
-the four upper taps have two leads, and the re-
maining three have single leads.

14. Slip the variocoupler rotor ball thru the
bushing. Solder the two flexible leads to lugs
numbered 20 and 22, in the diagram.

15. Mount the inductance coil in place,
holding it with a 3¢ in. F. H. machine screw at
the bottom, and a 3¢ in. R. H. machine screw
at the top.

16. Fasten the dial and knob on the rotor
shaft, so as to have the 50 line of the dial scale*
coincide with the engraved line on the panel,
when the rotor is in the position depicted.

17.  Run the two leads from the uppermost
top of the coil to lugs numbered 27 and 33.
Cut off a piece of empire tubing long enough
to cover leads from tap to lu Slip the tub-
ing over the leads, scrape off insulation and
clean the wire beyond the tubing, and solder to
lugs mentioned. Clip the surplus wires ex-
tending beyond the lugs.

18. Repeat this operation for the second,
third and fourth taps from the top.

19, From the fifth and sixth taps, the
single leads is brought to lugs 31 and 32 re-
spectively.

20. Fasten the hot wire ammeter to the

pagel with three 3§ in. 4% machine screws
and nuts.

21. Connect 37 to 38, 39 o 40.

22. Run a wire from some suitable point 41
on the connecting wire 39 to 40, to lug marked

1

23. Solder the lead from the lower end of
the inductance coil to 42, which is on the wire
running from 41 to 1.

24. Mount the 0-100 dial and knob on the
variable condenser shaft so as to have the 100
line of the dial and the white line on the nel
coincide, when the rotary plates are wholly
interleaved with the stationary plates.

With the set completely as-

Opgeating sembled and mounted in the
Testing cabinet connections should be

made to the antenna and ground
posts, B batteries of 90 to 150 volts to the post

marked for the purpose, a 6-volt storage battery
to the proper terminals and a telegraph key

around the posts indicated. Light the ﬁla-,
ments to full brilliancy and Eress the key.

no radiation is indicated he hot w:re
ammeter the grid coupling ball should be ro-
tated until the pointer moves. Then each con-
trol should be gone over carefully until maxi-
mum radiation is obtained. To measure the
wavelength in an ordinary wavemeter couple
the meter to the transmitter inductance and
watch the radiation ammeter for a setting of
the wavemeter which causes a slight movement
of the ammeter. This is caused by the absorp-
tion of energy in the wavemeter when the two
circuits are at resonance. It will be found
that greatest radiation is ordinarily obtained
when a minimum amount of plate capacity is

em 4

R short antenna, approximately 75 feet long
made up of three or four wires spaced 2 feet
apart will give greater transmission than a
single wire such as is used for receiving. Height
is also important in an antenna used for send-
ing. At the same time it must be remembered
that the wires must not be so high that a long
leading is made necessary,

If you want to use the set for telephony in-
sert a switch in place of the key, wind three or
four turns of annunciator wire around the
antenna inductance and connect the ends of
that coil to a telephone transmitter. Speaking
into the microphone changes the resistance of
the 4-turn circuit, absorbing varying amounts
of energy from the transmitter. This system
is called absorption modulation. With differ-
ent transmitters it may be advisable to vary
the number of turns around the antenna coil.
The switch is not necessary but is suggested so
that you will not have to hold down the key
during transmission.

Like all other radio equipment this set may
develop some difficulties altho the simplicity of
the circuit minimizes the opportunity for fail-
ures. If the ammeter does not indicate any
radiation find out if the ammeter has either an
open or a short circuit. This may be done by
means of a pair of telephone receivers in series
with a dry cell. Be very careful not to apply
the dry battery current directly to the ammeter
as it will burn it out. A short circuit in the
plate condenser or open circuits in the windings
or connections may be responsible for the fail-
ure of the set to oscillate properly. Sometimes
the contact pins on a vacuum tube do not make
perfect connection with the socket springs. It
sometimes happens, too, that the tubes them-
selves are defective. You must also check up
the polarity of the batteries and make sure that
both A and B batteries are up to their full
voltage. When maximum power is needed the
filament of UV201 tubes must be burned at full
brilliancy, that is, working on a 6-volt storage
battery with the rheostats entirely cut out.

We should be very much interested to hear
reports from experimenters who build this
transmitter as to the distance they are able
to cover.
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Fig. 6. Schematic and picture circuits for the transmitter.
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Inductance Tables

Tables for the determination of the inductance and dimensions of coils
from 3 to 10 inches in diameter and 0.1 to 10 inches in length.

}Jn':u‘g““ HE purpose of these In-
Tables ductance Tables is to over-

come one of the greatest
obstacles that has tormented experimenters in
their attempts to design accurate receiving cir-
cuits and vacuum ttﬁ)e transmitting circuits.
The practical impossibility of determining the
inductance of coils without resorting to intri-
cate formulas too difficult for shop application,
or applicable only to coils already wound, has
been the stumbling block of the most conscien-
tious and careful.

Now, however, through use of the Inductance
Tables published in this pamphlet, any given
inductance, or any given factor affecting in-
ductance can be determined with almost abso-
lute accuracy. By simple multiplication or
division, inductance, diameter, turns per inch,
or length required for any given conditions can
be found.

The experimenter or commercial designer
can use these Inductance Tables with complete
confidence in the results obtained. Values will
be found to be as exact as the experimenter's
own hand work. With even a fair standard of
work, coils wound from the figures given in the
tables will not vary more than 39, from the
true values,

The man who is designing coils
may have any one of several lines
of attack. He may want to
know the inductance of a given
coil, or the length, or diameter, or size of wire
to produce a certain inductance. Methods of
solution are given below:

1. To find the inductance, in cms., of a
coil of given length, diameter, and turns per
inch:

a. Under the column headed by the given
diameter, run down to the value opposite
the given length. Multiply this value by
the turns per inch squared. The result is
the inductance, in cms., of the coil.

b. Example. A coil 4 ins. long is wound
for 8.5 ins. with wire giving 50 turns per
inch. The value in the “4 In.” column,
opposite “8.5 Ins.” is 2819, This multi-
plied by 50* gives

2819x2500= 7,047,500 cms.

2. To find the diameter of a coil to pro-
duce a certain inductance, given the length and
turns per inch:

lM“ﬁm of
Solenoids

a. Divide the inductance, in cms., by the
turns per inch squared, and locate, the
column in which this value appears opﬁo-
site the given length. The heading of that
column is the required diameter.

b. Example. 5,100,000 cms. inductance
are required of a coil 6 ins. long, wound
with 40 turns per inch. The inductance,
divided by the turns per inch squared is
5,100,000+ 1600 = 3,190

The nearest value opposite 6 Ins.” is
3211, in the column headed *'5.50 Ins.,"
which is the diameter required.

3. To find the length of a coil to produce a
certain inductance, given the diameter and
turns per inch:

a. Divide the inductance, in cms., by the
turns per inch squared, and, in the columns
headed by the given diameter, locate the
value found. The figure at the side shows
the required length.

b. Example. 1,500,000 cms., inductance
are required of a coil 3.75 ins. in diameter,
wound with 60 turns per inch. The in-
ductance divided by the turns per inch
squared is

1,500,000-+-3,600 = 417

The nearest value in the “3.75 Ins.” col-
umn is 407.7, opposite 2.1 Ins.” which is
the length required.

4. To find the turns per inch to produce a
certain inductance, given the length and
diameter:

a. Find the value under the diameter col-
umn opposite the proper length. Divide
the inductance, in cms., by the value
found, and take the square root of that

answer. This gives the required turns per
inch.
b. Example. 7,100,000 cms., inductance

are required of a coil 5.5 ins. in diameter
and 9.6 ins. long. The value in the “5.5
ins.”” column, opposite ““9.6 ins.,” is 5799,
The inductance, in cms., divided by the
value found, is
7,100,000-+-5,799 = 1,224

The square root of 1,224 is 35, which is
the turns per inch required.

Banked windings can be
o treated, with very little error, as
m”‘:" single-layer coils, counting the

total of turns per inch as the
turns per inch of a single-layer coil.

That is, a coil may be wound in three banks
with wire giving 40 turns per inch. The turns
per inch would be taken as

40x3 =120 turns per inch.

The value obtained would then be used in the
processes just described.

Example. 10,800,000 cms. inductance are
required of a coil wound in three banks with

Inductance of

www. americanradiohistorv.com


www.americanradiohistory.com

154

wire giving 30 turns per inch, on a tube 4.5
ins. in diameter. To find the length necessary:
Three banks, each of 30 turns per inch, gives
90 turns per inch. The inductance divided by
the turns per inch squared is
10,800,000-:-8,100=1,333.
The nearest value in the “4.5 Ins.” diameter
column is 1334, opposite the ““4.0 Ins." length.
This is the length required.

Figure 8 coils should be
{#ﬂ“ﬂ‘m of treated as single-layer solenoids,
- the inductance of which is quali-
fied by the multiplier given in

the table below.

L . 3 :
1] [+

0.02 0.30 1.465

to 0.31 1.450
0.22 1.550 0.32 1.435
0.23 1.545 0.33 1.420
0.24 1.540 0.34 1.400
0.25 1.530 0.35 1.383
0.26 1.520 0.36 1.366
0.27 1.510 0.37 1.348
0.28 1.495 0.38 1.330
0.29 1.480 0.39 1.319

Example. A figure 8 coil is 5 ins. in di-
ameter and 0.5 ins. long, wound 40 turns per
inch. The value in the “5 ins."” column, oppo-
site “0.5 in.” is 60.79. This multiplied by

40° is
60.79x1,600=97,264 cms.
The length divided by the diameter is
0.5+5=0.1,
the constant of which, from the table, is 1.55.
Then the inductance of the figure 8 coil is
97,264x1.55 = 150,759 cms.

In figuring the inductance of

Inductance of pancake coils, one turn thick, the

i Fyad diameter is taken as the average

of the inside and outside di-

ameters, the length as the difference between

the inside and outside radii, and the turns per

inch as measured radially across the coil. These
values are applied to the Inductance Table.

Example. 500,000 cms. inductance are re-
uired of a coil having an average diameter of
ins. wound with wire giving 30 turns per inch.

To find the required difference between the in-
side and outside radii:

_ The inductance divided by the turns per
inch squared is
500,000-:-900 = 555

In the column headed "5 Ins.” the nearest
value is 550.4, opposite ‘1.9 Ins.” length.
Therefore the difference between the inside and
outside radii is 1.9 ins. The average radius is
one-half the average diameter, or 2.5 ins. To
find the outside and inside radii, one-half of
1.9 is added to and subtracted from 2.5 ins.

2.540.95 = 3.45 ins. outside radius.
2.5—0.95=1.55 ins. inside radius.

RaAp1io AND MODEL ENGINEERING
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To illustrate one way in which
these calculations can be used,
let us design a loose coupler to
tune from 200 to 900 meters,
using an antenna of 0.0003 mfd., the average
value, and primary and secondary shunt con-
densers of 0.0001 to 0.001 mfd.

The effective capacity in the primary circuit
is 0.0004 to 0.0013 mfd. From the tables
previously shown, the following values of in-
ductance are required:

Primary Circuit

Wavelength Wavelength
with with
0.0004 mfd. 0.0013 mid.
Tap 1: 25,000 cms.

188 meters 340 meters
Tap 2: 70,000 cms.

315 meters 569 meters
Tap 3: 180,000 cms.
506 meters 912 meters

The effective capacity in the secondary circuit
is 0.0001 to 0.001 mfd.

Secondary Circuit

Wavelength Wavelength
with with
0.0001 mfd. 0.001 mfd.
Tap 1: 50,000 cms.

133 meters 421 meters
Tap 2: 250,000 cms.
298 meters : 942 meters

If No. 24 S. S. C. wire, giving 44 turns per
inch, is wound on a tube 3.5 ins. in diameter,
taps must be taken off at the following lengths
measuring from the start of the winding:

Tap 1, 25 000 cms., 0.3 in., 13th turn
Tap 2, 70,000 c¢ms., 0.5 in., 22nd turn
Tap 3, 180,000 cms., 0.85 in., 37th turn

The secondary, on a 3-in. tube, will be tapped:

Tap 1, 50,000 cms., 0.45 in., 20th turn
Tap 2, 250,000 cms., 1.2 ins., 53rd turn

Here, then, is the complete data for a 200-
to 900-meter loose coupler, all of which was
figured in less than 5 minutes, while without
the table very rough guesses would have been
made, with final results far from those expected.
On tap 1 of the primary, the condenser tunes
from 188 to 340 meters; on tap 2, 315 to 569
meters, etc.

In designing tapped coils of this sort the
length for a given inductance is always figured
from the start of the winding, and not frem
the previous tap.

The following will be found helpful:
1,000,000 cms. = 1 millihenry

1,000 millihenries =1 henry

1 cm. =0.000001 millihenry.
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To all our friends:

Hundreds of readers of Radio & Model Engineering, have built nearly
every set described and designed by M. B. Sleeper.

For the Holidays, we specially recommend the following Sleeper Con-
struction Sets, all of which can be supplied vou quickly by your dealer.

No. 2600 Rapio RECEIVING CONSTRUCTION SET

Cabinet type 150-1400 meter, single tuning unit, comprising vario-
meter and three bank coils. Effective range 400-1200 miles. Can be
used with loud speaker. An eluborate long distance receiving set at
MOdCTALE. B8 ..o vt st S50 555 1 me vs v e ioresoesescs s s $47.12

No. 1900-X RaApio RECEIVING CONSTRUCTION SET

Cabinet type 150-600 meter, detector, variocoupler, variometer and
variable condenser. Effective range 500-1500 miles. Allows extremely
exact “tuning-in.” Particularly suited for users who are in the vicinity
of many different Broadcasting and Radio Telegraph stations.. .  $45.00

With 2-stage Amplifier No. 3100, allowing use of loud speaker $73.00

No. 3300 REINARTZ RECEIVER

Comprising detector, two variable condensers and complete tuning in-
ductance. Effective range 400-1200 miles. Quickly adjusted, super-
sensitive and tunes sharp. The very latest .. ... .. .. .. .. .. .. $34.00

No. 3100 CABINET TYPE TWO-STAGE AMPLIFIER

For use with any of the above sets with detector and amplifier

s $28.00

You know the success of these sets because you are one of the old-
timers. Pass the word along and get the newcomers building. Sleeper
Construction sets work because M. B. Sleeper designed them.

Sleeper Radio Corporation

88 PARK PLACE NEW YORK, U. S. A.

“
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SLPER

adio
CONSTRUCTION SETS

150 to 600 Meter Receiving Set

HETHER you want to hear those far away stations, or you are

‘f ‘/‘ troubled by local interference, this set fits your requirements like

your hand in a glove. A little practice, and you can change from

360- to 400-meter stations by the adjustment of one control. Either 200-

or 600-meter spark stations, under any ordinary circumstances, cause no
interference.

As an indication of the long-distance reception accomplished with this
receiving set, when connected to the type 3100 two-step amplifier, Mr.
Montgomery, Vice-President of the Fort Worth Life Insurance Company,
Fort Worth, Texas, heard in a single evening 37 broadcasting stations in
17 different states including California, Georgia, Colorado, Illinois, New
York, New Jersey, Utah and Michigan.

This set is furnished with the panels drilled and engraved, coils wound,
and similar work completed so that it can be assembled readily in the
“kitchen table workshop”. An audion detector, without the tube, is in-
cluded in the cabinet, making a finished outfit to which an amplifier can
be added if desired.

No difficulties from interference with the type X-1900.

Complete construction set, 150 to 600 meters, ready to assemble in the handsome ma-
hogany cabinet, packed in an attractive display box. Can be put together with the use
of only three tools—a screw driver, pliers and a soldering iron §4

Sleeper Radio 88 PARK PLACE NEW YORK CITY
In the center of New York's radio district. Dealers coming

L]
to the City are invited to make this their headquart .
C 0 r p O r a t 1 0 n Every courtesy and tonvenl:l\c: is at th:‘;r diopoe::l
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