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BOLTS AND NUTS gj

In wireless work thcrc are many ways
in which nuts and bolts are uscd, and there
are likewise many different tvpes of bolt
and nut. A few of those most gencrally
uscful to the amateur experimenter are
llustrated.  There is no such thing as an
ordinary Dbolt and nut, as the require-
ments  of different industries call for
certain qualitics. An engineer would place
the engincer’s bright bolt and nut with
hexagonal heads as the standard bolt and
nut, an example of which is illustrated.

In building work, and such industrics as
coach building, and generally for all kinds
of woodwork, a *‘ coach ™ bolt with a head
that is rounded on the top and flat on the
underside, and having a square-shaped
picce beneath 1t, is used in conjunction
with a square nut. It is a type of bolt
and nut that is preferable in woodwork,
as the square under the head grips the
timber it passes through and prevents
the bolt rotating. A similar type of bolt
used with a flynut is also shown in the
illustration.  The flynut can be rotated by
hand between the finger and thumb. and 13
uscful for making temporary

BOOSTER

some non-magnctic material.  The average
rcceiving sct is built up with set-screws,
often termed bolts. The essential differ-
ence between them and a true bolt is that
the bolt is only screwed for a portion of
its length, whereas the set-screw is screwed
for the entire length. The B.A. system
of screw threads is extensively adoptcd
in commercial sets.  The usual engincer's
bolts are threaded on the Whitworth
systeny, as are the coach bolts.  Many
other types or shapes of bolt are made,
and there arc several patterns of nut, but
thosc of greatest interest to the wircless
experimenter are the foregoing.

The various kinds of nuts used in wirc-
less work, for placing on terminals and the
like, and for making connexions on pancls,
are described under the heading Nut,

BOOSTER. The purpose of the booster
is to change the potential between two
points locally, in a direct current system,
without affecting the difference of poten-
tial at the gencrating end of the line, It
1s partcularly uscful when it is required
to overcome the effect of volt-drop due to

connexions, or {or any purposc —1= Line

when a (]dlﬂp]ﬂgD action under o t

the control of the hand i3 -§ | Booster
sufficiently strong. N ‘ )

In wircless work the re- (g = :
quirements are so diverse that TN, z Shunt /—k\
all types of bolt and nut are idbwature Fv}r,'e%;g ’A{%ZZZ{
(mplm ed.  For example, on N E; !

he power }) lant the bolts md 3 }:?
nut.s would be of the engincer’s X
type, but on an aerial with a i
wooden mast the coach bolt is + Lmne L

the correct type to use. When

L N CIRCUIT DIAGRAM OF A BOOSTER
a bolt 13 needed to act as a

Fig 1. When a local change of potential is necessary iu a

means o attachment for a
rope or wire or the like, it is
often formed with an cye at onc
end and a screwed portion at
the other. An evebolt with a short shank
may be used in wireless—for example, on
the top ol a dynamo ficld magnet cdstmg
as ameans ol moving it about b\ attdchmg
a rope to the eye. When the eyebolt has
along screwed shank and is equipped with
nuts, 1t can be employed as a strainer for
an acrial guy wire. Two such bolts arc
shown 1in the illustration, one a long one
for stramning wire, and thc other a smaller
varicty used for a similar purposc.

In the construction of wireless apparatus
the bolts and nuts used are comparatively
small, and usually made of brass or
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dircet current system, or it is desired to raisc the voltage locally,
an arrangement such as that represented above is usf‘d and is

known as a booster

line resistance, also in cases where the
accumulators are being charged and their
counter electro-motive foree rises towards
the end of the charge to such an amount
that it practically balances the voltage of
the charging dynamo and reduces the
charging amperes to a ncgligible amount.

There are other cases where the line
volts may require to be reduced locally, in
which case the booster is applied in the
reverse sense, and, instead of * boosting,”
is arranged to have a “bucking 7 cffcct
by giving a negative boost. In appecarance
the booster rescrables a double unit motor

T1
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. generator, the motor being shunt wound,  drop, and «t the same time, the generator

with its armature shaft rigidly coupled
to the armature of the gencrator.  The
generator lields are scries wound, and both
ficld windings and wrmature are in scries
with the line it is required to boost. The
generator armature, therefore, has to carry
full Yine current, but as a usual thing it
only has to provide a relatively low voltage,
namely, the difference betwern line volts
duc to the main generator supplying it and
the extra volts required locally for some
purpose or another.

The circuit is shown in diagram in Fig. 1,
and the bhoosting effect is more or less
automatic in action, since if the generator
armature is driven at constant speed by
the shunt motor, the volts it will add to the
line will depend upon the excitation of its
own ficld circuit, which, being in scries
with the line, will again depend upon the
current in the lne for the time being. A
small line current results in aosmall volt

ficld being only partially excited, the
generator armature only adds a relatively
small electro-motive force to the line volts.

If, however, a heavy current is flowing
in the line, the volt drop will be corre-
spondingly heavy, and the demand for
more volts to be added will be auto-
matically met by the fact that the series
ficld of the generator will now be more
Jicavily excited by the line current which
passes throagh its coils.

For accumulator charging a different

arrangement would be better, since the
conditions are changed by the fact that as
the main current in the line decreascs the
added volts should increasc in order to
compensate, by maintaining the same
charging rate. To meet this condition the
Fooster conld either be arranged as in
Fig. 1, but with its armature polarity
opposed te that of the main charging
circuit (“ bucking ™ the line), in ihich
case the booster volts would drop as
the line current diminished, allowing
the volts from the main generator
to 1ise at the accumulator ter-
minals ; or wusually the booster
would be arranged with a shunt

BGOSTER COUPLED TO A
GENERATOR
¥ig. 2. An Electric Construction Co. booster,
showing the arrangement of the shunt motor,
the generator, and the brush gear. The
boosting effect is automatic in action
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BOUTHILLON, L.

ficld to both the motor and the generator
side, the latter field circuit being also in
serics with an adjustable ficld rheostat, so
that the amount of ““ boost "’ to the volts
could be hand-controlled as necessary,
This would climinate any automatic
fozlturc)& Fig. 2 shows a typical booster.
BOREAL POLE. This is a French term
which is occasionally uscd to denote the
north pole of a magnet. See Magnet.
BORNITE. Crystal rectifier.  Bornite
is a native sulphidce of iron and copper. 1t
has a metallic, erystalline, blue lustre, and
is also known as crubescite or variegated
copper ore.  The blue lustrg is duce to
exposure to the air.  When freshly cut it
has a coppery or bronze colour. Bornite

~is used as a crystal rectifier in combina-

tion with zincite or with copper pyrites.
The combination often gives a better
result with a small battery, but it is not
necessary.

FFig. 1 shows the characteristic curve for
a bornite-zincite crvstal. It will be seen
that for a positive voltage the resistance is

low, but for a neg-
ative voltage the
resistance increases
very rapidly. The
19 combinationof bor-
© nite-zincite makes
a sensitive detec-
tor, but the con-
BORNITE.ZINCITE tact must be a
CURVE very delicate one,
Iig. 1. A Dornite and accurately adjust-
Z_mCltc_ crystal _(:onﬂ;.mz_\- (‘,(1, and may be
tion gives a characteristic

cwive as here shown  UPset by strong

atmospherics.
I'ig. 2 shows a typical specimen of bornite,
and Fig. 3 4 bornite crystal embedded in a
crystal cup in Wood's metal.  See Crystals ;
Zincite.

BORON. Oncof
the non-metallic
clements, Its
chemical symbol
s B, atomic
weight 1100, and
specific gravity
2:0. Boron has
a strong affinity
for oxygen, and
is  therefore an
excellent deodor-
izer. Boron is Fig. 3.
used in wircless
in the T.Y.K. arc, forming onc¢ of the
clectrodes of the arc. See T.Y.K. arc.
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BORNITE, MOUNTED
Bornite
mounted in Wood’s metal

crystal

B.O.T. This is the usual abbreviation

for Board of Trade Unit, 1,000 watt-hours,
approximately one and a third horse
power for an Lour. See Board of Trade
Unit.

it

SPECIMEN OF BORNITE
Fig. <. High-frequency currents are in many
cases rectified by means of a bornite erystal

BOUCHERISING. A chemical method
of preserving timber, especially poles, from
rotting. The method consists of injecting
a solution of copper sulphate mnto the grain
of the timber by forcing it through the
pole as if it were a pipe.  The treatment is
claimed to preserve such erections as a
pole mast for an acrial from the effects of
dampness.

BOUTHILLON, LEON. French wircless
expert. Born in 1884, he studied at
I'Ecole Polytechnique, Paris, and entered
the government service in the department
of Posts and Telegraphy, in which depart-
ment he becarae engineer in 1908, and
becaine attached to the wireless section,
In 1911 he became director of the wireless
telegraphy department of the Posts and
Telegraphy, and directed the construction
of wireless coast stations in France. In
1920 he became the Engincer-in-Chicl of
the department. and since 1913 he has been
Instructor of Physics at the Polytechnic
Schoolin Paris. In 1920 he was awarded the
Herbert Prize of the Academy of Sciences
at Vienna for his many publications in
wircless.  In addition to a large number
of articles contributed to various scientific
journals, Bouthillon wrote * Theory and
Practice of Radio Communication,” in
8 vols,, and *“ Wircless Telegraphy,” the
latter in collaboration with G. E. Petit.
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_BOX MAST

BOX AERIAL, T]ns s an 11’r(rn'111\e
name sometimes used f{or a frame aerial.
See IFrrame Aerial.

BOX MAST. A mast for supporting an
acrial, built up [rom planks of wood nailed
or screwed together at their joints, and
strengthened by cross-picces or membranes
of wood. This type of mast i1s very suitable
for amateur construction, as when finished
it is stiff and strong. It docs not present
any great difficudties in crection, and the
procedure may follow that detadled in the
article on Acrial,

As an example of construction, take the
case of a mast go [t. above the ground,
This would be made mn three separate
scctions, the timber for cach of which
would be 15 {t. m length. This allows for
1 {t. depth of joint between the joints in the
mast, and 2 {t. or so for lctting mto the
ground at the bottom.  The bottom =cc-
tion, or main mast, 1» made from g . by
1 . prepared de al planks, one end of
which is sawn to a taper, so that the
smaller end 15 of such a size that the
intermediate section of the mast can fit
snugly into it. This  will necessitate
cutting off T in. or so on the upper end
ol the main mast, tapering outwards to
nothing about the middic

The edges of the planks should be planed
up smooth and true, and the components
can then be serewed or nailed together at
the joints.  The planks are arranged so
that the cdge of one fits on to the top of the

| —_
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IRONWORK FOR BOX MAST

in place. Similar membranes may be
fitted about the middle of the longth of
the mast and at the bottom, a third piecg
fitted flush to the ends of the planks, after
which the remaining side plank is screwed
or nailed into place.

To strengthen the structure, hoop iron
should be ‘wrapped tightly around and
secured with nails or screws. The hoop
iron should e fitted, as shown in Fig. 2, at
cach place wherc a membrane is fixed, as
this will bind the whele together and make
it perlectly rigid. The mouth ol the
lower mast is then reinforced by attaching
strips of bajten about 2 in. wide and 1 in.
thick, these being nailed in place, and
ultimately raimorced with a piece of hoop
iron, which 1s clearly shown 1 Figs. 3, 0,
7 and 8  The hoop iron may, when the
mast is finished and before it is erccted,
be protected by a good coat of paint,
since 1t rusts very easily and thercfore
deteriorates rapidly.

The next section of the mast is made up
in the same wav. The bottom of it fits
into a socket formed on the top of the
main mast, and a similar socket 1s made on
the top of the intermediate mast for the
tep mast to fit into, as in Fig. 4. The
intermediate scction can be conveniently
made of material about 6 in. wide and
7 in, thick, It will also have to be tapered
at one end as described for the main mast,
so that the <ize of the terminal socket will
he of such diumensions that the topmast
can fit nicely into it.

The topmast can be made
from 4 in. wide prepared deal,
2 in. in thickness, and should
taper to about 3 in. squarc
at the top. It is nailed or
screwed, and reinforced with
membranes as before.  The
sizes given are nominal ; and
when purchasing the material
it will be found that the
g in. by 1 in. prepared board
will only actually measure

about 8% in. wide and about

Fig. 5. Wrought iron double cyves and iron straps for fixing on %in. thick. Consequently, it is

the guy ropes supporting the mast are here illustrated

next, their disposition being clearly shown
in Figs 1 and 2. 'When the three of them
Lave been nailed or serewed together to
form a trough-like structure, cross picees
of siinilar material should be cut and fitted
across at about a foot or so from the end
of the mast, these being screwed or nailed

best to obtain all the material
at the start, and temporarily

_tack the four pieces of each of the sections

ol mast together. The absolute outside
measurements should be taken and the
sockets prepared so that the inside size
Is exactly the same as the outside size
of the next mast section, in order that
one may fit into the other.



Iig. r.  General construction >f a three- }mrt box mast shown in progress.  The lowest section
has sides of g in. by ¥ in. deal planks and is 15 {t. long

\I(‘m‘)'-w\na arce fitted insule the box, dlld hooP-
iron reinforcement acdded outside

a5

3. Titting the iron hoops to Fig. 4. Shows how onc scction fits into the next, also
strengthen the joint at a section position of straps and supporting battens

BOX MAST FOR AN AERIAL IN PROCESS OF CONSTRUCTION
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STAY.RCPE ATTACHMENTS FOR BOX MAST

Fig. ¢ (left). Double-cnded eyes are fitted in this manner into slots at the top of the mast, to take &
Fig. 7 (right). Double-ended eyes are now seen engaged.

the strain of the support ropes or wires.

3

Three of the four hold stay ropes, and the fourth is attaclied to the aerial halyard.

Having made all three sections in ihe
manner described, they may be fimished by
painting, or by thoroughly well brushing
with creosote, =olignum, or any good wood
preservative.  The ironwork. Tig. 5, should
be well painted with brunswick black or
The top

some similar good quality paint

ool i P

STAY ATTACHMENT AT JOINT

Fig. 8. Iron strips are screwed on to the box

mast, as shown in this photograph, at the joints,
and to these are attached stayv ropes.

of the mast is finished by cutting four slots,
one in the centre of cach plank, as in
Fig. 6, making these slots about § in. wide
and 3 in. deep. Two wrought iron double-
ended eves must then be obtained, and
thesc arc rested in the slots in the manner
clearly shownin Fig. 0 ; after which a band
of hoop iron is fixed around the outside
of the mast immediately Dbeneath the
termination of the slots. The top is then
enclosed by a square picce of wood,
screwed or nailed 1n place.

The result is that there are four cyes,
placed onc ¢n cach side of the mast, and
one of these is used for the attachment of
the aerial and the other three for the side
and back stays. This is shown in Fig. 7.
The joints between the sections of the
mast have also to be steadied by stays, and
for this purpose lour syrought iron plates,
as shown in Fig. & should be prepared.
Tach plate may be about 1} in. in width
and ., in. i1 thickness and 12 in. long,
with at least four screw holes drilled and
countersunk in it

When the plates are secured in this way
the screws mav pass through both sections
of the mast, and this to some extent helps
to secure the whole,  The primary purposc
of these plates is, however, for attachment
of the ends of the guy wires. This type of
mast, if strongly made in the manner
described and erected as indicated in the
article on aerial, should give entirely
satisfactory results. See Aerial; Frame
Aerial ; Lattice Mast.
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EXAMPLES OF BOX SPANNERS

Fig. 1 (top). Two tubular pattern box spanners

with tommy bars, and two other tyvpes are in-

cluded in this group. Fig. 2 (bottom}. For

employment in awkward positions this ratchet
type of box spanner is very useful

BOX SPANNER. Any spanncr which
when in operation embraces all the sides
or flats of the nut simultancously. Tle
particular advantage of the box spanncr
15 the continuity of the operating part or
jaws,  These are always so shuped that
cach flat on the nut i1s
reproduced on the spanner.
Thus if the nut has six sides,
1.¢. 15 hexagonal, the spanner
will have o six-sided hole in
it, similar to the examples
illustrated n Fig. 1. The
spanner 15 made of good
tough steel, and may be
shaped from {lat steel, the
ends may be bossed to form
an extra thick part around
the jaws, or the tubular type
may be adopted. Ifach has
its merits and disadvantages.

The wircless experimenter
s wsually faced with the
difficalty of dealing  with
nuts and boits in somewhat
awkward positions, as, for

MAKING A TUBULAR BOX SPANNER

ratchict.  In cne forny, as shown in Iig. 2,
the ratchet is located in the body of the
spanner, and the nut is manipulated by a
circular steel jaw picce having a hole of
appropriate cize and shape through it
When this jaw is placed on the nut and the
ratchet is in place, the handle part of the
spanner is worked to and iro, the ratchet
driving the nut in one direction and not in
the other. To unscrew a nut the jaws and
the ratchet pawl are reversed.

Small box spanners arc readily made
fron steel tube, provided it be of suitable
dimmneter.  As a rough guide the diameter
of the tube should be equal to the
diameter of the nut; that is the width
across the flats. The method of making a
small spanner for temporary use is to take
a piece of hexagonal metal rod and drive
it into the end of the tube. To do this
casily it 15 best to taper the end of the
hexagonal rod. The next step is to work
the jaws flat and get them to exact size,
this being accomplished by simply placing

A

mstance, on the mast of Fig. 3. Home-madce box spanuers are easily constructed, as
coine  acrials. In such a this photograph shows. A metal tube is hammered to shape

casc the nuts are difficult of
access and the hands will be
partly occupicd in Lolding on to the mast.
The box spanner
is then very usc-
ful, as it only has
to be rotated, and
by its natural
form has little
Iig. 4. The complete te‘ndency to Shl)
home-made box spanner  off the nut.

over a hexagonal rod, and a small hole bored at the other end
to take a turning rod or tommy bar

the head of a bolt or set-screw into the
end of the spanner and holding it flat on
the anvil (IFig. 3}. TFlatten cach side of tle
jaws separately, gradually working the
head of the bolt into the tube until the
lower side of the head is flush with the edge
of the spanner. The tube is cut to length, a
hole drilled at right angles through it, and a
stecltommy barinserted, as shown in Fig. 4.
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BRACE AND BIT

The bar can be fixed or removable, as
desired. As a rule if the spanner is wanted
for regular use on ordinary open work it
15 best to fix the bar, as it cannot then
be mislaid.  TFor awkward jobs, such as
tightening the nuts at the back of a panel,
the length of the spanner tube can be
reduced to a minimum, little more than
the thickness of the nut, and the bar used
as before.  When a very difficult nut
has to be placed, it can be put into the
Jaws of the spanner and the bar fixed so
that it comes immediately behind the
inner side of the nut. By this method the
nut can be put on to the bolt and so
started. When space is restricted, as it so
olten is at the back of a panel, the spanner
body should have a sertes of tommy bar
holes driiled in it, so that the nut can be
gradually tightened by removing the bar
and inserting it into the next hole and
turned again as far as it will go and the
bar again moved and inserted into the next
hole.  One or two sizes of tubular box
spanners so drilled to take a tommy bar
in almost any position of the spanner will
be found to be one of the most useful tools
in the equipment of the wireless experi-
menter. There are numerous makes of box
spanner adapted to specific operations and
for dealing with the particular problems of
different industries, but those mentioned
are most useful to the wireless experi-
menter. See Bolt ; Nut; Screw.

BRACE AND BIT. A brace is a
device for actuating a bit or drill, and
comprises 2 hand-grip, crank, and drill
or bit holder. A brace and a selection
ol bits are essential to all wireless ex-
perimenters. By their aid holes up to
1} in. diameter or thereabouts can be
made in wood, and, if suitable bits be
used, in metal and ebonite, as well as in
other materials.

The Ratchet Brace and its Uses

The simplest form of the teol is shown
in Fig. 1, which illustrates a plain brace
with a solid steel crank or bow, a solid
hand-grip, a plain head, and a tapered
hole in the end of the bow {for reception
of the bits. These are sccured by the
set-screw, which pinches the end of the
tapered shank of the bit.

A superior type is the ratchet brace
shown 1n Fig. 2, which has a ball-bearing
hand-grip, an adjustable drill chuck, a
ball-bearing head, and a ratchet action at
the bottom of the crank. The chuck is
operated by gripping the hexagonal body

with the leit hand and rotating the crank
with the right. The bit is then placed in
the space between the jaws, and the rota-
tion of the crank in the opposite direction
closes and tightens the chuck on the bit.

The ratchet is actuated by rotation of
a knurled ring whicli, when turned to
the right, sets the ratchet so that the bit
is rotated in a clockwise direction, thus
driving the bit into the work. If the ring
be turned the other way the bit is rotated
i the opposite direction. When the
ring is midway the bracc is in effect a
solid one, and the bit is driven with the
crank. This feature is invaluable when
working in restricted places, as the crank
can perhaps only be turned, say, a quarter
of a turn, but bv repeated movements
the bit is driven gradually into the work,

Methods of Working With the Brace

When working in an horizontal position
the left hand grips the head of the brace,
the right rotates it, and the pressure
needed to force the bit into the work is
applied from the top of the thigh, as shown
in Fig. 6. When a vertical hole has to
be dealt with, the position is as shown in
Fig. 3, where the brace is used to drive
a countersink to take the head of a screw
for the corner of a valve pancl. Note
that two nuils are driven into the bench
to prevent the work rotating.

This is a necessary precaution, as should
the work slip the bit may jump and
scratch the surface of the work. It is
imperative to hold the brace perfectly
upright when drilling vertical holes or
making countersinkings, otherwise the
hole will be out of truth and the result
look very slovenly.

When it is desired to bring great pressure
on the bit, as when drilling a hole in
metal, a considerably increased drive is
casily obtained in the manner illustrated
in Fig. 4, where a piece of board is used
as a lever. The method is to place a
block of wcod on the floor immediately
behind the lever, and fix it with a couple
of stout nails. The head of the brace
can be tied to the lever with a thin cord,
and the pressure applied from the shoulder
to the top of the lever. By this method
the labour of drilling is greatly reduced,
and the hole is bored more quickly than
would be possible by the more ordinary
methods of holding the brace.

Some uscful bits are illustrated in
Fig. 5, and, from left to right, these are
known and used as follows: A rose-head



Fig. 1. Conunon type of brace for drilling
metal or ehonite

Fig. 2. DBetter type of brace with ratchet
maotion and drill chuck

: : a5 st A
Fig. 4. Increased poweris obtained in this manner.
The vertical board increases pressure on the bit.

Fig. 3. How to hold the brace when \

countersinking a serew hole is illustrated Fig. 5. Various examples of bits described on p. 264

Fig. 6. Manipulation of the brace when boring in ‘an horizontal position is accomplished by
holding the tool as shown, applying the pressure from the hip

BRACES AND BITS AND THEIR USES
265
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countersink for recesses for countersunk
screw heads ; screwdriver bit, used to drive
screws {a brace is an invaluable help when
many screws have {o be driven, as it is
quicker than working with the ordinary
type of screwdriver) ; bung borer or taper
bit, emploved m making tapering holes -
Jennings’ pattern auger or twist bit, the
best type for all woodwork. The Jennings
bits arc made in many sizes, and are indis-
pensable to the experimenter.  The point of

the bit is cut as a screw, so drawing the bit .

into the wood. The cutting edges of the
auger are chiscl-shaped, and 11 kept sharp
the bit will cut freely and quickly. This
type of bit will not work well if a smaller
hole has already been made, as then there
15 nothing for the screw point to grip
mto, and much of the directional and
driving power of the bit is lost.

The next drill s a twist drill with brace
shank, used for. drilling holes in metal.
Generally, this Is not practical with drills
of over § in. diameter.  An cxpanding bit
for drillimg large-diameter holes in sheet
metal 13 shown next to this. The central
drill acts as a pivot, and the cutter at the
end of the arm cuts a circular path through
the metal. 1t is adjustable to different
diameters by the thumb screw. This
bit will often prove handy in making
circular grooves in wood for the subsc-
quent reception of a tube, as when fixing
the end of a tube to the cheeks of an
mductance coil.

The nose bit s used for boring holes
i the end grain of wood, and the shell
bit for general woodwork., A reamer
is used 1o enlarge dlightly the front of a
hole drilled in metal, chonite, or other
material.  The centre Bit comprises a
central point and a projecting fang known
as a nicker, and the cutting part, or scoop,
The centre point guides the bit, the nicker
cuts across the fibres of the wood, and the
cutter removes the bulk.  On the extreme
right 1s shown a flat drill used for making
holes in metal, generally in sheot metal.

A similarly shaped bit is known as an
iron countersink, but cither are very
handy for taking the burr or rough cdge
off a hole after it has been bored. The
cutting edges of all bits should be kept
sharp, and the bits ought to be stored
so that their cutting parts cannot come
into contact with anything likely to
damage them. A good plan is to use a
divided tool roll made of baize or leather.
Alternatively the brace may be suspended

... _BRADFIELD INSULATOR

from a hook on the wall or ceiling and the
bits housed in a wooden block or rack,
with holes for each separate bit. The
cutting points ought to be downwards,
to avold accidents.  To guard against rust,
wipe the brace and all the bits with an
cily rag after use.

When boring with a brace and bit keep
the bit in Jine with the centre of the desired
Liole, turn the brace with a regular and
steady motion, and exert only just suffi-
cient pressure to make the bit cut. The
rate of cutting is best judged by the ap-
pearance of the chips or shavings,  If these
come away Ireely and cleanly the speed
and pressure are about right ; if not, sec
il the edges are sharp, and try varying
the speed and the pressure. When in
good order a bit should cut quickly and
[reely, and produce a clean hole. When
boring with a centre bit or an auger
or twist bit, work from the {ace side until
the point of the screw is just peeping out
at the back, then withdraw the bit and
finish by boring from the back. This
produces clean holes.  Another plan is
to clamp an odd picee of wood to the back
of the work, as this gives the fibres of
the wood a support, and prevents them
gwing way and causing a ragged hole
or tearing at the edges.

BRADFIELD INSULATOR.
lcad-in insulator. The insulator is shown
m Iigs. T and 2. A long steel rod, one
end, A\, of which may be seen in Fig. 1,

/ passes through the cbonite

Type of

tube, B. The usual dia-
A eter for the stecl rod is
4 in., and for the chonite
tnbe 13 in. The rod is
threaded at cach end, and
£ the lower end is fitted with
a brass socket, C, and a
wing nut, . Onthe upper
end is fitted a shackle head
and lock nuts. A feature
of the insulator is the zinc
cone E, which
fits over the
stecl rod and
is held by lock
nuts.  An as-
bestos washer
is fitted to ren-
der the joint

watertight.
Parts of Bradfield This conec

Iig. 1.
insulator. E js a zinc cone, B
an cbonite tube, C a brass S€rves to keep

socket and Da wing nut  part of the

4



insulator dry in bad weather and to
distribute the potential gradient,

Another striking fcature of the Brad-
field insulator is the three ebonite anti-
spark disks, F, fitted at intervals over the
¢bonite tube,  These disks
help to prevent sparking
over the surface in wet
weather. They give, in
fact, a longer insulating or
leakage path.

This form of insulator is
largely used on board ship,
and at the lower end 13
fitted with a stuffing box,
G, The flanged cap, H,
screws over the top of ihis
box, and. is made tight by
means of the key shown in
IFig. 1. A series of asbestos
washers arce fitted inside
the box, and the flange H
is screwed firmly home to
fix the insulator on the roof
or side of the cabin, the
stufing box being hield bv
four coach bolts to the
planking.

The aerial  leads  are
fastened round the shackle
head, led through the eve,
and held firmly by means

BRADFIELD
INSULATOR
Vig. 2. Insu-
Intors of this .
kind are usea ©f the lock nuts.  See

Lead-in.

BRANDES’ TELE-
e el PHONES. A type of tele-
cone helps to . ¥ .
keep the in- phone receiver in extensive
sulator dry in - use I America and clse-
wet weather  where. A typical example

1s illustrated, from which it

will be scen that double headbands are
used, with an extension arm and universal
joints for the adjustment to the head.
One of the car preces is shown with the
cover removed, and the internal arrange-
ment of the magnets and pole picces is
clearly visible.  The metallic diaphragm
is adjusted and both the
receivers  are  matched  for
tonal qualitics.  The clectro-
magnetic properties are also
matched, so that very pure
reproduction is the result.

BRANLY, EDOUARD.
Irench wireless expert. Born
at Amicns, France, Oct. 23,
1844, he was educated at
Paris and afterwards became
Iellow  of the University,

extensively in
wircless  sets
on ships. The

267 BRANLY, E

doctor of physical science, and doctor
of medicine,

Branly carly made a study of electro-
magnetic waves, and in 18go and 189t
patented methaods of operating a local
relay circuit from a distance by means o!

DR. EDOUARD BRANLY
Discoverer of the varying resistance of filings
and metallic powders to electric waves and
originator of the filings tube as dctector, or
coherer

wireless waves, In 1goo he was awarded
the Grand Prix by the International Jury
of Supcrior Precept Instruction for his
exhibition of radio-conductors.

In 1890 Branlv published an account of
his very extensive series of observations
on the electricai conductivity of looscly

BRANDES’ TELEPHONES

Headphones fitted with universal joints to allow the ear pieces

to adjust themselves naturally
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68 BRANLY COHERER

packed metal filings, and he made the
extremely Important observation that an
clectric spark at a distance had the power
of suddenly changing the electric conduc-
tivity of loose masses  of
powdered conductors.  To

is very low, but under the action of a
spark the conductivity is greatly increased.
Branly demonstrated these effects by
connccting in a .circuit the cohercr, a

S

Branly is due the coherer
named after him.

BRANLY COHERER.
Detector of clectro-magnetic
waves.  Prof. E. Branly pub-
lished in “Ia Lumicre Ilee-

EARLY BRANLY COHERERS

RN &

triquo,”. in 1891, a very Fig. 2. One of the carliest types of coherer, packed with loose
exhaustive account of re-  metal filings, was constructed as the two cxamples in the above

scarches he had made on
the subject of the detection
of clectro-magnetic waves.  He observed
that an clectric spark—the origin of the
waves—could alter the conductivity of
many looscly-packed conductors.  The
conductivity in some cases was increased,
and in others decreased by the action of
the waves.

1 jIHM]

[rfn A A o]

FORM OF BRANLY COHERER
Fig. 1. Professor DBranlyv’s invention is shown
diagrammatically. A A are two metal plugs in
a tube 130 DBetween the plugs iron tlings, C, are
packed loosely

mm%%mm'ﬂmmmnﬂ

Branly invented a detector in the form
of a tube containing Ioosely packed iron
filings between, and making contact with,
two metal plugs. Iig. 1 shows the form
of Branly’s coherer, and I'ig. 2 a photo-
graph of an carlv type.  Under normal
conditions the conductivity ol the filings

phozograph

Courtesy of Marcori Wireless Telegraph Co.

single cell, and a current detecting instru-
ment. If the iron is in the form of a
powder, the resistance of the coherer will
be so bhigh that no current will be de-
tected. If now a Leyden jar be discharged
at some distance from the coherer, then
immediately the galvanometer needle is
deflected, thus indicating a current in
the circuit.  The conductive state will
persist until the tube is disturbed.

Not only <id Branly use various metals
in powder form, but he also used mixtures
in paste and solid form. Of the former
type, mixtures of colza oil and iron or
antimony {iiings, of ether and aluminium
were used.  Of the latter type, a mixture
of iron filings and melted Canada balsam
was pourcd into the tube, the mixture
sclidifying when cold. This mixture was
very cfficient, the original resistance of
several hundred ohms being reduced to
a few ohms by the action of the spark.
See Coherer

. BRASS MATERIAL USED BY WIRELESS WORKERS .

Fig. 1. Some of the many forms in which brass is supplied to the wireless worker, both amateur

and professional, are shown in this photograph; rod brass is represented, also strip, tube, angle,
trough-shaped, and sheet, all of which are used for numeronus purposes, in all thicknesses
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" BRASS AND

BRASS WORKIN

How to Select, Use and Work this Important Metal

Brass is one of the most important metals for the amateur wireless experimenter,

and in this chapter are described the various methods of working it.

Related

articles which should be consulted are Aluminium ; Drills and Drilling ; Lathe
Work. See also under the names of various tools and metal processes, as Brace ;
File ; Taps and Dies, etc.

Brass is a yclow-coloured metallic
alloy. It is onc of the most uscful metals
to the wircless experimenter, as by its
aid numerous parts of the apparatus can
readily be made.  The composition varics,
but the alloy consists mainly of copper and
zine, with traces of iron and lead. Ordi-
nary brass as used for many industrial
purposes contains about 30 to 40 per cent
of zinc. The greater the proportion of
copper the redder the colour of the brass,
and when there is a pereentage of nickel
the colour is very like silver. Drass as
used by the wircless experimenter is easily
worked, takes a good polish, can be
soldered or brazed, files easily, and is, in
general, one of the most satisfactory
metals for the amateur.  The electrical
conductivity Is good, and the mcchanical
strength ample for all ordinary purposes
to which it 15 likely to be put by the
experimenter in the construction of wire-
less apparatus.

Strengths of Brass Alloys

The strength of brass wvarics with its
composition. Brass wire containing about
05 per cent of copper and 33 per cent of
zinc has a tensile strength ranging from
40,000 to Bo,000 Ib. per square inchi. Cast
brass has a tensile strength of about
24,000 Ib, per square inch, but rolled or
drawn brass may have a tensile ~trength
in the neighbourhood of 43,00c 1b. per
square inch. The tensile strength increases
with the proportion of zinc up to a maxi-
mum of 40 per cent of zinc. It then
decreases, and when as much as 50 per
cent of zine is present, the resulting alloy
15 quite fragile.  The specific gravity of
brass varies from 82 to 80, the melting
point ranging from 1,700" to 1,850 T.

Brass is obtainable for wircless purposcs
in the {form of sheet, rod, tube, and various
special sections, of which a few typical
and uscful examples are illustrated in
Fig. 1. Some of these are obtainable in
different forms—that is to say, the ordinary
round rod is obtainable with a rough
surface, and is composed of cast brass. 1t
15 then only nominally round and approxi-
mately of the dimensions stated. For

example, {in. diometer cast brass rod,
when not machined up to a bright
true surface cannot be so finished much
over j In. in dimmeter. As previously
stated, the stringth of such material is
not so great s m the case of drawn
brass rod.

The latter is manufactured by special
machinery, whizh victually pulls the metal
into shape by forcing it through a circular
dic.  The result is that this class of drawn
or rolled material has a clean, bright
surface and ho'ds up very closely to the
stated size.  The experimenter will do
well always t¢ purchase the drawn or
rolled brass, in preference to the cast for
wireless purposes.

The ordinary commercial sizes of this
material range in tubes from very small
size, about J in. outside diamecter, up
to scveral inches in diameter. The tubing
is obtainable in different thickncsses or
gauges, and is sold according to the out-
side diamcter.  As a rough guide in select-
ing the thickness of tube, it may be
mentioned that No. 16 gauge is for all
practical purposes 4% in. in thickness.
Conscquently a tube 1 in. outside diameter
and No. 16 gauge will have a bore of very
closelv §in.

Rods and Tubes and Their Uses

This can be obtained in two forms in
most of the sizes. First the solid brass
or scamless tube, which is manufactured
without a joint of any kind, and the
brazed tube, which is made from sheet
mctal rolled to shape and the joint brazed.
The joint runs along the length of the
tube.  When a specially good face is
wanted with brass tube, 1t i1s best to use
the best solid Trass or scamless quality
as this is much truer and is more easiiv
finished.

In the case of rods, there is a wide
sclection of sizes, both in the cast and
drawn qualitice.  Square tube i3 very
useful for some experimental purposes,
and convenient sizes, such as Lin., 3 in,
and so on, are gencrally obtainable. The
size is measured across the flats. A great
many different sections of brass strip can
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be obtained, from the small pendulum or
clock brass, measuring, for example, §in.
wide and something like 4% in. thick, up
to a thick bar several inches in width and
!in. or more in thickness. Most of the
mectal warchouses will generally supply
the experimenter with odd picees which
arc very convenient for sawing out various
shapes in the manufacture of different
classes of apparatus.

The L-shaped scctioned metal, known
as angle brass, is obtainable in various
sizes from about I in. upwards. It is
measured across the flat, from the corner
or angle, to the extreme end of the
metal, and may be uniform, or one side
may be longer than the other. In this
case the brass is sold as, for cxample,
1 by #in., meaning that onc side is } in.
wide and the other § in.

Rods, Disks, Castings and Plates

Hexagonal rod and tube is also avail-
able, and is extensively used In the
manufacture of nuts and bolts and other
parts where it is desired to use a spanner
for tightening. In this case the metal is
measurcd by the width across the flats.
Another handy material is known as
channel bLrass. This has a three-sided,
trough-like section, and has many appli-
cations in the construction of special
wircless apparatus for experimental pur-
poses.

Circular disks, known as brass blanks,
may also be obtained, and range 1n sizc
from, roughly, 1 1o 4 in. in diameter and
from % up to Lin. or so in thickness.
These are generally punchings {romn brass
sheet, and are very uscful for all manncr
of experimental purposes.

A number of stock brass castings, such
as those for bushings, pipe fittings, and so
on, are generally obtainable from mctal
merchants, and can be pressed into scrvice
by the experimenter.  Sheet brass is
generally sold either in rolls from 12 in.
wide and upwards, or in sheets measuring
approximately 3 ft. by 2 ft. Two qualities
are usually available—soft brass, particu-
larly adapted for bending and hammered
work ; and the hard, or spring brass,
more uscful for flat plates and other pur-
poses where a perfectly flat surface is
needed.  The thickness varies {rom a little
more than the thickness of ordinary note-
paper, upwards, to } in. or more, which is
usually the limit of the experimenter’s
requirements.

It is generally possible to purchase a
certain range of sizes of brass plates alrcady
flattened “and planished, intended par-
ticularly for use In engraving of name
tablets and so forth. On account of the
flatness of the plate, however, it is very
handy for the experimenter.

Brass wire in various sizes, and circular,
half-round, squarc, or hexagonal in shape,
is obtainable, and often saves a great
deal of trovble in the construction of
amateur wircless apparatus. Brass wire
can be used for making up small, stiff
springs. They can be coiled up in the
lathe, when this is available, or as shown
in Tig. 2, with the aid of an ordinary
small polishing head. The method is to
grasp in a chuck a piece of steel rod slightly
smaller in diameter than that of the in-
tended spring, and to turn the polishing
head backwards while coiling the brass
wirc on to the rotating steel rod. Any
length of spring can be made in the same
way, and the ends bent to shape with
round-nosed pliers in the manner illus-
trated in Fig. 3. This is typical of the
way in which brass wire can be bent to
all manner of shapes with the aid of
ordinary plicrs.

Brass is generally sold at so much per
pound, the price varying with the market
fluctuations, and also varying according
to the size or naturc of the material, For
example, cast brass is generally cheaper
than the drawn. Some dealers supply
small quantities of brass at so much per
foot run, which is a convenient method
when only small quantities are required.

How to Work in Brass

The experimenter will find that brass
s a very convenient material to work
with. It cuts readily with a hack-saw,
cspecially if onc with fine teeth be used
and a fresh saw be employed. A good
plan is to usc new hack-saw blades for
brass, and after they have been dulled
somewhat set them aside for use when
iron or steel is to be cut.  As a rule, there
is no nced to lubricatc the teeth of the
hack saw unless a very decp cut is to be
made, in which case a little machine oll
applied to the saw cut and some on the
saw blade will help to keep the latter cool.

The filing of brass is best accomplished
with new files, especially with those of
medium and fine cut. The files should be
used for brass work only, and not used
for steel or any other material, as if used



g, o Lyes are made in the end
of a coiled brass wire spring with
round-nosed pliers

Fig. 2. Brass wire is being wound with the aid of a small rod
g ' 8 : :
rotated in a lathe to make a small coil spring

TIig. 5. small articles made by

IFig. 4. When filing brass components an ordinary $ in.  the wireless experimenter can be
second cut file held as shown is best for the purposs drilled with @ hand drill stock

Iig. 6. Brass turning is best accomplished with Ilig. 7. Another mcthod of turning easily
a lathe with a slide rest. A piece of brass is is with a hand tool using « small bench lathe
being turned while held in a three-jaw chuck with a T rest

BRASS WORKING IN THE CONSTRUCTION OF WIRELESS COMPONENTS
271
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indiscriminately the teeth are speedily
blunted and the file cuts the brass very
sluggishly.  The best plan is to follow the
samc lines as with the hack-saw and
reserve the new files for use on brass, and
after they have been dulled turn them
over to general work.  FFor small work on
brass, such as is illustrated in Tig. 4. an
ordinary 8in. file is quite satisfactory.
For general work a rough or coarse file
should be used, finishing the work off
with @ fine file, and finally working up
any grooves or other fine surfaces with
the oid of a small file. The teeth of the file
should be lubricated with Trench chalk
to facilitate the working and to prevent
them from being clogged with brass filings.

IFor drilling Dbrass, especiallv the small
parts used in  wircless apparatus, the
ordinary hand drill with a twist bit such
as that illustrated in IMig. 5 will generally
answer all ordinary requirements.  The
drill should be run at a fair speed, and
there is seldom any need to lubricate it
unless a deep hole is being drilled. in

% R

BRASS POLISHING

Iig. 8. Polishing small brass articles may be carried out with
a calico mop and a small inexpensive polisbing head.  The

BRASS

It is generally possible when using a
sinall hand drill to feel the point of the
drill Dbreak through the surface of the
brass, and at this stage, instead of pressing
on the drill to keep it in cut, the pressure
should be removed and the drill stock held
firmly, with a tendency to hold the drill
back while still rotating the crank handle.
The fluting of the drill will cut its way
through, but the action of holding the
drill back will prevent it running and
turning up a big burr.

The use of a flat or diamond-point drill
or straight-fluted drill is preferable in this
respect, as there is no tendency for cither
of these to run.

Brass can be readily turned in the lathe,
and Iig. 6 shows a typical piece of work
held in a three-jaw chuck with the tool
sct up on the slide rest.  For brass turning
the tools should be keen, and generally
most of the running down work is done
with a simple, sharp, round-nosed tool
cither in the slide rest or by a hand
metal-turning tool such as that illus-
trated in Ifig. 7. A small
amount of top rake is an
advantage.

Brass can be soldered with
ordinary tinman’s soft solder
if a hot, well-tinned iron be
uscd and the brass thoroughly
well cleanced and tinned. The
mecthoeds of soldering are fully
dealt with in the article on
solder and soldering (g.9.).

The brazing of brass calls
for particular care on the part
of the operator, as if the heat
is excessive the brass itself is
melted, and if insufficient, a
faulty joint is the result. The
difference between the melting
points of the brass and the
spelter, or brazing brass, is
not much more than 100°
or so. Ifor most amatcur
purposcs the use of silver
solder is  preferable.  The
process is akin to brazing, and

operator is scen holding the brass article in position ready to 18 somctimes known as hard

engage the polisher

which case light machine oil or soapsuds
can be used. With the ordinary twist
drill there is a tendency for the drill to
run just as it emerges through the brass.
This is checked by holding the drill back
just as it is about to emerge.

soldering. It consists essen-

tially of uniting the parts by

flowing a film of silver between the surfaces,
using crushed or ground borax as a flux.

The polishing and lacquering of brass

Is an important item in wireless work.

Fortunately, however, brass is readily

polished, and an excellent surface can be
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HOW BRASS ANGLE PIECES MAY BE BENT
A hidefaced hammer is used to preveat the surface being
Completing the
bending of a brass angle picce with o hide-faced hammer on a bench anvil

Iig. 9 (left). Dending a. brass strip.

bruised, as would be the case if a steel hammer were used.  Fig. 10 {right).

worked up either in the lathe with a
calico mop, as in Iig. 8, or by hand with
the use of very fine emery papers of a
quality known as blue backs. The final
polishing is cffected by the use of rotten
stone and oil, tripoli, and the usual polish-
ing compounds.

Brass may be coloured with the aid of
chemicals, which impart to it a deeper
colour somewhat akin to gold, or very
pleasing results may be obtained by the
use of a blue-black bronzing acid which
turns the brass a delightful bluish-grev
colour.  The process is d alt with under
the heading bronzing (¢.v.).

Brass \\ll( n exposed to the air tarnishes
readily, and consequently it must  be
protected in some way.  The best method
Is a coating of lacquer  Discoloured or
dirty brass can be cleaned with the aid of
a weak solution of nitric or sulphurte acid,
in water.  The metal is dipped into the
solution for a few minutes until it assumes
a bright colour. It 13 then removed and
thoroughly washed in clean water.

Among the miscellaneous operations on
brass may be included metal picreing,
which consists of cutting or fretting pat-
terns out of sheet brass, the 1ntcrnal work
being accomplished by merely sawing to
shape with a fine metal picrcing saw held
in asaw frame, or by drilling a hole through
the mctal, threading the saw  blade
through the hole, attaching it to the saw
frame and working internally.

D26

The amateur is {requently called upon to
bend Drass, as, tor example, to make an
angle plate.  The physical and mechanical
properties  of  brass render it fairly
ductile, and it can often be hammnmered to
shape 1 reasonable common-sense methods
be adopted. Drass should always be
worked cold, and with the soft brasses the
metal can be bent considerably before it
fractures, and the hammering can be
continued for censiderable periods if the
metal be anncaled from time to time. The
annecaling process consists of heating the
brass and maintaining it at a high tem-
perature for soms tlmo, and then allowing
it to cool off very slowly. The latter is
the most important part of the operation,
and should on no account be scamped.
Hard rolled brass, such us strips, is a little
more difticult to bend without breaking,
and it 1s advisable to always make a slight
curvatiure at a corner, rather than attempt
an absolutely abrupt right-angle bend.

Possibly  the best method {for the
amateur to adop: in making a right-angle
Iend in, for excemple, brass 1 in. wide
and <Y in. thick, is to grasp it in the jaws
of a vice. A pair of copper clamps is
interposed between the jaws and the metal,
and the latter is pressed over with the
hands as far as possible, and finished by
gently hammering it down with a hide-
faced hammer as flat as possible, as in
Fig. g, and finally beating on the surface
of a small beneh anvil. For very important

Ul



work the first part of the bend can be
made, the work then annealed, and the
bending completed afterwards.  Usually
brass is most casily bent by hammering
1t over a shaped block of wood or metal.
To avoid bruising the surface use a hide-
[aced hammer, such as that shown in
Fig. 10, where a tvpical bending process
of this nature is scen in an advanced
stage.

Screw threads can be cut in brass with
great case, either in the lathe or with the
ordinary type of screw-cutting tool, or
struck up by hand with a chaser, or by the
use of ordinary small stocks and dies.
The latter are used for cutting screw
threads on the outside of the rods, as in
Ifig. 11, while taps are used for making
threads on the inside of holcs.  The hole

BRAUN, F.

and nuts, terminals, connectors, and so
jorth, all of which are dealt with under
their specific headings in this Encyclo-
pedia.—E. W. Hobbs, A.1.N.A.

BRASS CONNECTORS. A term used to
describe a varicty of different methods of
attachment used to connect the terminals
of a battery or other pieces of electrical
apparatus. Brass is generally used for
such fittings, as it is tough and a good
conductor of electricity. The connectors
are dealt with in this Encyclopedia under
their respective headings. Sec Connector ;
Spade Terminal.

BRASS FOIL. The name of a very

thin brass sheet used for such electrical
purposes as the construction of condensers,
and for mechanical purposes, as the pack-
ing between the joints of some types

BRASS SCREW CUTTING AND TAPPING BY HAND

Fig. 11 (left). External screw threads are cut in this manner by the amateur with the aid of a

small die and stock.

Fig. 12 iright). Tapping a hole is here being carried out with a small

hand tap, rotated by the tap wrench, held carefully between finger and thumb

is smaller in diamecter than the screw
to be inserted into it.  The correct size
for the tapping hole is most easilv and
accurately ascertained by referring to the
standard dnlling and tapping gauges,
which may well form a part of every
experimenter’s tool kit,

Tapping 1s accomplished in the ordinarv
way by careful rotation of the tap, as
m Lig. 12, which should be withdrawn
[requently to clear the hole of anv chips.
If these accumulate excessively the tool
will have a tendency to strip the threads
and so ruin the whole job.

A great varicty of manufactured com-
ponents are made of brass, such as bolts

of bearing. It is so thin that it can easily
be cut with a strong pair of scissors.
BRAUN, FERDINAND. Professor at
the University of Strassburg and one of
the leading world authorities on wireless
transmission.  As carly as 18gg Braun
was granted a patent for closed oscillating
systems with an inductively coupled
antenna. The system was claimed by
Braun to possess a much greater efficiency
than the directly coupled systems. The
Braun transmitting set, as manufactured
by Siemens and Halse, consisted of a large
coil worked into an clectrolyte interrupter,
a set of Leyden jars, enclosed spark
gap, oscillation transformer wound with
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recciving set the standard type of coherer,
relay and Morse register.

In 1899 Braun established communica-
tion between Cuxhaven and Heligoland,
using acrial wires go feet high, and the
inductive coupled ~acrial connexion for
transmitting. In 1903 Braun joined with

Slaby, von Arco, and Siemens to form
the Telefunken system of transmission.
Professor Braun was awarded the Nobel
prize, with Marconi, in 1900, for his work
m wireless.

PROF. FERDINAND BRAUN
DProfessor at the University of Strassburg, and a
leading authority on and pioneer in wircloss
transmission

Braun has devised a method of direc-
tional wircless which depends upon the
interference of clectric waves travelling
in the same direction but different in
phase.  Three simple vertical wire acrials
are set up in positions corresponding to
the angular points of an equilateral
triangle, and oscillations are created in
these which differ from onc another in
phase,

In 1897 Irofessor Braun published a
description of his cathode ray tube, and
alterwards pointed out, in 1goz, how such
a tube could be used to trace the forms
of alternating current waves. See Cathode
Ray Tube ; Oscillograph.

BRAZING, Method by means of which
metal parts arc united by the use of
a film of material known as spelter, an
alloy of brass, or by the use of sott brazing
wire. All metals arc not united by this

s BRAZING

meang, as cast iron is much better treated
by autogenous welding, but such metals
as stecl, wrought iron, copper, and brass
are nwre usually united in this way. The
process consists essentially in heating the
metal to be joined, applying the flux,
and following i: with the spelter. The
whole is then heated until the spelter
melts or runs, so that when the object
cools the surfaces of the metal will” be
firmly united. To cnsure this result it is
imperative to have the joint faces perfectly
clean, a state of affairs that must be
brought about mechanically by the aid
of an abrasive such as emery paper or
by the use of acids. _

The apparatus required for such an
operation 1s, first of all, a brazing blow-
lamp cr gas blow-pipe, the latter supplicd
with alr by means of a foot or other
bellows,  Secondly, a good stout iron
pan, preferably provided with legs and
partially filled with cubes of asbestos or
coke, is required, together with the neces-
sary brazing matenal, which may be in
the form of wire or in granular form,
something in the nature of brass filings.
A flux, such as »orax powder, and some
means for holding the werk while the
operation is being carried out are neces-
sary.

How Spelter is Uscd

Tt will generelly be found that the
brazing material is more easily handled
if in the form of wirc. The latter is
generally square i section, and obtainable
in rolls. It spelter is used in the granular
form, 1t is mixed with an equal proportion
of ground or powdered borax and applicd
to the joint with a mctal rod. The success
of the operatior: depends a great dcal
on cleanliness at the start, and for this
reason the surfaces of the parts to be
jointed should be polished with emery
cloth or a fine file. Other items that will
be {found uscful are a packet of brazing
pins and some soft iron wire, which will
often be required to hold the joint together
while the operation is in progress, so that
the parts remain firm and do not move
while the brazing is being carried out.

As an example of brazing applied to
wireless construction, take the case of a
light tubular steel mast to which it is
desired to attach a flange plate of steel [or
support of the guy wires. This would be
madc first in the form of a sheet, and, after
preparation, bent around the mast. The
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whole of the steel tube adjacent to the
joint and the parts of the flanged plate
must be thoroughly and mechanically
cleaned.  To do this it must cither be
dipped into  pickle, such as a dilute
solution of sulphuric acid, and afterwards
thoroughly washed in hot water, or, more
conveniently, have wiped off any trace
ol dirt and grease by the use of turpentine.
The parts should then be rubbed up with
coarse emery paper until the surface of
the metal is perfectly clean and bright.
The least trace of grease or dirt on the
work is absolutely fatal to the success
of the opcration, as when the metal is
heated the grease will burn and leave a
deposit and make it impossible for the
flux to flow properly.

The next step is to prepare the borax
solution by taking a piece of lump borax,
moistening it with  water, and then
grinding it to a paste on a piece of clean
slate. A kind of creamy froth will work
up as the result of this operation, and this
is applied to the whole of the joint sur-
faces by means of a clean brush or a little

. e
Aoglyng  Bpdny  Bpazing

(Spester
PREPARATION FOR BRAZING
Iig. 1. Before the actual operation of brazing is carricd out the
parts are secured with binding wire and the two joint surfaces

painted with the flux. This should be done as above while
the objects to be brazed are in position

Borax = o «
. L o

stick of wcod. The plate is then placed
in position on the steel tube and held
there by binding around the outside with
a picce of soft iron binding wire.

Some spelter and some of the borax
is then buiit up around the outside of the
joint, somewhat in the manner illustrated
m Fig. 1. The job is then placed in the
brazing pan, and coke or asbestos cubes
built up around it to prevent loss of heat
by radiation. These parts should not,
however, come actually in contact with
the work, otherwise the dirt from them
will spoil the job. The work has to be
heated firet with a kind of stroking
motion of the hot flame of the blow-lamp.
This will cause the borax to bubble and
turn quite white.  Directly this is noticed
the flame should be turned on to the
juint, whicli should be heated as uniformly
and as rapidly as possible, keeping a close
watch meanwhile that the bubbling of
the borax does not displace the spelter.
As soon as this is seen to happen, a fresh
supply of spelter and borax should be
applicd from the end of a piece of iron
wire which has been beaten
out to form a crude type of
SPOOIL

[f the work is watched
closely the spelter can be seen
m the molten state flowing
over the surface of the metal,
and to causc it to flow right
through the joint it s
necessary to remember that
the molten brass will always
follow the heat.  If the metal
should be hotter on the upper
part of the job, the molten
metal will flow an appreciable
distance upwards, It is best,
however, to follow the natural
course of things and work
downwards. Ior this rcason
the metal should first he
heated on the upper part and
the heat gradually drawn
down as the spelter melts.

I properly done there will
be a complete film of brass
uniting the whole of the joint
surfaces, and in this condition,
practically speaking, the flange
plate can be considered as
being solid with the tubular
part of the mast itself.
Dircctly the brass has been
observed to flow through the

IR N
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©a stiff steel wire brush.

‘paper in the usual way.

BRAZING

iob left undisturbed until it has cooled
down to a black heat.

It is nccessary in such brazing work to
get the steel to a dull red heat for the
spelter to run freely. It must not, how-
cver, be overheated, or the brass itself
will be burnt. This is evidenced by a
bluish-coloured flame appearing on the
surface of the work, and this should not
be confused with the normal blue colour
of the licating flame.

Directly the job has cooled
down to below black heat it
should be removed {rom the
pan, using a pair of gas-tongs
or the like, and brushed with
This
will remove, the bulk of the
scale, especially if it be done
at the right moment-—that 13,
when the brass is set and the
scale still in a plastic con-
dition.  The job should not
be cooled by pouring water
on to it, but should be left
to cool down gradually, after
which the work is cleaned up
by filing with old rough files
and finished  with  emery

An allernative method is
llustrated in Fig, z,
shows the use of a paraftin
blow-lamp 1in the brazing of
a collar on toa tube.

With any parathn blow-lamp operations
the dithculty is that unless a large lamp be
uscd the heat is only just sufficient for the
purpose, unless the work is well protected.
In the example illustrated the brazing
matcnal 1s in the form of soft brass braz-
ing wire, Ground borax 1s applied as
previously described, the job brought up
to a red heat, and the end of the stick of
brazing wire brought into the flame of the
lamp, when 1t will speedily melt, and can
be flowed on to and around the joint,
after which it is worked through by
manipulation of the flame as previously
described.

Some prefer to use the borax in a dry
state, in which case it is simply applied to
the work after it has been slightly warmed
up. An iron wire spoon is brought into
the flame of the lamp and thereby heated,
and plunged into a tin full of crushed
borax, when a quantity will adhere to the
spoon. This is then applied to the joint
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surfaces, and as it heats it will flow on the
metal and rcrnain. With this system
there is more chance of the incxperienced
experimenter getting trouble, because the
surface of the metal will oxidize if any
other part of the flame than the hot point
be applied and the inner part of the blow-
lamp flame allowed to play upon it. The
whole purpose of using borax, or any other
flux, 15 to prevent the surface of the metal
oxidizing, and «lso to act as a vehicle for
the molten brass.

USE OF FIRE.BRICKS BRAZING

which ~ Fig. 2. Brazing wire is being apolied to the heated metal while
the collar is being brazed to a tube with the aid of a paraffin
blow-lamp. T.ossof heat by radi.ition and draughts is prevented

by the built-up fire-bricks

Several excellent brazing compositions
are on the market, such as Boron Compo.
This 15 used in the same way as the borax,
but is not so lable to scaling, and if
brushed vigorously just as the job is
cooling off, pructically the whole of the
compo can be brushed off, thus saving
labour 1n fling up and finishing,

Quite small brass and copper parts can
be brazed in the same way, but in this case
very solt brazing wire, or soft spelter, must
be used, and care taken not to melt the
brass or copper object. A better plan is
to use silver solder (g.v.).

To protect the stecl work from the effects
of the scale, it can be coated with any
of the proprietary brands of anti-scale.
Aluminium can be brazed by the usc of the
proprietary fluxes and brazing mixtures
specially made for the purpese, and by
the most strict adherence to the makers’
instructions. 1issentially, by many pro-
cesses, the edges ol the joints are bevelled.
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A brazing composition is introduced in the
bevel and the whole heated until the
composition melts, when it is then worked
into position with a hot copper soldering
bit or with a steel wirc brush. See
Aluminium ; Brass.

BREAKDOWN VOLTAGE. Thc vol-
tage necessary to break down a dielectric.
The subject 1s of some importance to the
wireless experimenter, especially as regards
transformer and telephone winding insu-
lation, or any apparatus liable to a sudden
rush of high-tension current. The ability to
resist breakdown is a necessary quality in
a dielectric or insulating material. The
relation between the breakdown voltage
and the dielectric strength is given by the
following formulae, due to Baur :

Let d == the thickness of the dielectric in

millimetres,

V = the potential difference in volts,

¢ = a constant representing the poten-
tial diffcrence m volts necessary
to break down a sample of the
diclectric T mm. thick,

Then V = c¢d’

Typical values of ¢ are, for dry air
3,300 volts, Empire cloth 12,500 volts,
mica 58,000 volts. See Diclectric Strength.

BREAKING IN, Term used to indicate
the interrupting of a transmitting station
during transmission. The aerial circuit
of a transmitting and receiving set con-
tains a long-break heavy insulated switch
to change over the apparatus from trans-
mitting to recciving, z.e. breaking in.
The same result 15 obtained with the
Marconi carth arrester, which consists of
two heavy plates separated by a thin mica
washer.  The oscillating currents in the
acrial spark across during transmission,
but are unable to do so during reception.
See Itarth Arrester.

BRIDGE. Term used in wireless for
various forms of measuring instruments.
Onc of the best known bridges is the
Wheatstone bridge, an arrangement  of
conductors used for measurcment of
resistance.  The main principle of all
bridges is that therc are a number of points
joined by wires to form a sct of closed
circuits which are interconnccted. When
an clectromotive force is applied to the
system currents arc sct up in the con-

ductors and the relationship between the

currents is expressed by Kirchoff’s corol-
larics of Ohm’s law. By these corollaries
the algebraic sum of the currents at any
junction is zero, and the algebraic sum of

the products of the currents in each con-
ductor and its resistance is cqual to the
algebraic sum of the electro-motive forces
of the circuits. Expressed in equation
2(C) =0
I(CR) =X (E)

In the simple Wheatstone bridge there
are six wires. Four form resistance arms
arranged in a rectangle or lozenge-shaped
diagram. A fifth wire joining two opposite
corners with a galvanometer in it is called
the bridge wire, and the last wire joins
the other corners of the resistances to a
battery. It is shown in the article Wheat-
stone bridge how, if threc of the resistances
arc known, the fourth can be calculated.

The Anderson bridge is a form of
Wheatstone bridge which cnables small
mmductances as used in radio-telegraphic
work to be calculated. An important

BRIDGING CONDENSER
Increase of range of a variable air eondenser is
obtained by means of a bridging condenser,
which is a jorm of variable condenser, as shown
above. This has a multi-contact brush

bridge for the measurement of the mutual
inductance of two coils is the Carey
Foster bridge.

A barrctter or bolometer bridge is a
Wheatstone bridge containing a fine wire
which is heated by high-frequency cur-
rents, so increasing its resistance and
enabling the high-frequency currents to be
measured. See Anderson Bridge; Foster
Bridge ; Wheatstone Bridge ; Bolometer.

BRIDGING CONDENSER. A form of
variable condenser consisting in a typical
example ¢f a subdivided condenser with
a mica dielectric. The condenser has a

-
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number of taps which are connected to
the appropriate stud contacts. The sec-
tions arc of uncqual capacity. At the
minimum values the taps are closer to-
gether than at the maximum cnd.  Theyv
arc brought into action as required by
the movement of a multi-contact brush
contact arm, as shown in the illustration.
The construction of the condenser calls for
good workmanship, as the plates ought to
be well impregnated and carcfullv insu-
lated to guard against leakage and to
maintain a constant capacity valuc under
all normal conditions of service. It is used
to increase the range of a variable air
condenser, or as a bridging condenser
when a continuously variable value of

“capacity 1s not cssential.

BRIDLE. A short rope with a thimble
or eye worked at ecach end and a similar
thimble in the middle or bight of the
rope. It is used to support a spreader
for an acrial. The illustration shows one
way of arranging a bridle.  In this case
it 13 made of rope 1§ in. in circumference
and 101t in length.  The thimbles are
the ordinary galvanized iron pattern,
and are worked into the ends of the rope
by turning the rope around the groove
in the thimble and either splicing the rope
together or Jaying the rope alongside the
other part of it immediately where it
lecaves the thimble, and seizing or binding
it firmly togcther with copper wire or
strong, thin cord. It is better to use
copper wire, as this is more durable and
1s not so susceptible to atmospheric con-
ditions and changes.

In this case the binding is applied by
first placing the end of the copper wire
between the two ropes where they arc to
be jointed, at their junction with the
thimble, and then  turning  the  wire
abruptly at right angles and twisting it
round and 10und the two ropes, drawing
cach turn as tightly as possible. Continue
binding for several inches. The end of
the wire must be laid in the direction of
the rope and bound away {from the
thimble, so that when the binding is in
place it will hold the copper wire firmly in
position.

The end of the binding is finished in a
somewhat similar manner, by cutting it
off so that about 6in. or so remain.
This end is then tucked down under the
last three turns, Dbrought up between
them, tucked down again, and then drawn
tight. If desired, the end of the wire can

be further secured by soldering. The
eyve in the bight of the rope 1s seized
in the same manner. It is important
to draw the two parts of the rope very
tightly together with the binding wire,
as a great deal of strain falls upon this
particular part.

The ropes uscd for a bridle should be
of good quality. of galvanized iron wire

BRIDLE FOR A SPREADER
This fcrm of bridle is frequently employed for
wireless acrials.  Note the thimbles at each end
and the manner in which the rope is bound

or of hemp, and mayv be tarred, or pur-
chasect ready for use prepared in that
way. Ior usual amatcur purposes an
excellent bridle can be made from an
ordinarv standard scaffold cord. This
measures about 12 to 16 ft. in length and
1} to 21n. in circumference, is supplied
ready tarred, and is probably the most
convenient way for the amateur to obtain
the requisite supply of rope.

BRITISH BROADCASTING COM-
PANY. Company formed in 1922 for the
purpose of instituting and conducting
the broadcast wireless service in Great
Britain. The capital of the company is
f100,000, and 1s guaranteed by the
British Thomson-Houston, the Marconi,
the General Illectric, the Metropolitan
Vickers Electrical, the Radio Communi-
cation, and the Western Electric Com-
panics.  Membership of the British Broad-
casting Company is open to British
manufacturers of wireless apparatus on
the taking up of one or more shares.
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The company operates under licence
from the Postmaster-General, who under-
took to issue licences for receiving scts
only to those who buy their wireless sets
from members of the company. Each
such set must bear the B.B.C. seal,
royalties from which provide the company
with part of its revenue.

The British  Broadcasting  Company
has stations operating in I()ndon Bir-
mingham, Manchester, Newcastle, Cardiff,
Bournemouth, Aberdeen and Glasgow, and
a system of relay stations is planned, en-
abling the owner of a crystal set tolistenin
any part of the country. See Broadcasting;
Transmission.

BRITISH SYSTEM OF UNITS. One of
the two fundammtal systems of units, the
other being the C.G.S. system. In the
British system ()f units the foot and the
pound arc the standards, and the system is
sometimes referred to as the foot-pound-
second system.  In the C.G.S. system the

centimetre and gramme are the standards
ot length and mass, and the system is also
known as the metric system. The funda-
mental unit of time is the same in both
svstems, and is the mean solar second. In
the British system the unit of force is the
poundal, that force which in one second
retards or accelerates the velocity of a
mass of one pound by one foot per second.

The corresponding unit, used largely by
engineers, is “‘ the weight of one pound,”
the force equivalent to the attraction of
the earth on a mass of one pound. This
unit, though a practical one, varies with the
place of observation. The practical unit
of work is the foot-pound, the absolute,
the foot-poundal. The unit of power is
the horse-power,  The unit of heat, known
as the British Thermal Unit, is the amount
of heat required to raise one pound of
water through one degree Fahrenheit.
See Units ; also under the names of the
various units.

STANDARD TRANSMITTING APPARATUS FOR BROADCASTING

Ig. 1.

British bmadcastmg stations transmit their daily programnies to the general public

b\ means of apparatus of which the above is a typical example, such as is used at the London

ctation,

2 LLO

-
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BROADCASTING : (1) GENERAL PRINCIPLES AND METHODS
By Richard Twelvetrees, A.M.I.Mech.E.

Here is given a general account of the methods of Broadcasting, which is followed by

a second dealing with the engineering problems that arise.

Almost every article in

this Encyclopedia is related to the subject, but particularly the reader is referred
to articles under the names of the various broadcasting stations, e.g., London,
Manchester, the Hague, etc. Seealso Crystal Receiver; Licence; Transmission; etc.

To give a fairly accurate idea how
broadcasting takes place, it is necessary
to outline a few of the broad principles
upon which wireless transmission is based.
The basic principle is that the electric
circuit, having the properties of capacity
and inductance, is capable of producing
clectric oscillations of definite frequency.

To explain the propagation of light and
other forms of energy, the hypothesis of
the existence of ether has been formulated,
a medium which is supposed to permeate
uniformly through all space and matter.
Any clectric disturbance that takes place
sets a series of electrical waves in motion
in this medium, and these waves spread
out in all directions.  Now an clectrical
circuit, such as the one described, possesses
the property that whenever it is oscillating,
waves are set up in the surrounding ether
and propagated in all directions with the
same frequency as that of the oscillations
in the circuit.  All wave propagation in
the ether takes place with definite velocity,
namely, the speed of light, 186,000 miles
per second, or 300,000,000 mctres per
sccond, and the connexion between the
wave-length and frequency is given by
300,000,000

Wave-lengthin metres = o e,
requency per sec.
The strength of the electric waves, in
simple terms, depends on the extent of the
circuit, and it therefore follows that it the
condenser 1s replaced by an aerial system
in which onc plate is represented by the
carth and the other by wires suspended
high in the air, we shall obtain a system
capable of giving a large amount of radia-
tion for a definite amount of power.

Importance of a High Aerial

It also follows that the higher the acrial
can be fixed, thegreater is its efficiency—a
point that is widely recognized by wircless
experimenters.  Having  considered the
influence of a good aerial system, it becomes
necessary to supply the aerial with con-
tinuous oscillations of a definite frequency.
There are several methods of supplving
the acrial in this manner, but at the present
timé the most widely adopted 1s that of

employing the high-power three-electrode
valve, or thermionic tube, as a generator of
sustained clectrical oscillations of constant
magnitude.

It 1s essential that for good radiation
very high frequencies be employed, the
result of practical experience indicating
that the wave-lengths used in wireless
work vary from 50 metres up to 20,000
metres, the larger power stations usually
working on the highest wave-lengths.

In this country all control of wireless
communication is in the hands of the
Postmaster-General, and for general broad-
casting purposes a band of from 3350
metres to 425 metres has been allotted.
These wave-lengths are particularly suit-
able, because within these specified ranges
very cfficient transmitters can be operated.
From the formula previously given, a
simple calculation shows that the frequency
used in ordinary broadcasting operations
is in the neighbourhood of 750,000 per
second. This high frequency or radio-
frequency of the actual transmission must
not be confused with the low frequency ot
speech waves in the air, the latter being of
a totally different order, within the rough
limits of from 20 to 4,000 per second.

Purpose of the Microphone

To understand how wireless telephony
is transmitted, we have to consider the
method of supplying the aerial system with
high-frequency oscillations. Suppose we
have a wireless signal of constant strength
and known frequency, say 150,000 per
second, radiated into space and the
strength of these oscillations is varied
at low frequency, say about 2,000 per
sccond, we get a musical note radiated
at the latter frequency.

By means of the microphone we can
convert sound and speech, z.e. air pressure
waves, into variations of electric current,
and then by suitable amplifying apparatus
vary the strength of the electric waves
radiated to correspond electrically to the
acoustic variations of the air pressure in
front of the microphone. The constant
strength wave thus sent out is called the
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carrier wave, the variation of its strength
being called * modulation.”  Full modula-
tion means a variation of the carrier wave
from zero to twice its original value.
Variations above this degrec result in
breaking up the oscillations, and thus
destroying the character of the signals
transmitted. The main point to observe
at this point is that the carrier wave
oscillations take place at high frequency,
and the modulation or variations in the
carrier wave at low [requency. or at that
of ordinary speech.

When clectric waves pass by an oscilla-
tory circuit which is tuned to the zame
frequency, currents are induced in it vary-
ing exactly in proportion to the currents
in the transmitting acrial, though of much
less magnitude. By including the re-
ceiver circuit condenser in the aerial and
carth system, the reception can be 1m-
proved, but cven in this case the currents
arc very small and the most sensitive in-
dicator of these small currents is a com-
bination of the telephone receiver and the

G.P.0. SEAL ON B.B.C. SET
Iig. 2. Approval of the Postmaster-General of
the pattern of a wireless set for broadcast
reception having been obtained, the model is
closed and scaled. Copies of it may then bear
the B.B.C. stamp

human car. Unfortunately, the telephone
will not respond to the high-frequency
oscillatory currents used in wireless trans-
mission, the currents collected by the aerial
being essentially of high frequency, though
modulated to low frequency. This dith-
culty is overcome by using a rectifier in
scrics with the telephones, the action of
the rectitier being to convert the high-
frequency oscillatory current: into uni-

directional impulses, which register a
deiinite low-frequency motion in the dia-
phragm of the telephone. This latter
action produces low-{requency sound waves
corresponding cxactly. with the modula-
tiens ol the transmitter.

The above describes the main outline of
transmission and reception of wireless
telephony, which brings us to a considera-
ticn of some of the details of the various
apparatus uscd to produce the results
described, beginning with the microphone.
The actual conditions surrounding the
microphone have been the subject of much
technical controversy. At the present
titne most ol the broadcasting studios are
thickly draped with sound-resisting mate-
rials so as to eliminate all possible chances
of echo. Until certain concerts were trans-
mitted from large halls with a pronounced
echo cffect, the arrangement appeared
quite satisfactory.

The type of microphone generally em-
ploved is of the carbon granule variety.
I[n practice, the rule is to develop quality of
production in the microphone at the ex-
pense of sensivity if necds be, and so with
some forms of instrument eight or nine
stages of amplhification are adopted.  The
main difficulty of the broadcaster is to get
a perfectly even reproduction throughout
the whole range of sounds falling upon the
mucrophone, so that no particular notes
or tones predominate or develop resonance,
and this point presents numerous problems.
The shape of the instrument and its case,
the nature and dimension of the diaphragm,
and many other similar technical points
call for close attention, the matter being
finally treated with a sort of compromise,
whereby  the most satisfactory average
results are secured.

The characteristics of the amplifier also
present a complicated problem, because the
necessary usc of transformers in connexion
with the apparatus produces some kind of
resonance, which is more or less bound to
become emphasized at some particular
range of sound unless the design is worked
out with the most minute care.

Whilst an actual transmission is taking
place, very careful note must be taken of
the strength of the music or speech as heard
at the end of the speech amplifier. The
maximum strength allowable to operate
the transmitter without loss of quality is
known, and there is always an operator on
duty at this point to regulate the control
ol the apparatus.  Part of the duty of this
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operator is to control the
musical balance of an or-
chestra, to  sece that the
sound of no one instrument
predominates.

Coming now to the trans-
mitter proper, the present
British broadcasting stations
produce a carrier wave by
means of an oscillating valve
which requires an amount of
clectrical energy amounting to
1} kilowatts.  In some cases,
to ensure the constancy of the
wave-length, an independent
drive valve is used, which
varies the grid potential of the
oscillating valve to the correct
frequency, and the system
used for modulating the carrier
wave in all cases is by means
of choke control.

The amplificd speech cur-
rents from the microphone are
applicd to the grid of a
control valve (or bank of
valves in parallel) giving large
variations in the control valve
anode current. The control or
oscillating valves are fed from
the same high-tension current
through a very highly induc-
tive choke coil, which ensures
a constant flow of current to the two
anodes.  Hence, when the control valve
takes a larger amount of current than it
does normally, the strength of the current
to the oscillating valve decreascs, thus
affecting the carrier wave in a similar
manner.  The power valves used 1n trans-
mission stations require a great amount ef
current, varying from between 5,000 and
10,000 volts. At the Manchester broad-
casting station the energy is supplied by a
direct current dynamo giving out 5,000
volts. At London the main alternating
current supply is stepped by means of
transformers, and is then rectified by large
valves and smoothed out, giving a direct
current of 8 000 volts,

The last parts of the transmitting appar-
atus consist of the aerial and earth, the
former consisting of the cage type, giving
large capacity and small resistance. The
carth connexion, which should appear to be
quite a simple thing to effect, is a trouble-
some  problem at many of the more
important transmitting stations. Some-
times, when the instruments are houscd

Fig. 3.
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SOUND AMPLIFYING FOR BROADCASTING

Broadcasting by land-line relay is carried out by

using an apparatus of this kind. Here the instruments for
amplifying are seen installed beneath a theatre

in steel frame buildings, the structural
metal is found to give excellent results
when used as an earth, and by way of
contrast it has been discovered that large
masses of metal sunk at the bottom of a
canal have not at all come up to
expectations in this respect.

If we now assume that the microphone is
giving out the very best results and that no
kind of fault exists in any part of the trans-
mitting apparatus, and finally that suitable
receiving apparatus is installed, it might
be well supposed that the troubles of the
broadcaster are at an end.  Such, however,
is not the case, for the real difficulties, in
point -of fact, only begin after the waves
have left the transmitter.

The receiving apparatus will have to
conform with certain definite conditions.
The essential parts are the earth and aerial
system, the tuning circuit rectifier, and
telephones. - The simplest class of instru-
ment is the crystal set, which, though
cheap, can be made to give excellent re-

“sults over a comparatively limited range

of operation.
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CHIEF ENGINEER OF THE BRITISH BROADCASTING COMPANY AT THE MICROPHONE

BROADCASTING

Captain P. P. Eckersley in the studio at the Tondon stition, 2 LO, which is situated at Savoy Hill,

by the Thames Embankment, and right in the heart of London. As Chief Engineer, Captain

Fckersley is responsible for the mechanvical operation of broadcasting from all B.B.C. stations

throughout the country. His name is associated with thewell-known experimental station at Writtle,
which, before broadcasting became general, transmitted concerts regularly

In the more complicated valve sets
the valve can be used as a rectifier, with
additional valves for the amplification
of the high frequency before and low
frequency after rectification.  Very good
results can also be obtained by using the
ordinary form of crystal detcector with
valves for the purpose of amplification
in the same manner as is adopted in
valve rectification scts.

In transmission, a modulated carrier
wave Is propagated over the surface of
the carth and into all space with the
speed of light.  During the daytime
the waves become ionized, due to the
action of the sun. This mecans that
minute particles of gas, which, considered
clectrically, arc normally ncutral, become
charged with positive and negative cur-
rent. The ionization is very small near
the carth’s surface, but increases con-
siderably at different distances from the
surface.  Electric waves can only travel

with great difficulty through an ionized
atmosphere, and become absorbed, or, in
other words, the waves are said to ““ fade.”

Thus during the daytime the waves sent
out from the broadcasting station are
practically confined to the surface of the
carth.  When the sun sets, the particles
of air become ncutral again, starting from
the carth upwards, and this results in
raising the layer of ionization to a certain
height, where it remains until the next
morning.  The under side of this layer
reflects clectric waves, so that at certain
distances from the transmitting point
two separate waves are received, that is,
the surface of the wave and the reflected
wave, and these may combine to give very
loud signals, or, conversely, oppose cach
other so as to reduce the signals to a
dezree of inaudibleness. These waves may
also combine so as to produce remarkable
distortion, in which case ordinary speech
becomes unintelligible.
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In addition to the effects produced by
fading and distortion, signals may bc
subject to considerable interference from
other clectrical discharges, such as Morse
signals sent out from ships or from dis
charges known as atmospherics.  These
latter arc produced by magnetic and
clectrical disturbances all over the surface
of the carth, and the only remedy. for
thesc adverse conditions'seems to be that of
increasing the power of the waves sent out
from the transmitting stations, so that they
may subdue atmospheric interferences by
sheer electrical force.

Another problem is the interference
sct up by the action of local valves used in
private receiving sets, for the result of
faulty adjustment in a valve set is to con-
vert the aerial into an element of a trans-
mitter. The oscillations thus being sent
out arc gencrally powerful enough to
interfere seriously with the reception of
listencrs for a range of several miles round.
In a very large number of cases the
offenders arc quite unconscious of the
trouble they arc causing.

The organization of a broadcasting
concern is a matter which involves a
large amount of technical as well as
administrative ability, especially when
one considers the vast amount of influence
the transmission of information may have
upon moulding public thought into certain
directions.

BROADCASTING : (2) THE

The: question of - relaying :or: strans-
mitting simultancously from a - central
station is one that opens up a very large
field of wusefulness. In this casc the
various stations are linked up with head-
quarters by Post Office trunk lines, but
one development that may be expected
1s that of relaying by wireless and mnot
by land lines. Stations may be erected
near the towns where the main trans-
mission is picked up and after amplification
the waves sent out again for local
short-range receivers.

It is obvious that broadcasting is not
confined to the amusement and enter-
tainment of the public, for recent experi-
ments in connexion with transmission and
reception as applied to moving auto-
mobiles open up a remarkably valuable
field. The London police authorities
have not been slow to realize how wireless
can aid them in tracking down criminals,
and by a system of transmitting code
messages in  wireless and the use of
portable transmitting and receiving sets
the whole country can be linked up so
that simultancous communication can be
set up all over the country. It is actually
possible to transmit and receive messages
and deliver instructions to the officers on
cars that may be travelling at forty miles
an hour, from which it will be seen that
broadcasting has peculiar adaptations in
the intercst of public safety. .

ENGINEERING PROBLEMS

By Captain P. P. Eckersley, Chief Engineer, British Broadcasting Co., Ltd.

Our contributor, who is well known to ‘listeners-in’’ throughout the British

Isles, discusses the technical difficulties that face the engineer in carrying out the

broadcasting of popular musical and vocal programmes by wireless telephony.
Mainly, he is concerned with the question of quality of reproduction

To rid oncself of catchword formula and
to come to real essentials, what is the ulti-
mate aim of the engineer-in-charge of @
broadcast scheme? The answer at first
sight is obvious, and is: “ To cnsure that
cvery single one of the subscribers is easily
able to receive a popular broadcast.” But,
strangely cnough, human nature being
what it 1s, there must be a rider to this
dealing with the man who wishes not only
to hear a local station, but is interested in
long-distance work. So the question might
be answered : “ To ensure that cvery one
ol the subscribers is easily able to receive
a popular broadcast, and has also the
possibility of ‘ tuning in’ to distant tele-
phony stations.”

Were it a question of simply fulfilling
the conditions of the first answer, and had
the engincer no worries as to the enthusiast
who wishes to tune in distant stations, the
solution of the problems would be extra-
ordinarily simple. The ercction of two
stations in the British Isles, one in London
and the other in the heart of the industrial
north, each using a power of 20 kilowatts
to the aerial on a wave-length of 2,000
metres, would satisfy the conditions
admirably.

But what of the dweller in North London
who wanted to hear the northern station ?
Would he be able to tune out London ?
Probably not, unless the wave-lengths
were widely separated.
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1f one station worked on 2,000 and the
other on 1,000, perhaps the conditions
might be fulfilled, and crystal reception at
ranges up to hundreds of miles might be
possible.

Two stations of this power and wave-
length in England would, however, blot
out a very considerable number of other
commercial stations, so the whole scheine
would never be sanctioned by authority —
and quite rightly

Thus a shorter wave-length must be
chosen, since the undesirable ¢ broadness
of tuning” becomes practically less at
shorter wave-lengths.

Difficulties with Short Waves

Short wave-lengths have, however, the
undesirable quality of being easily ab-
sorbed, even though the radiation efficiency
of small acrials is largely increased by
their use. Thus, at'small ranges :hort-wave
stations are relatively very powerful, but
their power falls off very quicklv with
increasing distance.  The phenomenon of
fading 1s largely manifest with shorter
waves; and one may sum up by saying that
short waves serve small arcas verv well.
Increasing power to increase the range is,
to my mind, uncconomical and unnccess-
ary, and furthermore-—and this is import-
ant—-it stops the possibility of listeners
tuning out their local stations in order to
experiment on distant reception.

The problem is, therefore, solvable by
dividing up the country to be exploited
into arcas, and using about 500 to 1,000
watts in the acrial for these main areas.

It will, however, be found cven then
that reception over 30 miles is really not
much good (true, a lot can be heard, but
it s confused with ““mush,” and the
listener is at the mercy of jamming and
local interference), and the remaining areas
should be served by other smaller stations
or relay stations, mainly “ repeating ” the
main station broadcast, until the ideal
of reception anywhere from a relatively
powerful transmitter by a robust recetver
15 attained.

This, to my mind, constitutes the real
solution of the engineer’s problem as re-
gards the disposition of the stations, their
power, and so on.

The only problem remaining is that of
good quality (mecaning thereby the faith-
tulness of reproduction). Tt is most elusive,
but it must be our constant aim to find
it. Sound frequencies, or the frequencics

of sound detectable by the human ear,
range from 50 a second to about five to six
thousand a second for all practical purposes.

The ecar’s response to a particular am-
plitude and frequency is a purely arbitrary
lactor, but it is a good basis to assume
that the ear apprehends the same ampli-
tude at all audible frequencies equally.
This is probably not true, but it serves as
a basis first of all.

Thus, if we could obtain a microphone
(which is the instrument that converts
sound into electrical energy) that gave for
the same amplitude of sound at all sound
frequencies the same amplitude of electrical
energy, we should have achieved a basis.

Not only should we have achieved an
arbitrary basis, but also a practical basis
for the following reason.

Whatever frequency is considered, there
is 1 limiting amount of amplitude that
a Dbroadcast transmitter will stand; ob-
viously one can over-control. Now, sup-
pose that the microphone gives a maximum
response of 10 to a frequency of 1,000, but
only a response of 2 to a frequency of 200,
and perhaps of 1 to 6,000, then, obviously,
the thousand frequency limits the amount
of overall control that can be given to the
sct. With a “straight line” microphone
or one which gives equal clectrical ampli-
tudes for equal sound amplitudes, no single
frequency will limit the overall control.

This is made clear from the diagram.
A, B in Fig. 1 is the limiting amount of
amplitude that the set will stand, and the
cross-hatched area is the overall amount of
control with a resonant microphone.

Iig. 1. Limiting amount of amplitude is repre-
sented by AB, and the overall amount of micro-
phone control the cross-hatched area

Fig. 2. 1In this diagram the cross-hatched area
being larger than in Fig. 1, the aperiodic micro-
phone gives a larger overall control

MICROPHONE CONTROL
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In Fig. 2 it will be seen that the aperiodic
microphone gives the maximum possible
overall control, since the cross-hatched
arca is larger in Fig. 2 than in Fig. 1.

Thus, as a basis, 1t would seem desirable
to have an aperiodic microphone.

But it has been said that the ear's re-
sponse to various frequencies mav not be
uniform, and the ' audition curve” may
take a purely arbitrary shape. If cor-
rection be needed, therefore, 1t should be
done (obviously, from the above argument,
overall control being an cssential quality
for practical considerations) at the re-
ceiver and not at the transmitter.

Thus, if we send out the arbitrary basis,
the ordinary cheap receiver will get fairly
faithful reproduction : the perfect re-
ceiver will be only within reach of the
comparatively rich. This is a good point
politically, as it gives the manufacturer «
better chance to compete with the home
maker.

Don’t Overwork Your Valves

As a fundamental and guiding principle,
I would carnestly advise those who are
looking for really faithful reproduction to
remember that too much magnification per
valve is the greatest fault.  Beware of the
man who receives and boasts of receiving a
distant station on few valves.  He is being
misled by the catchword cfficieney ; he
can worship only noise.  Ninetv per cent
of the troubles of quality conie abow

" because people will use too few vaives, and

work their valves far past the distertionless
limit.

I'rom what has been said previously,
obviously the function of the microphone
1s to convert the sound waves existent in
the adjoining air from variations of air
pressure to variations of electrical pressure.
IFFurthermore, 1t is necessarv to have an
arrangement  whereby  equal  amplitudes
of sound at aenv frequency gives cqual
amplitudes of eclectrical potential.

There are two types of microphone in usc
in England to-day that merit serious
consideration, cach embodying  different
ways of obtaining the desired aperiodicity.

The  Western  Electric Co s gear
consists essentially of a diaphragm instru-
ment  with  carbon  buttons, and thce
diaphragm is so tightly stretched as to
have a resonance at some 10,000 a second.
thus possessing no resonance below  this
period. But in doing away with re-
sonance the sensitivity of the arrangement

is largely decreascd, and hence it is
necessary to use an amplifier to bring the
speech up to the correct strength for the
in-put to the wircless telephone control
system proper. The magnification of the
amplifier is controllable on the instrument
itself, so that the operator can avoid giving
too much or too little control energy to the
transmitter.

The Marconi Co. have developed a
microphone for usc with broadcast, and
this embodies an cntirely different system.
A flat coil wound in a single layer making
an annular ring lies freely in a magnetic
field. The sounds impinging on this coil
cause it to move. By suitable suspension
the coil approximates to a free mass in
space. Applying ordinary dynamical laws,
it is found that the voltages induced at
rarious frequencies of impulse vary in-
versely as the frequency of such impulses.
In other words, the lower tones are then
given proportional predominance over the
high tones.

To correct this undesirable quality a cor-
rection circuit is applicd whereby the volt-
ages applied to the main amplifier are
proportional to the frequency of the alter-
nating currents set up in the coil.  Since
the voltages in the coil arc inversely
proportional to the frequency, while the
voltages, thanks to the correction circuits
appled to the amplifier, are proportional
to the frequency, the resultant amplified
voltages are cqual for equal impulses of
any frequency-—the desired result.

Seven Stages of Amplification

The movements of the coil being so small
and the clectrical energies so feeble, it is
necessary to use an amplifier, which, again,
has its sensitivity controllable.

The Marconi amplifier embodies resist-
ance capacity magnification in nine stages
(with corrcction valve) maximum, but the
normal sctting uses about seven stages.

The wireless transmitters are largely
of the same type, and basically consist
of an oscillation gencrator using valves
and circuits for controlling the output in
sympathy with the applied variations of
clectric energy driving from the microphone
amplifier output.

Usually a coupled circuit has been cm-
ployed because the loading coils in the
aerial circuit are very small for maximum
aerial efficiency. In the Marconi equip-
ment a “ master oscillator”’ system is
employed wherein a circuit is made to
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oscillate in synchrony with the natural
time period of the aerial circuit, and the
impulses from this circuit are given to the
grid of the main valve.

Undoubtedly this is a good method.
The circuit can never stop oscillating duc
to over-control, and breaking 1s avoided.
FFurthermore, acrial sway cannot change
the tune of the emitted broadeast.

The control system universally used is
called choke control. Here a ** choke ” or
iron-cored inductance is connected in series
with the H.T. supply to the oscillating
valve. By connecting a valve from the
end of the choke remote from the H.T.
supplv to carth, the currents through the
choke are made to vary according to the
extent of the impulses given by the micro-
phone and associated amplifier to the grid
of the valve.  This valve is known as the
control valve. The variation of current
in the choke causes fluctuating potentials

at the end of the choke, and hence the ap-
plied voltage to the oscillation generator
15 varied sympathetically with the im-
pulses on the control valve grid, and so
back through the chain to the amplifier and
microphone.

This arrangement makes for strict pro-
portionality between applied impulse and
resulting variation of emission from the
aerial, but if over-control occurs this pro-
portionality fails and distortion steps in.

A meter shows when over-control is
present, and the engineer on duty watches
this meter and prevents as far as he can
over-control.  In most stations it has
been found casier to calibrate a tell-tale
mcter at the studio end to act in sympathy
with the over-control meter in the wircless
transmitter, and thereforce fine control is
doue at the studio end, the engineer on
duty at the wireless transmitter doing only
coarse control.

MODULATION AND SIGNAL CONTROL WHILE BROADCASTING

Broadcasting stations have a room specially equipped for the purpose of modulation and the

control of output. Above will be seen apparatus in use, in a station in course of crection, by means

of which the operators can tell whoether the receivers listening-in are having broadcast to them

correct signals or otherwise. In this way transmission is rectified until the public are given
perfect reception
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BROAD TUNING Term u\ed in two
ways.  When the secondary coil of a
vario-coupler is scparated from the primary
coil, the operation is known as loose
(,ouplmg, or sharp tuning, and when the
coils are placed closer together as close or
tight coupling, or broad tuning.

In transmitting, an aerial tuncd to a
given wave-length may actually be com-
pelled to radiate on other wave-lengths,
and this is also known as broad tuning.

BRONZE. An alloy composed chiefly
of copper and tin. Other varietics have
some traces of zinc, antimony, phosphorus,
and other constituents.  An avgrdge
sample of bronze should have a specific
gravity of 88 Its weight is about

.0-32 Ib. per cubic inch, and melting point

in the neighbourhood of 1675° I, The
allied alloys of bronze arc known under
such names as manganese-bronze and
phosphor-bronze.  Silicon-bronze, another
alloy, is used in some types of aerial
wire or tape. Bronze is also used for
contact arms and other small parts of
wireless apparatus.  Phosphor-bronze is
a hard and durable metal, and is used
extensively  for  the  bearings  of  re-
volving shafts.  Another use for bronze
is in the form of thin strips arranged on
to onc another to form Ilaminations for
springs, or in single thicknesses as spring
contacts.  Sce Brass.

BRONZING. Method of colouring brass
and other non-ferrous metals by the
application of a chemical. The process i3
simple and one that is helpful to the wire-
less experimenter. By its aid some very
pleasing  colours are readily obtained,
especially on many brass parts.  For
example, terminals and other metal attach-
ments for pancls can be bronzed, and pro-
duce a particularly neat and harmonious
appearance, contrasting well with the
cbonite and the polished wood of the
cabinet.  The chemical used is best pur-
chased by the amateur ready for immediate
use, and, on this assumption, the general
procedure as applied to small brass parts
15 as follows :

First obtain a supply of bronzing acid.
This s poisonous and has an oxidizing
cffect on metals. It must, therefore, be
kept in a glass or carthenware Container,
sccurclv corked and in a safe position. The
only other cssentia) requirements arc some
cotton-wool and an old pair of gloves.
The parts to be burnished must be perfectlv
clean, and for this work nothing less than

D26

absolute mechanical cleanliness is of any
use. That is to say, the work must either
be dipped into @ solution of nitric acid in
water, sulphuric acid and water, or boiled
in strong soda water, and afterwards
rinsed in hot, clean water, and then dried
off in warm, dry sawdust.

Alternatively, the work may be cleaned
up by the use of fine grade emery paper,
and aiter the cleansing process the work
must not be touched with the bare fingers,
or at any rate, those parts which are to
be bronzed. -The bronzing acid can be
obtained to produce various colours, but
the most useful is that known as blue-
black, which imparts a delightful silvery-
grey to black colour.

In the case of long objects such as
a flat strip of brass, some of the acid is
poured out into a small glass or earthen-
ware container and wiped on to the
work with a pad of cotton-wool. Tt is
a wise precaution for the amateur to wear
gloves while handling the pad and cotton-
wool, as the acid is distinctly unpleasant
on the fingers. Its effects are necutralized
by washing in soda water, or applying
any al kaline solution.

Having brushed the bronzing acid on
to the work, it will be found to change
the colour very quickly, -but to get a
regular, even colour the pad must be
worked something in the nature of a
rubber, and the acid flowed over the whole
of the surface as uniformly as possible.
After a certain stage, if more acid is
applied to the work with the rubber, it
will only destroy the colour already
obtained, and in such a case the work
must be thoroughly cleaned and com-
menced afresh.

Directly the desired colour is obtained,
thoroughly well wash the object in hot,
clean water, allow it to dry off in hot saw-
dust, and finish by lacquering (¢.v.). Small
objects can be bronzed by wiring them
together and immersing them in a bath
of the bronzing acid. In this case a few
minutes’ immersion will suffice to bring
them up to.a good colour.

The surplus acid may then be shaken
off and the parts thoroughly well washed,
dried off in sawdust, and lacquered. Steel
and other metals can be bronzed by other
treatment.

BROOKITE. A brownish-black coloured
dioxide of titanium. The chemical symbol
is TiO,. It is used to a small extent as
a crystal rectifier.

X1
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BROWN, SIDNEY GEORGE. Bom in
Chicago, U.S.A., in 1873 of English
parents, he was educated at Harrogate and
London University.  An carlv studv was
made by him of the subject ot submarine
telegraphy.  During these investigations
he invented the magnifving rclay for
cables.  Another important invention was
the cable drum relay. In the year 18G8

S. 6. BROWN, F.R.S.
Vice-President of the Radio Socicty of Great
3ritain
Photo, Ellioit & Fry

le invented the magnetic shunt.  Since
that time many of his activitics have been
dirccted to the solution of problems in
telephony and wireless telegraphy.  In
particular the wireless experimenter will
know the telephone receivers bearing
his name and the important developments
of the "microphone relay. In the ficld

=N . As

BROWN’S TELEPHONES

Fig. 1. Aluminium headbands with sliding

adjustments are fitted to Brown's telephones,

the external appearance of which may be teen
from the above example

~ BROWN’S TELEPHONES

of land telegraphy and telephony his
activities have resulted in the invention
of such items as the carbon telephone relay
svstem, which is largely used on land
tiunk lines for the transmission and
reception of telephony.

He is a Fellow of the Royal Society and
Vice-President of the Radio Society of
Great Britain.  His writings on technical
subjects are extensive, and numerous valu-
able patents have been taken out by him,
including the vacuum oscillation generator
in 1916 and ionic electric relays, 1918.

BROWN’S TELEPHONES. The trade
name of a sensitive head-telephone used
for wireless telephony and telegraphy
invented by S. . Brown.

The clectrical construction of this make
of telephone receiver varies somewhat
from general practice in so far as an iron
reed, whicli can be tuned to a suitable note,
has attached to it a cone-shaped aluminium
diaphragm.

The external appearance of the tele-
phones is shown in Fig. 1. The head-
bands are made of light aluminium with a
double swivel motion, together with the
usual sliding adjustment for the size of
head.  The interior of a single earpiece is
shown in Fig. 2. The reed with the little
coned washer which holds the diaphragm
1s clearly visible, the diaphragm having
been removed. .

The diaphragm is shown in Fig. 3, and
comprises the inner coned member and the
outer case or ring to which the coned part
is attached by a thin membrane. The
whole is slipped on to the body and the
diaphragm secured with the screw and
cened  washer, and  enclosed with an
chionite cap in the usual way.

A milled head screw, which will be seen
in the illustration (Fig. 1), on the outer side
of the earpicce is provided for adjustment
of the reed.  This is turned backwards or
forwards until the position of maximum
sensitiveness is found.
the receiving coils
arc wound on to the poles
of a permanent magnet,
it is desirable that the polarity
of the current flowing through
the winding be correct for the
polarity of the permanent magnet. The
terminals are marked -+ and —, and care
should be taken to see that they are
connected into the circuit accordingly.
Several types of these telephones are
manufactured.

&
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INTERIOR AND CONSTRUCTION OF BROWN'S TELEPHONE

i

Fig. 2 (left).  Adjustment is made to the vibrating reed bv the screw seen in this interior view. This

screw may be recognized by the little coned washer which holds the diaphragm. Fig. 3 (right).

Connecting the coned aluminium diaphragm to the outer ring or case will be seen a membrane. The

whole is slipped on to the body of the earpiece, and the diaphragm secured with the screw and
coned washer.

BRUNET TELEPHONES. A French
telephone adapted ‘for the reception of
wircless telephony and telegraphy. These
telephones, illustrated below, are of the
flat disk type. The diaphragm. sccured
by the screwed cbonite case, is held be-
tween two internal rubber bands. The
magnets are sct as shown, at right angles,
and the gencral internal arrangerments are
clear from the illustration, where one of
the cases has been removed to
show the interior. A simple
swivel type of adjustment in
conjunction with double slide

BRUNET FRENCH TELEPHONES FOR WIRELESS RECEPTION

just beyond the actual sparking distance,
a peculiar phenomenon takes place known
as a “brush discharge.”  Scen in a dark-
ened room it is often a very striking sight,
cominencing with a number of faint blue
specks on the surface of the terminals,
which, as the applied voltage is increased

One of the carpicces has been partially dissembled in this pair of Brunet telephones to show the
internal construction.  These headphones are of the flat disk type, the diaphragm being secured
by the ebonite case

adjustment is provided on the headbands,
<o that the rcceivers can adapt them-
selves to the head.

BRUSH DISCHARGE. \hen two ter-
minals are connected up to some high-
potential source of electricity and separated

or the terminals moved nearer to one
another, send out active streamers and
feathery discharges, almost silent but often
accompanied by a slight hissing sound. The
colour of these silent brush discharges is
usually intensely blue.
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The brush discharge may be ascribed to
dissipation of the static charge existing on
the terminals by clectrified particles  of
dust and air being torn off from the surface
and violently repelled by the  parent
terminal on the principle of ** hike repels
like.” The brush discharge <erves to
illustrate another well-known law regarding
the dissipation of a static charge by the
action of points.  On every particle of dust
or rough cdge of metal the static charge
accumulates  from  the fact of mutual
repulsion between similar charges repelling
it to the maximum possible distance, and
cventually  the surface density of  the
charge becomes so great that it is blown off
mto space either as a charge residing on a
detached particle of dust or as a stream of
clectrified air.

A point-shaped electrode will discharge
across a much smaller gap than a ball
clectrode, other things being cqual, owing
to the natural dissipation effcet of the

accumulated charge upon the point. The
temperature and pressure of the surround-
ing air, and degree of humidity or other-
wise, has also a great deal to do with the
formation of a brush discharge, which it
may always be assumed is the preliminary
to a «lisruptive spark.

BRUSHES AND BRUSH HOLDERS. In
clectrical work, a brush is generally a
metallic or other conducting component
which sweeps a contact, or series of con-
tacts, and picks up a current, according
to the exact nature of the device. The
holder is the device that supports the
brush. In the case of a dynamo or motor,
the contacts, z.e. the commutator scg-
ments, are moving, and the brushes are
stationary.

For a resistance or regulating switch the
brush may be devised so that 1t can move
over a set of contact studs in the adjust-
ment operation and be brought to rest on
anv one contact as desired.

Fig. 1. Simple brass or copper brush made of a
strip of spring metal. Contact with one stud is
made before breaking contact with the other

3

IFig. 3. Example of rigid arm and flexible brush
used in a regulating resistance for the A battery

circuit of a valve set

Fig. 2. Multi-contact switches such as this, with

pivoted and handled brushes, act directly on the

contacts. Thebrushes are laminated for ensuring
adequate contact surfaces

Tig. 4. For commutation purposes this type of
double-brush switch is used. The brushes bear
simultaneously on opposite contact studs

EXAMPLES OF BRUSHES AND BRUSH HOLDERS
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Brushes may slur over the contacts,
not leaving onc until it is on the other.
This arrangement, as shown in Fig. 1,
is only possible where the clectrical
circuits arc such that no dangerous short-
circuiting can occur when the contacts
are bridged by the moving brust blades.
Continuity of current is ensured by this
method, and it is chicfly adopted where the
contact studs are connected to the steps
in a regulating resistance. . It is desirable
that the current should not be broken and
sparking result.

For reversing or commutating a current,
or changing over from one source of power

co another, it may be necessary
to break delinitely the circuit
in passing from one stud to
another.  Dead contacts, 7.e.
studs which arc not connected
to any part of the circuit and
are insulated {rom all, are
therefore employed. The brush
slides over the idle stud and
thenee to the next live one.
An example of this type is
shown in Fig. 4, where two
brushes are employed to com-
mutate or change over a
current, The brushes are
double-endegd and bear simul-

the currents supplied to the valve filaments
of a wireless receiving set. This device is
illustrated in Tig. 3.

Where the current to be transmitted
through the brush and contact is small in

COMPOUND BRUSHES

Fig. 5. Highly cfficient results are obtained with

compound brushes as shown when used for

dynamo and motor work. The compound con-
sists of copper, carbon, and graphite

amperage, the former may be a simple
strip of metal or a solid plunger with a
strip of springy metal keeping 1t down on
the contacts.  Turther, the contacts may
be of brush form, 7.e. of thin resilient sheet
mctal, shaped like a brush, the contact
being of a solid, non-flexible character
in ordinary tumbler switches.

Large currents require a relatively
larger arca of mectal in the brush. As the
necessary amount would make the brush

SPRING-LOADED BRUSH

tancously on opposite contact Tig. 6 (top, left). Spring-loaded brushes are applied to effect

studs.

When circumstances require
that the hand lever arm ot the
brush shall be of stiff material,
it is necessary to provide a lightly resilient
contact between the stud and moving arm.
In this case the actual brush may consist
of a thin blade riveted or screwced to the
lever arm, as in the case of some resistance
switches used for regulating the value of

counexion between the moving face of a coil holder and the

face of a fixed coil holder. Fig. 7 (bclow). The movable coil

holder is pivoted, and the spring-loaded brush makes contact
by pressure of the spring with a contact ring

unyielding in its passage over the contact
studs, and also tend to increase the
resistance at the point of contact, such
brushes are laminated, as shown in Fig. 2.
Fach lcaf then makes its own contact and
cnsures as many contacts as there are
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blades.  With a solid brush, a slight ridge
in the contact stud would lift the whole
brush, and the area of contact would not
be greater than that of the excrescence.
With separate spring blades, the surface
will readily conform to the shape of the con-
tact. Laminated brushes of this kind are
made with hard leaves of rolled copper strip.

For dynamos and motors, conditions are
varying. Asarule, all the larger machines,

SINGLE SOLID BRUSH

Fig. 8. Scctional photograph showing how to make a simple

distributing switch with a plunger brush

i.e. above 1 hup., are fitted with carton
brushes.  The old style of brush for big
machines was always made of copper
gauze, wrapped up into slabs and uscd as
if it were a solid bar.  Copper brushes
running on the copper commutator seg-
ments wear very rapidly, and except in
tiny machines have been replaced by
blocks or rods of soft carbon. The con-
ducting propertics of carbon ure not as
good as copper, and therefore in designing
motors and dynamos slightly longer com-
mutators to accommodate brushes of large
cross-sectional area are fitted. To mini-
mize this defect a composite brush is made
in the example illustrated in Fig. 5. The
compound is of copper, carbon and graphite,
the combination of these materials ensur-
ing a practical measure of good conduc-
tivity with the advantages of minimum
sparking and cfficient self-lubrication.
Simple machines and small instruments
nced brushes made of small strips of hard
brass. Sometimes these spring brushes
arc clubbed at the ends with small blocks
of brass, or pads of copper gauze are

The end of the lever
has been cut away to show construction

folded up and soldered on. Where the
unyielding block is fitted, it is better to
saw the brush into longitudinal strips to
ensure a more perfect contact throughout
the whole length of the commutator.
Another method of arranging flat brushes
for small motors and dynamos is to solder
on a strip of folded-up gauze to a solid
metal bush.

Small plunger brushces, made by rolling
up strips of gauze, are often
fitted to small motors. These
arc held in pieces of brass
tube  with an adjustable
spring load on the top.

An cxample of the use of
spring contact brushes is that
found in Bond’s adjustable
coil holder, shown in Fig. 6.
The brushes are used to
maintain contact between the
two parts of the holder. The
upper or moving part turns
on a central pivot, and the
brushes slide over separate
contact rings sunk into the
upper part of the lower
element.  This is  clearly
visible in Fig. 7, which also
shows the arrangement of
the spring-loaded brushes.

It is at all times best to
fit plunger brushes in brass
tubular guides, and to electrically connect
the guide to the terminal. The spiral
spring should not be relied on to carry
the whole current. It may not have
surficient arca of metal in the wire of
which it is formed to conduct the
amperage and voltage impressed upon
it. This is even more important in cases
where carbon rods are used as brushes in
place of the rolled wads of gauze.

A simple arrangement of a single solid
brush with an independent spring to
impart the necessary contact pressure
is shown in Fig. 8, the end of the lever
having been cut away to ,reveal the
construction. This type of brush contact
is quickly made by the experimenter,
and comprises an cbonite lever pivoted
in the centre. One end is fashioned
as a handle, the other is drilled and a
short piece of brass rod passed through it.
The ends of the brass should be rounded
and quite smooth. The pressure is im-
parted by the flat brass strip on the top
of the lever. This is regulated by the
round-headed screw located about the

on
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centre of the contact blade. It is a method
that can be employed when desiring to
divert the path of a current. The con-
nexions in the example illustrated (Fig. 3)
are from the negative to the apparatus
direct. The positive is connected to the
centre terminal or pivot, and leads taken
from the contact plates to the desired
parts of the apparatus.

Carbon for dynamos and motor bushes
has the advantage of reducing the friction
and wear and tear on the commutator.
Dissimilar materials are gencrally to be
desired in parts rubbing against each
other. For large machines, numerous
designs of holders for carbon blocks are in
common use. Fig. g illustrates one type.
The block must be readily removable for
replacement and repair purposes.

Brush holders for dynamos and motors
are frequently made adjustable, for adjust-
ment on the periphery of the commutator.
They are attached to bush rockers which
swing concentrically with the armature
shaft for electrical reasons, dynamo brushes
being advanced in the direction of rotation
of the machine and motor bushes retarded.
In large machines several bushes are
arranged to lie side by side to obtain a
more perfect contact over the wheole
length of the commutator, and ecach
brush has its separate spring. Small
motors usually have fixed brushes, as the
electrical disturbances sct up by the
moving armature and varying loads are
not sufficiently serious to nced a fine
adjustment in the position of the brushes.

TUNING BY BRUSH AND HOLDER

Fig. 10. Combined brush and holder for coarse

and fine tuning. This method is applied to

inductance, or for reactance regulation. The

handle is pushed in or out for coarse tuning and
turned for fine tuning

In an instrument which must have a
brush with a very small area of contact
and engage with a very light pressure,

it may bc nccessary to tip both the
contact and brush with platinum. This
metal is sparingly used because of its
high cost, but as 1t does not oxidize, any
sparking which occurs does not affect the
arca of contact and reduce its efficiency
as a conductor. Platinum may be soldered
in position, but where heat is likely to be

DYNAMO BRUSH AND HOLDER

Fig. 0. Numcrous designs, of which the above is

one, of brushes and brush holders are in use for

dynamo work. Attachment of the brush is so

effccted that replacement is casily carried out
when necessary

generated, plugs of the metal should be
fixed by riveting.

The wircless experimenter is often in
need- of a quickly - adjustable contact
brush, and one solution of the difficulty
is shown in Fig. 1o, where the brush and
the holder are so combined that they
together act as a fine and a coarsc tuning
device. The brush is bent over at right
angles, and makes contact with the bared
surface of the coil of wire. The control
handle is arranged so that it can slide
in the central bush and can also be rotated
therein. Yor coarse tuning the handle is
simply pushed in or pulled out. The
final fine tuning is obtained by a partial
rotation of the handle. This causes the
brush to sweep around on the coil of wire
and thus allows of a very declicate and
continuously variable adjustment.
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B.S.F. Abbreviation for British Stan-
dard Fine, a series of screw threads and
their tolerances.  See Screw Thread.

B.T.H. The initials of the British
Thomson-Houston Co., Ltd. The wire-
less experimenter will come across these
initials on many different examples of
clectrical apparatus, including the wire-
less receiving sets bearing them. Several
models are manufactured, of which three
are illustrated. In Fig. 1 is seen a crystal
receiving  set  which  embodics  duplex
crystals controlled by a change-over switch.
Both crystals are enclosed in a transparent
case to protect them from dust and
damp. A double range-tuning device
allows the set to receive on a considerable
wave-length range.

A similar set with the addition of a
valve 1s illustrated in Fig. 2, and has a
greater range and volume than the simple
crystal set. .

A cabinet receiving set with two valves
is shown in Fig. 3; the case having [olding
doors, enables the same to be entircly
closed when the sct is not
in use. The valves are set
behind  the panel, and
inspection  holes enable
the brightness of the

CRYSTAL AND VALVE B.T.H. SET
g, 2. Greater range and volume are given to
this sct by the addition of a valve, otherwise the
appearance is very similar to that shown in Fig. 1

filaments to be judged and regulated as
required by the lower left-hand knob.
Separate compartments are provided for
storage of batteries and telephones.

B.T.U. The abbreviation for British
thermal unit. This is the British unit of
heat, and is the quantity of heat needed
to raise the temperature of one pound
of pure water one degree Fahrenheit.
The equivalents of a British thermal unit
may be expressed in other forms of energy

g

B.T.H. CRYSTAL RECEIVING SET'

Fig. 1. Two crystals are used in this set.

Both are enclosed in a transparent dustproof case,
«nd are controlled by a change-over switch

as follows: 1 B.T.U. = 1,052 watt-
seconds ; 778 foot-pounds, or 0-252 calorie.

BUCKLING. As applied to accumulator
plates refers to a bent condition, the plates
being distorted. The general cause of
buckling 1s charging after excessive dis-
charging. Suppose a cell to be short-
circuited. This sets up a heavy chemical
action in the plates, and the paste of the
positive  plates undergoes a  violent
chemical and electrical change. This is
apparently accompanied by a change
in bulk, and the mechanical stress set
up thereby forces the plate out of shape.
The positive plates are the first to be
affected, and the action may in some cases
be so bad that the negative plates are
simply forced out of shape somewhat as
shown in the illustration. A remedy is to
gently press the plates flat after removing
them from the cell. The best cure is,
however, to remove the cause by never

A
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discharging below 1.8 volts per
cell and never subjecting a cell
to a greater strain, electrically
or chemically, than it has been
designed to withstand.  See
Accumulator.

BUILDING ACTS. A building
Act i1s an Act of Parliament,
but in practice includes all the
rcgulations made under powers
conferred  upon the  local
authoritics by such Act, as
affecting the mode of construc-
tion and naturc of any building.
The  wireless  experimenter
should become familiar with
the various Acts or the local
building by-laws to ascertain
the nature of any legal restric-
tions (if any) on the erection of
some contemplated structure,
such as an aerial mast or
experimental workshop.

BULB HOLDER.
holder or support for

Small
a test
lamp. Itsuse n
wireless 1s prac-
tically restricted
to the prelimin-
ary testing of the
filament  circuit
of any recciving
set using a valve.
Such a tost is
especially — valu-
able when tle set
has been wired
on a new or
experimental cir-
cutt, and it 1is
desired  to be
certain that the
valve will not be
endangered by
an excessive
voltage.

The principle
adopted 15 to
insert a small
lamp in the fila-
ment circuit, the
voltage of the
lamp being the same as the intended
voltage to be applied to the filament
of the valve. For this purpose a simple
device can be made by the experimenter
by cutting a plate of cbonite, about 1} in.
long, } in. wide, and } in. thick, and drill-
ing two loles through the ends to take a

BUCKLED PLATES

Buckling of the negative

plates has occurred in this

casc as the result of failure
of the positives

B.T.H. CABINET SET
Fig. 3. Folding doors enable the whole set to be
hidden from view, when the cabinet bccomes
outwardly an ordinary article of furniturc

pair of standard valve legs. These arc
held to the plate by the nuts which screw
on to the legs. One is located on the
underside, and the other on the top of the
plate. The bulb holder is removed from
an old flash-lamp case, and soldered to
a small brass plate, one end of which is
bent up at right angles and soldered to
the side of the holder as shown in the
illustration, Fig. 1.

PLUG.IN BULE HOLDER

Fig. 1. Contact between the centre connexion and
the valve leg is visible in this underside view
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A hole is drilled in the end of the plate
and onc of the valve legs passed through
it and sccured with the nut. The centre
contact is made by fitting a countersunk
screw into the centre of the cbonite
plate in the middle of the hottom part
of the holder, as shown in Fig. 1. Contact
15 made from this screw to the other
valve leg by means of a short length of
copper wire.  One end is attached to the

BULB HOLDER FOR VALVE TESTS

Fig. 2. In this view the centre contact screw is
scen, also the flat plate on right to which the
holder is joined. How the contact screw is
connccted to the valve leg on the underside is
seen in g, 1
projecting end of the screw and held
fast by the nut. The other is similarly
held Dy the nut on the valve leg, as shown
i Ifig. 2, which also illustrates the general
arrangement of the device.

In use it is simply placed in the filament
sockets of the valve holder, as the valve
legs are fixed the same distance apart
(that is § in.) as the centres of the fla-
ment terminals of a standard valve holder.
The filament current is then
switched on, and the lamp
should light up and continue D
to burn steadily.
tension  current is  then
switched on, and the lamp
should continue to burn as
before, but if there is any
fault in this part of the circuit
the lamp will burn out. This
is cvidence that the high-
tension wires are incorrect,

The high- g;g. %’

for those who do not wish to make their
own. The term bulb holder is sometimes
applicd to the brass ring that supports
the glass bulb of a valve.

BULL TRANSMITTER. A selective
system of wireless telegraphy based on
mechanical principles, developed by Anders
Bull. This device, worked on a synchronized
system, includes both transmitter and
receiver. The transmitter consists of an
open-circuit oscillator, supplied with energy
by the usual transformer or spark coil,
which operates through an apparatus
termed the disperser.  The receiver had,
in the original form, an open circuit
resonator actuating a number of registers
through a collecting mechanism.

The disperser is shown in diagram at
Fig. 1. Ais connected by gearing with
the motor B, which is in series with a
variable resistance for regulating the speed.
An electro-magnet, D, automatically con-
trols a disk making a specific number of
contacts and sending out a similar and
predetermined number of waves or
oscillations.  When it is desired to send a

message, the key L is depressed and closes
the circuit, which includes the battery
and the electro-magnet 2, which in turn
attracts an armature attached to a clutch
carrying a pin.

23

and the cause must be as-

certained and remedied.
Such a simple test is well

worth while, as the loss of L

i

an expensive valve is many
times the cost of a device of
this character. Various com-
mercial types are available

BULL TRANSMITTER WORKED ON MECHANICAL PRINCIPLES

Fig. 1. Operation of the spark coil in the old Bull transmitter

was conducted through a disperser, the arrangement of which
is seen in the above diagram

*
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The function of the armature, magnet,
and switch is shown more clearly in Fig. 2,
which is a sectional view of Fig. 1. When
the armature is drawn to the magnet, 2,
disk 3 is'released by the clutch, 4, and then
revolves at a speed of about five revolu-
tions per sccond. At every revolution of
the disk contact 1s made by the springs, 6,
and the circuit, which includes the hattery,
7, and electro-magnet, 8, is closed. The
disperser itself consists of 400 steel
springs, ¢, attached at right angles to the
disk and near its periphery. These long
vertical springs have their ends free and
pass through slots in a stationary upper
disk, 0. The springs are thus able to move
in a radial direction only. A bruss ring
forming a groove, 11 (shown
in part in IFig. 1), is attached
to the framework, and guides
the springs so that with cach
revolution of the disk; which
occurs once in every second,
they cither . shde in the
groove, 12, or within its inner
circumference.

Fig. 2. Scctional view of Fig. 1.

inner part of the ring by their own
elasticity, according to whether the magnet
is energized or not.

When it is required to send a dot signal,
the keyv is depressed for less than one-fifth
of a second, which is the time required
for disk 3 to complete one cycle, and the
current flows through the circuit as a single

From this will be seen more

The bronze are, 13, takes
the place of a scction of the

clearly the {function of the armature, magnet, and switch.  The

magnet is at 2, disk at 3, and clutch 4. The disk revolves
when the armature is drawn to the magnet

brass ring, 11, and has a

finger projecting toward the centre of the
disk ; as the vertical steel springs come
in contact with it they are forced towards
the magnet, 14. Attracted by this magnet,
the springs then slide along until released
at the edge of 15, where they are again
drawn into the groove or return to the

e - BULL COLLECTOR CIRCUIT

I'ig. 3. Except that, instead of emitting devices, receptive
devices arc used in the above circuit, the collector is similar
A coherer was included in a local circuit with

to the disperser.
a relay in series with a battery

impulse.  When transmitting a dash
signal, the kev is held in contact long
cnough for disk 3 to revolve a number
of times, consequently a corresponding
number of clectric 1mpulses, at intervals
of one-fifth of a second, flow through the
circuit. causing the springs to make
contact at regular intervals by means
of the contact points, 18, and thus closing
the circuit in” which the battery, 19, and
magnet coil, zo, form a part.

As there are a number of these contact
points arranged round the frame at pre-
scribed intervals, it is clear that the number
of series of electric waves emitted will be
equal to the number of contact points,
and by varying the distance between
these points, any combination or series of
waves may Dbe sent out through the
medium of the electro-magnet
key, 20, battery, 21, spark
coll, 22, and oscillator
circuit, 23.

The collector is similar to
the disperser, except that
receptive devices are em-
ployed instcad of emitting
devices in the circuit. Fig. 3
i1s a plan view of a receiver.
The coherer is connected in
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the open circuit resonator in the usual
manner, while the relay, 23, in ceries with a
battery, is included in a local circuit with the
coherer. The tapper, 24, is in parallel with
an auxiliary circuit formed by the armature
of the relay in series with the magnet, 23.
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RECORDING TAPE FROM BULL RECEIVER
Lig. 4. Three Morse registers werc operated in
Bull’s experiments, and examples of the three
methods of recording are given. These represent
the result of carly experiments to obtain selective

reception

For every scries of electric waves that
impinge upon the resonator system one
of the vertical steel springs slides into the
groove, 20, of the ring. The revolving
disks of the transmitter and the recelver,
or, as they would be termed, disperser
and collector, revolve synchronously so
that the angular distances of the springs
sliding in the grooves will be proportional
to the time constant between the series
of waves impinging on the acrial.

Since the points are arranged in the same
relative positions in both transmitter and
receiver and are operated synchronously,
contact in both is made simultancously.
The points, 27, are connected in series
with the Morse printing register, 28.
A prearranged  series of electric waves
will cause the springs to make contact
at the same instant when the local
collector battery operates the register.

In  Bull's cxperiments onc  disperser
and one collector were used, and these were
arranged with three sets of contact points,
thus permitting any one of three Morse
registers to be operated at will. In Fig. 4,

three series of waves arec shown, by the
dotted lines S*, $”, and S, the horizontal
line being taken as time and the wave
series by the hcavy vertical strokes. In
Itng. 4, B, is represented the way in which
the wave series is registered when the key
of the transmitter 1s kept closed ; 1, 2,
and 3 are the type from three Morse
registers operated independently of one
another.  The transmitters and receivers
may be set up in different localities and
at varying distances with equally good
results.  This system was a serious
attempt to obtain selective reception.
BUNSEN CELL. Type of primary cell
notable for its steady and powerful current.
The electro-motive force varies between
1'g and 20 volts. One type of the Bunsen
cell is illustrated, and consists of an
external pot or container made of earthen-
warc or some similar material.  Within
this is a porous pot which contains strong
nitric acid. Immersed in the acid is a

square carbon rod having a terminal at

the upper end. Surrounding the porous
pot is the zinc plate, also provided with
a terminal. The
carbon is in this
case the negative
element and the
zinc the positive,
“The outer con-
tainer is  filled
with a solution of
I sulphuric  acid
Outer  and water in the
Jar proportions of 1
of acid to 10 of

i water. The Bun-
sen cell has a low
internal resist-
I ance, gives a large
~— ~ current, and is
BUNSEN CELL Suitable for ex-
Primary cells of this type perimental and

arc useful for experi- laboratory use
meatal purposes, having It is also Oi

low internal resistance ; .

and large current service in the

recharging of

small accumulators.  Several cells may

have to be connected in series to give

sufficient voltage according to that of the
accumulator to be charged.

BURNDEPT COIL. Trade name of
a patented multi-layer coil extensively
used for tuning purposes. The gencral
appearance is well shown in Fig. 1, which
illustrates a No. Sz} Burndept coil, as
used for aerial tuning inductance purposes.

<

<
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These coils are made by Burndept Ltd.
in a wide range of sizes, with various
inductance values. In essence, they
consist of a base or holder made of ¢honite
and provided with non-reversible plugs ;
one 1s in the form of a projecting prong
with spring contact picces, the other is

BURNDEPT MULTI.LAYER COIL

IFig. 1. Aerial tuning inductance is a commen function
The photograph is of a
No. S2} coil, widely used for the broadcasting range

of this well-known coil.

a socket. On the inner end they are con-
nccted to the two ends of the coil winding,
one end is attached to the prong, the other
to the socket. By this arrangement there
is no possibility of reversing the direction
of the windings, as is the case when the
prongs arc duplicated. The smaller sizes
are stmply single coils of wire wound upon
a former and attached to the holder, the
larger are multi-layer coils. The following
table, issued Dby Burndept Ltd., gives
useful data on these coils,
and will prove helptul to

301 i _BURNDEPT COiL

are the multi-layer coils, and cover the
wave-length range from about 750 to
25,000 metres.

The windings have been arranged to
give inductance values that will cover a
full wave-length range with the minimum
number of coils. It is necessary to use
a variable condenser with a valuc of
000075 mfd. in parallel with each coil in
order to attain something over the
minimum of the next larger coil.

Although it is possible to cover a
wider range with a larger condenser,
this course is inadvisable, as there is

SELECTION OF
BURNDEPT COILS
Fig. 2. Burndept coils are in various sizes.
Those illustrated are, left, No. 300, centre,
No. S1, and right, No. 150. These coils are
extensively used in tuned anode circuits

4 considerable loss of signal strength.
The middle coil in Fig. 2 is a No. S1,
that to the right a No. 150, and to the
left a No. 300.  In use they are plugged
into a coil holder (4.v.), the circuit wires

the experimenter when | TABLE OFIND
constructing a new cireuit,

The special construc- Induc. |
tion of these coils is such Nal tion in
that an ample air space is henrics
secured between the wind-
ings, thus reducing the S ’;_
distributed capacity to a So ‘ 7:, ‘
low value. Coils Nos. SI Sz .
to S4 are single-layer coils 53 ' . 100
wound on ebonite,and are 540 200
specially designed for the o0 | ggo
reception of broadcasting. 150 | 1250
They cover the wave- 200 | 2400
length range of 150 to Yoo | o000
about 800 metres when goo ; 2000
used with the average 750 | 52300
type of amateur aerial. 1000 109000
The coils Nos. 75 to 1500 ] 1500 190000

UCTANCE VALUES AND WAVE-LENGTH RANGES
Primary Tuning with Average P.M.G. Secondary Tuning
Acrial and Burndept Conilensers or with Burndept Con-
Tuners densers or Tuner
‘; Condensers in Sori(‘s}(,‘nndeus sin Paralle}*Condensers in Parallel
ntir, max, min, | max, miin, | maxy.
[ B — !
! i60 260 310 380 135 | 330
175 i 290 350 470 170 420
— — 370 500 — —
210 . 360 430 040 230 | 575
270 470 6oo 900 340 | 810
350 1 570 700 | 1100 450 | 1000
450 750 050 | 1450 600 13.40
650 1050 1300 | 2100 830 1900
900 . 1450 1900 3000 . 1200 2700
1250 2000 2600 4100 @ 1600 3840
1750 | 2900 3700 5300 2300 5400
2000 4300 5500 9000 | 3500 8100
4000 | 0000 8500 13500 i 5400 12500
6000 i 10000 | 12500 | 21000 | 7900 18000
Teorder, only. | 1650c | 28000 | 10000 25000
| !
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are connccted to the terminals of the
holder, and thus 1t is possible to vary the
wave-length range of the set by merely
changing the coil.

To lhisten-in to the Paris concerts, for
example, all that has to be done is to sclect
a coil of the appropriate wave-length range
according to the table, and adjust the con-
denser, and the signals will come in imme-
diately if the set be sufficiently powerful.

BURNETIZING. The name given to a
process of preserving timber from rotting.
The method consists essentially in im-
mersing the timber in a solution of
chloride of zinc in such a way that the
timber absorbs as much of the solution
as possible, the amount depending upon
the duration of immersion and the ab-
sorptive power of the timber.  The method
is chicefly applied in wireless work to the
preservation of aerial masts. The ama-
teur will find it more convenient to employ
some of the commercial solutions that can
be brushed on, as this avoids the necessity
of constructing an immersion trough.

BURNING OUT. The destruction of a
part of a conductor due to clectrical
overloading. In wireless work, for in-
stance, when the filament of a valve 1s
suppliecd with too great a voltage, the
filament wire i1s overheated, the material,
in cffect, 1s fused, and the valve is said to
be burnt out. Examples of burning out
are found with all manner of electrical
conductors, and so far as the wircless
experimenter is concerned the matter is
chiefly associated with the use of high-
tension batterics and low-tension accumu-
lators. There are two chicf practical
ways of guarding against burning out, the
first is to provide all conductors of sui-
ficient capacity to carry the maximum
clectrical pressure that can possibly be
brought upon them, the other is to intro-
duce a protective fuse. This has the
property that it will burn out at some pre-
determined voltage, and if this be lower
than the remainder of the circuit con-
ductors, it will automatically burn out,
and thereby sever the circuit and stop
the current flow, before the rest of the
circuit is affected. See Fuse.

BURNISHING. The art of producing a
brilliant lustre on the surfacc of metals
and other material by rubbing with
specially prepared implements called
burnishers. Issentials of the operation
are to prepare the surface of the metal as
neatly and smoothly as possible, and to

burnish by rubbing the surface with the
burnisher, the lustre being produced by
the slight surface hardening and closing
up the pores resulting from the application
cf the burnisher.

The whole process is really an art,
and one which is only acquired by
experience. It calls for manipulative
skill and dexterity and is a process which
is very difficult to describe in words. As
suggestions for the amateur experimenter,
two illustrations are given. Fig. 1 shows
the ordinary type of bent burnisher in use
on a small brass plate intended for attach-
ment to the exterior of a panel. Fig. 2
shows a double-handed burnisher in use
Lurnishing a bar of metal. In the first
case, the tool is manipulated with both
hands and turned and twisted in various
directions and moved to and fro with a
regular, steady movement. The degree
of pressure must be governed by circum-
stances and it is impossible to lay down
any hard and fast rules.

The test is whether or not the metal is
taking on a bright appearance. If it is
not, the pressure is probably insufficient.
Should the surface work up bright in one
part and not in another, it indicates that
the pressure is wuneven. If scratches
appear on the surface, it suggests that
cither the burnisher is imperfect and
requires re-polishing or, when too great
pressure has been exerted, the surface of
the metal is turned up.

Some operators prefer to work without
a lubricant, others advocate the use of
various lubricants, among which are ox
gall, vinegar, and argol water. The object
of all of them is -the same, to keep the
working surface of the burnisher as cool as
possible and to reduce surface friction.
The object is to have the burnisher glide
casily over the surface so as to compact it.

Burnishing is sometimes done in the
lathe, especially for circular objects that
can conveniently be chucked and rotated.
Burnishers vary in shape and size, two
tvpical examples being illustrated in
Figs. 1 and 2, and these are made of very
hard, close-grained steel, highly polished.
Others have an agate, or bloodstone end,
and are known respectively as agate and
bloodstone burnishers. They are used in
much the same way.

BUS BAR. A term used to describe a
single conductor employed to connect a
number of pieces of apparatus. The
example illustrated shows a bar in a power
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BURNISHING A SMALL WIRELESS COMPONENT

Fig. 1. Small articles such as the brass plate in the picture are given surface gloss by using a bent

burnisher. The article is to be used for the outside of a panel, and where finished appearance is
important burnishing provides the necessary lustre .

% ;
HOW TO USE A DOUBLE.HANDED BURNISHER
Fig. 2. Burnishing a bar or any similar object which cannot be laid flat may be accomplished by

using a double-handed burnisher. The work is held in a vice and operated upon as shown in
photograph
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plant used to supply electric light, but
similar bus bars are found in many other
picces of apparatus.  For example, a bus
bar may be used on a distribution board,
or on the back of a panel in a wireless
receiving sct to obviate a multitude of
loosce wires.

In the latter case the bus bar could take
the form of a strip of brass or copper, say
1in. wide and % in. thick.  This is fixed
to the pancl near to one of the edges, and
common carth connexions are made to it
by means of wires attached to terminals
soldered to the bus bar. The current-
carrying capacity of a bus bar is important,
and should be such that the maximum
currents of all the circuits. attached to it
are well within the safe loading capacity of
the bus bar.  With the average amateur

wircless sets this does not entail anything
very serious, but when the question is one
of the power distribution of a generating

that point

BUS BAR OF POWER GENERATING PLANT
Similar bus bars to the onc shown are used in wireless ap-
paratus for connecting a number of wires, or conductors, to
a common clectrical path. The bus bar must in all cases have
carrying capacity equal to the sum of ail charges mecting at

sct it calls for care and attention. The
matter is rcally one with the design of a
suitable conductor, and if treated as such,
the calculations may be based on the same
assumptions.  See Conductor; Current ;
Fuse; Resistance.

BUSHES FOR WIRELESS APPARATUS
Enonite bushes extensively used in wireless,
‘The three types illustrated are particularly useful
as bearings for spindles of variometers, rheostats
and other turning components.  The fourth type

(top, left) 1s a brass bush

BUSHES. Circular liners for
a hole.  Their purpose is to
strengthen the material around
the hole, or to provide a better
bearing or more resistant ma-
terial locally, as, for example,
a metal bush in which a metallic
spindle can turn. The metalis
better able to resist the wear
occasioned by the constant or
intermittent movement of the
spindle. Other bushes are used
for their insulating qualities—
for example, those wused to
bush a hole in metal when it
is desired to pass a conductor
through the hole. In such a
case the bush would be made of
cbonite or other insulating
material.

A few typical examples of
bushes are illustrated above to
show the general appearance
of some that are useful to the
amateur wireless experimenter.
The long bush is turned from
brass, and is suitable for such
things as the top of a bichro-
mate battery, as a guide for
the zinc lifting rod. It may
also be used for spindle bear-
ings. The threc in the tore-
ground are made of ebonite and
used as insulators.  There are
many types used for one of the
essential purposes mentioned.
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BUTT OF MAST

BUSHINGS. A\ lining inserted into a
piece of material to make the latter more
suitable for some particular purpose.
Examples are the brass bushes inserted
into an cbonite panel for the support of a
spindle, the use of insulating bushes to

EBONITE BUSHING FOR WOOD PANEL
Iiig. 1. Bushings arc inserted in this manner in
order to support a valve or other component in

wood or other non-insulating panel

protect a conductor, and the insertion of a
block of some comparatively expensive
material into a cheaper variety to sccure
the combination of cfficiency and low cost.

An example of this class of bushing is
illustrated in Fig. 1, and shows a block of
cbonite inserted into a hardwood panel.
The ebonite is secured by recessing it into
the wood and leaving a projecting edge or
rebate on the edges of the wood to act as a
support for the chonite, which is secured by
means of fine brass screws or pins.  In
such a case the chonite should stand
slightly above the
normal surface of
the wood, as this
assists the insulat-
ing qualitics. The
example illustrat-
¢d shows the
chonite panel
marked out readv
for drilling  the
holes for the valve
legs,

An example of the use of a bushing to
insulate a conductor is that shown in Fig. 2,
where a brass disk is insulated in the centre
with a circular bush of ebonite. This is
fixed in place by making it a tight it in the
hole drilled in the brass plate and sccuring

IMig. 3. Bushing in ebonite

is often carried out as

above. A brass  bush

forms o bearing for a
turning spindle

D 95

it with a tracc of insulating compound.
This is possible, as there is no tendency
for the bush to come out, and as the plate
is thin the bush can be screwed in with
a twisting movement. This causes the
ebonite to bite on the edge of the hole in
the brass, and helps to keep it firm. A
better method is to make a double bush
and screw the two parts together, thus
pinching the plate between them.  When
a moving part such as a brass rod has to
pass through a material such as chonite
it is desirable to bush the hole with a metal,
as brass, and one way of doing this is
illustrated in Fig. 3, where a bush 1s shown
attached to a plate of ebonite by means of
two round-headed screws passed through
the flange on the bush.  This type of bush
is much allied to a small bearing, and mav
often be used in that way on small wircless
apparatus.

BUTT OF MAST. The bottom part of
a solid pole which is used as an aerial
mast. The batt is an important con-
sideration when choosing a pole for an
acrial mast, as it is that part that has
to be embedded in the ground, and is,
in consequence, subjest to considerable
stresses.  Moreover, 1t has to withstand

EBONITE BUSHING
Insulation of a brass disk by means of an
¢bonite bush, through which the connecting wires
are passed

Fig. 2.

the constant changes of the soil due to
rain and drought. For these reasons it
is desirable that the butt be as solid and
of as great dimensions as possible.

In most cases a pole is chosen for its
straightness and even taper, but it is no
detriment if the butt be somewhat bent
over at the end. or if it has a projection
such as that left when a branch has been
lopped off.  The added weight of the butt
due to the increase in local bulk helps to
keep the pole erect.

Y1
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BUTT OF MAST

Fig. 1 (top). Preparation has been made for
erecting o typical mast, the butt of which is in
position for insertion into the hole. Fig, 2.
Wooden checks have been added to the butt of
the mast in this case as a means of reinforcement

The trcatment of the butt to protect
it from rotting is dependent on the nature
of the wood. When this is vak the bark
should be removed and the butt allowed
to dry off, when the mast can be set up
without further treatment. If however,
it is soft wood, as is generally the case
with a scaffold pole or the like, it is pre-
ferable to peel off the bark and set the
butt in a pail or tub filled with creosote or

some good wood preservative, such as
solignum.  Allow the butt to remain
immersed for several days, and thereby
give the fibres time to absorb the pre-
servative. The mast is then set up by
digging a hole in the ground, placing the
butt in it, and well ramming the earth
around it, piling up the earth around it
to allow for the shrinkage of the ground.
A typical butt ready to be placed in
position is illustrated in Fig. 1. When a
prepared timber mast is used the butt -
is generally somewhat larger'in size than
the pole, and is squared. Another plan
sometimes adopted is to add cheeks of
wood to a pole mast (Fig. 2), the foot
of the latter having been roughly squared.
The cheeks are simply four stout pieces
of timber screwed or bolted to the flats.
These parts ought to be thoroughly well
creosoted or treated with tar, to render
them as damp-resisting as possible. With
either of the latter arrangements the top
of the squared portion or the cheeks may
project about a foot above the ground-
BUTTON INSULATOR. A small wu-
sulator made of porcelain or similar
material, and so named
because of its general form
and size, as indicated by the
illustration. Button insula-
tors are used for the support
of a conductor, and as feet
or supports for small base-
boards. See Insulation.

Porcelain
button
insulator

BUZZERS AND THEIR USES FOR EXPERIMENTERS

How to Make and Use these Test Instruments

In this section the amateur is told how a buzzer works, how to make one for testing
the receptivity of his crystal set, and how to use it both for this-purpose and
practice in sending and receiving messages in Morse. See also Crystal; Morse; Tikker

A buzzer (symbol —3g85 ) is a low-
power generator of damped oscillations
used for tuning radio circuits.

Buzzers do not form a necessary part
of a receiving circuit.  They arc a very
uscful adjunct in testing the efficiency
of various crystals, and in the wave-meter
the buzzer also plays an important part.
The buzzer works on exactly the same
principle as an electric Dbell, the only
difference being that the buzzer has an
extremely light armature. This allows of
much more rapid vibration, the hum of
which is alone responsible for the sound.

The essentials of a buzzer consist of
an clectro-magnet (ormagnets, «¢, a, Fig. 1),
a light armature of soft iron, b, rigidly

fixed at one end and supported near the
electro-magnet in such a position that it
obtains the maximum influence from'the
lines of force of the magnet. A metallic
stop (¢, Fig. 1) rests against the spring
whken it is not being influenced by the
magnet.  Fig. 2 shows a theoretical
diagram. T, and T, represent terminals
attached to the battery operating the
buzzer. Supposing T, is connected to the
positive terminal of the battery, then
the current will flow from T, to ¢. As
the armature is normally resting against
the post, ¢, and making electrical contact
with it, the current flows on through
the magnets and to the negative terminal
of the battery.




BUZZER

ESSENTIALS OF A BUZZER
Fig. 1. Construction of an ordinary common buzzer
is represented in the above diagram, a « being the
magnet coils and b the soft iron armaturc

The circuit is thus complete, and causes
the armature to leave post ¢ owing to the
attraction of the field magnets. Immedi-
ately on leaving post ¢ the circait is
broken and the magnets cease to pull the
armature, which, owing to its springiness,
returns to post ¢. Once more the circuit
is completed, the magnet attracts the
armature, and so the cvcle continues
until the battery circuit 1s permanently
broken. The frequency of these vibrations
will depend upon the weight of the arma-
ture and the distance of its movement.
The heavier the armature the slower it
will vibrate, and vice versa.

When the armature breaks the buzzer
circuit another important change takes
place. Energy is retarded in the buzzer

S

BUZZER THEORY
Fig. 2. To appreciate the action of a buzzer, this
circuit diagram should be studied. The current
operating the buzzer is supplied from a battery
connected to the terminals T,, T.

BUZZER

colls owing to their high inductive value,
and feeble oscillations take place. Al-
though these oscillations are very feeble
they are sufficiently powerful ~ to be
registered on a wireless receiving set. We
have, therefore, in cffect a small trans-
mitting station, to which the crystal or
other detector can be adjusted for its
best point of contact or receptive power.

In a large buzzer having a high in-
ductive value the energy released on the
circuit being broken by the armature is
so large that it will jump across the gap
where contact is made and broken in the
form of a small arc. For this reason a fixed

SIMPLE HOME.MADE BUZZER
Fig. 3. This instrument, simply and easily made,
is a thoroughly efficient accessory to a crystal set.
It is employed for testing receptivity of the
crystal

condenser is placed across the gap. This
has the efiect of holding the charge until
the armature once more makes contact.
This sparking tends to burn and pit the
conductors at their point of contact.
Partlv for this reason, and partly to
prevent bad contact from oxidation, these
points of contact are made of platinum.
The platinum is usually riveted on, but
occasionally it is soldered.

How to Make a Buzzer. In thc con-
struction of the buzzer shown in Fig. 3
such a refinement will be unnecessary.
The materials needed are to be found
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in the scrap material of anv wireless
enthusiast.  The buzzer 1= of robust con-

struction, and i care be taken in its
manufacture it should stand up to con-
siderable scervice and even rough usage.
Matertals required :
4 telephone terminals.
1 block of hardwood, 31 in. by 2} in.
by 4 in.
11b ol 26-gauge D.C.C. wire,
4 1n. soft iron rod, 44 in. diameter,
2 small terminals.
1 =trip of thin, solt iron, 13 in. by # in.
1 contact serew and 2 nuts,
1 clamp-screw and nut.
2 2 B.A. brass washers.
The parts are shown in Fig. 4.
Take first the base, of any hardwood- -
beech, oak or mahogany will be suitable.
EEbonite mayv be used if to hand.  Square

\
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PARTS REQUIRED FOR BUZZER

Fig. 4.
simple buzzer illustrated in Fig. 1.
used instead of hardwood

this up to size, 33 in. by 2}in. Now drill
the four holes as marked m Fig. 5. This
should be done with great care, as upon
the position of these four holes depend
the positions of the armature strip to
the magnets and the contact screw to the
armature strip.  The design of this buzzer
lendsitself, however, to adaptation through
inaccuracies of workmanship.

No definite size can be given for these
holes, as they depend upon the diameter
of the screw holding down its terminal.
In buying the terminals those having a
2 B.A. stem should be obtained, when
only a % in. diameter drill will be necessary.
The two small terminals need not be any
special varietv. They are merelv binding
posts to connect the buzzer to the battery.

The selection of the four large terminals
is, however, much more important.  They

must be of the telephone pattern—that is,
the type of terminal having a hole in it
to clamp the wire. Select a terminal with
sides parallel to cach other—if not all the
wav down, then at least parallel near the
hole {see Fig. 6). The terminals should be

T
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Complete set of parts necessary for constructing the
An cbonite panel may be

LAY-OUT OF BUZZER PANEL
IFig. 5. Dimensions are here given for the con-
struction of the panel of the buzzer. This diagram
is approximately three-quarters actual size

fairly large, complying with the two follow-
ing conditions : (1) That if the hole is not
already of +, in. diameter, it is capable
of being drilled out to that
size without weakening it.
(2) That the distance from
the centre of the hole to the
base, when mounted, is not
less than 1 in.

The reader 1s recommended
to visualize the design of the
buzzer, and by understanding
the purpose of cach part he
will be able to use more indi-
vidual discrimination. It is
very important to get terminals that
match in every particular.

It the base is intended to stand on a
table by itself, all holes on the underside
must be countersunk. The casiest way is
to screw the buzzer on to a shallow box or
trav, or to glue or screw on four strips of
wood on the underside of the base.

Before fixing terminal B (Fig. 6),
one side should be filed flat in
order that the iron strip may be
properly bolted on to it (Fig. 3).
This terminal, and also terminal A,
has a short length of wire
attached wunder the tightening
nut or screw.

The soft iron strip
next item to consider. This is
long and ¢ in. wide.
At a distance of % in. from one

is the

Fig. 6.
How the 3
terminal Iz 0.

is cut
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strip of such a size as to enable it to be
bolted on the flattened side of terminal D.
Before final assembly this strip should be
polished bright with a fine grade of emery
paper.  This should be done on a perfectly
flat bench or plate in order to minimize
the risk of buckling the strip, which would
be fatal to its cfficiency.

The strip should be bolted on and the
terminal mounted. The hole in terminal
A need not be  enlarged. A screw
having a large diameter knurled head
should be found to fit.  If it is possible
to tap a thread into the -
terminal hole and screw the
knurled screw, so much the
better.  If facilities for this
arc not available, the fit
should be as nearly as possible
perfect, and final setting can
be effected and rigidity ob-
tained by tightening down the knurled
screw on the head of the terminal. A
little lead paper packing may be found
uscful in fixing this screw. A short length
of wire is attached to the underside of
this terminal.

For the magnets take a piece of soft
iron rod of 4% in. diameter. This 15 bent
at the centre into a horseshoe shape,
with the exception that
the sides are kept parallel
(Fig. 7). The distance
between the centres of this
rod should be 2 in. An
casy way of making this
certain 1s to bend it over
a former of hardwood
slightly less than §in. in
thickness. Now file the
ends  quite square  and
smooth and rub them
Dimensions of  bright with emery paper.
horseshoe mag-  Put the two remaining

net large terminals 1 the

holes made for them, and

adjust the iron magnet to slide in and

out of the terminals without undue

friction. The terminals are left on and
the knurled terminal tops tightened.

Cut four circles of §in. diameter from
thick cardboard and drill +; in. holes in
their centres. Slip one over the end of
cach of the magnets until it stops at a
distance of 11in. from the outer end.
Cover the straight shanks of the magnet
with shellacked paper to within } in. of the
outer end and slide on the remaining two

p
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Fig. 7.

BUZZER

disks, thus forming a bobbin; or bobbins
may be bought «s seen in Figs. 3 and 8.

Give the paper and cardboard several
coats of shellac and allow to thoroughly
harden.  Now wind on the wire, keeping
even Javers and applying a coat of shellac
after each laver. Having (lled one bobbin,
do not break the wire.

COMPLETED BUZZER SUITABLE FOR WIRE-
LLESS TESTS

Fig. 8. Tests are frequently necessary to deter-

mine the most sensitive spot on a crystal before

broadcast reception begins, and the buzzer

described and here shown complete is very

suitable for this and other purposes. It is not
difficult to make and very inexpensive

Commence winding the second bobbin,
taking carc to start winding in the oppo-
site direction.  This 1s important, as if the
second bobbin is wound the wrong wav one
magnet will neutralize the other.

Continue winding the second bobbin
until the same amount of wire has been
put on. Both bobbins should now be
protected with shellacked paper. The whole
magnet may now be placed in position
about sy in. in front of the armature.
The small terminals can now be fixed
down and the wiring completed. The
wire clamped under terminal A, Fig s,
is taken to either small terminal. Either
free end of the magnet windings is taken
to the remaining small terminal and the
other free end 1s bolted under the nut
and screw ot the armature strip.

Connect up the battery and adjust
the knurled screw. If the armature sticks
to the magnet ends the terminal supporting
the armature strip can be slightly slackened
and slewed round, giving greater clearance.
On the other hand, the armature strip
may be pressing too hard against the
contact screw. If this is so, correction
can be made by turning the post in the
other direction.
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Other Types of Buzzers. If an electric
bell is available it can very easily be
altered into a buzzer by removing the
complete armature and substituting an
rron strip similar to the one just des-
cribed. A small steel strip will be found on
the bell armature. This can be removed
by carcfully filing off the rivet heads
and riveting it on the buzzer armature,
The best way of effecting the alteration is
to use the bell armature as the jig for
making the new one. This ensures getting
the platinum point on the small steel
strip registering with the platinum point
of the adjusting contact screw.

A simple type of commercial buzzer
constructed on these lines is shown in
Fig.9; the armature is of the bell pattern,
with a small stecl spring having a contact
at one end and at the other mounted on
a short post. Attached to this spring is

SMALL COMMERCIAL BUZZER

IFig. 9. Commercial buzzers, such as the above,
present a neat appearance and are suitable for

permanent inclusion in wireless sets. They are
usually similar in principle to the home-made
buzzer described on preceding pages

an iron armature located in front of the
poles of the magnet cores. Tension of
the spring is variable by the small screw
scen at the cond ncar the support. The
contact screw turns in a vertical post
and varics the time at which contact is
made.  With these two adjustments the
vibration rate and the note can easily
be varied.

The buzzer shown in Fig. 10 is a labora-
tory type of instrument and has several
special features; the note can be varied
by the movement of a cam, and has a
range of three octaves. It is mounted
on an cbonite base, and the apparatus
1s enclosed in a brass case with a glazed
top to facilitate observation of the action.

The three terminals are fitted so that
a telephone can be introduced into the
circuit when desired. A single magnet is
used, and to obviate sparking at the
contact. points a small graphite rod is
provided which can be shunted across

the coil, across the contacts, or cut out
by movement of a contact arm.

The experimenter desirous of learning
the Morse code and acquiring the needful
skill in operation to acquire a transmitting

NAROH TUNING BUZZER
Fig. 10. Specially constructed buzzer made

to give three distinct octaves. Tt is tuned by

means of a cam adjuster

Courtesy A. W. Gamage, Ltd.

licence or to enable the numerous messages
that are transmitted in the Morse code
to be read, can well use a combination
instrument such as that shown in Fig. 11,
illustrating the combination of a buzzer,
Morse tapper or key, and a flash lamp.
This can be operated anywhere when
suitably connected to a battery, and the
signals can be read by another student
from a distance by observation of the

FLASH LAMP AND BUZZER

Fig. 11. Morse code may be learned by means
of a combination of buzzer and flash lamp: this

instrument is specially constructed for such a

purpose
Courtesy A, W, Gamage, Lid.

a
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intermittent flashes from the lamp. The
instrument can be used singly in this
way or in conjunction with a similar
station connected by wires.

Buzzer Tests for Crystal Sets. The
amateur will find the greatest use for
a buzzer is in finding the most sensitive
spots on a crystal. By its aid the set
can be tuned to maximum receptivity, at
least as far as the crystal is concerned.
The ordinary run of crystals have one
or two fairly passable points which
give signals, but there is generally one
particular spot that is by far the most
superior.

To find this while a broadcast concert is
in progress is unsatisfactory for several

reasons. In the first place there is the

natural desire to hear the music. In the
second there is the difficulty of correctly
judging the sensitivity of the crystal, as 1t
may happen that tuning is carried out at
a time when a band is playing and the
signals seem to be strong. The next item
may be a song with considerable variations
of tonal qualities and changes in the
volume of sound.

The difficulties are all overcome when a
buzzer is available, as the tests can be
carried out before the broadcasting begins.
There are several ways in which the buzzer
can be used. For example, it may be
permanently incorporated into the cabinet
and used as required by simply pressing
the contact switch. By another method
the buzzer is placed in some remote
position, so that it cannot be heard except
through the telephones of the set. A
third variation is the use of a buzzer unit
which may be operated in proximity to
the set.

This is possibly the best arrangement for
the experimenter, as it is then available for
the testing of various parts of the appara-
tus. For example, it can be used to test
the electrical continuity of a tapped in-
ductance coil. The buzzer is simply
placed in series with the coil and a low-
tension battery. When the contact arm
1s on any of the studs the buzzer should
sound, as the circuit 1s or should be
complete through the buzzer, as shown in
Yig. 12, which 1llustrates the application
of a buzzer to a test circuit for a tapped
inductance.

The note of the buzzer will vary accord-
ing to the resistance of the coil, or that
part of it which is in the circuit at the time,
and should this resistance be excessive

the buzzer may
cease to sound
unless addi-
tional battery
power be forth-
coming.
Should, how-
ever, no sounds
be heard when
the contactarm
Ison a parti-

BUZZER TEST
Fig. 12. The windings of an cular stud, it
inductence coil and its tap- jeans that the

pings may be tested with the
aid of a buzzer by this
arrangement

particular tap-
ping is faulty,
probably due
to a poor connexion, the presence of
insulation between the coil winding and
the tapping point, as may happen when
enamelled wire is used.

The general principle of using a buzzer
for testing a crystal is that the buzzer,
when in operation, becomes a tiny trans-
mitting station operating with one note
and at a high frequency. Consequently
high-frequency pulses of energy are
radiated from a wire forming part of the
buzzer circuit and these waves can be im-
pressed on the receiving set. When the
crystal is correctly adjusted the sound of
the buzzer will be clearly heard in the
telephones, although the sound of the
buzzer itself may be inaudible to the ears.

Aerval Tumng
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TESTING CRYSTAL SENSITIVITY
Fig. 13. Weak oscillatory waves from the
buzzer impressed on the receiving set by the
above arrangement enable tests to be carried
out to find the most sensitive spot on a crystal

One way of impressing the buzzer waves
on the receiving set is to make one or two
turns of the wire around, say, the in-
ductance coil of the aerial tuner. The
energy passing through the buzzer wire
sets up a magnetic field around it and
this induces a corresponding current in
the receiving set, thus providing the
requisite means of tuning.

The circuit diagram, Fig. 13, shows one
example of this type of test. Another way,
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shown in the form of a circuit in Fig. 14,
consists in placing the buzzer wire near to
the receiving set and picking up the signals
in exactly the same way they would be
from a {ull power station.

Still another way is to connect the
buzzer in the usual way to a battery and to
connect a wire from the interrupter to the
carth lead of the receiving set, as in Iig. 15.
When a tuned buzzer, as for example one
having a resistance shunted across the
magnet windings, is used the circuit may
take the form illustrated in Fig. 16. The
shunted buzzer battery and sounding key
or press are connected in series. One end
of the series is connected to the earth side
of the tuner and the other end to the aerial
tuner in such a position that the buzzer
circuit is completed when the key is de-
pressed. The buzzer circuit cannot be
completed if one part of it be connected to
the acrial side of an aerial tuning con-
denser, as the latter is not a conductor of
direct current.

Another use for a buzzer is in conjunction
with a condenser which, when the buzzer
is in operation, can be readily charged up
to its discharging voltage. If an oscillating
circuit be connected across the make and
break of the buzzer, as in Fig. 17, and the
latter connected to a source of direct
current, the discharge of the condenser will

Aerial Tunmg
lnductanceé ~
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sct up high-frequency oscillations in the
circuit. Themethod 1s extensively used to
energize a short-range transmitting oscil-
lator or for testing the receiving circuit of
a crystal detector.

Another application of the buzzer is to
render an ordinary crystal set capable of
receiving continuous wave signals.  Thisis
accomplished in one.method by combining
two buzzers, one to actuate the other in
such a way that the current flows through
both coils of the buzzers. When the con-
tact maker of the second buzzer is discon-
nected, only interrupted direct current flows
through the second coils. The contacts of
the second buzzer are connected into the
circuit in place of the crystal, so that the
armatureof thesecond buzzer, asit vibrates,
interrupts the continuous wave signals and
renders them audible.  This phase of the
use of the buzzer is more particularly dealt
with under the heading Tikker.

B.W.G. Abbreviation for Birmingham
Wire GGauge. Tt is one of the oldest of the
wire gauges, and is an empirical method
of measuring wires in contrast to the
geometrical method of the Imperial Stand-
ard Wire gauge. See Gauge; Wire.

Fig.
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Fig. 16

BUZZERS AND THEIR USES IN WIRELESS CIRCUITS

Iig. 14, Radiation tests can he carried outin this manner: A lead from the buzzer is piaced
near the aerial inducticn coil to enable buzzer waves to be picked up in place of signals, as in
ordinary reception.  Tig. r3. Direct excitation test.  The buzzer is connected with an interrupter
and battery to the carth lead. Fig. 16. Circuit conuexions are made in this test with a buzzer
having a resistance shunted across the magnet windings.  Tig. 17. High-frequency oscillations can
be produced in a circuit by using a buzzer and condenser, the latter being chargéd up to its

discharging voltage

Lo

L
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BY-PASS CONDENSER. A bv-passcon-
denser is a fixed condenser placed in such
a position, relative to an inductance, that
1t prevents a steady direct current from
passing, but at the same time offers
practically no resistance to high-frequency
or modulated current.

Perhaps the best-known applications of
a by-pass condenser in wireless receivers
are a condenser of, say, ooz mfd.
across the H.T. battery, and one of, say,
004 to -0o5 mifd. in series with a
choke, and both placed across a loud
speaker.

The ordinary dry-cell H.T. battery offers
great resistance to high-frequency  or
speech-modulated currents, and therefore

- when working a set of more than onc or

two valves, fairly large currents begin to
be taken from this battery, and for that
recason a large condenser is placed across
it. Dircet current of constant potential
is completely stopped by such a condenser,
but, as is well known, alternating or
oscillating currents are not. By this means,
then, we have the ideal arrangement for
H.T. batteries, namely, a means of almost
eliminating their resistance to modulated
currents, and at the same time having
no loss of current through unavoidable
discharge.

Loud-speaker work is really very little
understood by many experimenters; in-
deed, many consider they have done every-
thing possible by merely substituting the
loud speaker for the telephones. This,
however, is not good practice, and great

— le

Loud Speaker
afm’/’/’fme

L e
THEORY OF BY.PASS CONDENSER

I'ig. 1. Speecl-modulated currents are allowed
to pass the condenser C, but not the plate
current.  High impedance is offered to the
speech current by the choke L, which provides
a steady plate voltage and improves the tone in

the Ioud speaker

improvements can be obtained by using a
filter-feed circuit.  The safeguarding of the
loud-speaker windings is also accomplished
at the same time. Iig. 1 is a circuit
cmploying this device.

In this circuit I. is an iron-cored in-
ductance or choke coil, while C is a Mans-
bridge or other condenser of 4 mfd.
Reference to the article on  choke
coils will disclose full instructions for
making a choke for this purpose. It will
be seen that the arrangement shown in the
above circuit fulfils all the conditions
necessary for good results with loud
speakers, and tends to minimize distortion.

The condenser, C, allows the speech-
modulated currents to pass through it

BY.PASS CONDENSER

Lig. 2. A by-pass condenser is a larger variety
of the ordinary fixed condenser. A common use
for it is the protection of the loud speaker

windings from direct currents

easily, but prevents the plate current
from doing so, thus protecting the loud-
speaker windings. On the other hand, the
choke, L, offers a very high impedance to
the speech current, but provides a ready
path for the steady plate voltage.

It inight be thought that by preventing
the anode current from going through the
loud speaker a loss of volume would
accrue ; this is not the case, however, for
it is the modulated current solely which
operates the loud-speaker diaphragm. The
anode or plate current has no such
cffect, but simply heats the windings.
Ilig. 2 shows an ordinary form of by-pass
condeuser of -coq4 mfd. capacity. See
Choke Coil ; Condenser ; Loud Speaker.

‘VW\M‘\MI\NVV\NV\I\M§ AANANANANANANANANANY

This usually represents the chemical
symboal for carbon. Tt is also the standard
symbaol in clectricity for coulomb and, in
italics, the international symbol for
capacity.. See Abbreviations ; Capacity ;
Carbon; Coulomb.

Ca. Chemical symbol for calcium, one
of the metallic elements.  See Calcium.
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CABINETS FOR WIRELESS RECEIVING SETS

Design and Construction of Twelve Types Fully Ilustrated

Here are given full instructions, illustrated with a large number of photographs and
diagrams, showing how the amateur can make his own cabinets, whether of the
simple type suitable for a modest crystal set, or the elaborate article intended for a
multi-valve set. The reader should also consult such cognate subjects as
Amplifier ; Bench ; Brace and Bit ; Glue. See also Ebonite ; Panel

The word cabinet includes in its mean-
ing the great variety of pieces cf furniture
and cther articles of ‘domestic utility,
but to the wireless experimenter it refers
to the case or container for the receiving
or transmitting sct.

The great advantage of a cabinet is
that it provides a convenient way of
protecting the apparatus from damage.
In its simplest form it is nothing more
than a box, but there are numerous
cxamples of well-designed pieces of fur-
niture suitable for any room in the home.
All of them come under the same heading,
and their essential purpose is the same-—
to pruvide a secure container for the
wireless set. The enthusiastic experi-
menter may be inclined to scoff at the
highly polished cabinet sets and to assert
that a cabinet is of little utility to those
who prefer to build up and try ocut a
variety of different circuits. There is
no reason why such experiments shculd
not be made in a cabinet designed for
the purpose, and it is probable that the
apparatus then would be better treated.

Important Considerations in Design

There are several points that should be
borne in mind in the design or selection
of a cabinet, as, for instance, that of
including the low-tension accumulator
within the cabinet itself. There is
always a certain amount of fumes from
an accumulator, and these should not
be imprisoncd within the cabinet, as,
sooner or later, they will adversely affect
the metalwork of the apparatus.

Another point to consider is the position
of the valves. In some casecs these are
placed on the exterior of the set, and
although in this pesition they are readily
accessible they are equally exposed to
damage, and mecdern practice tends to
locate the valves within the cabinet and
to provide a window for the inspection
of the filament. When cnly a small
cabinet is used there are the questicns of
the proximity of the parts to consider.
For example, it is wrong to jumble up the
inductances with the transformers and

resistances, as there is then bound to be
a scrious interaction between them.

It is best, therefore, to provide
adequate space for all the pieces rather
than crowd them together. Many cabinet
sets are made that only incorporate the
receiving apparatus and do not include
an accumulator and H.T. battery, but if
a cabinet set is to be made it is just as
well to provide a place for them, but to
keep them frcm the other parts.

Making the Simplest Cabinet

In the following pages are given details
of the construction of several typical
sets, and any desired mcdifications can
readily be made, as the details of the
construction of a cabinet are common to
all. For instance, the construction of a
housed joint for a small case is the same
when it is used in an elaborate cabinet.

The simplest type of cabinet is the plain

flat box as shown in Fig. 1, where the top

is composed of a sheet of ebonite on which
are mounted the various instruments.

The case is shown in Fig. 2, and com-
prises five scparate parts—the bottom,
two ends, and two sides. These are
jointed at the corners with the kind of
dovetail joint generally known as combed.
The bottom has a moulded edge and is
merely screwed to the {ramework. The
essentials of such a construction are that
the corners be perfectly square and the
top surface level. If it is not the ebcenite
top may be cracked right across when the
holding-down screws are tightened.

It is customary to measure this class.
of case by the outside dimensions; con-
sequently, in the construction, prepare
the timber accordingly. Cut two pieces.
slightly longer than the exact length of the
sides, and two others for the ends. Plane
the ends by placing the timber crosswise
cn a shooting board, so making the ends
square and true, and finish them slightly
on the long side rather than too short.
The other edges are then planed true and
parallel and the joint prepared.

The details of the joint are clearly
shown in Fig. 3. The depth of the slots.

<



| Fig. 1. A neat and simple cabinet without Fig. 2. Similar to the cabinet in Fig. 1, this
i decoration or elaborate design exambole is made with combed dovetail joints

Iig. 4. An alternative method is to make mitred joints, cutting a
rebate round the top edge of the basce to support the side pieces

i I'ig. 3. Dovetail corner before Fig. 5. Working on one of the side pieces. Two sides of a
o < ; L DD k=l X ;
¢ the two sections are joined cabinet made in this way are seen crected

Iig. 6. Before permanently assembiing the parts, Fig. 7. The completed cabinet,
the whole construction should bLe put  together stained and polished

loosely as a test of truth

SIS  eR l

PLAIN AND SIMPLE CABINET FOR WIRELESS SET
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should be equal to the thickness of the
timber, and the width about the same.
Success in construction is more a matter
of accurate marking out than anyvthing
clse, and of sawing to the waste side of the
line—that is, the part that will nltimately
be cut out. The saw to use is a small
tenon saw, and the cuts are made down-
wards while the wood is held in a vertical
position in the vice.

When all the cuts have been made the
mtermediate pieces of woed are cut out
with a paring or firmer chisel, preferably
the width of thé slot or slightly less.
The preliminary cuts may be made by
driving the chisel with a mallet, but the
final fitting is done with the chisel driven
by hand, carefully working the slots until
all fit closely together.

An alternative wayv is to mitre the
corners as shown in Fig. 4, and to cut a
rebate cr recess around the top edges of
the base to act as a support for the side
pieces.  The method of cutting the mitres
is clearly shown in IFig. 5, and all that has
to be done is to prepare the timber to
exact length and chisel the end grain to
an angle of 45 degrees. This is done with
the aid of a bevel square, seen on the
workbench in Fig. 5, where two of the

side pieces are shown in position on the

base and the other part on the bench.

v

HOUSING JOINT FOR CABINET

Ilig. 8. Strength and simplicity are combinced
in the housing joint.  This kind of joint is simple
to make and is recommended to the amateur

In this casc the pancl of ebonite that is
fitted to the top 1s housed in a rebate, and
the method of making it is described Jater.
To assemble the case, first it one corner,
as shown in Iig. 0, by screwing the base
to the side pieces after they have been
secured at the corners with glue and fine

o . CABINET

pins driven into the corners. The re-
maining two sides are then glued at the
corners and pinned, and then glued to the
others that are already fixed.  The result
is a strong and neat case as shown in Fig. 7.

An casilv imade joint that is also a
strong one 12 shown in Fig. 8, and is known
as a housing. It consists of a groove cut

DOVETAIL JOINT

IFig. . This 15 a very rigid form of joint which

can only be taken apart in one way. It is largely
used in professional work

across one part with the aid of the tenon
saw and the timber cut out of it with a
narrow chisel.  The other part is partly
cut awav on onc side of the end, cither
with a saw or with a rebate plane.  The
resulting projection or tongue is then
fitted to the groove by careful chiselling.

The dovetail joint, Iig. g, is another
that is extensively used and is there
clearly shown. The special feature is
that the joint can onlv be taken apart in
one way, as the shape of the projections
prevents it moving in the other direction.
These joints call for a considerable degree
of skill to make nicelv, but the work
itself consists simply of marking out the
joint accurately and then sawing along
the sides of the V-shaped parts and after-
wards cutting away the wood with chisels.

With all these classes of joints, such as
the housed and the dovetail, the usual
custom is tc fit them so that a small
portion of the joint projects, and when the
case is finished to plane them smooth and
finish by sandpapering. This usually
results in a good close-fitting joint.
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quently made with a sloping front

appearance and suited to hard wear.
quire care in arranging the components

Fig. 10. Commerciallv-made cabinets, as well Fig. 11, Cabinets are designed according to
as those constructed by the amateur, are fre- purpose, bearing in mind that separate units

Courtrsy Economic Eleciric Co., Ltd.

I'ig. 12, Sloping front cabinets are pleasing in

should be wuniform in appearance

IFig. 13. Cabinets of the sloping front type are
They re- very suitable for housing complete sets. The

above is a two-valve amrplifier with hinged back

WIRELESS CABINETS WITH SLOPING PANELS

The natural development ol the flat
case 1s the upright inclined type as shown
in Fig. 10; the construction is similar to
the foregoing, with the exception that the
sides are taller and tapered. In the model
illustrated the valves are exposed on the
outer side of the panel. A better plan
is to enclose them as shown in Fig. 11, a
three-valve receiving set by the Economic
Electric Co., Ltd.

The appearance of the cabinet for this
kind of set is shown in Fig. 12, from which
it will be scen that it is simplv an inclined
case, the sides and back, together with the

low front piece, being the equivalent of the
side pieces of the simple Hlat type. The
back and top are jointed in the same way
and the bottom screwed in place. Such
cabinets are very strong. With this type
of cabinet it is sometimes difficult to
accommodate the apparatus, especially
when it is desired to place, sav, the
transformer on the baseboard. It is
then better to utilize the pattern illus-
trated in Fig. 13, where the front part
Is increased in height for this purposec.
The cabinet illustrated houses a two-valve
amplifier and the back is hinged as shown
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in Tig. 14, to enable the valves to be
reached or replaced.

Another wvariety of cabinet is that
with hinged top of the type shown in
Iig. 15, which shows a single-valve set.
To operate this class of receiver the
hinged lid is opened, the valve placed in
position, and the tuning carried out in the
usual way after the batteries have heen
connected. This is not so convenicnt as
the former type, as the valve has to be
removed before the lid can be shut and all
the connecting wires have to be discon-
nected.  On the other hand, when port-
ability is a consideration the design has
much to commend it, as it closes up into
compact compass and a carrving handle
on the top is an aid in this direction.

CABINET WITH HINGED BACK
Iig. 14. Lacilities for replacing wvaives and
examination of the working of the sct are pro-
vided in a sloping front type of cabinet by hinging
the back

The construction of a hinged lid cabinet
as shown in Fig. 10 is simple. The material
used is ordinary building deal obtained
from the timber vard and nicely planed
up true. The side pieces arc made the
full height of the box and the lid, the
corners mitred as previously described
and the base screwed in place.

Before this is done, grooves are cut
across the inner faces of the side pieces for
the partition scen in Figs. 18 and 1q.
The top is cut from material 1 in. thick.
This finishes when planed only about % in.
thick. It is then glued and pegged to the
top of the sides with little pegs made
from match sticks. When the glue has
set the corners are rounded off with a plane
and the whole of the exterior planed up.

318 CABINET

HINGED TOP CABINET OPEN
[1g. 15. Square bLox cabinets with hinged tops
as here shown are well known among wireless
enthusiasts
Courtesy Economic Electric Co., Ltd.

The box is now in the {orm of a com-
plete structure enclosed on all sides, top
and bottom, and the next step is to draw
a line around it where the lid is to fit to
the case, and it is then sawn asunder as
shown in Fig. 17, using a fine-toothed
tenon saw and following the line very
carefully. Commence sawing at one corner
and work from corner to corner, as this
tends to accuracy. The appearance of
the case immediately after sawing off the
lid is shown in-Fig. 18.

AMATEUR-MADE HINGED TOP CABINET
Iig. 16. The construction of this cabinet in
planed deal is illustrated in the photographs on
the opposite page. It is made portable by the

addition of a handle
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Fig. 17 (left).  After the box has been made, all sides, top and bottom being glued together, the

corners of the top are rounded and the lid is formed by sawing clean through the structure.

Fig. 18 (right). Before assembling the box, two sides have grooves cut in them to accommodate
a partition, secen above.  Note the lid, which has been cut off as in Fig. 17

-

Fig. 1y (left).  Brads ave inserted to secure the panel fillets, these are punched home to avoid

their contact with any part of the apparatus. Fig. 2 (right). Butt hinges are used in the

construction of the hinged top cabinet. In this photograph the ebonite panel is shown in
position fitted flush with top

Ilig. 21 eft). Staining the completed cabinet should be done before the handle and hook-and-cye
are attached. The stain may be brushed on in the manner illustrated, *Tig. 22 (right}. An altér-
native method is application with a ray. This gives a more even colour, and the process is quicker

~ CONSTRUCTION OF A HINGED TOP CABINET
219
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The partition 1s in place, having just
been put in position by sliding it into the
grooves already cut for that purpose.
The joint is then planed up so that the
lid can fit down flat and true. The
pancl is in this case supported by fillets
of wood secured to the mner {aces of the
main portion of the cagse. This is accom-
plished by the use of a nail set or punch,
as shown in Fig. 1g. The fillets are set
about }in. below the top, <o that the
ebonite panel can fit down into it nicely,
as shown in Fig. 20, which also shows the
butt hinges recessed into the wood so that
the lid can close properly.

A carrying handle and hook and eve
for keeping the lid shut arc fitted and
removed again.  The exterior can then
be stained by using any of the recognized
brands of wood stain, applyving it with a
brush, as in IMig. 21, or preferably with a
rag, as illustrated in Fig. 22, This tends
to ensure a better and more uniforin
colour. If a specially good finish is
desired the wood shonld first be well
sandpapered  with very old paper, the
grain filled with a wood filler or with a
little whiting and linseed oil well rubbed in,
and the surlace again sandpapered. After
the stain has dried finish with french
polish or varnish.

Quite a different class of cabinet is
illustrated in Fig. 23, which is based on
the unit expanding principle. The illas-
tration shows another amateur produc-

EXPANDING CABINET WITH THREE.PLY BACK

20 ) CABINET

tion, and two of the units assembled and
connected together. The unit on the
right is the tuner, and on the left a de-
tector and LL.F. amplifier, but the principle
is the same whatever the type of set.

The great feature is that all the units
arc the same height and width and are
connected by dowels so that any com-
bination of units can be assembled.  The
construction is simplicity itself, and mayv
be carried out by anv amateur without
any knowledge of woodwork.  The timber
is ‘ordinary building deal and known as
6 in. by 2 in. prepared board.

The lirst step is to saw off two pieces
to the desired length, say, ¢ in., and to
round off their top edges. Clean up the
end grain with a plane or sandpaper and
cut two other picces to the desired height
for the ends. Prepare two cross battens
and nail them to the underside of the
bottom picce or baseboard. Then screw
the ends to the bottom and the top to the
upper part of the ends as shown in Fig. 24,
taking carce to countersink the holes so
that the serews will sink in flush with the
surtace.

Next prepare a drilling jig by nailing
three pieces of batten together, as shown
in Fig. 25, and then marking the location
ot the dowel holes on the end and drilling
the holes into the end grain of the top
and baseboards, as shown in Fig. 2s.
The jig assures that the holes will all be
sufficiently uniform to ensure interchange-
abilitv.  The jig should be
preserved.

To one end of the units fix
pegs of brass about v in. dia-
meter by driving them into
the holes and leaving a short
picce projecting, as shown in
Fig. 26, where the next step is
also illustrated. This is to cut
and fit the ebonite panels so
that thev it nicely into the
opening, and sccure them to
little angle pieces of wood
glued and pinned into the
corners.  The back is enclosed
with a panel of three-plv wood,
which fits into a groove made
by nailing a narrow stiip of
wood to the base and a second
piece” just within the opening,

Fig. 27, Cabinets for expanding unit sets, as in Fig. 23, have  so that the pﬂIlC] can dl‘(’)p

three-ply panct backs. Fhese are removable

interior of the cabinet to he examine. As will e seen above,
the back is held in position in gronves by two brass holding

pleces

Mty N .
allow the )¢, the space between them,

wsoin Iig. 27, Two strips
of brass are provided near



I'ig. 23. When high- and low-frequency units are added to a set, cabinets suitable for the purpose
may be made as here illustrated.  The two units are uniform in design and dimensions

i

Fig. 25. Dowel holesare bored with the aid of
a drilling jig. This ensures that the dowels
are uniformly spaced for every unit

The screw Loles should
be countersunk,  Fig. 26, Brass pegs or dowels are herc shown in position for connecting the

Figo 2y Top and bottom of the separate cabinet are serewed togethr.

seperate cabinets. The ebonite panel is being fitted in position

MAKING A UNIT EXPANDING CABINET
D 95 321 Z1




FFig. 28, T'wo units of the cabiuet are here assembled ready for putting together. The way

the ebonite panels are screwed on to the back may be seen, and also thedowels and dowel holes

Fig. 29.  On the reverse side the back panels are seen in position.  The two units are now joined,
and are held in position by the dowels

Iig. 300 Staining and polishing having Lean carried out, the cabinet is complete. Thecontrol;
! and instruments are placed in position. and the finished result is as scen in this photograph

FINISHING THE UNIT EXPANDING CABINET
322
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the top and hinged with small screws, one
through the upper part of cach.

Two units made in this way are shown
in Yig. 28, and the utility of the dowels
Is verv apparent, also the screws that
securc the chonite panel to the angle
picces within, A back view is shown in
Iig. 20, and how the two are put together,
also the wav the strips are turned to Lold
the removable back in place. The ex-
terior is then stained and polished, and
the panels finished by mounting the
apparatus as in Iig. 30, some ol which
can be attached to the baseboard if this is
more convenient.  The removabie back
and the case with which the pancls can be
removed by withdrawing {our  screws
make this cabinct system  particularly
valuable to the experimenter.

Standing Cabinet in American White-
wood. A more pretentious cabinet is illus-
trated inIig. 32, and'the working drawings
forit in Fig. 51 Thisis intended to receive
the accumulator and batteries in the
lower compartment with the hinged deors,
The upper contains the receiving cet, and
the drawer 1s a convenient place for the
telephones.  The sizes given are snitable
for the average four-valve set. When the
experimenter has the requisite
skill the cabinet can be made .

IS5z - — A
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Now mark out the location on the
shelves, and cut the housing joints into
which tle shelves are fitted. The groove
for the housing does not go right across
the board, but terminates about } in.
from the front. The groove is made by
first chipping cut a recess with a chisel
at the stopped end, as in Fig. 33, and then
sawing along the waste side of the lines
with a tenon saw, as shown in Fig. 37,
after which it is casv to chisel out the
groove. The ocutside is next planed up
true and flat, as shown in Fig. 38. The
shelves are cut to length and a corner
cut back to At into the housing or
grooves. They are fixed in place by
nailing through from the outside, as in
Fig. 39, or hv. the prelerable method
shown in Fig. 40,

Here the nails are driven at a small
angle through the shelves into the side
picces as shm\n, as by this methad thev
do not onil the external appearance, but
the nails should not incline too much or
they mayv break through.

The top is simply screwed on to the
side picces, and is therefore longer than
the shelves by twice the thickness of the
side picces. The top is finished by nailing a

< - 8/2/m— —>

on the regular cabinet-making .

z
J

Iines, but as many wireless e

cnthusiasts are more familiar |
with working in metal and
cbonite the construction has
been simplified.  The material
can be American whitewood

=

V78

or ordinary  building  deal.
Mahogany or oak could be used

and would be preferable, but
their expense is considerable
and more appropriate to the

regular cabincet-making
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methods as detailed later.
The first step is to cut two

11 S

picces of material for the two

sides apd then to saw out the
space between  the legs, as
shown in Fig. 33. The hand-
saw for this part of the work
should be used in the manner
llustrated. The first finger
points down the handle.  The

|
|
i
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wood 1s cut out between the
saw-cuts  with the aid of a
chisel, as in Iig. 34. and the

cabinet with

STAND CABINET TO CONTAIN COMPLETE APPARATUS

I'lg. 31, Dimensions are given for the construction of a
a drawer and hmwed doors designed to accommo-

result should be as shown in date an entire receiving set, inciuding bltteuo\ The finished

Iig. 30,

appearuice may be seen in rl}" 32
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1g. 34.  After making the two saw-cuts, the material
between the legs is removed by chisel and mallet

1

Fig. 32. The amatcur can make this &% mlin - i
cabinet from the description and  Fig.35. Accommodating the shelves by cutting housing
diagrams. It is here seen in thewhite grooves; chipping out a recess at the stopped . end

Fig. 33. Side picces are cut out first and the legs made by sawing out a blunt V-shaped piece of
the material. Fig. 36 (top, right). T.egs for the cabinet may here be seen more clearly. A
complete side is shown with the cutside uppermost.  Tig. 37.  Grooves are sawn for the shelves,
as illustrated.  One groove is completed, one is sawn but not chiselled out, and one is being sawn

HOME-MADE WIRELESS CABINET AS AN ARTICLE OF FURNITURE
' 324



Fig. 38. Planing up the outside of the side. Note the
method of holding the plane

Fig. 39. Fixing shelves by

nails driven through from

inside. This keeps them
rigid in their housing

I'ig. 40. A ncater method than that shown in Fig. 30.
vails are driven throughends of shelves at an angle

Fig. 41. Cutting out a rebate. The operator is using a Fig. 42. Carcase and doors
cutting gauge of cabinet assembled

MAKING THE STAND CABINET FOR A FOUR-.VALVE SET
325
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a simple moulding to the edges, mitieng
the corners as if it were a picture frame.
The doors are then cut to size and fitted
to the openings, as shown i Fieo 41,
This is the simplest way, but it is pre-
ferable to clamp the edges or to make a
proper frame with mortised and tcnoned
joints, and to fit the panels 1o a rebate
or into a groove cut in the cdge of the
frame.

One simple way of making the rebate
is shown in Fig. 42, where an ordinary
carpenter’s cutting gauge is used.  This
15 done by simplv cutting a slip out of
the edge of the frame, working in the
manner ilustrated (Fig. 42), first on one
side and then on the other. The use of a
rebating plane for the same work s
tllustrated in Iig. 43. These planes are
not expensive, and one of them is very
useful in the experimenter’s tool kit, for
it is in constant use in pancl construction.

How to Use the Plough Plane

The use of the plough plane for making
grooves in wood is clearlv illustrated
in I'ig. 44, and is the only practicable
plan when long narrow grooves have to
be made. The operation and appearance
of this plane are clearly shown in the
tlustration.  The corners of frames are
conveniently  joined  with a  haunched
mortice and tenon joint, as shown in
Fig. 45. It will be seen that the joint is
made by cutting the tenon to shape with a
tenon saw and then making a rectangular
hole in the other picce of the {ramework,
as shown in Fig. 46. The chiscl is in this
case driven into the wood with a mallet
and then the chip is cut out by working
cross-wise, but cutting in the direction
of the grain. This removes a wedge-shaped
chip of wood, and the process is repeated
until the hole is cut out about half-way
through.

The work is then turned over and the
same procedure gone through until the
hole is pierced through the wood. The
walls are then chiselled to shape and the
tenon fitted to it by carcful chiselling
of the sides both of the tenon and of the
mortice until theyv fit nicely together.
This type of joint is the strongest tor the
purposce, but has to be made accurately,
or the result will be a twisted door that
will never be flat.

The panel must be fitted to the rebate
or to the grooves, whichever system is
adopted  In the case of the rebate the
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finished, but the groove would be in-
accessible and, consequently, the panel
must be fitted to the groove while the
frame 1= In pieces and prior to gluing
and pegging the joints,

When the door is finished it is fitted
in place by planing the cdges, and the
surface should be cleaned up with a
smoothing plane. If the doors are made
from the solid, as at first suggested,
the panel effect is conveniently obtained
by cutting strips of some small moulding
and sccuring them to the face of the door
with fine brads. All the corners ought
to be mitred as for a picture frame.

The arrangement of the moulding can
follow individual taste, but one cffective
design s shown in the working drawings,
and the appearance when finished is quite
good. The drawer is shown in Fig. 47.
The front of the drawer is rebated as
shown and the side pieces nailed to it.
The end is nailed to the sides and the
bottom similarly attached. The division
15 then cut to size and fixed in place, as
shown in Fig. 47.

Making and Fitting the Drawer

When making the drawer it is very
important to keep everything square or
the drawer will not run smoothly, and
slight adjustment can be made by planing
off the edges until the drawer works
freely.  The doors should be fitted with
hinges and provided with handles and a
bolt or lock as desired. Drop handles
look well on this type of cabinet, as if

it 18 finished with a dark brown stain and

dull polished it has the appearance, shown
in I'ig. 32, of the popular Jacobean type
of furniture.

The back is enclosed with three-ply
weod panels. One is screwed to the back
so that it covers the upper part from the
top to the first shelf, enabling the contents
to be cxamined casily. The rest of the
back is closed in with a fixed panel of
the same material. An ebonite panel
can be fitted towards the front or at the
back, as may be most convenient, or the
apparatus can be mounted op bars of
ebonite  fixed at convenient distances
from onc side of the cabinet to the other.

Jacobean Bureau Cabinet in Oak. This
style of cabinet is a compromise between
the simple case and the regular furniture
tvpe of cabinet made with proper joints
anid framed up in the regulation manner.



CABINET

Rebates for

rebating plane

fitting the door panels for the

Fig. 43. : 4
stand cabinet are being made.  The tool used is a

Fig. 44. Grooves are made with the pleugh plane. This is

the best tool for making long, narrow grooves

P i il =
I1ig. 47. Telephione drawer of the cabinet completed

Fig. 45. Doors and other parts of the
cabinet have haunched mortice and
tenon joints at the frame corners.
Note the outside marking

Cutting out a mortice for a
The chisel is driven with

mg. 40,

fm'm cworlk,

a mallet

METHODS AND TOOLS USED IN CONSTRUCTING THE STAND CABINET

A superior picce of work is illustrated in
Fig. 48, which shows a burcau cabinet of
Jacobean design suitable to be made in
oak or in onc of the softer woods stained
to represent oak.  The panel is contained
within  the fall in the place usually

occupied by the stationery nest in an
ordinary bureau. It is so hinged that
it can be raised in a similar manner to the
fall, so that the parts of the set can be
casily reached without the trouble of
withdrawing the screws by which it is
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Fig. 43,  Resembling an ordinary article of house-
hold furniture. this wireless cabinet is designed to
take its place with the other pieces of a suite

[Fig. 49. Inside the fall front is a pancl of ebonite
upon which are mounted the tuning knobs and
terminals of an ordinary receiver
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['ig. s0. Working diagram for the ma

which is mounted the main body.

main body, with side dimensions
sloping front and of the el:on

" JACOBEAN STYLE OF WIRELESS BUREAU CABINET

inbody intwo parts, the lower portion being a stand upon
The *stand should be made first. Tig. s1. Details of the
Dotted lines indicate the direction of fall of the cabinet
ite panel, both of which arc hinged at the bhottom
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fastened down; a view of the panel is
shown in Fig. 49. The cabinet is of the
usual bureau size, and is provided with
two drawers in which headphones and
spare parts may be kept.

The whole piece is constructed in two
portions, consisting of a stand upon which
is mounted the main body, the latter
being made first. The two ends of the
main body are first prepared, to the
sizes given in Figs. 50 and 51, {rom 2 in.
matcerial, allowance being made for the
small lapping left on the top piece (sce Fig.
52). It is really advisable to set the job
out on paper to the full size and work
always to this. Next cut out the top and
bottom {rom the same thickness stuff,
and having squared them up, cut a rebate
at the bottom of cach end and at both
cnds of the top. All the rebates will be
equal in depth to the thickness of the

Upright
072/7!/‘/73 Rail, <

P a”JZZ [/
00)‘/8/} Runner o, » OCry,
rig. 53 P -

CONSTRUCTIVE DETAILS FOR JACOBEAN CABINET CONSTRUCTION
Flush joints at the top of the main body of the cabinet.
IFig. 53. Parts for the top of the cabinet and the arrangement for
the accommodation of the pancl. Iig. 5:. Shaping is formed in this
manner, and small blocks are glucd to the frame before ttaching
Back pancl beading attachn.cnt

Fig. 52.

the moulding.  Fig. 535.

v =

wood, so that a level and flush joint occurs,
as shown'in Fig. 52.

It will be noticed that the front edge
of the topis bevelled off in both directions,
and this should be done previous to
gluing the job together. The upper bevel
should be made first in accordance with
the slope of the cut-away portion of the
ends, and the Jower bevel cut at right
angles to this. The position of the two
drawer rails is now marked on both ends
and the position of the mortices for
these gauged in. The two rails are then
prepared also from #in. stuff and the
tenons marked out, .the exact length
being obtained by marking it off {rom
the top.

Mortices are also marked out on these
to receive the two small upright dividing
rails at cach side of the drawer (Fig. 53).
Fig. 51 shows a sectional end view of the
work, and it will be noticed that
the upper rail is rebated at the
back lower edge and the lower
rail is grooved to take a dust
board. Both the rebate and the
groove must be worked before
they arc fixed. All joints being
cut, the carcase may be glued

Glue the dividing rails to

/) Z"~-  up.
_//, the drawer rails first and then

these into the ends, putting in
the top and bottom last.

These latter are also nailed,
using oval brads for the top. The
nails arc put in through
the sides into the top and
should slope  slightly
towards each other to so
obtain a dovetail grip.
All nails should then be
punched in and the hole
filled in with wax colour-
ed with powdered burnt
umber. Before proceed-
ing further with the
upper part it will be as
well to make the stand, as
it is more convenient to
fix the interior parts when
on the stand.

This latter projects
about £ in. {rom the car-
case, and is surmounted
with a moulding behind
which' the carcase fits.
The stand is mortised
together, the mortices
being cut sufficiently

Fig. 52
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deep so that they meet. It 1s advisable to
cut and fit all joints before having the legs
turned, to avoid bruising them. When
gluing the stand up, glue two opposite
sides separately first and allow to set before
gluing the remainder.

Having glued the whole, clean up the
joints and mitre the lower moulding round
and place the main carcase in position on
top and mitre the top moulding round on
the top of the stand to so form a kind of
rebate in which the carcase will fit (Fig.
51}). The two may be screwed together
through the bottom into the rails of the
stand.

The drawer runners are now fixed, only
two being necessary. These must  be
sufficiently wide to cover the distance
occupied by the fall supports and to reach
under the drawer. They are of exactly
the same thickness as the drawer rails and
are grooved to take the dustboard. They
are fixed by cutting a small stub tenon at
the front to it into the groove in the rail
and arc screwed to the ends at the back,
being cut off at an angle at the back to
facilitate screwing.

Fig. 53 shows the arrangement for the
accommodation of the panel. A slip §in.
square is screwed to the left-hand end,
parallel to the slope of the fall and suffi-
ciently deep so that the knobs will com-
fortably clear.  Another slip is screwed
horizontally below this, as shown, to form a
runner for the fall support. A dustboard
1s screwed or nailed to this (this of course
fits into the rebate in the front rail) and
the right-hand panel’ support fixed as
shown.

A simple rebated frame is now made to
take the panel, and this hinged to the back
edge of the rail.  Notice that this {rame-
work does not reach to the top, a cross rail
being sccured below the top, as shown in
Iigs. 49 and 51. This rail is, of course,
necessary, as otherwise the top would pre-
vent the pancl framework from opening.
The right-hand space is occupied by the
valves, the holders being mounted on a
picce of chonite screwed to a block of
wood, shown in Fig 4q.

The drawers are now made, using ecither
1 in. or ¢ in. stuff for the sides and backs
and # in. for the fronts. They are either
dovetailed or rebated together in a similar
way to the jointure of the top with the
sides of the work. If dovetailed, the dove-
tails may run right through, as the mould-
ings will cover the joint. It should be

remembered that the moulding will only
project slightly, so that the drawer fronts
will actuallv be recessed slightly. When
mitreing the mouldings round, small filling
pieces are glued in where the projection
occurs. The fall consists of a mortised
frame, the rebate for the panel of which is
formed by the moulding, which is rebated
to fit over the edge of the frame. Fig. 54
shows how the shaping is formed by gluing
srnall blocks to the frame before attaching
the moulding. The panel is then beaded
in from the back (Fig. 55). The f{all
supports should fit hand tight and a dowel
is put in near the back to prevent it from
being pulled right out.

A back of three-ply is screwed to the
fall, the edges being rounded over, though
this should not be finally fixed until after
the job has been polished. :

CUTTING LIST FOR OAK BUREAU WIRE-
LESS CABINET.
Allowance of about } in. in length and § in. in
width extra.

Length | Width | Thick-
ness
ft. in. | ft. in. in.
2 ends .. 2 1 1 4%
Itop .. 2 o} 8%
1 bottom 2 o 1 4%
2 drawer rails 2 0 3%
2 divisions . . 5% 3% :
1 back . 2 1 2 o 3 ply
2 fall supports .. 1 2 4% 3
FarrL
2 rails 2 o
2 rails 1 3 2
1 panel 1 9 II b
DRAWERS
1 front 1 9 4 :
I . I II 64 {
2 sides 1 3 41
2, I3 6%
1 back I 9 41
r .. I 11 6}
STAND
4 legs .. 1 5t 1 13
2 rails 2 1 21 I
2, 21 1% 1
2, 1 4 2% 1
2, e e . 1 4 1% 1
Mouldings various.

Mahogany or Stained Bass Wood Cabinet.
FFig. 56 is another type of cabinet suitable
to be made in ecither mahogany or in
bass wood. The latter is a very useful
wood for imitating mahogany, as it takes
stain evenly and well and is fairly cise in
the grain. The cabinet is opened by the
two lids at the top, the decoration of the
front, in imitation of two doors, being
sham. As will be noticed, the inner sides
of both lids are cut away so that the

L
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head-phones, which are stored in
theright-hand compartment, need
not be disconnected when the
cabinet is not in use, the wires
passing through the space formed
by the cut-away portion.

The cabinet is made in two
portions, as in the previous ex-
ample, the only difference being
that the moulding surmounting
the stand is about 2 in. wide and
is planted on the top of thestand.
the main body of the cabinet
resting dircctly on this (Figs. 58
and 59). This main portion is
made first, and consists of a box-
like structure, the corners being
joined as in Fig. 60. A rebate is CABINET
\\.r'orkcd at both ends of theshort Fig. 56. Cabinets of this kind look
sides and the front and back  elt in any home if made and finished
glued and nailed into this. with care.  The table-like top. al-

Before putting it together, all thou_gh in two parts, ‘ndds to i'ts \'_aluo as an m'.ticlc'of
four picces are rebated to take fum”jgfﬁ‘, p‘g?tlfu‘;?)l‘,fl,rﬂe:‘ C‘*};“,‘Ct 1}“ capacious interior
the bottom (scc the sectional alees M swrable for aimost any Jund of recave

drawing, Fig. 59). When the whole is  doors, as in Tig. 58. Theyv are glued and
glued up, screw the bottom into the rebate  pinned in position, and will thus hide all
and size up a piece of wood for the inside the large nail holes made in the main
division and nail it in. structure of the job. The two lids are

It will not matter about the nail holes, as  then made from § in. wood, the corners
these will be covered by the applied decora-  being  joined in a similar way = to
tion. This latter consists of two parallel the main box. It should be noticed
pieces of moulding worked to a section, as  that the tops project on three sides
in Fig. 60, and mitred round to resemble only, finishing flush  with the sides

MAHOGANY OR BASS WOOD

Kmmm = meme———=-2Rt.6/p = == S = R . Lid hinged fere
T 12//1. Fane/ )

= _s%m. ram I Ez i
|

Ll

CONSTRUCTION OF FLAT-TOP CABINET
Fig 57. Dimensions are here given for the cabinet shown in Fig. 56.  The material may be mahogany,
but bass wcol, being more easily worked and suitable for staining and imitating mahogany, may
be used instead. rig. 58. End elevation is shown, and the valve panel represented diagram-
matically. In order to provide for the maximum space beneath the panel, the valve is inverted
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where they meet at the centre. The tops
should not be ghied on, as this will render
them liable tosplit if any shrinkage occurs,
but are serewed on as in Fig. 6o, the screw
holes being made fairly large to allow a
little play. A small bead is mitred round
the bottom of the slides of the lid, anid this
should cxactly equal in thickness that of
the butts by which the lids are hinged.
Iigs. 58 and 62 show how the panel is
supported, a fillet being screwed all round,
to which the panel may be screwed.

A / /ied
Mo’fgz{,/flys

Iig. 59

I'ig. 59. Method of
ioming the corners
and fitting the moulding.
Fig. 6o, How the tops are screwed on. g, o1,
Sides, top, and bottom of lid. Note bLead on
latter equal to thickness of the hinges. Fig. 62,
LFilicts can be seen in this diagram screwed on
the inside wall of the cabinet for the support of
the panel

The stand is made in a similar way 1o
the previous example, except that the legs
are tapered instead of being turned. The
tenons should meet to obtain the maxi-
mum strength.  When marking out the
rails, be sure to allow for the moulding,
which is to be placed on the top. The
fwo portions are screwed together through

_CABINET

the moulding up into the bottom. When
hingeing the lids, sink the butts into the
lids ounly, so that they form a continuous
line with the bead, as in Fig. 62, as other-
wise the bead will bind when the lid is
opened. A jointed stay is fastened to each
lid, as in Fig. 36, to prevent them from
opening too far, and thus straining the
butts. Two oval brass handles are secured
to the front of the job to add reality to the
false doors.

CUTTING LIST FOR MAHOGANY
WIRELESS CABINET
Allowance of about } in. in length, and 4 in. in
width, extra

v Thick-
Length | Width ness
ft. in. | ft. in. in.
2 long sides ez 6311 1l 3
2 short sides I o} |1 1} F 3
1 bottom .. .. 2 06 I o 1
1 division .. .. .. I1 o1} 2
2 tops N - e %
g4railsfortop .. ..j1 31 1§ by
4railsfortop .. ..l 1 o] 13 3
STAND
4 legs v .o .1 o 1} I}
2 rails e ee o2 6l 23 1
2 rails N I A 2 23 1
Mouldings various.

A particularly handsome example of the
type of cabinet shown in Fig. 56 is
illustrated in Fig. 64. It is the No.
Lyrian, manufactured by the Radio Instru-
ment Co., Ltd. The cabinet work has
quartercd panels and handsome mould-
ings and carved enrichments. The use
of an enclosed book-form aerial is a
feature of interest, as the set is entirely
selt-contained, neither aerial nor earth
wires being required.

An upright cabinet made by the same
firm is illustrated in Fig. 66, and is known
as the No. 2 Lyrian. The disposition of
the valves and the arrangement of the
aerial are interesting points in this model.

A compact model on the same lines is
shown in Fig. 65, adapted for table use, and
including a built-in loud speaker, the outlet
or mouth of which is provided with louvres,
scen near the top of the instrument. A
very complete cabinet set is shown in
Fig. 63, and illustrates one of the Radio
Communication Co., Ltd.s seven-valve
sets, complete with loud speaker. This
type of cabinet is suited to the needs of
institutions and large buildings, and is an
ornament in any smoking-room or lounge.
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made without any

attempt to conceal its purpose, while possessing

the appearance of first-class furniture. !t contains
a seven-valve set and loud spealier

l
| :
l Fig. 63. A cabinet
|

Tig. 64. No. 4
Lyrian Cabinet Set.
Note the Look form

ot aerial.  The cabinet has
quartered panels and is entirely
self-contained. No aerial or earth
wires are needecl

Fig. 66. No. 2 Lyrian
Cabinet Set.  An up-
right tvpe of cabinet. |
The disposition of the §
valves and the book §
acrial should be noted

Fig. 65. No. 1 Lyrian Cabinct Set.
Aloud speaker isenclosed in this cabi-
net, which is designed for table use

CABINETS.DE. LUXE FOR MULTI-VALVE SETS
Fig. 63 7y courtesy of Radio Comminication Co., Ltd.: others Radic Instruments, Ltd.



Iig. 4 Fig. 5

as laid across Shorcham Harbour.

Iiig. 1. High-tension cable cores of this kind carry a voltage of 11,000. Fig. 2. Submarine cable
Fig. 3. An example of low-tension cable taking a charge
of 660 volts (above) and a concentric cable taking up to 2,200 volts (righti. Tig. 4. A three-core
high-tension cable taking 6,600 volts. Fig. 5. Twin cable for low-tension currents to 660 volts.
Tig. 6. Triple concentric cable vsed for low-tension currents up to €60 volts
Courtesy Sicinens Bros. & Co., Ltd.

Tig. 6

CABLE CORES FOR TRANSMISSION OF HEAVY CURRENTS

CABLE. The word cable is a general
term usuvally applied in electrical engineer-
ing to a conductor composed of a group
of wires twisted together and insulated
on the exterior. It may also be applied

to a combination of conductors which are
insulated from one another.

Another application of the word cable
1s to a stranded rope made of manilla,
hemp, or wire, and twisted together from a

number of scp-
arate strands.

Fig. 7

Cables are used in wireless work to a
considerable extent for conducting electric
current from a source of power, as for
example a generator, to some part of the
apparatus. They have also a considerable
application for land lines, such as those
connecting an opera house to the broad-
casting station. In somc cases a cable
carries a number of separate currents, in
others only one. The latter is generally
the method adopted for transmission of
cuitents of considerable strength. On

TELEPHONE CABLES AS USED FOR LAND.LINE RELAYS .

Fig. 7.

Each cable consists of a number of. wires separately insulated by paper, fibre, rubber or

other material, and the whole sheathed with lead. The insulation has been partly removed to
show different lavers
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underground systems the cable is heavily
insulated, and often protected with an
external covering of lead.

An example of the former is the tele-
phone cable illustrated in Fig. 7. This
consists of many wires, each separately
insulated from one another with paper,
fibre, rubber, or other material ; the strands
are twisted and covered with an insulat-
ing wrapping and sheathed with lcad.

A three-core high-tension cable is ilius-
trated in Fig. 1, and iz suitable for
currents up to 11,000 volts. It is composed
of three groups, each of thirty-three
scparate strands, surrounded with an
insulating material ; the whole of the three
cores are embedded in insulating material
and sheathed with nietal. When a cable
is laid under water or in a particularly
damp and exposed position, it is often
composed of a three-core cable, as Fig. 2,
and the insulation covered with jute and
asphalte, and reinforced with steel wires
or strands. An example of this type is
shown in Iig. 2, a submarine cable by
Messrs. Siemens Bros. & Co., Ltd.

Fig. 3 shows two types of cable, the
upper a low-tension twin cable for voltages
up to 600, the lower a toncentric cable up
to 2,200 volts. The latter is a multi-
strand central-core cable well insulated
from the outer helical-laid cable, and the
whole insulated on the exterior.

A three-core high-tension cable for volt-
ages of 0,600 volts is illustrated in Fig. 4,
constructed on similar lines to the others.
An example of a twin-cable for low-
tension currents is shown in Fig. 35, and is
composed of two separate cables etubedded
in jute or other material and sheathed.
A triple concentric cable, also for low-
tension purposes, 1s illustrated in Fig. 0,
comprising a central core of many separate
strands  well insulated and surrounded
with a concentric cable of single strands
again insulated, and then again surrounded
with a series of strands smaller in diameter
but greater in number, and the whole in-
sulated and shcathed.  Threc-conductor
concentric cables are frequently used for
conducting alternating currents.

The experimenter has little use {or large
cables, but benefits by their application
by public supply companies for power-
transmission  purposes.  The choice  of
the best cable for any particular duty

calls for carcful consideration and cal-
culation, but 1x chiefly @ matter of the
current-carrving  capacity ot the con-

ductor or the strands of which it is
composed. The values for cables in com-
mon use for wireless purposes are given
in the article on Wire. The class of cable
used for the support of an aerial is dealt
with under the headings Guy and Rope.

CADMIUM. One of the metallic ele-
ments. Its chemical symbol is Cd, and
atomic weight 112'4. It resembles zinc,
with ores of which it is generally asso-
ciated. Cadmium is a white metal with a
bluish tinge. The metal is useful from its
property of uniting with other metals to
form fusible alloys, that is alloys with a
low melting point. One such alloy con-
sists of 50 parts of bismuth, 25 parts of
lead, 125 parts of tin, and 12-5 parts of
cadmium, and melts at the low tempera-
ture of 149°F. This alloy expands on
cooling, and it is therefore useful in wire-
less work for the setting of crystals in
crystal cups, making a firm, close contact.
The low temperature at which the alloy
melts does not affect in any way the
sensitiveness of the crystal.

The specific gravity of cadmium is
8:50, increased by rolling to 8:67. Its
electrical conductivity is 24-4 (silver 100).
Cadmium sulphate is used in the making
of standard electric cells, as, for example,
the Weston cell.

CAGE AERIAL. Form of receiving or
transmitting aerial. Fig. 1 shows the
general form of a cage aerial and Fig. 2
a cage acrial of the T type as used by
the Birmingham Broadcasting station
(4.v.). Three cages arc used, two of them

Fig. 1. Tour acrial wires are
spaced by hoops in the svstem
represented in this diagram

Fiz. 2. Cage

acrials may have

a cage lead-in,
J as here shown

TYPES OF CAGE AERIALS
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IN CAGE AND FLAT AERIALS

These diagrams arc rough representations of the electrostatic lines of force proceeding from the
acrial wires A, BB, C, D in two types of aerial, the flat wire (Fig. 3, left) and the cage aciial (Fig. 4,

right).

The lines of force are scen to be more evenly distributed in the cage aerial than in the

flat-topped aerial, and greater efficiency is therefore achieved

for the acrial and the third to serve as a
lead-in. In the cage aerial, instead of the
usual spreaders, the aerial wires are
supported on hoops or rings, and the wires
are arranged on these hoops to form a
round or cage-like aerial.  The wires are
taken to a point, as seen in Iig. 1, and
insulated and supported in the usual way.

The cage acrial has a number of ad-
vantages over the ordinary flat-top aerial
for transmission work. It 1s more constant
in its clectrical characteristics and more
efficient.  I'igs. 3 and 4 will explain how
the cage acrial is more cfficient than the

sy
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CAGE AERI

I4g. 5.

missicns of the British Broadcasting Co., Ltd. radiate

AL AS USED BY 2 LO, THE LONDON B.B.C. STATION
This cage sierial, situated on the top of Marconi House, 5s that from which the daily trans-

flat-topped aerial. In Fig. 3, A, B, C, D,
arc scctions of the wires of a four-wire
flat-topped aerial.  Lines of force radiate
from these wires, and there are more of
these lines of force in the outer wires than
in the inner. There is a greater current
in A and D than in B and C.

In Tiz. 4, A, B, C, D, as before, are
sections of wires of a four-wire cage type
of aerial. The lincs of force are more
evenly  distributed, leading to greater
efliciency.

The capacity of a four-wire cage aerial
has been calculated by Professor Howe.

It shouldl be noticed that there are twin

cages, but the span is not unusually great
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CAGE AERIAL

The wires are arranged actu-
ally on the four corners of a

squarc.  Then if a be the
length of the side of the
square, measured in centi-

metres, [ the length of any
wire, and 7 its radius and « the
potential of any wire due to
its own charge, then the
average potential of the wire,
and therefore of the whole
aerial, is given by v = 4muc
tlog, (1/r) 4+ v| where + is a
expression depending upon //a.
The following table gives the
value of v for various values

of lja:
]/(Z. '
20 .. .. 738
50 .. .. 1022
100 .. .. 1220
150 .. .. 1348
200 14°33

Fig. 7 gives a curveof //a.
plotted against v to allow of
the interpolation of values.

The construction of a cage
aerial follows the same general
lines described under aerfal.
In preparing the wires, how-
ever, it is advisable to place
them on the ground and cut
them to cqual lengths rather
than to measure them. For
a four-wire cage aerial, for
example, the four Ilengths
should be placed on a level
picce of ground and soldercd
one by cne to the supporting
loops to ensure absolutelv
correct adjustment. The loops
may be made from hard copper
wire bent into a circle of about
12 in. to 20 in. in diameter

/
20
15
100, //
. - |1
] P"’/
75 85 95 105 /5 /125 35 145

CAPACITY OF A FOUR-WIRE CAGE AERIAL

Fig. 7. This diagram is a plotting of the table

given on this page; vertical recadings give the
values of //a and horizontal rcadings of

D28

CAGE AERIAL USED BY AIR MINISTRY

Fig. 6. The aerial in this photograph is erected over the chief

oftice of the Air Ministry, in Kingsway, London.

are the main feature. Note the natural curve which the wires
arc allowed tc take, so as to avoid undue tension

Twin cages

and soldered. A loop should be made
every 12 to 15 ft. In an aerial of 50 ft.
in length there should be, for example,
five such loops, three supporting loops in
the central part of the aerial and the two
end loops. These loops should be all
marked before the wires are soldered on
to them to ensure that the wires are all
uniformly spaced. The four wires, after
soldering on the end loops, should be
evenly twisted together and fastened to
insulators. For transmission insulation
should be plentiful. See Aerial; Trans-
mission.

1A1
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CALCIUM. One of the metallic cle-
ments,  Its chemical symbol is Ca, atomic
weight 401, specific gravity 1°57, and
clectrical conductivity 21°8 (silver 100).
It has a light yellow colour, is hard as
gold, and very ductile,

Onc most important use of calcium is in
the form calcium carbide, used in the
making ot acetylene. Calcium carbide
may be bought in § Ib. and 7 1b. tins, and
in drums holding 28 1b. to 2 C\’\t Acety-
lene is used in wireless in some forms of
arc generators, particularly the Colin-
Jeance arc generator, in which a mixture
of acetylene and hydrogen is used for the
arc atmosphere.

CALIBRATED RESISTANCE. As its
name implies, a calibrated resistance is
a resistance every part of which has been
compared with standard resistance. Suffi-
ciently accurate resistances are supplied
in the Post Office Box and other forms
for convenient use as a Wheatstene
Bridge.

Extornallv aresistance box appears to be
a cabinet with cbonite top, upon which
arc mounted a number of solid, heavy
section brass blocks in close pr ()Ymnty to

Tapered Hole one another. At the

end of cach block,
: centrally situated, is
1 cut away a portion
§ of a taper hole.
Fig. 1 will make

this clear.

Inserted in this
hole, and making an
Fig. 1. Brass blocks accurate ground-in
used ?“ calibrated gy with it is an

resistance device i . ’

ebonitc-capped
brass key or pin. Terminals, of a tvpe
which will convcmcntly "dlow of more
than one picce of wire being inserted,
are also fitted, and occasionally a key
switch or button, which will allow
circuit to be closed or broken at will.
Connected between each of the brass
blocks is a coil of resistance wire, one end
ol which is connected to one block and
the other to its neighbour; thus it will
be scen that the insertion of a key short-
circuits the resistance coil, cutting that
particular resistance out. The sectional
area of the brass blocks 1s large cnough to
render their resistance negligible.

It will be gathered from the foregoing
that resistance is brought in circuit by
pulling the plugs out. The last two blocks
on the box have usually no connexion or

.

resistance at all between them, thus
obtaining an infinity reading.

The actual values of the individual
resistances fitted is arranged so that any
desired resistance—usually from 1 ohm to
in:inity-—can be obtained. This is not so
difficult as it might seem, for in a bhox
containing resistances from 1-10,000 ohms
the following number would be probably
fitted: 1, 2, 3, 5, 10, I5, 20, 50, 100,
200, 400, 500, 1,000, 2,000, 4,000, 5,000.
Some of these would not actually be
required, but would probably be fitted for
convenience. Should a resistance of, say,
4,897 ohms be required, the following
combination of plugs would be drawn :

4,000, 500, 200, 100, 50, 20, I5, 10, 2
= 4,897 ohims,

[t is quite clear that any required re-
sistance can be plugged in in this manner,
and this forms a very convenient method
of varying a resistance accurately to some
known or required resistance.

These resistances are made and cali-
brated very accurately indeed against
laboratory standards, and are correct at a
certain fixed t(,mpolature. In order to
bring the highest resistances within reason-
able limits as®to size, very fine wire has
to be used ; and
great care must be g R %
excrcised not  to s
allow  too much ?
current to be used in
conducting experi-

ments, otherwise (
the coils mav over-
heat, and the resist- \

Tig. 2. Fine wire coil
bridging brass blocks in
calibrated resistance

ance will increase.
In order to mini-
mize the effects
of self-induction in
the coils, they are wound in the manner
indicated in Fig. 2. As will be seen from
this illustration, the wire is wound back
upon itself, having always really two
wires side bv side. It will thus bBe seen
that the self-induction in one direction
will be met by an equal and opposite
seli-induction, and therefore the two will
counterbalance one another and neutralize
the effect. The circuits employed, their
use, and the methods employed with cali-
brated resistances in conducting experi-
ments are given below,

The particular type of box chosen for
the purpose of these illustrations is the
Wheatstone Bridge. The circuit employed
in the bridge is given in Fig. 3. Reference

J

L

o



CALIBRATED RESISTANCE

339 CALIBRATING

to this diagram will show that the current
flows from point O (the battery) to P,
where it is split up into two parts. The
potential at point P will be at a certain

value fixed by the battery and the lead

resistance of OP.

d

WHEATSTONE BRIDGE FOR CALIBRATING
RESISTANCE
Fig. 3. Resistance may be calibrated with the
Wheatstone Bridge, of which the above is a
circuit diagram. Current from the battery is
split at P, and the two sides of the bridge are
balanced when the resistances are equal

From P the potential in the upper arm
will fall to a smaller value at M, and a
still smaller onc at Q. An exactly similar
state exists in the lower arms of the bridge.
It will thus be seen that if M is the same
resistance distance along the arm as N,
or, to put it in a different manner, if the
arm A is the same ohmic value as the arm
C, the potential value will be the same at
both M and N. Again, if the resistances
A and B arc of the samc value as the
resistances C and D ; and if M and N are
in the same resistance-ratio in each, the
potential valuc at M and N will be equal.
It will follow, therefore, that if a galvano-
meter is connccted between points M and
N, and if those points are at equal poten-
tials #no reading will be visible on that
galvanometer. Should they, howcver, be
at different potentials, a deflection of the
galvanometer needle will result.

In actual practice, then, we have in the
box of the bridge three sets of resistances,
say, A, B and C. The resistance of which
the value is unknown will naturally be D.
In order to ascertain what this resistance
will be, it is nccessary to balance the
bridge to it, or, in other words, to pull
out plugs on the box until the resistances
in the known arms of the plugs arc equal.
The right values, when found, are indi-
cated by the galvanometer showing no
deflection.

To quote an example :
If D is the unknown resistance, then
D = BC/A.

A = 20 ohms.
C = 200 ohms.
B = 30 ohms.
Then D = 300 ohms.

A further type of calibrated" resistance
in common use is the metric bridge.

This is an exceedingly simple device.
Upon a long board approximately 3 {t. 8 in.
long are mounted two brass clamps, the
inner checks of which are exactly 1 metre
long. Tixed to the clamps, but away from
the mner faces, are terminals of any
convenient type.

A piece of resistance wire is stretched
fairly tightly between the clamps. Under-
neath this wire is a scale, graduated in
centimetres and millimetres. Provision
is made wherchby a tapping can be taken
any distance required along the wire.

The bridge works on the principle that,
given a resistance of unvarying thickness
and constant resistance-value, such as a
picce of wire, the potential of an electro-
motive force flowing along that wire will

vary in direct proportion to its length. It
will be seen, therefore, that an accurate
measurement of resistance may be made by
merely measuring the length of wire used.
For instance, if 1 metre of wire has a
resistance of 1 ohm, then 50 centimetres
will have a resistance of o0-5 ohm; 23
centimetres, 0-25 ohm, etc. For measure-
ments of (airly limited resistances, there-
fore, the metre bridge is a very accurate,
cheap, and useful instrument. See Ander-
son Bridge ; Bolometer ; Campbell Bridge;
Wheatstone Bridge.

CALIBRATING. The art of marking
divisions on a dial or other plate or
surface. :

To calibrate measuring instruments
properly it is necessary to know the rate
of variation between the zero and maxi-
mum markings. For example, given a
plain clock or watch dial, it is known that
the minute hand will in one revolution
register one hour, which is divided into 60
equal parts. The circular dial is there-
fore marked out into 60 equally spaced
divisions around’ the edge. The hour
hand goes round once in twelve hours ;
each fifth af these markings is therefore
emphasized and marked, from 1 to 12.

For the one calibration ‘two readings
are possible, which become with constant
use so familiar that a child can express
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the readings in words at a glance at the
dial.  Such an arrangement is possible
because the speed of the clock i1s constant,
and the pointer or hand moves through a
regular distance in a given time,

When the speed of the pointer is not
regular the divisions will not be uniformly
spaced to show correspondingly equal
amounts.  For instance, a centrifugal
device will vary in its divisions on the
“square law.”  That is, 1, 2, 3, will be
represented as 17, 2%, 3% or 1, 4, Q.

In wireless work, however, the instru-
ments, such as condensers and the shders
on an inductance coil, can conveniently
space the divisions in regular order.
The actual marking out will be determined
by the facilities available, and whenr a
lathe with a division plate is at hand it
cnables all manner of dials and knobs,
as well as long slider bars, to be quickly
calibrated.

In the case of the dial for a condenser,
this can be calibrated as follows: Pre-
suming the lathe has a division plate with
rows of holes more or less unlimited
in scope—i.c. contains multiples of all

the smaller (hglts say I to g, and all the
odd numbers from 10 to 19 inclusive,
practically any system ol measuring out

a dial is readllv accomplished. When the

lathe has only one row of, say, 60 holes,
as the J. R. lathe illustrated in Fig. 1,
only spaces that are equal multiples of
60 can be cut in one revolution of the
mandrel.

Should this not be suitable, or there be
no division plate available at all, the
change wheels of a screw-cutting lathe
can be pressed into service and treated as
a division plate. The plate or the wheel
is mounted firmly on the headstock
mandrel, and the spacing effected and
controlled by a simple arm or pointer, as
shown in use in Fig. 1.

The use of change wheels or other gear-
ing adversely affects the accuracy, but
for such things as condenser dials this is
sufficient for all purposes. The méthod
of mounting a circular plate or dial is
shown in 1*1gr 2, and consists in screwing
a smooth and flat piece of wood to the
faceplate. The dividing plate is set by
placing the pointer in any of the holes,

DISK CALIBRATING WITH A LATHE
Fig. 1. Calibrating disks for condensers and cther wireless apparatus is carried cut with a device as

sececn on the J. R. lathe above.
mandrel pulley of the lathe.

This consists of a Go-hole division plate incorporated in the

The pointer is in position

&
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Fig. 2. Condenser dials may be calibrated by hand in this way. The wooden block to which the

Jial is attached is screwed to the face plate of the lathe. Note how the tool is disposed in the tool
holder i1 the top slide of the slide rest :

Fig. 3. Attached to the wooden bar is a slider bar for an induction coil, which is being calibrated by
hand. The spacing is cffected by operating the slide rest lead screw

METHODS OF CALIBRATING INDICATORS FOR WIRELESS APPARATUS
341




CALIBRATING 34

2 CALIBRATION

A sharp-pointed tool is mounted on its
side in the tool post of the top -lide. The
tool is brought into cut and traversed
across the face of the dial by rotating
the handle of the top slide lead screw.

When several dials have to be cali-
brated it saves time to remove the lead
screw and rig up a lever handle to push
the top slide to and fro. When one divi-
sion has been marked the pointer is with-
drawn from the division plate. the lathe
turned by hand to the next hole on the
division plate to give the desired spacing,
the pointer replaced, and another cut made
as before, and so on until all have been cut.

To graduate a long bar, such as a slider
bar for an inductance coil, the lead screw
of the lathe is rotated to effect the spacing
desired. The bar may be attached to a
block of wood held in the chuck at one
end and supported by the tailstock at the
other, as shown in Fig. 3

The lcad screw can be rotated in equal
divisions if it has a graduated fced, as on
the lathe illustrated. The incisions are
made by bringing the point of a sharp
tool into engagement with the face of the
bar and then rotating the mandrel by
hand so that it swings across the bar.
Wlen the lead screw is rotated the tool
is fed along,and at the desired spot another
cut 1s made, and so on to the end.

Finishing Off the Calibrated Bar

When the bar is very narrow and is well
supported by the wood, the graduating can
be carried out in one operation by setting
up the desired change wheels as for screw
cutting. For instance, if the divisions
are to be | in. the wheels would be set up
for an eight thread per inch screw.

The tool is brought into cut and the
lathe rotated by hand when the divisions
arc at all widely spaced. The dividing
lines will be slightly inclined, but when
this 1s no detriment, as is gonvrally the
case for such things as slider bars, quite
fine divisions of the order of 40 to the inch
arc readily and fairly accurately cut.  The
method o[ arranging the lathe for this
class of operation is clearly illustrated in
Fig. 3.

Having made the incisions, they are filled
with a contrasting colour, to accentuate the
markings. The exact procedure and the
materials to use depend on the nature of
the material used for the index or dial.
On black fibre or ebonite, white or red
paint may be used in the grooves. The

article is (:O\mred with the pa]nt and as it
is setting the paint on the face is wiped
off with a clean rag held firmly in the hand.
The work is set aside to dry before it is
handled again.  On polished brass or
plated surfaces the cuts can be filled with
black or red wax.

Lettering and numbering may be ac-
complished by engraving, or by punching
the figures or letters with suitable letter
and number punches. These are pur-
chasable tools and made up in sets in
various styles and sizes. Instead of en-
graving the calibrations with the cutting
tool, the dial or plate can be coated with
wax and the lathe or other tool used to
scratch lines through the wax.

The plates can then be etched with
acid. Any desired figuring will have
to be scratched by hand with the point of a
sharp scriber. (Glass can be engraved
with calibrations, if the surface be first
coated with Dbituminous paint. This is
scratched off by one of the methods
previously described and the glass per-
manently engraved with fluoric acid.
When using this material, however, avoid
inhaling the fumes, as they are pungent
and poisonous. See Condenser ; Ebonite ;
Engraving.

CALIBRATION. Before any of the
commercial measuring instruments, such
as galvanomecters, voltmeters, ammeters,
etc., can be turned to practical account,
the readings or indications of their needles
on the dial or scale must be given a
definite meaning in terms of current,

GALVANOMETER

CALIBRATION .

iz, 1. Dial indication

marks of a galvano-

mcter are arranged by

cemploying the circuit
in this diagram

®

- 0
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quantity, or clectro-motive force ; in other
words, they must be *‘ calibrated.”

The process of calibrating an ordinary
reflecting galvanometer will first be de-
scribed, and a diagram of the connexions
for calibrating is to be found in Fig. 1.
Storage batteries or lead accumulators
arc generally more useful than primary
batterics for supplying the required cur-
rent, owing to thelr greater constancy of
clectro-motive force. The single cell C,
therefore, in the diagram represents the
source of current. This cell 1s connected
through the low-resistance galvanometer
A to a resistance B E, which should be not
less than 10,000 ohms.

The galvanometer G, to be calibrated,
is connected through a reversing switch K,
and a variable resistance R across a part of
B E, with the galvanometer A\ included
in circuit. Thus the galvanometer G
is receiving current’ at only a fraction of
the total eclectro-motive force ot C, since
the potential will drop steadily between
B and E.

Calibrating a Galvanometer

During the experiment the dcilections
of A must be kept quite constant bv
slightly varying the resistance between IF
and I. Since the current along B E 1is
unvarying, and the resistance B E is
also of constant value, it follows that the
clectro-motive force across I3 I must also
be constant, and therefore the current
through the galvanometer (¢ is inversely
proportional to the sum of the resistances
of G and R. If » is the resistance of
the galvanometer, the current will be

1

R +7»

Thus, starting with a fairly large value for
R and a correspondingly small deflection
on G, a rcading is taken of the deflection
and a note made of the value of R, With
the same valuc of R, a deflection is then
taken on both sides of zero by means of
the reversing key K. The next step is to
decrcase slightly the value of R so as to
increase the deflection of G, and again take
a reading on both sides of zero. A series
of readings is obtained in this manner.

The deflections on both sides of zero are
then plotted separately against the re-
ciprocal of the sum of the resistances »
and R. A calibration curve 1s thus ob-
tained which may, if desired, be converted
into current readings in the following
manner. First measure the voltage across

B F by a standard voltmeter or by any of
the methods to be described later, and
divide this by the sum of the resistances
r and R, and by Ohm’s law this will at
once give the direct value of the reading
in amperes. To ensure great accuracy both
resistances R and # must be corrected
for the temperature at which the calibra-
tion curve was taken, unless they consist
of some special alloy wire possessing a
neghgible temperature coefficient, which
is usual in modern instruments. The
distance of the scale from the mirror, the
length of the scale division, and the
period of vibration should all be noted
and kept for reference.

A method of galvanometer calibration
with an iodine voltmeter due to Herroun
depends upon the liberation of iodine at
the platinum electrode by electrolytic
action when current passes, the amount of
lodine so liberated depending upon the
coulombs of electricity which have passed
during a certain period in scconds, which
can be reduced to current terms by
dividing coulombs by seconds.

There 1is a distinction between the
“relative ” and the ‘‘ absolute ” calibra-
tion of any instrument. The first refers
to the law connecting the various deflec-
tions with the relative strength of the
currents required to produce them, and
the second relates to the absolute value
in amperes ol the currents required to
cause any particular deflection in scale
divisions on the dial.

Earth Coil Method of Calibration

In calibrating a ballistic type of galvano-
meter, used in the measurement of transi-
tory currents such as condenser discharges,
the tirst swing of the needle is a measure
of the energy imparted to it, and the
simplest method of calibrating a galvano-
meter of this type would be by means of
an “ earth coil.”

This consists of a carefully constructed
coil of wire of a known and preferably
large number of turns, and also of a large
area To obtain the true mean digmeter
of the coil it should be measured up,
layver by layer, as it is constructed, and
the tigures recorded.

This coil 1s connected to the termi-
nals of the galvanometer and placed
with its axis vertical. The spot of light
from the galvanometer mirror having
come to rest on the scale, the earth coil
is quickly turned over, that is, through
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needle to deflect over its full
range. C is a standard cell,
such as a Fleming or Clark
cell, which will give an exact

M

potential difference at a
known temperature. P is a
subdivided resistance con-

nected across M, M which
enables current at a pressure
suited to the range of the
voltmeter being calibrated
to be taken at any lower
value than the potential
between M and M, if

R2 necessary, by shifting the
R tapping point. R, is a re-
AAA FA AAA | sistance of 10,000 ohms, R, a

m resistance of 1,000 ohms

CIRCUIT FOR CALIBRATION OF A VOLTMETER
Voltmeters are calibrated by the employmert of an

arrangement of which.the above is tlie theoretical diagram. This
method is principally 2 comparison with a standard cell, C

Fig. 2.

one hundred and cighty degrees, so that it
is lving on its other face with its axis
again vertical, having twice cut the
vertical component of the carth's magnetic
field during its motion. The resulting
scale deilection from the galvanometer
mirror is then noted, and a calculation
made as follows :

If A is the mean area of the carth coil
In square centimetres,

If » is the vertical component of
the earth’s ficld,
If s is the number of turns in the

carth coil,

Then M represents the total cutting of
lines, and is equal to 2Aws.

If R is the sum of the resistances of the
galvanometer and the carth coil, and Q
the quantity of clectricity,

As in the calibration of most other
instruments, the simplest method is, of
course, that of direct comparison with
another already calibrated and of a known
percentage accuracy. It is not always that
such an instrument is available; some
other expedient must be resorted to. .\
voltmeter, for instance, can be calibrated
in various ways, one of which is shown
in Fig. 2.

Some outside source of potential is
necessary and the main leads M, M arc
represented supplying current at a suffi-
cient pressure to cause the voltmeter

capable of adjustment, and
connected in series with R,.

At Ry is a further resist-
ance permanently in the cir-
cuit with thegalvanometer G,
and for the purpose of protecting the latter
from any excessive currents during the
preliminary adjustments, when want of
balance may give rise to a comparatively
large potential dilference across the
galvanometer terminals. A  sensitive
mirror-type galvanometer should be em-
ploved, and resistance should be at least
500 ohms.

A Morse key at K short circuits the
terminals of the galvanometer when at
rest, and when depressed it connects the
galvanometer in series with the standard
cell Cacross the terminals of R, The volt-
meter V is connected as shown across the
ends of R, and R,, which are always in
series.  The method of calibration is that
of balancing the fall of potential down R,
by the counter electro-motive force of the
standard cell C, the galvanometer indicat-
ing when this balance has been obtained by
giving no deflection on depressing the key.

Being a “ null "’ method, the test is ex-
tremely accurate. The electro-motive force
of 1he standard cell must of course be
opposed to the potential difference down
R,, otherwise it will be impossible to get a
balance on the galvanometer. The current

v
R, 4R,
V being. the voltage across the voltmeter
terminals. The fall of potential, there-
fore, down R, is equal to the above
current multiplied by the resistance of R,
(that is the C X R drop), and when balance

flowing in circuit R, is equal to
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has been obtained by adjusting the value
of R,, it indicates that the two opposing
electro-motive forces are equal and oppo-
site, that is, the {all of potential is 1-072
volts if the Fleming standard cell is used
as a comparison. Expressed in symbols
\7

e X Ry

R;+R, )

or V = 1-072(

= 1:072

Bli&)

2
\

A simple, and if carefully carried out a
perfectly accurate, method of calibrating
high-resistance voltmeters is that illus-
trated in Fig. 3, which is hased upon

©-

CALIBRATING A VOLTMETER
Iiig. 3. Calibration of high-resistance voltmeters
is sometimes carried out in this manner. Accur-
acy depends on cxtreme care in this case

the elementary law that the potential
difference between the two ends of a wire
carrying current is proportional to the
current multiplied by the resistance. If
the resistance is standard and of a known
amount, and an accurate ammeter is
available, it is simply necessary to take
a few readings with definite values of
current, which can be varied by the series
resistance R, and note the voltmeter
deflections.

The ammeter readings are afterwards
converted into the equivalent volt-drop
readings by multiplying them by the
fixed resistance in ohms. In the diagram
Ais the ammeter, B the battery supplying
current, R a resistance for varying the
value of the current passing, and a
standard resistance is shown above. V is
the voltmeter being calibrated. This may
be termed the potentiometer method.

A very rough and ready method, which
is adopted for cheap commercial instru-
ments where a high percentage of accu-
racy is not essential, is to use a battery of

small accumulators
In a partly dis-
charged condition,
which will have an
electro-motive

force of almost
exactly 2 volts
per cell.  With a

multiple switch, as

at S, Fig. 4, any 8

’ A g YV < —
number of cells can \/\; ,/;WP
begrouped inseries, %;\\/ 8\'0 ’6;}.(»
and the resulting | 7T =< 20,
voltmerer  deflec- W:q S azl

tions,V,are marked
at 2-velt steps, in-
termediate stages
being estimated.
The converse of ROUGH CALIBRATION
the method de- Figo 4. Voltmeters may
scribed in Fig. 3, })ecahl{rated by theabove
arrangement, employing
nam_ely, that of , battery of accumulators
passing a measured
current through a known resistance, and
calculating the volts by multiplying
together the two known factors, is equally
applicable to the calibration of an ammeter.
Instead of the arrangement shown in Fig. 3.
however, the relative functions of the am-
meter, .\, and the voltmeter, V, arereversed,
V being already calibrated and A having a
blank scale. In the voltmeter calibration
the volts E were calculated bv E =C X R,
whereas in the ammeter calibration the
current will be found by dividing the
known value of the volts E as read on V
by the known value of the resistance R,

that is C = E The current is adjusted as
before by means of the variable resistance
R until a series of definite voltage readings
are collected on V, the ammeter necdle
deflections Dbeing noted for each voltage
reading on V.

The corresponding current values are then
plotted from the simple expression C = E

In cases where no standard ammeters or
voltmeters are available, the copper volt-
meter method of calibrating ammeters is
the one generally used and is very reliable.
The points to be observed to secure
accuracy are to carefully avoid fingering
any part of the copper plates which are
immersed in the copper sulphate solution,
and to avoid either too high or too low a
current density. About 20 amperes per
square foot gives very good results.
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If two pure copper plates are immersed
in a solution . of copper sulphate and
current passed ifrom one to the other, it
is well known that copper will be de-
posited on one plate at the expense of
the other, at the rate of 00003268 of a
gramme for every ampere that flows for
one sccond. Consequently the gain in
weight of one plate, or,better, the ditference
in weighe between the two, at the end of a
definite interval of time; will be an accurate
measure of the quantity of clectricity
which has been passing in ampere-seconds,
and if the rate of current flow has been
kept perfectly steadv the amperes can
readily be calculated by dividing the
weight by the electro-chemical equivalent
above-mentioned.

The solution in which the copper plates
arc immersed consists of 15 o0z. of re-
crystallized copper sulphate dissolved
in 100 oz. of distilled water, to which
15 added first 5 oz of sulphuric acid
and 5 oz. of alcohol. The copper plates
are thoroughly cleansed with fine glass
paper, rinsed in dilute potassium cyanide
and swilled in clecan water, after which
they are immediately plunged into the

copper solution and the current at once
started and kept at a steady value for
sufficient time to ensure a good even
deposit of copper, which will be of the
characteristic salmon-pink colour associ-
ated with pure copper.

Immediately current has ceased the
plates are removed, thoroughly rinsed, and
dried as quickly as possiblein filter paper.
The difference in weight between the two
plates at the start will now be found to
have altered, owing to one plate having
gained copper (the cathode) and the other
plate (the anode) having lost metal. A
comparison of the two differences of the
weights in grammes will give the weight of
actual metal transferred, which, as stated
above, if divided by the electro-chemical
equivalent 0°0003268 gives the ampere-
seconds, and the latter divided by the
seconds gives the final result directly in
amperes.  \When a standard amineter is
available for calibration purposes, all that
is necessary is to connect the two instru-
ments in series with one another and with
a battery and variable resistance for
varying the deflections over the required
range.

CALL SIGNS: (1) BROADCASTING AND PUBLIC STATIONS

Identifying Calls for British, Foreign and American Stations

Here follows a selected list of Broadcasting and Public Service Transmitting Stations
in the British Isles, on the Continent and in America, which may be heard by

amateurs. A list of signs for amateur transmitters in the British Isles and France
is given separately
v . ; o MILE-
CALL A - WAVE- B UTCT CALL < WAVE.- D -
SIGN STATION LENGTH SERVICE SIGN STATION LENGTH RAx%%y SERVICE
ANGE
BRITISH ISLE! BYQ Corkbey .. 600 Admiralty
BYD Aberdeen, 3,300 Admiralty GYC Cranwell .. 1300 250 Training Stn,
Scotland (C.W) BYP Cromarty, Admiralty
213D v e 495 B.B.C. Black Isle
BYA Admiralty 300 Admiralty GXO Crookhaven 600 Post Office
London " GED | Crovdon 900 400 Civil
GFA Air Ministry, | 900, 1210 300 Air Mimstry | Radio aviation
London |1400,1680- BY M | Culver Cliff 1000 200 Admiralty
4100 GCC Cullercoats 600 250 Post Office
ACA Aldershot .. 1600 GKU Devizes 1800-3000| 1000 Ditto
(C.W,) Radio
GF1 Andover, GLEM | Didsbury .. 900 200 Civil
Hants aviation
GFB Balldonne .. GIF K Donibristle 1300 250
BYG Berwick, 45 Admiralty (C. W)
Admiralty BVY]J Felixstowe .. Admiralty
s 1T Birmingham 420 B.B.C. GRL Fishguard 600 200 Post Office
6B M Bournemouth 385 B.B.C. Radio
BYR Bunbeg, 1000 230 Admiralty BVN Flamborough 450 Admiralty
Donegal Admiralty
GCS Caister - on - 1750 Paost Office 58C Glasgow . 415 B.B.C. Stn.
Sca, nr. BYC Horsea, 6000 Admiralty
Yarmouth Portsmouth
GFL Calshot .. 1300 150 GtV 7 Howden . Y300 250
5 WA Cardiff .. 353 B.B.C. BZ A Inchkeith ., 600 Admiralty
MU U | Carnarvon ..| 14200 Mareoni Co. BYE Ipswich o 2400 Admiralty
BV7Z Carnsore .. 450 B W K | Kingstown .. 2080 Admiralty
GI'M Cattewater 1300 250 GBL Leafield .|8750-9400 Post Office
MZX Chelmsford 3800 Marconi Co. GI'W | Lea - on - 900 250 Under
BYB Clecthorpes [3000-5200[ 1000 Gale warn- Solent construction
Radio ings; civil BVY Lizard . 450 Admiralty
aviation 2L O London .. 363 B.B.C.
MFT Clifden Radio 6000 2000 Marconi Co. 272Y Manchester. . 370 B.B.C,
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. MILE- MILE-
CALL - : WAVE- bty < et CALL ; WAVE-
e STATION N AGE SERVICE ’ STATION SERVICE
SIGN LENGTH RANGE SIG'\T LENGTH RANGE
BRITISH ISLES (contd). | FRANCE (contd).
5N O Newcastle 400 12.B.C. | FN X | Bordeaux, 300, 600 500 Postal Ad-
GLA (a) North 3800 Marconi Co. T.S.F 1300, 1500 ministra-
Weald, Essex ‘ tion
GLB o) . . 2900 e LY Bordeaux 23400 1000 General
GLO (¢) ) 43350 ) “ trans-
G KB Northolt 6890 Post Office | mission
Radio FFB Boulogne-sur-| 300, 600 300 Postal and
GLA Ongar Radio 2400 Marconi Co. Mer, T.S.F. Telegraph
GLB - - 3950 . | Adminis-
GLO . 5 o] 4350 5 | tration
GBL Oxford Radio| 8750- Post Office FNB Bourget, Le | goo, E§4oo, 500 Aviation
12300 ! 1680
BYF Pembroke . .}2080, 2400 Admiralty | FFX Bouscat 300, 600 300 Government
4800 FFK Brest 600 300 '
BYP Plymouth 220 Aircralt FEX " La 450, 2100 D.F, (Direc-
Plymouth . .{(not vet ofpen) B.B.C Trinit¢ tion Fipd-
MPD Poldhu I xperimen- . ing)
tal FucC Cherbourg 450, 600 400 State Tecle-
BYN Portland Bill | 600, 800 Admiralty 800 graph
GPK Port Patrick 600 Post Office FFrcC ,» Rouge 8oo 400 Navy
Radio, Scot- Terres
land FF1 Dieppe.. 400 230 State Rail-
BZC Portsmouth Admiralty ways
Signal FFO Dunkirk . 600 1000 Navy
School | FL Eiffel Tower |2200, 2600| 3000 Telephony,
GEP Pulham 900 150 D.F.,, Civil (Paris) 6500 Weather,
aviation ! Sports, etc.
BWQ | Queenstown 600 250 Admiraity | FEN Gris Nez 600 250 Navy
BYO Ramehead 600, 800 » ! FFH | Havre, 600 250 Postal Au-
1000 ! i T.S.F. (Le) thorities
GER Renfrew 900 250 Civil FUN | Louent 600 350 D.F. and
Radio aviation | Aviation
B Y H | Rosyth 1000 Admiraity YN Lyons .. .|1500, 8100{ 3000
GLV Seaforth 600 150 Fost Office 15200,
Radio 15500
BY K | Sheerness 100C Admiralty FN M N PN 1680 500 Aviation
GEFO Shotwick 1300 250 A FUBE Meugam, nr. | 600-2400 1000 Navy
GSWwW Stonchaven |3000, 5000 900 Post Office Brest
Radio F R X | Nantes (Basse| 2700 1000
GCA Tobermory 300 180 . © Landc)
. Radio VA » ,» |2650,9000,/ 3000 Navy
GCK Valentia ,, 600 250 . 13800
G K R | Wick ' 600 . FFN Nice 600 250 Postal
2 M T Writtle 400 Experi- | Marconi Fru Ushant, 300, 600, 500
mental Scientific T.S.F. 750
Inst. Co. + FUQ Porquerolles | 450, 600, 1000 Navy
| 8o
BELGIUM FFR Rochefort 300 500 »
BAY | Brussels. . [1400, 1680 Army UFT | Sainte Assise 1500
oPO ,» Royal 1500 Aviation F NG | StInglevert |goo, 1400,/ 750
Met, Inst. 1680 .
O P VO] Ostende 1400,1500, Aviation FNS Strasbourg . .[1400,1720, 8o0 Aviation
Acrodrome 1680 : 2500 .
OST ,, Radio 300-1800 1250 Government [i FUT TQEIOU Mou- | 450, 1350 1500 Navy
rillon
CANADA '1 FNT Valenciennes [1200, 14%0] 1800 Aviation
V AL | Barrington [1600, 2200| 3500 Dept. of I
Passage 4200 Marine and |
Fisheries
GD Glace Bay 7925 4000 Marconi
Wireless GERMANY
Tel, Co. of . .
Canada DK Berlin .. .|2000, 3200] 3000
VAS Louisberg,  |2260, 2800] 35000 . 3700, £100
Nova Scotia LP 5 .. +.|3200, 3700] 2000
-~ KBK Bulle, T.S., 600, 820 Government
CZECHOSLOVAKIA i KCxX (\Ki%] Bay p s
N - rn o . e K C 3 ‘uxhaven 300, 600 8oo
PR G Prague . 40(;864100,l 2000 l Government ‘ OHD Deutsch Al- |3100,3500,] 3000 ”
00 tenburg 4000,4250,
5000, 56,0
D(E)?I;MBARKBI cand g s Gov DF Dusseldorf .. 1200 1000
R:qui?»m 300-1800 00 Government ¥ Filaqkmrt_cn_ 1200, 1850| 1000
. ‘ Main
OXA (‘np(-uhagen 300, 600, 600 ” ouUl Hanover . 9700 )
. Rudio 100 K A H | Heligoland ..| 300 250 | Ministry of
ovce Sf‘hunﬁ- 600 300 . Posts and
. S rund ) Telegraphs
[0} L: B Shavens Rev. 6oo 300 " LP Konigs Wus- 5250 30C0 P
0OX]J Thorsham 600 300 State Tele- terhausen
(The Faroes) graphs PO2Z Nauen.. .]3900,4000,] 5000
EGYPT (Nr. Cairo) 47‘;2»_90‘000»
sUC \ Abu Zabal I 10000 ' 4000 British DPost K AY | Norddeich > 1000 Government
Radio l Ofice K B Q | Nordholz 600, 800 500 Navy
F.R.A.
FRANCE AND ALGIERS KRN » F.S. .| 6co, 1250 1000 Government
1A Basse-Lande, 2800 2000 Weather K AN | Wilhcims- 600, 8oo 500 State Marine
’ .nr. Nantes ‘ haven
FNDB Bayonne 1200 800 KAN ,, FE.S. 600 Aviation
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, MILE- [ ~yvp. | MILE-
CALL WAVE- 11 . CALL - N WAVE-
T STATION N AGE SERVICE [ STATION T AGE SERVICE
SIGN LENGTH | gANGE i SIGN \ LENGTH |RANGE
1
HOLLAND l“ SPAIN .
PCA Amsterdam. .| 400, 600, Government ‘ FAA Araujilz 300-6700 1000 C.N.T.H.
1800, 2500 i1 EADB Barcelona 300-2300 1000 .
PCD Flushing 600 Radio
rcc ., (Bufiel) 400 EGE Barcelona 600-1600 1000 Army
P C G G| Hague 1050 Telephony ESH Bilbao 600-1600 1000 ’
Concerts EAC Cadiz 2500 1500 CN.T.H
PCB Helder, PCB 600 Government EAS Calomajor 200-1800 1000 .
rcc Helder, PC C 6oo Rescerve P AT | Finisterre 300-1800 1000 "
Staticn EAL I.as Palmas..| 300-2540 »
PCG Kootwijk- 6650,13250 E AT | Tenerife Ditto '
Sambeck 17750 EGG Valencia 600-1500 Army
PCB Niewiuediep 400 EAY Vigo 300-2900 C.N.T.H.
RT Rotterdam 1000, 3000
ROM 900 Aviaticn
Rotter- SPITSBERGEN
dam i o 200- Jorwegi
PCiH Scheveningen 600 400 Government LFG Spitsbergen. .| 500-1600 !\Gryéw\;.,]an
g e S vern-
STD Swsterberg 1400 600 Aviaticn ment
R DM | Waalhanen.. 900 500 Rotterdam
Municipal-
pality SUDAN
HUNGARY SUL | Khartoum ..| 13500 | I B
HB ..] Csepel .. ..1 4700 1 1500 |
ICELAND SWEDEN -
TTF A | Revkjavik | 600 | 735 | Gevernment SAL Gﬂ;lt(‘li?d 30(2)(')06;0’ gé;lte
ITALY SAH I{i‘irn@sand Ditto State ’l:clc-
. i Radiy graphs
1CSs Spezia .. . Army SAJ Karl:lorg 2500-4200
1DO San Paulo 1850,11000 PPublic Radin
(Rome) 11500 Service SAA Karlskrona 300-6000 Marine
1CD Centocelle 2500 Radio Dept.
MALTA
BYY | S. Anzelo 600 qoo | British SWITZERLAND
Admiralty 11 BB | Berne .. 3400 Tederal Dept.
veT Malta Jsland |2800, 3300 100G British of Posts and
Admiralty Telegraphs
BYZ Kinella .l2700, 4200 1000 " <
MOROCCO UNITED STATES OF AMERICA
CN W Rabat .. .. too 650 French NSS Annapolis 7900, 5000 Navy
Govern- 10110,
ment I0310
C N W | Tanuier 600 509 V. KET Bolinas Ket 1331 4000 Radio Cor-
poration of
NORWAY America
. oy
I.GN Dergen Radio 6oo 15¢0 Government WQL | Coram Hill.. 30?;,330’ 4000 ”
LCIHl Christiania . .[4100-8000 2000 . .
LDYF Tlekkeroy 500 Station & FIQ '{'Ig\?{i?runs- ;3238 4833 ”
LE! Ingoy Radio | 600, 1600 560 - wick, 3 4 »
1L CM Stavanger 12000 W RT | Ditto 11500 4000 .
K DU Point Reyes 12100 4000 ,
PQNAMA . W () K | Saint James 16465 4000 ’,,
N BA | Balboa.. ..[|600-17145| 5000 | U.S.Navy W G G | Tuckerton, 12900 4000 a
PHILIPPINE ISLANDS Wiz Newark 405-600 Westing-
NPO | Cavite.. ..| 5000 | Gooo | US.Navv house Elec-
tric Co.
POLAND W B Z | Springfield, 337 750 »
- Ma
P SO > R .
Pso I((}?élilcrzl) <+ |300-10000| 5000 | W D Y | Roselle Park, 600 Soc. Ind.
s e N.J. T.S.F.
WAR | Warsaw 2000 1000 W HI | New York 600 J. Wana-
maker
PORTUGAL_ W M E | Rockland, 425-600 300 S.I.  and
PGL Lisbon 1000 €o0 Maire Rockiand
CRP Oporto. . Goo ‘ 700 1 Government Radio
P QT Terceira Radiol  1ono 8oo - WEY | Wichita, 360-485 150 | Cos Radio
Kansas Co.
RUSSIA W B Y { Lima, Ohio .. 1700 230 Ilinois Pipe
M S K | Moscow ..15000-6500 | 2000 | . Co.
WOAF { Kansas City, 411 500 Kansas City
SANDWICH ISLANDS Mo, Star.
KID Kahuku 9145, 4000 Radio = Cor- WOAC Slfll[m"ﬁem' 485 450 Il\l{arﬁsh Co
16975 gor;“;: ;22 of W G Y | Schenectady, | 360-485 200 General
= N.Y. Electric Co.
K Y W | Chicago, Il 345 1000 Westing-
SEYCHELLES house Elec-
B ZH | Seychelles ..| s300 | 1 tric Co.

Note : Wave-lengths given for stations of the
are liable to altcration, having been

British Broadcasting Co., Ltd.,
allotted temporarily
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CALL SIGNS: (2) AMATEUR TRANSMITTING STATIONS
Compiled by Leslie McMichael, M.Inst.R.E., Hon, Secretary, Radio Society of Gt. Britain

2AA

2CH
2CI
2CK

In this list the call signs of nearl
Britain are given so that the am
number of signsare not for publication and ot
The reader is therefore advised when bindin
of writing paper, so that alterations and a

Radio  Commun, Co., Ltd,,
Slough
A. R. Taylor, 49, Idmiston

.Rd., W. Norwood, S.E. 27

T. Moor, Castlemaine, Leth-
bridge Rd., Southport

Radio Commun., Co., Ltd,
Barnes, S.W. 13

W. Halstead, Briar Lane,
Thornton-le-Fylde

A, Pearl,. 5, Sharon Rd,

Chiswick, W.
A. W, Sharman, Kelvin Lodge,
1, Morella R<l., Wandsworth
O. N. Relly, Stratton, De Roos
stbourne

Davis, ornton leath, Lon-
don, S.W,
E. Gaze, 3, Archibald St
Gloucester

Mr. Beresford, Birmingham

A. C. Bull, 25, Fairland Rd.,
West Ham, 12, 15

D. H. W. Swiney, 18, South-
church Rd,, Southend

H. H. Burbury, Crigglestone,
Wakefield

G. Sutton, 18, Meclford Rd.,

Dutlwich, S.E. 22

“. Owen, Limehurst, Sale

Wm. Le Queux, MI.R.E
St. Leonards-on-Sea

D, ¥. Owen, Limchurst, Sale

J. H. A, Whitehouse Hamp-
stead, N.W. 3

Marconi Co., Writtle

Daimler Motor Co., Kelvinside

B. Davis, The Pavilion, Marble
Arch, W,

J. H. Reyner, 69, Station Rd.,
Chingford

W. E, Cooke, 209, Empress Av,,
S. Chingford

Burton-on-Trent Wircless Soc.
(Hon. Sec.), 66, Edward St.,
Burton-on-Trent

Science  Soc., The
Oundle

R. B. King, Widcombe, Taun-
ton

City and Guilds (Engin.) Coll,,
Exhibition Rd., S. Kensing-
ton

N. D. B. Hyde, 92, Littledale
Rd., Egremont

J. C. Elmer, 14, Gordon Sq.,
Birchington

9

School,

0 » ”
B. Hippisley, Ston, Easton
Park, Bath
A. L. Rockham,
champ Rd,,
wood, S.E.
°. Atkinson, 17, Beaumont Rd.,
Leicester

M. Child, 6o, Ashworth Mans,,
Maida Vale, W, q

A. C. Davis, 105, Brynland Av,,
Bristol

. Miller, 65, Malden Rd,,
New Malden

W. Buruet, 10, Coverdale Rd.,
Sheffield

» » »

Beau-
Nor-

Iy,
Upper

” s »

A, T. Lee, The Court, Alvaston,
Derby

S. R. Wright, 14, Bankfeld
Drive, Nab Wood, Shiplev

Barrow and Dist. Wireless
Assoc., Market Tower, Bar-
row-in-Furness

2DU
2DX
2DY
2DZ
2FA
2FB
2FC
2FG
2FH
2F1J
2FK
2FL
2FM
2FN
2FP
2FQ
2FR
2FU

2FW
2FX
2FZ

2GA
2GD

2GF
2GG
2GI

2GJ

261
2GO
2GP
2GQ
2GR

2GS
2GT

2GU
2GV
2GW
2GZ

2HA
2HB

W. D. Norbury, 5, Chilwell
Rd., Beeston
W. J. Alford,
Camberlev

F. H. Haynes, 5, Regent Sq.,
W.C. 1

F. H. Havnes, 26, Avenue Rd,,
S. Tottenham, N, 15

F. G. Bennett, 16, Tivoli Rd.,
Crouch IEnd, N. 8

W. Ison, A.M.ILR.E., 8o,
Harnham Rd., Salisbury

D. Sinclair, 194, Ladbroke
Gardens, W, 11

L. McMichael, 32, Quex Rd.,
W. Haiapstead, N.W.6

. L Rogers, 2, lark Hill,
Moseley, Birmingham

W. J. Fry, 22, Thirsk RA,,
Lavender Hill, S.W. 11

F. C. Grover, 20, Rutland Rd.,
Ilford

C. Willcox, 21,
Warminster

V. Corelll, 41a,
Eastbourne

L. M. Baker,
Notts

F. Foulger, 74, Jerningham
Rd,, S.E. 14

Burndept, Ltd., Aeriyd Works,
Blackheath, S.E. 3

S. Rudeforth, 354
St.,, Hull

E. T. Manley,
Arthur  Rd,,
Park, SW. 19

Rev. D. Thomas, St. Paul's
B.P. Scouts, Bournemouth

H. €, Binden, 32, Oxford Rd.,
Bournemouth

Manchester  Wireless
Houldsworth  Hall,
gate

Rev. J. A. Gibson, 18, Daniel
St., Bath

Birmingham Wireless Experi-
mental Club, Digbeth Insti-
tute, Birmingham

. V. Newson, 139, Ormside
St., S.E. 15

R. H. Kidd, Marlborough
House, Newburv

L. Johnson, Hinde House Lane,
Pitsmoor, Sheffield

» »” »

Rosedene,

George  St.,
Grove R4,
Ruddington,

Worthing

Jur., 491,
Wimbledon

Soc.,
Deans-

” ’ ,

W. J. Henderson, 2
wood Road, S.W. 10

L. B. Flag, 61, Burlington Rd,,
Bayswater, W, 2

H, W. Nuann, 49, Leigh Rd.,
Highburv Park, N, 5

1t Taunton Scouts, Parish
Buildings, Wilton, Taunton

T. Forsyth, Wenslea, Ashing-
ton, Northumberland

Holly-

’ » "

G.Irvine, 12, Trebcrth St
Liverpool

Halifax  Wireless Club, Clare
Hall, Halifax

Rev. W, I'. Rigby, St. Law-
rence Vicarage, Bristol

A. Cash, Foxley Mount, Lynn,
Cheshire

A. L. Meyson, Talbot
Bowdon, Cheshire

Rd.,

” n ”
L. H. Lomas, Highfield, Sum-
merseat, nr., Manchester

y all the amateur transmitting stations in Great
ateur may ider®fy the calls he hears.

A certain

hers are necessarily subject to alteration.
g the volume to bind in one or two leaves
dditions may be made from time to time

2HC F. M. J. White, Winchcombe
Lodge, Bucklebury, nr.Read-
ing
2HF W, G. Gold, Rosedale, Belwell
Lane, Four Oaks
2HG T. Boutland, Sur., Ashington,
Northumberland
2HH T. Boutland, Jnr., Ashington,
Northumberland
2HK A, A Campbell Swinton,
F.R.S,, 66, Victoria St.,
S.W.1
2HL A. A, C. Swinton, F.R.S., 40,
Chester Sq., S.W.1
2HO Bristol
2HP H. C, Woodhall, 10, Holborn
House, E.C.1
2HQ A W. Fawcett, 11, Leigh Rd.,
Clifton, Bristol
2HR FT. Read & Co., Ltd,,
13-14, Great Queen St.,
Kingsway, W C.2
2HS G. W. Hale and R. Lyle, 36,
Dagnall Park S. Norwood,
S.E.z25
2HT R, H. Klein, 18, Creditor Hill,
W. Hampstead, N.W.6
2HYV H. Beresford, Wylde Green,
Birmingham
2HW H. Beresford, 213, Bull St.,
Birmingham
2HX T. A Love, Ivydene, Guildford
Park Rd., Guildford
2IB W. Bemrose, TFour Winds,
Littleover, Derby
2ID E. S. Firth, 5, Manor Rd,,
Harrow
21IF S. W. Blight, 2, North Lane,
Canterbury
21H . G. Bevan, Technical Coll.,
Cathays Park, Cardiif
211 Southport Wireless Soc.,
Queen’s Hotel, Southport
217 2 ” »
2IK County High School for Boys,
Altrincham, Cheshire
2IL  H. R. Goodall, Fernlea, Win-
chester Rd., Bassett, South-
ampton
2IN J. E. Fish, Thornley, Station
Rd., Thornton-le-Fylde
21Q W. A, Ward, 26, Marlborough
Rd., Sheffield
218 Rev. W. H. Doudnev, St,
. Luke’s Vicarage, Bath
2IT » "
210 G. A, E. Roberts, Twyford,
Winchester
21V L. F. White, 10, Priory Rd.,
Knowle, Bristol
2IW G. R. Marsh, Mallards Close,
Twyford, Winchester
21X G.  Taylor, Littleover,
Derby
21Y J. Briggs, 61, High St.,
Manchester
2J A A S, Atkins, St. Malo, Beau-
champ Rd,, Upper Norwood,
S.E.
2JB P, H. Dorte, Downside School,
Stratton-on-the-Fosse, nr,
Bath
2JC L. H. Storey, Escowbeck,
Caton, Lancaster
23D I H.Storey, White Cross Mills,
Lancaster
2JF C.G. Williams, 22, Scholar St.,
Sefton Park, Liverpool
2JG W. A Seed, Crigglestone, nr.
Wakefield
2JH

C. A. Barrand, Stefano, Wel-
lington St., Slough
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233 C. Worthy, 4, Riversdale Rd,, J. A. Henderson, 18, Elm Hall |20 D E. J. Simmonds, Meadowlea,
Egremont, Wallasey Drive, Moselzy, Liv erpool Queen’s Way, Gerrard’s
2T K . R. Coursey, Stamford House, J. Se o’Lt Taggart, 6, Beatvville Cross
Marchmont Rd.,, Rlchmrmd Gardens, Iford 20F H.C. Trent, Secondary School,
Surrey A F. Battle, S-. Cyres, 5, Coi- Lowestoft
2JL G. G. DBailey, The DBceeches, eraine Rd., Blackheath,S.E.3 120G  A. Cooper, 16, Westworth Rd.,
Cowley, Middlesex W. A, Applcton, Wembley, York
2IM G. G, Blake, 10, Onslow Rd,, Puark 201 C. Bain, 51, Grainger St.,
Richmond, Surrey W. R. H. Ting2y, 22, Leinstcr Newcastle-on-Tyne
2IN H. B. Burdckin, Bilton, Rugby Guardens, W 20J E. A. Hoghton, 52, TFirst
2J0 J. W. Whitcside, 30, Castle St., Tingey  Wireless  Ltd,, g9z, Avenue, Hove
Clitheroe, Lancs (Oeen  St., Hammersmitl, |2 0 K H. D. Butler & Co., Ltd., 222,
2JP M. €. Ellison, Huttons Ambo W.h Great Dover St., SE.x
Hall, York H. H. Thompmll 39, Redlands |2 0L H. D. Butler, Trebarw;th
27 Q . 'y " R'l, Penarth. Glam S. Hutfield, Surre v
23S H. B. Dent, 25, Church St., F. A er, Stilemans, Wick- {20 M 1. S. V\’alker A M.Inst.R.E.,
Leatherhead b SeX Park Lodge, Breatford
2JU E. J. Pearcey, 115, Woodland . 8. Savage, 14-16, Norwich |2 0N  Major H. . Parker, 56,
Rd., Handsworth R 1., Lowestcft Shernhall St., Walthamstow
2IV A G Robbins, Station Rd., E. 11. Jevnes, 67, St. Paul's|20P Capt. G. C. Prlce 8, Lansdown
Epping R 1 Gloucester Terrace, Cheltonham
2IW . R Barrett, Westgate Court, H. Dcnt Albion, Fleetwoo1 {20Q D. P. ]3a‘£er Crescent House,
A '., Westclitic-on-Sea Newbridge Crescent, Wolver-
2IX L. Vi 12, Sevmour C. Chipperfield Victoria Rd., hampton
Garde 'ns, Iford Oulton Broad, Lowestoft 208 Amersham
23Z R. D.Spencee, Craighead House, Marconi Scientific Instrument |2 OT  Ilford and District Radio Soc.,
Huntlev, Aberdeenshire Co., Ltd., z1-25, St. Anne's Sec., L. Vizard, 12, Sevmour
2K A Brighton and Hove Radio Soc., Ceurt, Dean St., W.1 (mrdul< The Drlve Ilford
08,  Southdown  Avenue, C. C. Millar, Arndeane, Bears- |20 U
Bn"hton den, nr. Glaszow 20X Dr. Ratch'ffe, 22, Walke Green
2KB arp, 675, Moore Rd., ' A. Lawton, Brownedyge Vicar- Rd., Moselev, Birmingham
M: xpull\ Nottingham age, Stoke-or.-Trent Capt. E. J. Hobbs, 4th Tank
2KC Il T. Longuchave, 96, Barn- L. McMichael, Ltd., StagWorks, Batt., Wareham, Dorset
mead Rd., BB kenham | Providence I'lace, Kilburn, Worcester Cadet Signal Co.,
2K D Denison Bros., Experimental | N.W.6 R.C. of Signals, Junior Tech-
Station, Wainhouse Tower, | AW Hnmhlu 2, 80, Brondes- nical School, Sansome Walk,
Halifax ' bury Rd., N.W.6 Worcester
2KF . A, Partridge, 22, Park Rd., . 2 R. (. Clinker, Bilton, Rughy |2P A G. Z. Auckland & Son, 393,
"Colliers Wood, Merton, S\, | 2 M C. A. Hines, \VJUC}', Twyford, St. John St., E.C.x
2KG A.E.Hav, Gle nrhlc, Abernant, | nr. Winchestor, Hants 2PB D.E. O. Nicholson, 383, Upper
A\)crdare F. O. Read, 26. Flanders Rd., Kenvington Rd., Lambeth
2KH Ashley Wireless Telephone Co,, Bedford Park, Chiswick 2PC A, G. Davies, Redcott, Park
Ltd,, Renshaw Rd. Liver- R. H. Reece, Fasketts, Birch- Rd., Timperley, Cheshire
pool ington 2PD W. Harvey-Marston, The
2 KK lutchinson & Co. (F. Pinker- ‘\Iarmm Scient:fic Instrument Manor, Willenhall, Staffs
tou), 101, Dartmouth Rd., ., ur. Chelmsford Station, |[2PF R Jefferies, Lyun Dene,
. Forest Hlll S.E.23 pecially a1thorized trans- Mount Hill, Kingswood,
2KL T. Dinkerton, 50, Peak Hill, issions to amateurs Bristol
Sydenham, S.1. 26 R. Wallis, Dehn de Lion, West- |2 PG B. Hesketh, High St., Chalvey,
2KM C. Stainton, 155, Escourt St., gate-on-Sea Slough
"New Bridge Rd., Hull H. M. Hodgson, Clifton House, { 2P H L. Dove, 139, Milcote Rd,,
2KN A DB.Day, I inchle v Hortford, Cleshire Bearlwood, Smethwick
2K 0 C.S. Baynton, 48, Russcll Rd,, J. Mavall, ADMLE.E., Bur-|2PI Loughborough College, Lei-
Moseley field, St. Paul’s Rd., Glou- cestershire
2KP I A, Bird, 13, Henrictta Rd,, cester 2PJ
Jath I1I. Frost, Loungwood, Barr|2PL ’\[1]0r L.N. Stcphons 0.B.E.,
2K Q 1. Tavlor, The Lodge, Tetten- Comimon, Walsall .A., Haddon House, Brid’
hall  Wood, nr. Wolver- J. W. Barnaby, Sylvan Housc, port Harbour, Dorset
hampton Broad Rd., Sale 2PN C.J. Pratt, 332, Upper Rich-
2KR E.Edmonds, 2, Yew Tree Rd., J. Goodwin, Ciown St., Duf- mond Rd., Putney, S.W.
Ldgbaston field, Derbystire 2PP J. Knight, Clark’s Hill Nursery,
2KS C. C. Beakell, Mill DBank, E. H. Pickford, 6, Wilson Rd,, Prestwich, Manchester
Church St., Preston Shefhield 2PQ G. L. Mortley Sprague & Co.’s
2KT J. E. Nickless, 83, Wellington G. S. Whale, Whale's Wireless Test  Station, Nelson Rd.,
Rd., Snaresbrook, .11 Works, Colwyn Bay Tonbridge
2KU A, J. Selby, 66, Edward St,, 0. R. C. Sherwo od, 41, Queen’s | 2P R A. E. Whitehead, Holling-
Burton-on-Trent Gate Gardens, S 7 wood, King’s Ride, Camber-
2KV W. J. Crampton, Weybridge Dartiord and District Wireless lev, Suriey
2KW W. R. Burne, Springheld, Soe., Sce., E. C. Deavin, &4, [2P S J. H. Gill, 18, Fourth Avenue,
Thorold Grove, Sale Hawley Rd., Wilmington. Sherwood Rise, Nottingham
2KX W. Stanworth, Yern Bank, Dartford 2PT Jardine, Hall Rd. Woest,
Blackburn P. Priest, 174, Woodside Rd.. ])lun(‘f.llsand:, Liverpool
2KY L. Pollard, 209, Cunliffe Rd,, Lockwood, Huddersfield 2PU C. Chapman, Nirvana,
Blackpool 2NL F.J. Huwhc> AM.LE.E,, 129, 44, Choplm Rd., Wembley.
2KZ B. Ciapp, AM.I.R.E., Mead- Wedlls Rd., Bath, Somerset |2PV  G. Smith C]arke, Glenroy,
moor, Brighton Rd. PurIC\ 2NM G. I\[mcme Coombe Dingle. Waverley Rd., Kenilworth
2LA I T ardl(‘\ Victoria Rd., Queen’s Park, Caterham 2P W J. Matthewson, 3,, Capel Rd.,
Headingley, Leeds 2NN Brig.-General Palmer, Hill Forest Gate, E,7
2LB I 1. Yardle 'y, 6, Blenheim Crest, Epping 2PX H. H. Las&mdn 429, Barking
Terrace, Leeds. 2N O H.R. Adams, Crescent Cabinet Rd., East Ham, E.6
2LD R. . Cuttis, 4, Crondace Rd., Works, Suttor: Road, Walsall |2 PY H. Carter- Rowle:, 51, St
Tulham, S.W.6 2NP H. G. Treadwell, Middleton Gunterstone Rd., W. Ken-
2LF P. Narris, Chilvester Lodge, Cheney, Banbury sington
Calne, Wilts 2NQ R. LT ‘\Im—mn 14, Woodside | 2P Z  A. E. J. Symonds, 12, Addison
2LG H. H. Whitfield, The Glen, Rd., Kingston-on-Thames Av., Holland P1rk W.r1
Primrose Lane, Hall Green, | 2NR J. Knowles—Hzxssell, Mount {2Q A Dr. 0w Fstgarth -Tavylor,
Birmingham Plecasant  Works, Wooden 320, Humberstone Rd.,
2L1I C. H. Wilkinson, 14, Kings- Box, nr. Burton-on-Trent Leicester
wood Avenue, Brondesbury, | 2 NS M. Burchill, 30, Leighton Rd., {2 Q D  J. Avres, roth Wimbledon B.P,
.W.6 Southville, Bristol Scouts, 18, Seaforth Av,,
2LJ  Worcester Cadet Signal Co. 2NV H. Littey, Loc‘ge Rd., West New Malden
2L K S. Kniveton, Brooklands, Nor- Bromwich 2QC J.S. Alderton, 1,542, Stratford
manton 2NW . V. Rd., Hall Green Birming-
2LL ' . 2NY J. N. (7. Bradshaw, Bilsboro’, ham
2LP A, W. I\mght 26, Stanbury ar. Preston 2QH C. Hewins, 42, St. Augustine
Rd,, S.E.15 2NZ s Av,, Grimsby




Ealing Rd., Wembley

CALL SIGNS 351 CALL SIGNS
2Q1 Hurst & Luecas, 3, Mavford |28X F.B. Ba,:g<, 24, Westhorpe St., | 2 VK Burndept, Ltd., Aerial Works,
Rd., Balham, S.W.12 S.W Blackheath, S.E.3
2Q7J R. Walton, 17, Moorfield Rd.,, |28 Y H. St(vens 25, Oaklands Rd., | 2 VL  Mitchell & Co., \ILDermott
Pendleton, Manchester \Vo]\evhimpton Rd., Peckham, S.E
2QXK J. Bever, 85, Emm Lane, [282Z  Wireless Soc., Mill Hill School, |2 VM J. Lipowsky, 614, Old Ford

Bradiord N.W.7 Rd., Bow, E.3
2QL R. J. Hibberd, Grayswood |2 TA H. Andrews, 8, North Grove, {2 VN M. H. Drury-Lavin, Old House,
Mount, Haslemere Highgate, N.6 Sonning, Berks
2QN A.Hobday, Flint House, North- | 2TB  H. W. Sellers, 18, Edgerton [2V 0 Alan C. Holmes, 60, Aire
down Rd., Margate Grove Rd., Huddersfield View, Cononley, Keighley
2Q0 P. Pritchard, Blenheim House, { 2T C ). v ' 2VP P.G. A, Voigt, Bowdon Mount,
Broad St., Hercford 2TF Edinburgh and District Radio 121, Honor Oak Park, S.E.23
2QP L. C. Grant, 3, Langhorn St., Soc., Sec., W, Winkler, 9,/2VQ H. B. Old, 10, St. Jude's Av,,
Newcastle-on-Tvne I‘ttncl\ Rd Edinburgh Mapperley, Nottingham
2QQ Burndept, Ltd., Blackheath 2TG Dr. 5w all, Dept. of [2VR H. J. Jackson, 8th Waltham-
2QR F. W.G. Towers, 12, Mayfield Applied Science, University, stow Boy Scouts
Rd., Handsworth St. George's Sq., Sheffield 2VS8 W. K. Hill, 79, Beulah Hill,
2QS S. Ward, Ravenswood, 339,{2TH . " N S.E.19
Brixton Rd., S.W.g 2TI H. Bevan Swift, 49, Kingsmead |2V T s
2QT C. C. Barnctt, Lower Farw, Rd., Tulse Hill, S.W.2 2VYV Sout]\ampt(m
Nether Compton, Sherborne [2T J Burndept, Ltd,, George St.,|2VW E. H. Robinson, 1z5c, Ade-
2QU Lucas & Hurst, 198, Lans- Leeds Jaide Rd. W
down Rd., Blackheath,S.E13 [2TL V. Martin, 128, Daisy House |2 VX H., H. Thompbon 44, North-
2QV Altrincham  Wireless  Soc., Rd., Derby umberland Rd., Coventry
Breeze Ciest, Plane Tree |2 TM L. H. Mansell, Woodfeld, | 2 W A J. Pigott, Manor Farm, Wolver-
Rd., Hale, Cheshire AMadresfield Rd., Malvern cote, Oxford
2QY Iondon, N.W.6 2TN C. E, Stuart, Lyndon Lodge, |2 WB G. W. Jones, 8, Rosebery St.,
2QZ DBrian li. Colquhoun, 3, East- Polesworth, Tamworth Wolverhampton
brook Rd., Blackheath, S .3 {2TO0 *.T. G. Townsend. 46, Grove |2 WD C. W. Clarabut, Bedford
2R B H. B. Grylls, Trenay, Fawton, Lane, Ipswich Radio  Soc., Beechcroft,
‘Carew Rd., Eas thourne 2TP C.W. Andrews, Radlioville, 26, Beverley Crescent, Bedford
2RD G. W. Fairall, 27, Newbridge Melodv  Rd., Wandsworth | 2 WI C. Munday, 37, Leat St.,
St., V\’o]verhampmn Common, S.W.13 Tiverton, Devon
2RF Technical College, Bradford 27 Q T.C.Macnamara, 31, Rollscourt |2 WJ R. L. Royle, Southwold,
2RG E. W, Scammell, 147, Solihull Av., Herne Hill, S.E.24 Alderman’s HIH, Palmer’s
Rd., Sparkhill, Birmingham |2 TR F. O. Sparrow, 8, North Drive, Green, N.13
2RH H. A. Pound, 1or, High St Swinten, Manchester 2WK G. R. Lewis, 10, Lansdowne
Broadstairs 2TV E. W, Wood, 79, Colwyn Rd,, Rd., Ashton-on-Mersey, Man-
2RJ Major F. S, \Inrgan, E. Fair- Northampton chester
leigh, Ken 2TW v " 2WL F. ]J. Cripwell, Lonk Hill,
2RK A L. Bld(]\d” 7, Maple Rd,, {2 TX A. R. C. Johnstone, &7, Twy- Thorpe, Tamworth
Surbiton tord Av., Acton, W.3 2WM J. W, Pallett, 111, Ruby St.,
2RM S. Cross, 3, Norman Rd,!2TX S. Scott, Field Villa, Norton, Leicester
Heaton Moor, nr, Stockport Malton 2WN A. H. Wilson, 67, Broad St.,
2R N D. Richards, Mumecty House, [2TZ E. Jones, Newholmne, Hemp- Hanley, Stoke-on-Trent
Contemacwydd Terrace, shaw Lane, Offerton, Stock- {2 W O . Brown, Redbrook,
- Tuckwis, Glam port liavulev Cheshire
2RP T. W. Emerson, 178, Heaton [2 U A S.D.P.Parnes, 38, AvenueRd.,, | 2W@Q C. H, Gardner, Amblecote
Moor Rd., Heaton Moor Highgate, N.6 House, Brierley Hill, Staffs
2R Q E. Strong, 119, Church Lane, |2 UC E. J. Winstone, 524, Gunter- | 2 WR L. W. Burcham, Gauzecourt,
Handsworth stone Rd., W. Kensington Chestnut Av., Oulton Broad,
2RR W.V Waddoup, 56, Welling- |2UD E, W. Srmth rove Lane, Norfolk
ton Rd.,, Handsworth Wood Canllxr\\ell E.5 2 WS H. Squelch, Jnr,, 35, Crown
2RS Thomas Hesketh, 42, Castle |2 UF  H. Bailev, 31, Manchester Rd., Lane,Bromley Common, Kent
Hill Av., Folkestonc Denton, nr. Manchester 2 W T H. Chadwick, 9, Raimond St.,
2RT North Eastern Instrument Co., |20 G W. H. Burton, 103, Portland Halliwell, Bolton
Durham Rd., Low Fell, Rd., Nottingham 2WU Capt. C. Bailey, Charlacre,
Gateshead 201 A, R, O":ton 41, Broomfield Mounton Rd., Chepstow
2R U North Eastern Instrument Co., Av., N.I 2 WZ Capt. A, H. Hobson, 32, Wil-
Rowlands Gill, nr. New-{2UJ L.R. "(nhards, 25, Cholmeley bury Rd., Hove, Sussex
castle-on-Tyne Park, Highgate, N 2X A Rev, C. H. Townson, Wilts
2RV A. Rawlings, 162, Burnt Ash |2 U K Coileridge Day Continuation Farm School, Warminster
Hill, Lee, S.E. School, King’s Norton, Bir-| 2X B G. Z. Aunckland & Sons, 33,
2RW ——— 6, Manor Gardens, mingham Douglas Rd., Highbury, N.6
Merton Park, S.W.zo 2UM H. Llovd, 3, Venmnor Place, |2X ¢ H. Johnson, Avondale, Chest-
2RY D. Hanley, Iorbury, Kint- Shefficld nut Walk, Worcester
bury, Berks 2UN avor’s Own | 2X D H. R, Gladwell, London Rd,,
2RZ D. T. Woods, Denley Villa, Scouts, Abridge
Parker Rd., Bournemouth Dept.,, |2XF E. T, Chapman, AM.LR.E,
28 A  Sir Hanbury Brown, Newlands, i Hillmorton, Ringwood Rd.,
Crawley Down, Sussex 2U0Q H. F. Abell Sanderson, H.A,, Newtown, Dorset
28D John DMayall, DBurfield, St. 23, Palace Rd., Llandaff 2X1 R. H. Wagner, 6, Maresfield
Paul’s Rd., Gloucester 2US Radio Society of Highgate, Gardens, N.W3.
28 F C. Midworth, Sumia, Ridgeway Highgate 1919 Club, South |2 XJ Dept. of Applied Science,
Rd., Osterley Grove, Highgate, N.6 Sheffield and District Wire-
28H F. L. Hogy, 37, Bishop’s Rd.,, {2UV W. Corsham, 104, Harlesden less Soc., Sheffield
Highgate, N.6 Gardens, N.W.10 2X K Sheffield and District Wireless
281 L. C. Holton, 112, Conway Rd., |2 UX A. T. Headley, 255, Galton Soc., Sec., L. H. Crowther,
Southgate, N.14 Rd., Warley, Birmingham 18, Linden Av., Sheffield
28K K. Graham Styles, 43, New |2UY W. Fenn, Holly Cottage, Pole- | XL  Capt. Edward Davis, Pavilion,
Oxford St., London, W.C.1 worth, Tamworth 222, Lavender Hill, Clapham
2SL K. Graham Styles, Kitscot, |2U % C. V. Stead, 29, Sholebroke Junction, S.W.11
52, Bower Mount Rd., Maid- View, Chapeltown, Leeds 2X M P. H. Dorte, Downside Wire-
stone 2V B Shooter's Hill less Soc., Downside School,
28M R. ] Bates, 34, Abbeygate St., |2V € A, S, Gosling, 63, North Rd,, Stratton-on-the-Fosse, nr.
Bury St. Edmunds West Bridgford, Nottingham Bath
280 T. Geeson, Alder Cottage, Peel [2 VD Cuptain Crowe, Juniper, Rough | 2 X N " 3 0
St., Macclesfield Hardres, nr, Canterbury 2XP J. F. Payne, 22, Shakespeare
28P L. Mansfield, Ciegneish, Ley [2VF  H. A Blackwell, Wayte House, Crescent, Manor Park, E.1z
Hey Park, Marple, Cheshire Bigspham, Blackpool ¢X R J. F. Haines, 36, Zetland St.,
28Q A.].Spears, 25, Rawlings Rd,, | 2VH S. E. Payne, Bush Hill Park, E.rg
Bearwood, Smethwick Enreld 2XT W F Philpott, Appledore,
288 Bradford Technical College 2V1 H. Curtis, 26, Uppe- Hall Lane, Kent
28T L. Lambert, 46, Church Rd., Walsall 2X W H. A. Woodyer, 118, Bucking-
Holland Park 2VJ B. J. Axten, Raveascourt, 78, ham Rd., Heaton Moor, nr.

Stockport



Y

CALL SIGNS o 32
2XX D. F. Young, 23, Holcombe|5AP A, J. Hill, Buckhurst Rd,,
Rd., liford Bexhill-on-Sea .
2XY H. T. Littlew ood, Esholt, AQ D.Douet, 1o, Ruvigny Gardens,
Wedgewood J)n\(- Round- Putacy, S.W.r35 .
h; \y, Leeds 5AS8 I A Bourne, 1¢, Linley Rd,,
2X272 L. Dixon, 4, Havthorp St., Totienham, N v
brmthhel(h S.W.18 5AT Dubilicr Condenser Co. (1921},
2YA R, A, Miles, 4, Cambridge I.td, Goldhawk }\d 5hep~
Green, New Eltham, S. .9 kerd’s Bush, W.r2 .
2YF J. R. Clay, Upper Long-!5AU W. H. Goodman. 04, Addison
bottom, L. uddendenfoot S. () Rd.. Holland P'ark, W, 14
Yorks 5AV R.\W. Harvey, 25, Shakcspeare
2YG Boomer, 42nd Camber- Av.. Portswool, Southamp-
“well Troop, B.Y. Scouts, 51, ton
Brook St., S.E.x 5AW I, Hough (Soutaport), Ltd.,
2YH G. L. Duveen, 40, Park Lane, 60, Sussex RJ.. Soutnport
Wi 5AY T. ¥. Crowther, 29, North
2YI W, |. Hewitt, B.Se. 83, Drive, St.  .Annes-on-Sea,
}\cdr inzs Rd., Moselev, Bir- A . Lanss Reads A
n 5AZ 7. Charnlev, 43, Recads Av,,
2Y7F quipment, Ltd., o0 _ Blackpool )
Charing Cross Rd., W.C.2 5B A Capt. Steven, Chase Motors,
2YK T. M. Ovenden, 124, Elgin Ltd., Newcastle
Court, Elgin Av.,, Hamp-|5BE B  Messrs, Vickers, Ltd., Broad-
stead W Westminst er, S.Wir
2YM R.W. Piper, 62, Chiltern View |5 BC  Sir Trevor D;msm., Llstree,
Rd., Uxbridge Herts
2YN Al : W, 'l‘ht)x;psr»n, 32, SLISBBG  J. B, Kave, 12, Clos~ Hill,
Nicholas St., Scarborough Locswood. Hu idersficld
2YQ \W.D. Wilson, 1, Highland Rd,, | 5B I  Boura mouth
Gipsy Hill, S.1l.1g 5BK W. G I Brown, 52, Win-
2YR A R. Pike, 17, Avonwick Rd,, stonian R, Al Saints,
Heston, Hounslow (hc tenham
2YU G. W. Hale and R. IT»"I‘" 30, 5B L AL Vick, 19, Gresham Rd.,,
]‘).'1”[1’1“ Park, 'S. Norwood, }mH (wnun, Bitmingham
L2s 5BM 1. '!l Ouick, 164, Portland Rd.,
2YV G. M. Whitchouse, Allport - o
House, Cannock 5BP i s, 59, Compton Rd.,
2YW . \il, lt l'll‘olx.\'fn, 4, DLversley W m,hmo,rc? Hill, N.271
AMount, Halitax . BT L. V. C(lark, 4, Compton
2YX T. E. B. Jones, Hill  Crest, 5 Crescent, GrOV:*“Park P
Jockey 'Hlll, I}lrmm::ha_m 5BY tI. N. Ryan, 83, Home Park
Rd., Wylde Green, Bir- Roal, Wimbedon Park,
mingham S W.To
2YY O. L Patterson, 26, Allerton | s pw A Do “Villiers, 167, West-
. Rd., Sm!rm Newington, N, 16 minster Bridge Rd., S.E. 1
2ZB . C. R. Small, Broadhurst, I s 04 N L. Yates. Fish, Cleveland,
lmersdale Rd., Clacton- Mansfield Rd., Reading
oea 5 Capt. K. E. Hartridue, 14,
2ZC General Radio Co.,, Twyford ¢B {J\C I;nhrue Cr 1g(fI]tk\\ 2 ¢
:\vhh‘oy Works, Acton Lane, og Bath lectric Plating Works,
N W.ro Foxcombe Rel., Bath
2ZD A. Woodeoek, 1, Montagu Rd,, 50D G. Wairl Boo Eastlands,
Handsworth, Birmingham Quecn’s Rd., Wishech
2ZG W,\Vl, 1§m1mzm.“ Jrchard St., 5CF r. (,_ S, “ ise, "2 Crouch End
on-super-Mare
2ZK . t'l;l'm\wr, Purley, Caldy, | 5 ¢y 1. 6, Clough Ter.,
Moy ick, Colne
. W. Gee Gordon St., )
2zl “(;:i\nslm(r:;u;h{, Lir?cr::l(m ° 5CK L. )H "camvn c/o  Messrs,
2ZM H. Isted, Terling, Witham Pears ]ntlfirx(x:v}; lg:—:lfh Long
2 L. H. Sound 60, DBellevue oLt
o Rd., I 2]1:1‘,:\ ) \ boP C nnw)r)nPIgL‘O“J‘xl;r\Oﬂ "}\orth
2ZP G. I' Forwood, West Chart, 4 é
lepm( 1d, Surrey 5CS I\- (];?féa:t“ ()); 1 A\M{{X“& Rd.,
2ZR S, G. Brown & Co., Ltd., 19, ) ,
W.I 5CU . L\ Walshaw, Garnett Villa,
2ZS ¥ .viirti;\é:diltc 14, Highfield | i ()tle\i‘, nr L““"“ Wal
View, btmlc\noft Liverpool [9CV R.]J. }I arrison, Seaton, Walton-
2ZT DBenham, W oodbury Rd., New 5CW A Ol”r‘lgﬂfé‘c“l-‘ brocke, 82, High
Malden b A. H. 5. Cole e, 82,
2ZU T. Eccles, 30, Thackeray St 50X \ StI;I,i ‘Eﬁ;bog'(}‘i Cotton Trec
Liverpool . wson, 101, (ot C
o T Smi 2 s Tel- Lanc, Colne, Lancs
2ZV E.stf[l Smith, Rutlands, TFel 5¢Y 1L Gordon, 113,1, ol st
2Z 2 DMessrs. Fellows, Ltd, Cum- . Ashten-under-1 yne
berland  Av.,, Park Royal, [SDA 6. "T'(': 2’1‘!! (Baucegatc, Ber-
N.W.10 - wick-on-Tweed
5A A The Leicester Daily Mercury, [5 DB l]iii l‘g }:‘“\”; 2434, Sclhurst
Leicester ¢ 25, .
5AC W. G. Kimber, Catford, $.E.6[{5DC T. Aked, Kacauli, Devon-
5AF J. A. M. Devey, 232, Great . ) ':lnrc Rd. St .Ann'e&-(m-‘,.ea
Brickkiln $t.,” Wolverhamp- | 5D D Lagtie“éo??]:ge;,t Akals, Ains-
ton . aal ithpo
3. Gregorv., 7. Khe .{5D G H. Stephansen, Penn Manor,
5AG A L. (:IP,-r)ry‘, 7/,T }:h(dx\c W olverhamptor
Rd., Forest Gate, E.7. N
5A1 A, 1L Shefficld, 139, Wallwond |9 D H - Doliis Hill
Road, Leytonstone, E.11 5DI C. J. Matthews, Havering, nr.
5A7) W. C. Barraclough, 9, Rutland Romford ’ °
Av., Withington, Manchester { 5D J . A. Reeves, 5, Crescent Av.,
5AK 1. Guv Mansell, Cleeve Vie w, Plymouth
Harrington, nt. Evesham 5DM A. N. J. Leyv, Grove House,
5AN V. I Irmqhm 158, Sumncr Albert Grove, Nottingham
Rd., l‘u.dnm, S.E.15 SDN Capt. L. A. K. Ha comb, South
5A0 . IL Elson, 142, Birchfield Dene, 106, Mill iouses Lane,

Rd., Birmingham.

Sheftield

CALL SIGNS

8GL

5GP
5GQ
5GT
5GX
5GY
S5HA
’5HC
5HD

5HI
5HIJ
5HL

S5HP
5HQ
5HW
5HX

5HY
5HZ
5IB

5IC
5ID
5IF

E. J. Watts, 6, Ashley Rd.,
Salisbury

Sea  Scouts’  Headquarters,
Clacton-on-Sea

A, W, Fittian, 51, St. James’
Rd., S.W.17

Hutchinson & Co. (F. Pinker-
ton), 1or1, Dartmouth Rd.,
Forest Hlll S.E.23

D. Whittaker, 56, Park Rd.,
St. Annes-on-Sea

Chelmsford Radio Engineering
Co., Ramsford End, Chelms-
jord

Devizes

. L. Devereux, 11,
Villas, Maida Valo VV

. Ansc mn, 13, \ottmg.ham
Place, '\Iarylebnnc W.1

L. H. Lee 155, ‘ioscﬁeld Rd.,
Smeth,vxck Staffs

H. D. Webb, 59, Bradford St.,
Walsall

'1. Pevensey, Lewisham,

Clifton

R. Stone 30, Buxhv Hill Rd.,

Camberwell, S.E.

L. Jefiree, 191, St James’

Rd., (froyrlon

W. A, Andrews, B.Se,, 1,
saimoral \Tansmns &t. An-
drew’s Park, Br iqto]

University (‘oll Nottingham

S. I. Holt, 21, Bromloy Rd.,
St. Annes-on-Sea

Lincoln Wireless Soc., See.,

T. James, 126, West

Parale Lincoln

L. Humphrl(s 61, Geraint St.,
Prinee’s Park, 1. iverpool

H. Stopher, 14, ]0]1n-tou Ter.,
Cricklewood, N.W.z

R. Horrocks, 6< Leander Rd,,
Thornton Heat

James Bevis, 4, Somerset Rd.,
Linford Lstate ]\Iuchmur
Tord, ar, Stanford- le-Hope

N. G. Daguley (Hon. Sec.),
Newark and District Wire-
less Soc., The Park, Newark

J. E. Slmpson Bdsk(rwlle
‘& ipsom Rd., Ghildford

. W, \'lzhtmqalf- Pickford
Schools \orthamptnn

L. S. Dobson, Lorne House,
1lkley, Yorks

P, D, T\ res, 3o, Mildred Av.,
Watford

C. Horwood, 557, Lordship
Lane, 15, Dulw‘ch S.E.22

R. Watson, 35, ralr\'lew Rd.,
Oxton, Birkenhead

1. Al Beverldge Dunelm, 8§,
Cluny Drive, Edinburgh

Henry St. John Ward, N.E.
Coast W, Co., Ltd., 1
Crowtree Rd., Stnderland

L. W. Birch, 30, leesford Rd.,
W a\‘erlov l’ark S.E.1s

F. A. Sleath, 31, Ar(hcry Rd.,
Leammoton Spa

G, W, \owlei St. Leonards,
Hooley St., Sherwuod, Not-
tingham

Cunningham, Ltd
ware Rd,

E. A, Pol]ard Spnng Bank,
Limefield, Blackburn

National PhVS!Cal Laboratory,
Teddington

C. H. Gardner, Electrical Dis-
posal Synd:rate 6, Market
th‘e Oxford Clrcus W.r

Ba\nham Honri, Cromwell
Tlall, E. Pinchley N.2

C. A, Ccupenter 10, Crossley
St., Sherwood \'ottmgham

L. H. & L. W, Corder, 5, Dee-
side Parade, W. Kirby,
Birkenhead

F. E. ‘l,nxcv Fairmead, Sun-
s Waodford Green

P. D Coauca, 55, Ennismore
St., Burnley

H. ]cathercton(, 3, Cumberland
Gardens, Tunbridge Wells

169, Edg-
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Wireless Ma g azine Ry

TS

“Wireless ” from a more scientific

point of view than the avecrage
“listener-in” should read WIRIELESS
REVIEW. This fine weekly niagazine is
an invaluable guide to every new radio
development. Accurate, reliable, and
absolutely authoritative, it deals fully
with the technical side of wireless work—
both theoretical and practical—-giving
explanatory articles by the leading experts
only, and being exceptionally well illus-
trated by photographs and diagrams. Sir
Oliver Lodge, F.R.S., D.Sc., acts as Scien-
tific Adviser-in-Chief, and the editorial
board includes many of the most notable
personalities in the world of wircless.

Wireless
Review

AND SCIENCE WEEKLY.

I jVERYONE who is interested in

e L | D. (T

. Tuesday.




SAGAMAN.—One of the most
primitive of all story-tellers,
the Sagaman delighted our
Viking ancestors with his tales
of prowess and adventure.

JONGLEUR.— In the Age of
Chivalry, the Jongieur

wandered from Castle to
Castle, telling the Ladies in
their bowers and the Knights
at their feasting, marvellous
tales of bravery, love and
romance

SCHEHERAZADE.—The famous
Queen of Arabia whoprolonged
her life from night to night by
telling the wonderful tales of
the Arabian Nights.

x\\h\»’

TOLSTOY.—The great Russian
reformer, idealist and novelist,
famousfor his fearless courage
power and sincerity.

DICKENGS ‘Lhe 1mmortal
novelist of London life, creator
of Mr. Pickwick, Little Nell,
Oliver Twist, Mrs. Gamp,

Mr. Micawber.

“Tell me a Story”

The Cry of Humanity throughout the Ages.
FROM the child devouring fairy tales to the business man

who relaxes at home over a book, stories throughout our
lives are the magic carpet that carries us away to Adventure
and Romance. The art of the Story-Teller anmihilates the
centuries, and gives you not the dry bones of historical fact,
but men and women in their habit as they lived. It brings you
the knowledge of strange lands, vivid emotions, great deeds.

If you live in the Country, 1t
keeps you in touch with the wider
kingdom of thought and imagina-
tion. If you are a Town worker,
it lifts you clear of the monotony
of your daily occupation, and
transports you Into a world
thrilling with passion and drama.

beautiful with the visions of the
lover and the artist. And here
1S your opportunity to get the
world’s greatest Story-Tellers to
practise their art for you; to tell
you in your own home the tales
that have made them immortal.
Write to-day for particulars of

The Masterpiece
Library of Short Stories.

20 magnificent volumes containing 1,000 best short
stories of all nations and centuries, selected by a Board
of the most eminent critics and writers of the day.

Read in them the marveilous tales
of love and intrigue told 4.000 years
ago in the sacred walled cities ot
China, and in the palaces ot the
Egyptian Pharaohs. Read the dark
stories ol medieval ltaly, stories ot
poison and murder and feud; real
original contemporary documents
which no Grand Gugnol thnll can
rival. Read the splendid stories ot
old Scandinavia ot Spain and
Portugal. and the gorgeous Courts
of France. Read the work ot Victor
Hugo. de Maupassant, Pierre Loti,
Flaubert, Tolstoy, Turgeneft, Dos-
toyevsky Maeterlinck. Jokai,
d'Annunzio. Read the 3 volumes
of American stones. by such writers

as Mark Twain, Thomas A. Burke.

O. Henry. Jack London, lrvin S.
Cobb. Read the stories ot Ireland
and Scotland; stories by Hardy
H. G. Wells, Galsworthy, Zangwill
Anthony Hope, John Buchan,
W. W. Jacobs, Boyd Cable, Stephen
McKenna, Alec Waugh and the
most brilliant short-story writers
of Canada, Australasia, and
South Atrica

This collection is a library indeed
All the best is here. The best
stories by the best authors in the
world. and enough to last you a lite-
time. [t you were to read a
different story every day, it would
take you nearly 3 years to finish
these 20 volumes—and then you
would want to begin all over again

Write for the FREE BOOKLET

Do not miss the chance of acquiring this incomparable

Library for your very own.

It will repay you its cost

again and again tn the absorbing interest of the hundreds

of stories it tells.

Send a postcard now, mentioning ‘‘ Harmsworth’s

Wireless Encyclopedia ”’

to the Educational

Book

Company, Ltd., 17, New Bridge Street, London, E.C. 4,
for the Free Art Booklet, which gives you full details of
the finest collection of stories the world has ever known.

SOUTH AFRICAN readers should apply to Central News Agency, Ltd.. P.O. Box
1033. Johannesburg, and AUSTRALIAN readers to Gordon & Gotch (Australasia), Ltd.

Printed and Published every
Fleetway House, Farringdon Street, London, E.C.4,
Gordon & Goteh,
Subscription Rates:

for Australasia: Messrs

D/R

alternate Tuesday by the Proprietors, The Amalgamated Press (1922), Ltd., The
( Nole Agents for South Africa: Central News Agency, Ltd.;
(Canada), Ltd.

The Imperial News Co.
December 18th, 1923.

Ltd.; and ior Canada:

Inland and Abroad. 1s. 5d. per copy.
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