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How Your Grid Leak is Made

There Are Several Styles
from Which You May Choose

HERE is the story of the man who |

drove an automobile several monthe
before he learned that there was such a
thing ae a storage battery on board his
ear. That was probably worse than the
radio fan who operates his tube set
witheut knowing anything abomt his
grid leak, but that is no excuse for the
Intter.
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Fig. 1. This Hook-up Shows How
Leak is Connected

Perhaps you may call o mind some
set (remember we are not talking aboub
eryetal sets in thie article) which hos
clips for & grid leak ond yet mo such
unit is installed. However, that does
not mesn that it is working without a
leak. There always must be one or else
the tube will stop operating in a frae-
tion of a secomd.

Tube Like a Furnace

It is very much like the different ways
of inztalling a hot air furnace in your
eellar to warm your rooma in the winter
time. All the newer installations have a
cold air duct connecting the baze of the

| tainly comes from somewhere,
|not be consumed from the eellar itself

| the right value.
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furnaee to an opening in the basement |
walls, and this serves to conduct the air
from outside the house into the furnace,
where it ia heated and sscends to your
rooms above,

Home of the older inatallations, how-
ever, neglected this duct and instead
took the cold air from the cellar itself,
which was warmed and sent upsbnirs,
In this case the air which is heated -m!r;

It could |

without being replaced, as such an ae-
tion would cause a vicwum and the cir-
culation would stop in a very short time.
Az o matter of fact, the varioua win-
dows, doors and eracks around pipes and
the like let in enough air to the eellar to
furnish that need by the heating system.
0f course this idea is not as good as
having a definite duet which may have a
damper for controlling its action,

Where the Leak is Found

You certainly would not say becasse
you zea no duet at the base of your fur- |
nace that no air wias passing up the hot
air pipes. You can feel the higher tem-

perature in upper rooms and you know
ihat the air must be leaking in from
somewhere. In the same way o sef
which has apparently no grid leak may
work fairly well because the leakape
over the insmlation and through the
socket base may be enough to approach
No insulation (except
a varmum) i3 perfeet, and a amall
amount of leakage goes on all the time
from your grid terminals, wires and con-
noctions. IHowever, a definite grid leak |
will be an improvement unless the set

already has so many conducting I‘m’r.hgl

that the resistance is already too low.
Such cages, however, are not very fre-
quent,

The electrons, which are shot off by
the filament of the vacuum tube, shoot
across to the plate under the attraction
of the positive charge furnished by the
“B* battery. However, a small propor-

| tion. of these negative particles fall by

the wayside—in other words, strike the
erid wires and vield their charge to this
element. This bnilds up a negative po-
tential on the grid.
Grid Blocked Without Leak
If thers were an electric conducting
path between the grid and the filament,

this charge would immediately leak back
to the filmment, but the grid condenzer

| allowe no direct current or leakage of a

charge to pass, The result would be
that if there were really no leakage at
all the charre on the rrid would become
mors and more negative a3 the eleetrons
piled up on it, until at last the repelling
action exerted on the electrons leaving
the filament would be tremendously
great. “Like repels like” is the role for
eleetricity, and as a result no more eleo-

Fig. 2. Most MNon-adjostable Leaks
Take This Shape

troms would be able to get through the
strong negative field of the grid and so
the plate would no longer receive any
of these tiny visitora which maks up the
plate current. This is called “blocking.™

Fig. 1 is the hook-up for a simple set
using 4 leak and condenser. Although
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the tuning coil is connected between the
grid and filament as usual, the presence
of the condenser allows only high (radio
frequency) oscillations to pass, and the
charre of direct current which is built
up by the stray electrons inside the tube
cannot get away. By putting in the
grid leak as shown it allows this charge
to he diesipated and so prevents blocking
of the tubse,

Fig. 3. This Principle Explains Why Leaks Cﬁns_isttng of S‘tparate Grains
Are Not as Good as Those with a Continuous Resistance |

By using the proper value of leak,
the average voltage or biae om the grid
ie kept as a value which pgives the great-
est amount of loudness from your de-
teetor tube, Notice that we say the
average voltage. As o radio  signal
eomes in the oscillations coming down
from the aerinl, through the tuning eoil,
pass easily through the capacity of the
condenser and 20 are impressed on the
grid. This fluctuation causes a similar
change in the quantity of electrons get-
ting across from the filament. Another
result is that the number striking the
prid varies from instant to instant, and
an the grid potential alse changes. As
z0on as the audio waves stop for an in-
stant the grid potential is immediately
restored 4o its avernge value and the
action is ready to begin all over again.

You may wonder why it i not hetter |

to use a “C" battery on the detector in-
stead of a grid leak and eondenser. As
a matter of fact, this is sometimes done
and it works very well. However, there
are two disadvantages of this scheme. In
the first place it is found that the

more sensitive than that of using a |n.u=n1e1' to play with and further, even if
gteedy hias from a “C” battery. And|this is not monkeyed with, the resist-
then a *“0G° battery must be renewed ance of the leak may change from time
every few months, which is a bother and |to time and the unit may even become
an cxpense, while a grid condenser and | worthless through wear if the adjust-
leak will last indefinitely, ment ie manipulated too often.

Don't Worry About Small Changes A form of fixed leak which is very

From this you can see that to get the | popular appears in Fig. 2. The end caps
right average voltage on the prid you |form the conducting terminals for the
mugt ues @ leak with the right amount | high resistanes inside the tube. There
are several ways of making such o de-
viee, COme i& to make a paste of finely
divided carbon, which is usually obtained
in the form of lamp black. This s mixed
with seme non-conductor, like paper or
clay, and the whole thing mixed into n

emocth maes

Squeezed Inte a Ribbon

Thia is then put inte & sort of pump
where o piston presses on the paste con-
tained in a ecylinder. At the end iz a
emall hole through which the deughy
mass I3 squecssd in the form of a fine

af resjgtance. To be sure, this i not jae
very critical, and a change of 10 or 20
per cent hins practically no effect. But ki
if the set has say twice or half as much
registance as it should, then the recep-
tion will be not nearly as good.

There are two general clasees of leaks,
—the fixed and the adjustable. The ad- L

vantage of the former §a itz simplicity
and cheapness, The objection o it iz
that in many eets the right value of
megohms is not used. (A megohm you |Fig, 4. A Good Leak is Quite Steady
recall is one million ohms.) To be sure.| jn Resistance, Even with Varying
in adjuosting your set you may iry out | waltage.
values labelled 1, 1%, 2, 3, 4, ete. DBut
you must remember that the figures on ribbom. This is dried and then attached
its label means nothing in the life of |to metal ends. The latter are finally
the average grid leak. Still, if you use |soldered fo the brass ferrules, which are
& relinhle brand, which has been tested, |2een at the ends of practieally all non-
then you ean believe that the labele are |adjustable leaks.
telling the truth. Ancther type of high resistance is ob-
Mest the Varialble Leak toined by ewntting absorbent blofting
The other style of unit is the adjust- | paper into narrow strips and soaking
able leak. This has the advantage that | these in India ink. The latter has very
you do not meed te pay any attention |finely divided carbon for its basis. This
to the label at all, as you make your|is eagerly sucked up by the blotting
own value of megohms. The disadvan- | paper and when dried forms a conduct-

o0 208
Worrs ImFRESSED On LEAK

changes in average bins on the grid [tages here are that the adjusting handle | ing path with a very high resistames for
make this seheme of detector action | iz a tempting deviee for the experi-|its length.
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Both these processes give pood results
when carefully worked out. However,
there is a good deal of chance for varia-
tiong in manufacturing with resultant
lack of uniformity in the resistance. Of

] il

[ (1] A
WoLTS IMPRESSED ON Afak

Fig. 5. This Leak is for Use in a Re-
sistance Coupled Amplifier
course, too, such units may easily be af-

feeted by high humidity.

Spinning a Wire of (Glass

Another way of making grid leaks has
recently been developed by Durham &
Company. They use a very thin metallie
film deposited on glass. As they report
om this proeess, the apparatus for mak-
ing the resistance filament congizta of an
ingenious and very efficient machine for
the apinning of rlass ints a small wire
shape of uniform diameter. This glass
is spun in lengths of five hundred feet,
wrapped on a reel, passed through a so-
lution of the eonduweting material, then
through a high temperature
through which furnace a steady flow of
gas is maintained. A metal by-product
of zine is reduced to gas and through a
proeess of heating the fine glass filament
this metallic gas iz “thrown down” or
flashed on to the outer surface in vary-
ing degrees of thickness, depending upon
the resistance that iz required.

The glass wire with its eonducting film
is next eonted in o chemical bath of in-
sulating fluid and dried by the applica-
tion of heat, The condueting film is
thus thoroughly protected agninat at.
maospherie changes.

Keeping the Meters Right

This metal-coated filament iz then aged
for n period of several days to enable
the glass to reach its original consist-
ency. The wire next goes to o depart-
ment where it is ent into actual lengths
required for the grid leak assembly, and
where it is soldered to thé end brass
caps compriging the contacts at either
end of the grid leak. This work is done
by very skilled workers who are each
capable of assembling in the neighbor-

furnace |

hood of five hundred leaks per day. After
assembly the leaks are tested and stored
in tregs.. The meters nsed for sueh
tests are, for the sake of aceuracy, con-
stantly  checked amainst laboratory
standards.

The metallic form of leak has some
In the carbon type, even if
the resistance is properly labelled at
firai, thers is a chanee that it might
|thange in value. Carbon has a rather
high temperature co-efficient which
cnuses o lrcering of resistance asz the
material gets hotter. This is juast the
opposite of most every metal whose re-

advaninges,

gistance
with rising temperature.

almoet  invariably

perature amd the fluctuations of heat be-

enough to ecause much effect.
Claim There is Arcing

H2ome manafacturers elaim with ear-
bon leaks that the passage of the cur-
rent through the carbon resistance
causes minute arcing between the par-
ticles of carbon which although not
visible to the eve may be clearly heard
in the form of hissing and seratching
noizes when subjected to high voltage
or sudden impulzes. Thie is partienlarly
noticeable in such circnits as resistance
coupled amplifier circunits, filter cirenits,
and even in the prid cirenit they are

| lenks make & lot of noise.

resr'.sz‘?hy materials
PR e

Fig. 6. The Basic Principle of Most Variable Leaks

increases |
This efect, |
however, is not at all serious sinee the | stones are working right the girl pasees
radio set never pets above room tem- |over them without any troubls at all

eubject to Huetnations of potential.

This theory, however, is in error. Tt
has been found that the voltage neces- |
|sary to maintain an are does not de- |
crease with the spacing between the |
electrodes when they are zeparated by
microgcopic distances, as they are in the
leak. Im other words, the voltape nee-
essary to form ench a tremendous num-
ber of arcs in series wonld be snormous.
Instead of this the pressure from the |
clectron charge on a grid leak i3 omly a |
small fraction of a wolt. There i3 no |
arcing at all in a grid lealk.

What Makes the Noise
However, it is quite true that many
The cause of
tlis disturbanee is to be found in the
varying resistamee which earbon has

| when subjected to a change of pressure.

Thiz iz the action which you get in an
ordinary telephone transmitier or in a
microphone. The slightest wibration on
a enrhon path will cause an electrical
noise if the particles of the material
happen to ba in the right condition of
spacing and pressure.

This idea may be seen more clearly
from Fig. 3. Here we have a path of

atepping stones across the river. In the
background we see o bridge. When the

However, vou ean easily imagine that a

tween summer and winter are not great | slight disturbance here would have more

effect on her smooth passage than a
similar disturbance in tha path of the
man acroes the continuous bridge.
Voltage Leaves Resistance Unchanged
As an example of how constant the
metallic grid leaks are, Fig. 4 shows the
variation in resistance with different

degrees  of  volloge impressed weross
them., The lower curve s for a two

megohm leak and the upper for a value
of thres megohms, Notice that although
they fall off very slightly they are al-
most steady in value way up to 300
volts. Of course, this high pressure
would never be used in actual practice.

Fig. 7. The Variation in Thiz Unit is
Ohbtained by a Screw

A lower resistance for use in o resists
angs ecoupled amplifier must eprry a
great deal more current than an ordi-
mary grid leak, It is therefore, not eo
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engy to build and is more Eﬂpu:aalx‘[‘.=Fllstend of gliding a plunger back and | in other words, the lower the resistance
Curves of the performance of such units | forth, a serew is used which gives very |of the leak. If you have too many meg
fine adjustment. It iz also easy to mark ohme, then draw a line or two aeross,
the position of such a handle. It takes |1f you get recklese and put on too many

appear in Fig. 5. The upper curve is
for 00000 ohme and the lower for

40,000,
Another form of resistanee iz illus-
trated in Fig. 6. We are now in the

variable leak eclass., Several manufae-
turers use thizs general idea, but modi-
fied to suit their own processes. A tube

is filled with a high resistance material |
| larger in diameter.

and a metallic plunger carries the cur-

Fig. 8 The Liquid in Tube Touches |

More or Less of the Half-circle
Ends
rent and so short-cirenits practieally the
entire amount of high resistamce., This
gives a low number of megohms, per-
haps as small a value as 1/10,

Raising the Megohms

Az the plunger is withdrawn to the
right it leaves more and maore of the re-
sistnnes in the path of the current.
When pulled way ocut there iz no metal
in cirenit and so the pesistanee of the
leak is at ite highest—10 or 20 megohma
depending on what kind of material fills
tha tube. One popular kind iz Prussinn
Blue,

Fig. 7 showa the form of adjustable
leak put out by the Electrad Company.

| taet

type shown in Fig. G

Another very ingenious way of chang-
ing the value of resistance is displayed
in the “Turnit.” This, as you sea from
Fig. & has the general shape of the or-
dinary grid leak except that it is mueh
The glags tube con-
tains & liquid which has two electredes
dipping intoe at the ends., Most of the
resistance of the tube lies at the con-
betwesn the elecirodes and the
Liguid. This leak must be used in a hori-
zontal position.

The electrodes are shaped like half
cireles.  When the whole container is
turned so that these half circles are dip-
ping deep into the liguid, then the re-
sistance of the nnit is at its lower valna.
By rotating the twhe so that the half
cirelea are np out of the lignid instead of
dipping intn it at the ends, the ohms
rise to a himh wvaloe.

thess two values,

Une more kind of leak should be men-
tioned, ‘This is the home made variable
shown in Fig. 9. It i3 made right on the
grid condenser by drawing pencil lines
acrozd from one terminal to the other.
The current follows these lines and so
relieves Lhe grid of its blocking charge,

Juggling with the Megohms

The more lines there are in parallal,

the more eurrent will be eondueted, or
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Of course, inter- |

=

mediate position: give results between |

(up considerably more space than the [lines amd so drop the megohms to a re-

wlhich is too small, then the
remedy iz simple, Take out your eraser
and rub a few of them off. As the lines
disappear the mesohma pile up again.

siatance

In making thiz style of leak, one can-
tion is mecessary. If a rope breaks in
only one place it will not hold much

e pencil marks

| |
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india 1nk

Fig. 9. The Home-made Leak. Don't
Omit the India Ink

weight.  And if o peneil line reaches al-
maost all the way to the metal end it will
carry no current, In other wovds, the
peneil mark must actually touch the end
conductor to be of any value at all.

Filling in the Cracks

That is where mwat home-made grid
leaks fail. The metal ecap at the end of
the condenser stands up a little way as
shown at the bottom of Fig, 9. A lead
pencil, even with a very sharp tip, can-
not get into the extreme corner. To get
away from this diffieulty, after several
lines have been drawn, fill in the cracks
at Lhe bottom of the metal caps with a
amall amount of India ink, either the
cuke form or an ordinary liquid drawing
ink like Higgins is satisfactory. This
ink, as alrendy explained, has a earbon
base, and will earry the pencil line up
into good eontact with the metal.

Such a grid leak when well made is
ensily adjusted and is fairly constant in
value, although of course, it is not as
stable or as conveniently used as one
of the manufactured articles, which we
have dascribed.



