STATIC ELECTRICITY

INSULATORS AND CONDUCTORS

Tue reason why a metal ball upon a glass standard retains its
charge of e_lectrl(:{t._\' 1s because glass is an insulator, or a non-conductor
of electricity. The terms conductor and non-conductor are relative.
Conductors permit the passage of electricity readily, 7. e., with little
resistance. Non-conductors transmit electricity very poorly, or
with great resistance. Glass and air are very poor conductors of
electricity, and an electrified body will, if insulated by either of these
two, lose its charge very slowly under ordinary conditions. Air
may become a good conductor in several different ways, one of the
most interesting being by ionization of the air under the influence of
the r-ray. The discharge of an electroscope and the falling together
of its leaves under 1onization of the air by the z-ray have been pro-
posed as 4 quantitative measure of the latter.

Among the conduetors are metals, charcoal, graphite, acids, water,
and the human body. Among partial conductors are linen, cotton,
alcohol, ether, dry wood, and paper. Among non-conductors are
oils, porcelain, silk, resin, gutta-percha, shellac, hard rubber, paraffin,
glass, and air.

An electric charge passes through a conductor easily and quietly,
unless the conductor forms too small a path for the quantity of
electricity passing through it. In such a case the conductor becomes
hot. In the case of a non-conductor, practically no flow is permitted
unless the pressure or tension is very great, and then the electricity
does not pass by conduction, but by a disruptive discharge. It scems
to break through the non-conductor, and jn the case of violent di
charges of electricity, as in lightning, the effect upon non-conductorsi
is most destructive. Conductors are used for the passage of electric
charges and currents. Non-conductors or insulators are used to
protect the charged conductors from contact with other conductors,
and thus to retain their electricity. .

For all practical purposes the earth may be {'cgarded as %n 1;1
exhaustible storehouse of both positive and negative eleqt.nclt_\.l in
a static machine a charge communicated to boph poles 1s muc‘ \l"hm
creased if one of them is grounded or (-..(mnccted with the earth. t; i
two perfectly insulated dissimilar bodies are r_u_bbed tnget_her,l a (:::%ge :
tive charge will be produced in one and a positive charge mft lenorm
by a process which may be regarded as a disintegration of & -lxll the
neutral charge in both into positive and negative chalrgelb,' aces
positive electricity of both being accumulated I one 20d )t h:: e
the negative in the other. 1f, now, one of these bodies, Say 118 L
tive one, is grounded, an additional amount of negative l:a SR
enters it from the earth, attracted into the negative pole by the
‘harge in the other pole, and then with a stronge'r.n?gag\n
stronger positive charge is produced in the other by induc (’”
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process of friction is going on while

is assuming, of course, that the

is o . AL s made.
U“blrLrl::;l»;::?;:r:n::(n(I‘-l(e”lml;i*."tir‘null_\' true that the 11c\'f!"':l"l}(srx.t.ttc:3f gg‘.i
positive charge of electricity of any form “h“‘:"’{»"": “;‘ & .}“
by the development of an equal negative charge. An ¢ lf’("_""ll ¢ 'l.lll'go
exerts a force—its electromotive jorce —1}?!“11“‘;» v0  Procuco: ALt
neutral state.  In the case of static electricity, the charge is altogether
on the suriace of the electrified body. This may be due to the repul-
sion which an electric charge exerts upon electricity of the same sign,
either positive or negative, and the tension Or pressure oi static elec-
tricity is so great that this repulsion repels practically the entire charge
to the surface. . 2
Static electricity must be considered separately from dynamie
electricity because it is only by the so-called static machime thag
such very high voltages can be dircctl._\' and rt_*:g:hly uht_:uned. The
very exis-tc"(-_@ of a useful l‘]l:Ll'.EIC of statiec (,‘lCC‘I'll'lt_\' ?C(iuu'cs th&t the
charged body shall have both capacity and insulation. 'T_}le differ-
ence between electricity in the form of a current and electricity stored
up as a static charge 1s comparable to the difference between water
poured through an open ring and water poured into a cup. ““ A cupful
of water” implies that the cup is closed at the bottom, and “a charge
of static electricity ”’ implies that the charged body is capable of retain-
ing the charge. Useful charges of static electricity are of such high
voltages that the requisite degree of insulation can be conveniently
obtained only by means of apparatus dependent upon the excitation
of non-conducting plates of glass, hard rubber, paper, or mica.

THE LEYDEN JAR

A glass jar, coated on the outside and on the inside with tin-foil
to about half its height, and with a brass rod fastened to the cork’
and connected with the inner coat by means of a loose chain, the
brass rod terminating above in a knob, constitutes the apparatus
known as the Leyden jar. To charge it, the knob on the upper end of
the rod is brought near enough to one pole of the static machine to
receive a charge by conduction, convection, or by spark (Fig. 17),
while at the same time the outer coat of tin-foil is grounded by holding *
the jar in the hand. The inner coat becomes fully charged with posi- »
tive electricity if it is the positive pole of the static machine which is
used, and the outer coat, separated from it by only the eighth of an
inch thickness of the glass, becomes negatively charged by induction.

This negative charge of the outer coat is attracted

:@ mnto 1t from the ground. The two charges are a
very great deal stronger than either would be alone,

I consequence of the attraction of the two for

each other, and the consequent condensation of

_ electricity.  Such a charged Levden jar will retain

1ts charge for a long time in spite of the fact that

Fig. 17—Charging a 1t 1S carried about and handled by the outer coating,
Leyden jar. ori I: It is lslct. l:lov;'n on a glass plate or some other in=
sulator, the knob connected wit i ing

o o it o i et il e fance onting
outer coating and the knob connected with the inner coating at the
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same time will produce a discharge, which, in the case of a Leyden
jar of any size, occurs as a very brilliant, white, large spark.

Such a discharge produces physiologic effects, the most manifest
of which, with a small jar, being a single muscular contraction of the
forearm, but, extending, with a large jar, to the muscles of the arm
and even to the chest. A very large Levden jar gives a powerful
shock, and so does a battery of Levden jars with their outer coatings
all connected with one terminal and the inner coatings with another.
The violence of a discharge will depend upon the area of lead-foil
in the Leyden jar or jars, and the tension of the charge. A whole
group of people may receive a shock at one time if they join hands in
a ring, and the outer coat of a large Leyden jar be grasped by one
person, and the person at the other end touches its inner rod.
Experimentally, a whole regiment of soldiers have been given a
simultaneous shock in this way.

To avoid (lisagreeuble shocks, Leyden jars should never be leit
in a charged condition, but should be discharged by a special curved
metal rod with an insulated handle made for this purpose.

Leyden jars form an important part of the apparatus for treat-
ment by static electricity and by the modern high-frequency currents.

If a Leyden jar consists of a glass tumbler with a loose inner
coating in cup shape, and an outer one of the same nature and is charged
in the ordinary way, the inner metal coating may be taken out and
handled, and will be found not to possess any electric charge. The
outer coat may then be removed, and will be found to have no charge.
The entire charge remains upon the two surfaces of the dielectric,
the glass, and on reassembling the parts of this dissected Leyden jar,
it may be discharged in the ordinary way. } h

The other type of condenser, consisting of some dielectric sheets
of mica or paper, between which are sheets of a conductor, like tin-
foil, are used where a very large surface is required, and where the
tension is comparatively small. Such cpndgn:ﬁers will be deseribed in
greater detall in connection with induction coils.

NATURE OF ELECIRIC SPARKS

The discharge occurring between the two poles of a static macl'nmz
varies in aceordance with their distance apart. If they are very
close together, there is an electric arc; if a little further apart, there] =
an almost continuous thread of white light. Separating thebpo (e),;
an inch or two, the discharge changes to a thread, or & ;? uml %, If
threads, of violet light, with brilliant white sparks at eac ;Lo e. i
a bit of wood, like a mateh, is held close to the positive pole, the ;P g5
will be deflected toward the wood, but little or no eﬂ.mt’ﬁ pIro tl:gde
by wood held near the negative pole. If a pointed metal e ec»l a
connected with the earth is held anywhere near the pOSllil‘ehE; ie{ 1S
bright violet light, like a star, appears upon the pomt, and WEEH b0
brought almost in contact with the positive pole, a bright “d ll int
tinuous thread discharge takes place. When the same £LOUN :( apo ar
electrode is brought near the negative pole, the star does no brggggt
until the point is within a few inches of the pole, and when it 1s t to the
still nearer, & violet brush discharge takes place from the poin
negative pole.
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The discharge occurring between the two poles of a static machine,
when they are separated by a considerable distance, is best seen
a darkened room. The whole space between the two poles is filled by
an elliptic mass of violet light. From the positive pole there shoot
off simultaneously perhaps a dozen zigzag thrc:uls of violet hght,
giving an appearance likened to a fox’s tail, while Hm_thschur‘ge from
the negative pole is simply a diffused effluve of violet light. Connect-
ing the inner coat of one Leyden jar with the positive, and the inner
coat of another Leyden jar with the negative, pnle,_ and connecting
their outer coats together or both to the earth, the discharge between
the poles of a static machine ceases to be a continuous one, and be-
comes a suceession of brilliant large white sparks. These sparks are
exactly the same as the spark produced by the discharge of a Leyden
; jar. In the diagram (Fig. 18) pis the
positive and m the negative pole of a
static machine. As the electric charge
is produced by the operation of the
machine, the inner coat ‘of the Leyden
jar, I, is positively charged, and the nega-
tive electricity in the outer coats of both

Fig. 18.—Leyden jars causing  jars, connected by a brass rod, is at-
:};{f“!’:,‘;':}“_;";"‘;'ti:“:f:‘:hgfg_“'“"" tracted to the outer coat of [, and this
strong negative charge of its outer coat
increases still more the capacity of the inner coat for positive electricity.
The same process takes place in the Levden jar, [, whose inner coat
receives 4 very heavy negative charge, and whose outer coat receives the
entire positive charge of both jars. When the machine is turned on, it is
noted that the usual brush or spark discharge does not take place
across the space between the poles of the machine. The charge is
being stored up in the two Leyden jars, and in each one is bound by
the attraction existing between the positive and negative charges,
separated only by the thickness of a sheet of glass. Eventually, the
Leyden jars become overcharged and a discharge occurs. A brilliant
white flash passes across the space between the poles of the machine,
forming 2 continuous zigzag line. At the same time a crown of zigzag,
violet, thread-like flashes starts upward from the upper edge of the
outer coat of each Leyden jar. The inner coats have parted with
their excessive charge, partly by discharge from the innner coat of
one Leyden jar to that of the oppositely charged one, through the
medium of the poles of the machine and the intervening air-space, and
partly by discharge from the outer to the inner coat of the same jar
over the surface of the glass. The latter, in each jar, is a consequence
of the discharge of the inner coat, which leaves an excess of charge
on the outer coat no longer bound by the attraction of the internal
charge. A similar excess of charge of the opposite sign is liberated
at the same time on the outer surface of both Leyden jars and part of
:::‘Sﬁrt:soczﬁ[;:;tlﬁ cl;:(::lges ’1\;1'0 exchanged and neutralized through
iy thonsa s ‘im%s o e rod, although large enough to carry
direar onlv.its T rcs;;t amou'nt lnlf elegtncxtz' In a quiet current,
mous inductive imp-mlenc'em;ce :;]ou : l.).e operative, develops n eniEs
benys St €3 ence to the passage of such a discharge as
il 15 case. This is why some of the discharge can be seen
passing from the outer to the inner coatings of the surface of the glass.
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The resistance of the latter i 3 H '
simply p.-uu]nt fet t.hrough E::hb‘:age :(:'(’l b:l';da |?:sntlzn‘: . 3md"°
space described. Leyvden jar dischargcs’ modified by il:trc)iu tive 1
pedence in coils and the like form the modern high-frequen kb :m—
If the poles of the static machine are too widely se ar:;ntcdcy amf ik
will oceur.  The Leyden jars will simply hang 1hgre in 'fnﬁ v ¢h
condition, and in the dark, of course, & convective di:chu T
seen leakm_g into the air from all it'n.s or ruuéh laces ?!:g:hcan lbe
or jars. When the poles are brougﬁg nearer Lugethel:' the flash Al
take place, and are at first loud and brilliant, and at long i tes aals—-gam
perhaps only fifteen in a minute. As the pOll;S are brou l%t: d d
nearer, the flashes become less brilliant and more fre gent earar atn
distance of half an inch or an inch they form a contignuous's‘tm . a;
white light with a very rapid succession of reports, which a“:eant: .
deafening as when the distance was greater. If a static machi:: has
been running with the poles so wide apart that no dischar o occux:a::,s
and is then stopped, the Leyden jars still remain chargt;d, afxd a flash
will occur on pushing the poles toward each other.

When a Leyden jar is discharged by placing one end of an insulated
metal rod in contact with the outer coat and bringing the other end
near the knob connected with the inner coat, the spark which is
produced does not completely discharge the jar, and after a minute
or two a smaller spark or residual discharge may be obtained in the
same way.

The electric spark produced by the discharge of a Leyden jar
or any other condenser appears like a single flash, lasting quite an
appreciable length of time. Experiments in which the spark is
observed by means of rapidly revolving mirrors do not show the reflec-
tion of the spark ss a bright spot, which would be the case if the dis-
charge were instantaneous. On the contrary, the image appears
drawn out into a line, and measurements which have been made
indicate that a Leyden jar discharge, between brass knobs five milli-
meters or one-fifth of an inch apart, lasts about one-twenty-four-

thousandth of a second. The same kind of experiment upon a long
spark shows that it begins simultaneously at both poles, and is visible
later in the middle. Static electricity travels through the air and
through most metallic conductors at the rate of 188,000 miles a second,
so that the difference in time between the appearance of luminosity
at the middle of the path of the spark and at the two ends is very
small indeed. The discharge takes a zigzag course, Just exactly asis
the case with the lightning flash, because of the varying remstanc?
caused by the condensation of the air before it different pal:tilf.
its path. A spark passing through a partial vacuum fOEe PIACHEE
& straight line. . - produced |

Oscillatory Nature of Spark Discharges.—A single spark profiue
by a Leyden jar represents millions of to-and-fro discharges, an °683
the lightning flash across a mile or more space repres{entSFi’:OO»m)
oscillations.  Two oppositely but equally gha.rged boghesh( & snti
between which a pith-ball is suspended, will lose o ar_gtl:, ball
both become neutral in consequence of oscillations of b D e
which may first touch p, and taking away a part of the positive ¢ Hivel
is repelled by p and sttracted to n, where it gives up 1its lf:om ive.
charge, neutralizing part of the negative charge of n. Anot er part
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of this negative charge is communicated to the pith-ball and ca'rriml
across to p. The neutralization of a Leyden jar charge is accomplished
by a somewhat analogous series of oscillations. It 18 the enormously
: ' high frequency of these oscillations,
o millions a second, that givesthename
/ \ to ‘“high-frequency’’ currents. This
N\ subject will be dwelt upon in an-

-~——/D %(n)—— other chapter.
. Any electric spark in the open air

Fig. 19 l‘ltl'n-ln.n?l oscillating Ilu-- prodll('f‘." lii.-\‘dlll'rﬂf rays, which are

hab i) “L‘,Z;”',E',,l,‘ charged bodies — gceribed elsewhere and have some
of the properties of the z-ray.

The Electrophorus.—If a mass of melted resin is poured into a metal
plate and allowed to cool, it may be charged with negative electricity
by rubbing it with cat’s fur. If a metal disk, somewhat smaller
than the resin, is placed upon its surface, the neutral charge
of the metal disk becomes separated into a positive charge, induced
on its lower surface, and a negative charge. on its upper surface.
While the disk is in this condition, if it is touched by the finger or
some other grounded conductor, its negative charge will be removed,
and an addition made to its positive charge (Fig. 20). The negative
charge on the resin is not communicated to the metal disk because the
rough and uneven surface of the resin prevents contact except at a
comparatively few scattered points. The resin is so poor a conductor
that its charge remains fixed on the different parts of its surface
which do not come directly in contact with the metal disk. The

7

b
-

Fig. 20.—Charging the electrophorus. Fig. 21.—Spark from the electrophoras.

negative charge on the resin attracts a comparatively great charge
of positive electricity into the disk placed on its surface and connected
with the ground. The positive charge on the disk in turn exerts an
induction upon the resin, increasing its negative charge by attracting
negative electricity from the earth through the outer metal plate,
containing the resin, and which had better not be insulated. The
ﬁ!}::'.‘!_‘. or other ground connection, is to be removed while the disk is
still in position. The disk is then removed by means of its glass
handle, and will be found to have quite a charge of positive electricity.
Fhis may be used to give a spark, as in the diagram (Fig. 21), or to
charge a Leyden jar. A long succession of positive charges may thus
be induced in the metal disk, and used to charge a large Levden jar,
all being obtained from the original single charge of negative elec-
tricity produced upon the resin by friction. This principle is the
foundation of the modern static or influence machine.

THE MODERN STATIC OR INFLUENCE MACHINES

~ The amount of electricity which can be obtained by friction is
80 small compared with the amount of work required to produce it
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that the apparatus dependent upon this princi impracticable
) ¥ PO! principle is im

but 8 :Lm‘.ll! charge of static electricity originallv‘;)roduccd by friction

av be so inereased by means of a suitable induction apparatus us to

b ,m.wTrful enough f{:r every medical purpose.

[n the static machine of the simple friction tv it

TN : v ype u positive char

is ;.m\lp: ed u.p«;nbxf revolving glass plate by frietion. This pusitiv’?:

charge 18 carried by the glass to the place where the metal collecting

~ cognb‘ of one of the poles is near the plate

(Fig. 22). The positive charge upon the plate

separates the neutral charge of the comb and

Fig. 22.—Principle of the static machine

Fig. 23.—The charge i i
of .\ilnple friction Ly pe. = s nl;f;;i:nn'.‘he e

prime conductor, inducing a negative charge in the comb and a
positive charge in the pole (Fig. 23). The negative charge escapes
‘rom the points of the comb as a static breeze or brush discharge,
which, passing to the surface of the plate, neutralizes the positive
charge there and leaves the plate ready to be recharged by friction
at another part of its revolution. - The rubber, of course, is negatively
charged, and is connected with the other pole of the machine.

S Laliorery glass polalé.

&rowund )
Fig. 24.—Diagram of influcnce Lype of static machine.

i i two field-plates of
In one type of influence machine there are b} eld-pls
paper or of ..'..ﬁean foil pasted upon two separate stnnox'x_a{;\ gl:ﬁ‘glm
(Fig. 24). These field-plates are slightly charged—a, W ;t p)oei‘!_ bk ey
b, with negative electricity. A third insulated piece of paj
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called a carrier is fastened upon a revolving glass plate. This carrier
is grounded or connected with the earth when it is opposite a, and, like
the metal disk of an electrophorus, will have & small charge of free
electricity after it has moved past a. When it has made part of a
revolution, a collecting brush comes in contact with the negatively
charged carrier. This collecting brush is connected with the negative
field plate b, to whose original sm'all charge is :ul_«lml the major part
of the charge brought by the carrier, which in this way becomes less
fully charged. Continuing its revolution the carrier comes uppo.site
the negative field plate b, with which it is no longer in connection,
while, on the other hand, it is again grounded. Under the influence
of a somewhat increased negative charge of b a somewhat stronger
positive charge is induced in the carrier—positive electricity being
attracted into it from the earth, and negative electricity being repelled
from it to the earth. While the carrier is opposite b, this positive
charge is bound or fixed upon the c.:u‘rier by the attraction of the
oppositely charged field plate, just as is the case with the charge upon
the two coats of a Levden jar. After 1t has revolved past b and is
also no longer grounded. the positive charge upon the earrier becomes
free and is carried by a collecting brush, which comes in contact with
it to a, strengthening the positive charge already present in that
field-plate. With a rapid rotation and a mechanic construction
which permits of very little leakage of electricity by conduction, the
field-plates soon acquire a very powerful charge.

From the beginning a carrier, when negatively charged, gives up
only a certain portion of its charge to the collecting brush, leading to
the negative field-plate, so that both the carrier and the field-plate
have the same charge in proportion to their size. The unappropriated
negative charge upon the carrier is taken up by the combs of the
prime conductor before the carrier reaches the part of its revolution,
where it again comes under an inductive influence. This charges the
negative pole, and the positive pole receives its charge in the same
way, through a comb applied at the opposite part of the carrier's
revolution. The two poles are the places at which the two opposite
charges are nearest together, and where they exert their greatest
attraction for each other, and where 4 discharge oceurs when sufficient
tension 1s produced to overcome the resistance of the intervening
ar-space. The attraction of the charge in the opposite pole is a
speeial factor in the passage of the unappropriated charge from the
carrier to the comb of the prime conductor. In this transfer from
carrier to prime conductor the process may be regarded as one of
induction, just as is the case in the simple friction machine. Instead
of making a ground connection when the carrier is npposite one of
the ﬁcld-pl:ut}-&, It 1S customary in static machines which have more
than one carrier to have the connection made between the two oppo-
sitely charged carriers by a pair of neutralizing brushes joined by a
brass rod. One carrier has attracted into it the positive charge of
both, while at the same time the negative charge of both is attracted
to th‘e other carrier.
nho?-:e T\oiﬁl':ll&):c:me‘ is co;strgt:tgd on the principle indicated
e, s TEs lown in Fig. 25 is one placed inside the glass

o ie Holtz machine, to which it gives the initial charge. In
this particular Toepler machine there is a stationary glass plate,
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twelve inches in diameter, upon the back of which are pasted the
field-plates, two pieces of paper forming curved strips about two
inches wide, with their outer edge about an inch internal to the outer
edge of the stationary plate. Each of these strips occupies about
one-fourth of the circumference of a circle. A strip of sheet metal
is pasted directly u]\..n.l]zv_gl;u_‘- along the center of each strip of
paper, the sheet metal forming a strip about half an inch wide and
five inches long, with somewhat larger extremities. The revolving
glass plate is about an inch and a half less in diameter than the
stationary one, and is at a very small distance from it. Upon its
front surface, that is, the surface away from the stationary plate,
there are pasted eight carriers—strips of metal about three-fourths of
an inch wide and two inches long,
arranged in the direction of the spokes
of a wheel. As this plate revolves
these metal carriers are rubbed by
four different wire brushes; two of
these are neutralizing brushes, the
other two appropriating brushes con-
nected with the two field-plates.
There are two combs not shown in
the picture for collecting the unap-
propriated charge from each carrier,
and leading it to the field-plates of
the Holtz machine. This Toepler
machine is operated by hand, and a
few turns of it generate a sufficient
charge to enable the Holtz machine
to start up promptly. The Toepler
machine, it will be seen, is self-charg-
ing: the friction of the brushes upon
the metal carriers and also upon
the glass surface produces sufficient
electricity to start it, and this is
rapidly multiplied by the induction
which characterizes every form of in-
fluence machine. D
All these modern types of static
x!mvhm(- are capable of producing Fig. 25.—Toepler machine used to ex-
very powerful charges when a num- s cite a Holtz muchine.
ber of large plates are used, a high :
rate of speed is produced by electriec motors, and the glass cases m
which they are contained are air-t ight, and the machines are kept iree
from dust and moisture. The large powerful machines so mmmonl)"
used In America are capable of l)l‘l)(lll(‘ill,‘.', very much better results
as a therapeutic agent and for the operation of an z-ray tube than
the smaller machines, usually made in Europe, which can be lifted
by hand and are hardly more than laboratory toys. i
The Wimshurst machine (Fig. 26), in its simplest form, cOnsists
{'f two glass plates of equal size, and very close to each ()ther'. revolving
in_opposite directions. Each has a number of metal carriers pasted
upon it, and these also serve the purpose of field-plates, and are on
the side away from the other plate. Each plate has its own par of
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There 8 n .1..ul.lc
. two glass
l"”‘l~‘ close
n .-;\I'h

neutralizing brushes, connected by a brass rod. i
colleoting comb passing from each prime conductor 1o tht
plates. The comb from the negative Jinll!‘ls forked and t\ o
to the surface of both plates and receives its charge a “':-lrll l;.:_"L i
of the two plates simultaneously. There are no s[rg'.-‘l.lxl“l f‘rurin.fn"
and no appropriating brushes, l{rlllglllg‘ a charge u'l{lr~(! ,_1'. S hAFES
carrier on one plate to any part of the other plate. I'he ini x.'nh. Sl
is produced by the frietion of the neutralizing l)_l'll.\'lll‘n “P.'-”.I.. ‘.,”:l.‘:".
plates and metal carriers As soon as any of the carriers be ”"
charged, they act upon those of the other plate by m-‘mmmll...-~l-“<,,..v;
wav described as taking place in the Toepler machine; and ve ry ! }].‘.
a powerful charge is generated and may be seen passing i“'f‘"’: .I.i..-;-
space between the discharging rmls_ L'anlt:('ll‘.d \\'n_h x}!u: ‘t\\u" ,»l 1~
(Fig. 27) Like the Toepler machine, this is solt-e.\'vnx;lg'. ..mF“r
often employed to give the initial charge to a Holtz machine.

Fig. 26.—The Wimshurst machine. Fig. 27.—Principle nf“ the Wimshurst
machine (King).

this purpose it is placed inside the glass case of the larger machine
and given a few turns by hand. ;
The Holtz Machine (Fig. 28).—In this variety of influence machine
there are two large fixed field-plates and a plain revolving glass plate
without carriers (Fig. 20). There are a pair of combs at opposite
ends of a metal rod, performing the office of neutralizing brushes,
and there are collecting combs from the prime conductors. It is
necessary to supply an initial charge, and formerly this was done by
means of a4 piece of hard rubber excited by friction and held against
one field-plate while the glass plate revolved. It is customary now
to have a small Toepler or Wimshurst machine inside the same case
to produce the initial charge. A modern Holtz machine is made up
ol several couples of revolving and stationary plates, usually placed
In 4 series upon the same axle, and turned by an electric or water motor.
In the diagram only a single couple is represented. The stationary
glass plate is in two separate portions, a, b, ¢, d, and e, f. ¢, h, which
are secured to the wooden case of the machine by wooden and hard-
rubber clamps which completely insulate them. They do not come
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in contact with any other puart of the machine.

) ! - m The field-plates are
two large pieces of paper with a half-cirele of sheet metal covering
he paper at one end, and turning over the edge of the glass at the
{ge where the revolving glass-plate first meets the ﬁ!'lli-':l'l:v.ll‘ = 'l;ini"
wre on the front of the divided stationary L'l:na.'\' pl:;t.r 'uui
semicire¢les of metal which are pasted upon thr-ir”fr‘um

ield-plates ¢

are the

Fig. 28.—The Holtz machine.

surface. There is nothing between the revolving and the stationary
plates except the charging rod leading from the Toepler machine to
one field-plate of one of the stationary plates. This is not present
exept in the first couple of the Holtz machine. The neutralizing
combs project in front of the revolving plate at the places, top and
bottom, where the revolving glass is just leaving the influence of the
field-plates. The collecting combs from the prime conductors P
3
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i ate ¢ aces, at either side
and N project in front of t}lm r(‘!\‘(;I\“l::‘g‘.'].:!‘.;ﬂtvl;;t ill:lﬂl\(x:n've frges- ﬁe]d:
where the revolving glass has just ¢ .

:omicireles.  There is no connection
plates, near the edge of the metal 'N('“"»”:(( onary plate with its field-
between the revolving plate and the statl L y free chi
pl.'lttt‘.( There are no collecting l”’”‘d"‘: t",‘]';lr;\q ‘::‘m:;:;]h:‘l:agﬁ\o:
the revolving plate to the field-plates, but t .T(,I-\ri-xx rlass h];tt(‘: and
convective discharge or effluve between th(;‘-t?; pls teg L’lhe revolvin
the metallic semicirele connected with each fielc 3 i"‘- made '-:t‘ill mor%
plate being of glass, is itself a n,\n-‘_-nnductnr,-.m( lb-ll-:;((,r;-uhg noy
80 by a varnish of shellac; and nothing whatever touches ; o

its front or back surface. At a certain stage any one portion of the

revolving glass plate may have a positive rl-::\rg:t_‘. which it ha? rc({el?'e(l
by a ¢-"fl\:et'ti\'c diseharge from .thl.! (».»ml»:? of t.,]m };Tlme (;i‘»ln.«_‘u( t.ur
and a negative charge induced in it by t.lc.ﬁc\d-]' fuc' . 1;: par‘-
ticular part of the revolving glass plate retains these two charges,

Fig. 29.—Principle of the Holtz machine.

bound upon its surfaces by mutual attraction, just as is the case in &
dissected Leyden jar, where the positive and negative charges remain
upon the glass after the outer and inner metal coats are removed.
Each successive portion of the revolving glass undergoes various
transformations by induction and by convective discharges, just as
if it were revolving in pace separated from every other part of the
same plate. Electrically, each part is separated as long as the glass
and its shellaced surface are free from dust and moisture. When
these conditions are not fulfilled, the Holtz machine will produce only
a feeble discharge, and perhaps none at all.

When a multiple plate Holtz machine is charged, it will not
reverse polarity so long as it is running and the sliding rods are
separated several inches. When the atmosphere inside of a Holtz
machine has considerable moisture in it, the polarity may reverse if
the sliding rods are brought in contact. When a Holtz machine loses
its charge, then upon recharging it, the polarity may be reversed, but
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this is due to the fact that the polarity of the charging machine has
reversed.  The Holtz machine itself will not reverse polarity as long
as it retains the original charge.

1t must be noted that while we speak quite definitely about the
wayv in which an influence machine generates electric charges, the
subject is_a purely speculative one, and the facts, if they coul,d be
known, might vary considerably from our conception of them. That

when an influence machine, even with the latest improvements, is
started up, one pole will sometimes be the positive and sometimes the
negative 1S Very curious.

Any of the influence machines may be made with plates of other
material than glass; hard rubber has many desirable features: it does
not attract moisture, and is not so heavy or so apt to break under
the strain of an excessive speed of rotation as glass. On the other

Fig. 30.—Baker paper disk static machine, type B.

hand, it undergoes a slow process of degeneration, and is also liable to
warp and lose its perfectly flat shape. Mica plates are made of mica
split in infinitesimally thin pieces, mixed with powdered shellac or a
similar substance, and subjected to an enormous pressure while heated
to the proper degree. Machines with mica plates work excellently,
and while one would suppose that the plates would disintegrate
time, the manufacturers say that they have never had a plate returned
to them in this condition. i S

The Paper Disk Static Machine (Fig. 30).—The static machine
made by the Baker Electric Company is a Toepler machine, and 1s
mnclosed in a glass case, but usually does not require calcium chlorid
inside the case to absorb moisture. §i

A suitable machine for z-ray work is known as ;m.enght»-plaw
machine, having four revolving paper disks and four stationary glass
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plates. The plates make 2000 revolutions a minute, o f,\\'_”-ll"""“c‘
power engine or motor being required to run the machine. Exeellent
radiographs of the foot can be made in six seconds, and of the chest
in thirty seconds. - )

Each paper disk is made of about 24 full-sized sheets of bond
paper, coated with shellac and other gums, to harden the shellae,
for the latter does not harden unless exposed to the air. The whole
mass is compressed between hot metal plates and then allowed to
cool slowly while under pressure. The result is a disk about } inch
thick, which is practically unbrezkable. It sounds like a piece of
iron when struck by metal. Moisture has less tendency to condense
upon it than upon ‘glass, and the plate will stand the strain of 2000
revolutions a minute, while the normal rate with revolving glass
plates is 350 revolutions a minute. 4

The revolutions being five or six times as rapid, the discharge 1s
more nearly continuous than from a glass plate machine. It is
twenty times as nearly continuous as the discharge from an induction
coil. The discharge from a powerful paper disk static machine
through an z-ray tube is, therefore, more nearly continuous, and the
heating effect on the anticathode is very great. Some tubes will
transmit 1S milliamperes of this current, but after about thirty
seconds it is found that the vacuum has dropped to such a degree
that the z-ray generated has no penetration. Generally speaking,
the tubes which will stand the discharge for half an hour or so give
excellent fluoroscopic images, but make poor pictures; while the best
radiographs are sometimes made by tubes which wili stand the
current for hardly thirty seconds without breaking down.

The breaking down is attributed to the fact that the platinum is
usually cemented or welded to the surface of the mass of copper
provided for heat radiation. The cement in one case, or the flux
used in the other case, gives out gas when heated and lowers the
degree of vacuum.

Tubes have been made with an anticathode in which the copper
backing is deposited on the platinum by electrolysis; the platinum
1s copper-plated. This does away with the evolution of gas from the
cause just mentioned.

Another characteristic of the discharge is its comparative freedom
from snapping. This is seen in the fine zigzag sparks which pass
between the prime conductors of a static machine when they are
separated beyond the range of actual white sparks. With most glass
plizne static machines there is considerable of this effect interfering
with the effluve or simple violet luminosity. This snapping is a sort
of condenser discharge, and depends upon the amount of metal
surface in the construction of the machine. The paper disk static
machine may be made to give no snapping at a distance of over three
inches, while it gives an effluve or mass of violet luminosity twenty-
two inches long. By suspending a number of separate sheets of
tin-foil from the prime conductors, however, the snapping at once
takes place.

Still, all composite plates are subject to some deterioration, owing
to the action of the nitrous and nitric acid gases which are generated
In a static machine. Another objection to a composite plate is that
It 15 practically impossible to obtain & nearly uniform resistance, so
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that when static machines are mm.lc having more than two revolvin
plates, and having t!u-m muade of a composite material, they may
hossibly prove unsatisfactory, owing to the fact that the revolving
slates are liable to perforate.

The Size of Static Machines.—For ordinary therapeutic uses a
machine with eight or ten revolving pl_ates thirty or thirty-two
inches in diameter, and making 300 revolutions a minute, is sufficient.
Such a machine will also light up an z-ray tube so as to make possible
. fluoroscopic examination of the extremities, ‘or a radiograph of the
<ame parts and the chest (either a much larger static machine or a
transformer is required for practical z-ray work). Static machines
have been made with revolving glass plates weighing a ton in the
azoregate, and have given beautiful results with an z-ray tube. A
static machine with sixteen revolving plates thirty inches in diameter
is powerful enough for all practical purposes. This should be furnished
with a half-horse-power motor.

Pole Changer.—The polarity of a static machine cannot be volun-
arilv changed, but, espeeially for z-ray work, it is often convenient
o use a pole-changer—a jointed hard-rubber rod by means of which-
he connection of two wires with the two poles of the machine may
e changed by simply reversing the position of the rod.

The Care of the Static Machine.—The modern influence machine
cives a wonderfully steady output when in good order,—much more
uniform than the current from the best induction coil,—but it is
very sensitive to atmospheric and other conditions, affecting the
insulation of the surfaces of the plates. The machine should be
completely inclosed in glass and wood, and this case should be air-
tight. The room in which the machine is kept ought to be a dry one,
and one on the second floor is sure to be better than one in the base-
ment. If the case has to be opened for repairs, this had better be
done on a elear dry day, and it should be left open as short a time as
practicable.

The moisture in the air inside of the case has a tendency to collect
upon the glass plates, and with it also the atmospheric dust and the
metallic dust from the machinery itself. This deposit may cause
such a lack of insulation that the machine will produce little or no
discharge. Several different wavs of preventing this have been
suggested, the best being by the use of caleium chlorid, a powerful
absorbent of moisture. A generous quantity of this should be used.
In a case measuring 2x3 x4 feet, and containing a six-plate static
machine, two pounds of dry calcium chlorid should be placed in deep
open vessels. As time passes this changes from a powdery white
mass to a dirty slush or melting snow appearance. After it has become
completely saturated with moisture, of course, its usefulness is at an
end. It may be regenerated by drying in a hot oven, or it may be
replaced by fresh material. Needless to add, if the calcium chlorid
is bought in quantities, it must be kept in sealed tins or glass until
used. A larger quantity will be needed for a larger machine. A
handful of calcium chlorid in a shallow saucer is quite inadequate
to the purpose. It is very important to reduce the amount of dust
produced in 4 machine to a minimum. The use of aluminum instead
of brass or iron for the parts of the machine inside the case is to |
recommended wherever practicable. Aluminum does not oxidize

t
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or produce much metallic dust. With a properly constructed case
and machine and with an oceasional renewal of the proper amount
of ecaleium chlorid a static machine should run for two or three years
without any further attention. At the end of that time it may
well require very complete overhauling. The inevitable deposit of
metallic dust will have to be washed off of the plates and all the other
interior parts of the machine, with a light additional coat of shellac
applied to the glass surfaces.

Another method of dealing with the subject of moisture is to
have a gas or other flame so arranged as to carry a current of hot air
and products of combustion into the case. This is a step in the wrong
direction.  Hot air will carry more moisture than cold, and watery
vapor is one of the products of combustion when gas or any of the
ordinary illuminants are burned. The proof of this 1s readily seen on
any very cold day, when the windows of a room in which a number
of gas-jets are burning will be covered with moisture, while those in a
room in which the gas has not been burning will be free from it. With
a static machine benefit might be obtained from heat if the air were

*heated, but kept separate from the products of combustion.

This can be easily done by placing one or two 32 candle-power
electric lamps inside of the glass case, with a switch on the outside, so
that they can be turned on or off as required.

In a very damp, warm climate, a static machine may be thoroughly
dried in fifteen minutes by means of compressed hot air. Inside the case
of the machine at one end have an electric toaster supplied with the regu-
lar electric light current. At the other end pump in compressed air at a
pressure of about 25 pounds to the square inch. This can be done every
day if necessary.!

Another method is to keep from 20 to 100 pounds of unslaked
lime inside the case of a static machine. This works excellently as
an absorbent of atmospheric moisture. The lime must be wrapped
up in two thicknesses of cloth, to prevent particles from flying all
over the interior of the machine.

In an emergency, for a single session, a freezing mixture of ice and
salt in deep glass or earthenware vessels, such as half a dozen preserve
jars, placed inside the case, will cause the moisture to condense upon
the glass vessels, and thus free the machine from moisture. If glass
jars are used to put the ice and salt mixture in, it is always well to
place them in saucers or plates, so that the first condensation will be
taken care of without wetting the bottom of the case. This will
oiten save the day, but not always.

From the fact that so many ways are recommended for dealing
with the subject of moisture, it will be gathered that a static machine
is an uncertain quantity. Under unfavorable conditions it will not
run well more than half the time throughout the summer. This is
one reason why the static machine has been to a great extent aban-
doned as a source of electricity for the z-ray. There is good reason
to believe, however, that a properly constructed static machine,
properly taken care of, will work regardless of environment. Such
a machine at a hospital in Boston is in a basement only a few feet
from the sea-water, and still works perfectly.

T'he condition of the atmosphere outside of the case of the static

1C, A. Weiss, M. D., Jour. of Advanced Therapeutics, October, 1912, p, 417,







