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3o A NEW ROENTGEN GENERATOR.*

By 1. CLYDI1: SNOOK, A.M., Philadelphia, U.S.d.

"1 new Roontgen generator is the final result obtained
frer a systematic study of the induction coil, begun by
he speaker in 1902.

Two principal results have been tho aim of all investi-
ators who have attompted to improve the induction
il for Roentgen work, Tho first of these is tho com-
lete suppression or offacement of tho inverso discharge.
Che second is the ability to increase the usoful secondary
wrrent without limit, and whilst so doing to introduce
10 new undesirable conditions.

Phis new machino accomplishes both of theso results,
ince it delivers absolutely no inverse discharge; and
here is no practical limitation to the clectrical onergy
sutput for which it may be constructed.

By means of this machino it is comparatively o
iimplo matter to liborate several kilowatts of encrgy in
v Roentgen tubo, and yot to have none of tho curront
lowing through tho tubo in the wrong direction.

A papor by the speaker in tho Jowrnal of the Iranklin
Institute for October, 1907, describes a synchronous
scries spark-gap which, opoi—ating in conjunction with
& mercury job interrupter, served to open the secondary
cireuit of an induction coil at the phase of “make " and
to close it at the phase of “Dbreak.” The operation of
this spark-gap synchronously with the interrupter per-
mitted the * dircet” secondary spark to pass through
the Roentgen tube, but prevented tho passage of tho
inverso at the time of make. This arrangoment did
not, howaever, prevent all inverse current from entering

the Roentgen tube, because of tho oscillations of tho

condensor used to suppress the arc at tho contacts ol
tho interrupter. Since this synchronous Serics ppark-
’ o mechanical intorrupter
or, and could not be used

tho necessity aroso of

gep was applicablo only to
of some kind with & condens
with an eleetrolytic interrupter,
devising o now apparatus for this purpose.

Soveral mechanical interrupters wero devised to break
heavy curronts ond to operate without condensers, 8o
that o serics spark-gap in tho secondary circuit could be
oporated synchronously, and provent tho passage of the
{nverse duo to the make of tho interrupter. With these
thero would be no inverse duo to & condenser.

Ordinary induotion coils were tosted with this method

of operation, 88 well as closed magnetic circuit trans-

* Read before the Fourth International Congress at Amsterdom.
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formers, when it was obscrved that the secondary
spark at make—particularly in the case of the closed
magnetic circuit transformers—was much heavier than
“that at break. This offect was found to be still greater
when the iron of tho closed magnetic circuit was mag-
netized in o dircetion opposite to the direction of the
flux produced by the make current, This effect was
‘due, of course, to tho hysteresis of the iron, which,
though well understood, would not have justified a pre-
diction of the very marked difference really obtained.

The phase of the synchronous series spark-gap was
then shifted 180 degrees, so that the secondary current af
make was utilized instead of that at break, Since the
secondary voltage at break was higher than af make, it
bocame necessary either to short circuit the secondary
ot break or to utilizo this voltage by o secondary pole-
changing switch, DBoth these things were done, and both
mothods were found to serve the purposo fairly well ;
but there was o limit to the amount of current which
could bo obtained, owing to the use of an interrupter,
and nlso because the magnetic cycle was poor.

There was then dovised and constructed o polo-
changing interrupter which magnotized the iron of o
closed magnetic circuit transformer first in ono direction,
followed by n make, and then in the other direction,
followed by a break. In synchronism with this pole-
changing interrupter, thero was used o high - tension
pole-changing switeh in tho sccondary circuit. This
combination of pole-changing switch in both primary and
secondary circuits gave o truc unidirectional sccondary
current with nbsolutely no inverse; but the output of
tho combination was limited by the current interrupting
powor of tho intorruptor.

A careful study of this last combination showed that
the iron passed through magnetic cycles ‘equivalent to

thoso which would result if o true alternating current

wero used,
It was docided to use alternating currenb with as

noarly sine wave form 23 possible, for several reasons,
ono of which was the possibility of dispensing entirely
with tho sorvices of an interrupter, and substituting for
its vagarics o rolinblo clectric genorator of standard type.

The final combination, ns it oxists in the machine
to-day, is a closed magnetic circuit transformer, which
dorives its primary low voltago current from an alter-
nating current dynamo or inverted rotary conmverter.
Tho transformer delivers its high-tcnsion secondary
current to o roctifying switeh, which is maioteined in
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synchronism by being mechanically attached to the
dynamo or convorter which produces the primary altor-
nating current. This mechanical connection between
the dynamo and the rectifying gwiteh is an essential
feature of the combimation. Other attempts to rectify
high - tension nlternating currents for Roentgen work
have failed partly because synchronous motors were
used to drive the rectifying switches.

Synchronous motors cannot maintain the absolute
synchronism obtained by the mechanical connection
between tho rectifying switch and the source of the
current, since it is practically impossible to keep the
olternations of the current absolutely constant.

When tho machine derives its energy from direct
current mains an inverted rotary is used. This delivers
an alternating current to the transformer primary, after
passing through an adjustable rheostat and a selective
switch, which determines the number of primary turns
anil the ratio of transformation of the transformer,

When the machine derives its energy from alternating
current mains, an induction motor, suited to the current
supply, is used to drive mechanically, through & vertical
belt drive with idler, a self-excited single phase alter-
nator. This supplies the current to the transformer,
and is mechanically connected to the rectifying ‘switch.
Asin the machine which derives its energy from a direct
source of supply, there is included in the transformer
primary circuit an adjustable rheostat and a selective
voltago switch, which controls the ratio of transformation,

Tivo steps are provided on this voltage switch, which
control the secondary voltage from & maximum of
120,000 volts to n minimum of 70,000 volts.

The transformer is of the oil-immersed, closed-mag-
notic circuit core type. An cssentiel feature of the
combination is that this transformer shall have as small
magnetic leakage as possible. ° ¢

Tt is well known that in an electrio circuit—

fp-L

[
tan 0= P

r
and that when the circuit is linked by mutual induction

to another circuit—
1
L-» T
2P Cp

tan 0,= g

when the self-induction and capacity are localized in the

gecondary circuit.

In the cnse of the clectric cireuit, including the
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Roentgen tube, rectifying switch, and transformer
secondary, wo have the inductive reactance of the wires
leading to the tube and the leakage reactance of the
transformer secondary winding, as well as the capacity
reactance of the tube cloctrodes and the switch parts.
‘The secondary winding has an appreciable capacity,
which cannot be overlooked.

Investigation of these rcactances has revealed thot
the inductive leakago reactance of tho transformer
secondary is the largest one involved, and that to it
is due the character of the reactance of the circuit.
The flux density of the magnetic circuit is therefore
kept as low as possible and the flux itsell as high as
possible, to keep to & minimum this leaknge reactanco
in the coro type of transformer, which is necessary with
such high potentials.

In an clectric circuit which has localized self induc-
tion and capacity there will he electric oscillations
having o [requency—

SESVA

!).r

LC™ dI’

upless Re= A

orif R> /\/%’

These oscillations would give riso to appreciable
inverse if the resistance of the cireuit were not high
enough to damp them effectually. The resistance of the
transformer sccondary alone is not suflicient for this
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purpose; but the synchronous rectifying switch intro-
duces synchronously varying resistances, These effce-
tually damp out the oscillations which would otheriwise
result from the capneity of the tube and secondary,
which oscillato with tho inductive renctance of both the
primery and secondary circuits, ;

This type of machine has beon constructed in sizes
from 1 to 4 kilowatts, that being the amount of energy
they are capable of delivering to a Roentgon tube.

Tho delivery of electrical encrgy to Roentgen tubes
at such rates has made possible tho extremely rapid
exposures made by somo American workers during tho
past year.

The advantages of this new type of Roentgen gene-
rator may bo sunmed up as follows :

1. It delivers no inverse discharge.

9. Tt can bo built for great eapacity, and it can deliver
more power than Roentgen tubes ab present are manu-

- factured to withstand,

3. Tt has no interruptor.

4. Tt has no parts liable to oxcessive wear or requiring
mljust.mcnb.

. It has no uppmciahio oxternal mngnotic field as .
compnrcd with an induction coil.

6. It opcmtos with thorough satisfaction on all kinds
of curronts, since on an alternating current it is far
superior to any induction coil on dircot current.

7. The current which it delivers can be adjusted with
pase from a fraction of a milliampére to the full output
of the machine,
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