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UNITED STATES PATENT OFFICE. 
EUGEN BLUM, OF UNION HILL, NEW JERSEY, ASSIGNOR TO THE KNY-sCHEERER 

COMPANY, A CORPORATION OF NEW YORK. 

X-RAY SYSTEM. 

1,003,325. Specification of Letters Patent, Patented Sept. 12, 1911. 
Application filed September 27, 1910. Serial No. 584,037. 

To all whom it way concern: 
Be it known that, I, EUGEN BLUM, a 

subject of the Emperor of Germany, and a 
resident of Union Hill, county of Union, 
and State of New Jersey, have invented cer 
tain new and useful improvements in X 

10 

Ray Systems, as set f 
specification. . . . " . 

Fhis invention relates to re tems for high potential alternating-current 
and particularly to, those adapted especially 

following 

for X-ray work. 
An object of the invention is to eliminate disadvantages present-in rectifying systems 

previously known and at the same time to 
maintain the advantages of such systems. 
Previously known types of rectifying sys 
'tems are exemplified in the patent to Lemp 
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774,138; November 1, 1904, and in the pat 
ent to Snook, 954.056, April 5, 1910. In a 
system such as that of the Lemp patent por 
tions only of either the -- or - waves are 
available in a working circuit. 

In a system such as that of the Snook pat ent the rectification is such that correspond 
ing portions of both the -- and - waves are 
available. The disadvantages inherent in 
each of these systems will not be enumerated 
specifically but rather the advantages at 
tained by the applicant's system. 
On account of the disastrous effect upon 

the human body of too frequent exposure to 
the X-ray it has become customary to in 
close the operator in a cage of material im 

35 pervious to the X-ray. This cage is pref 
erably located at some distance from the X 
ray tube. It is expedient that the operator 

40 

tems. to meter the current flowing in the working 
circuit in order that the operator may de 

be able to control and make readings of the 
generating current for the X-ray without leaving his protecting cage. Consequently 
the various meters and controlling instru 
ments, should be located preferably within. 
this cage. . . . . . . . . . 

Current of extremely high potential, pref 
bly upward of 100 kilo-volts, is desir 
for the working circuit in X-ray sys 
It is also almost a necessity to be able 

ctifying sys 

termine and regulate the operation of an X 
ray tube. For his safety and convenience 
this necessitates the location of the ampere 
meter for the working circuit within his 
protecting cage. 
The most practical method of attaining 

high potentials is by means of the trans 
former, although this has the defect of de 
livering from its secondary a potential of 
alternating sign, whereas a pulsating cur 
rent is a necessity for the best operation of 
an X-ray tube. By rectifying the alternating 
current delivered by a high potential trans 
former it has heretofore been possible to op 
erate X-ray, tubes with a considerable de 
gree of satisfaction. In systems employing 
transformers no difficulty has been experi 
enced in controlling the primary low po 
tential side of the transformer from the op 
erator's protecting cage. 

In addition to making possible the loca 
tion of all controlling instruments for the 
low potential side of the transformer it is 
an object of the present invention to make 
possible the safe installation within the op 
erator's protecting cage of an ampere-meter 
for the high potential working circuit. To 
this end a transformer having a two-coil Secondary winding is employed, although in 
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the broad aspect of the invention the two 
coils of this secondary winding should be 
understood as being two independent sources 

80 

of alternating current of the same fre 
quency. The expression alternating cur 
rent is employed to designate generally both 
a true alternating current and also one in 
which the current cycle may have any form 
provided it regularly changes from -- to 
even though intermittent periods of no cur 
rent be present. 

In addition to rectifying the current sup 
plied to the working circuit, the invention 
provides a rectifying interconnection of the 
two sources of alternating current whereby 
a direct current ampere-meter may be cut 
in series between the two said sources of 
alternating-current at what is in effect a 
neutral point which may be grounded at one 
of the terminals of the ampere-meter. By 
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ployment of two Sources of alternating cul'- 
t 5. 
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this method the entire current ?low for the 
Working circuit is caused to traverse the di 
rect current and pere-lmeter always in the 
Sane direction ald the difference in potein 
tial between the two anpei'e-meter leads is : maintained practically zero with a positive 
ground, for one of the leads. By reason of 
these circumstances the ampere-leter may 
be located with safety within the protecting 
cabinet for the operator. 

it is a further object of the invention to 
minimize insulating troubles in a lectifying 
system of the type described. The en 
I'ent instead of the employment of a single 
Source of double the potential of either con 
tributes to this end and makes possible the 
employment in the applicant's rectifier con 
struction of a simple cylindrical coln nuta 
tor, between adjacent brushes for which the 
full potential for the working circuit is 
never present. This does away with the 
necessity of extensive insulating partitions 
such as those described in the patent to 
Snook referred to above. 
The above and further objects of the in 

vention will be set forth mole in detail in 
the following claims and . will be more ap 
parent from the following description 
which should be read in connection with the 
accompanying drawings, illustrating en 
bodiments of the invention, in which like 
characters designate corresponding parts, 
and in which, 

Figure 1 is a diagrammatic representation 
of one embodiment of the invention; Fig. 2 
is a diagrammatic representation of unrec 
tified potential-Waves for the transformer of 
Fig. 1; Fig. 3 is a diagrammatic representa 
tion of the rectified waves for the trans 
former of Fig. 1: Fig. 4 is a diagrammatic 
representation of a preferred embodiment 
of the invention: Fig. 5 is a cross-section 
through line V-V of Fig. 4; Fig. 6 is a 
diagrammatic representation of the unirecti 
fied potential-Waves for the transformer of 
Fig. 4; Fig. 7 is a diagrammatic represen 
tation of the rectified potential-waves for 
the system shown in Fig. 4: Fig. 8 is a dia 
grammatic representation of rectified waves 
delivered at one pair of terminals of the 
system of Fig. 4; Fig. 9 is a similar dia 
gram showing the rectified Waves delivered 
at the other pair of terminals of the system 
of Fig. 4; and Fig. 10 is a diagrainmatic 
representation of a modification of the sta 
tionary transformer SO as to comprise two in 
dependent transformers particulary adapted 
for energization from a polyphase circuit. 

in the practical embodiment of the inven 
tion it is many times expedient to employ 
direct current as the original source of 
power, which in the embodiment of the in 
vention shown is supplied by the mains 1 
and 2 connected to the direct current end of 

the closed circuit type for the transfor her 'i 

nected with the core 6, which in t 
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the inverted rotary converter 3, which in the 
present Chibodille it is to be coinsidered of a 
type to deliver single phase a tel' lating clu'- 
rent at the collecting 'i siles 4 and 5. One 
coln plete cycle c()''' (): (i) g () () ( 'ota - 7 
tion of the convertei's l'ot ())". 

It is, of coil'se, ( ): it'l's () () list 
single phase alter'}latii) ; (iii' it lay eel 
tel' available th: 1) di'('. ( : 'I''}} t. ii) which 
(event he altel'nating tiret : i) is si{}lld 
te coil sected to the tel'ii): is - ; ) ( ). ill 
sch case the electic it 3 acts lei'ely as : 
Sylchlokous I) () to 1', as Will be ille'stood. 
The second part of the syst () is dei (sted 

by 13 and comprises a 'al is folii er and 'ecti 
fying means. 

In iig. 1. (5 indicates a lagnetic' col'e () 

which should be built according to approved 
transfol'ne 1'-cole construction. It is show) 
l'ectangul:ll' and moulted syli inct ’ically () 
rotate with the attaclect sh; its and Sioui'- 
haled respectively in bearings 9 and 10, the 
shaft 7 being adjustably clitched to the 
shaft, 11 of the unit 3 by means of the cou 
pling 12. The col'e () has a primary winding 
13 shown in clotted lines and disposed with 
an equal littlubel of turns about each of the 
legs 14 and 15. The terminals of this pri 
na:'y winding 13 are connected respectively 
to the lings 16 and 17, coöperating with 
bushes S and 19, which in turn may be 
connected respectively With the brushes 5 
and 4 by means of the wires 20 and 21 to 
complete the primary circuit. 
The Secondary for the core (3 comprises 

two equal coils 22 and 23 of an appropriate 
number of turns cach greater than the num 
bel' in each corresponding primary coil and 
preferably wound over the primary coils 
according to the in Ost approved transforme!' 
construction to prevent magnetic leakage 
and to give a jainimum shifting of phase 
for the secondary current with respect to 
Secondary electro-notive force. Each of 
these secondary coils 22 and 23 constitutes a 
Source of high potential alternating current 
and is so regarded in this specification. The 
attaching strips 24 and 25 are seculed to the 
core 6 as shown to provide for the moult 
ing of terminals 26 and 27; 28 and 29; and 
30 and 31, which preferably terminate all 
equidistant from the axis of rotation of the 
transformer and in the same plane. 26 and 
27 are respectively the -i- and F terminals 
for the secondary coil 22. 
30 and 31 are respectively the F and the 
terminals for the secondary coil 23. 

28 and 29 are terminals electrically con 
In is con 

nected to ground by the shaft S and jour 
nal 10. - 

32 and 33 are stationary contacts for co 
operating with the terminals 26, 27.30 and 
31 and are respectively connected by leads 

-- 

S S 

& 5 

iOC 

I 5 

I.20 

2 3. 

  



1,003,325 

34 and 35 with the -- terminal 36 and the - 
terminal 37 of the working circuit, which in 
this embodiment includes the X-ray tube X. 

38 is a stationary contact coöperating with 
the terminals 26 and 27. 
39 is a bridge contact for coöperating with 

the terminals 28, 29 and 30, 31. The con 
tacts 38 and the journal 10 are connected 
through leads 40 and 41 to the terminals of 
direct current milli-ampere-meter M. The 
leads 40 and 41 are shown in part broken to 
denote that they may be of any desired ex 
tent permitting the location of the meter M 
at a distance. in which event it may be de 
sired to provide the lead 41 with an addi 
tional ground G in the neighborhood of the 
meter itself. 

In Fig. 2 the sine wave 42 diagrammati 
cally illustrates one complete electro-motive 
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terminals. 5 former T may be adjusted as desired with 

force cycle for each of the secondary coils 
22 and 23 while the sine wave 43 indicates 
on the same scale the electro-motive force 
cycle for the complete secondary winding 
comprising the two coils 22 and 23 in series. 
As is obvious these are the usual alternating 
current waves and involve a change in sign. 
In Fig. 3 the portions p and p' indicate 

portions of the electro-motive force 
wave 43 rectified and as they are applied to 
the terminals 36 and 37 of the working cir 
cuit, p being a portion of. the -- part of 
cycle 43 and p' being a corresponding por 
tion of the - part of the cycle 43, but recti 
fied to be a -- wave part. - 

Operation for Fig. 1.-Any and all of 
the well known regulating and measuring 
devices for electric circuits may be employed 
in connection with the mains 1 and 2 to 
start the unit 3 and in connection with the 
"wires 20 and 21 to regulate the current flow 
in the primary 13. The rotation of the 
shaft 11 causes a synchronous rotation of 
the transformer T and its attached secondary 

The angular position of trans 

respect to the motor shaft 11 according to 
the location desired for the wave parts p p' 
by a suitaiole adjustment of the coupling 12, 
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and as will be obvious to those skilled in the 
art. The various terminals 26, 27, 28, 29, 30 
and .31 make and break contact simultane. 
ously with their coöperating stationary con 
tacts. With the contacts in the relative posi 
tions illustrated, the first quarter of the cycle 
indicated in Fig. 2 has been completed; the 
-- terminal 26 of secondary coil 22 is in 
working connection with stationary contact 
32, leading to the working circuit; and the 
F terminal 30 of secondary coil 23 is in 
working connection with the stationary con 
tact 33 leading to the other terminal of the working circuit. The secondary circuit for 
this position may be traced as follows:- 
secondary source 22, out what is now the -- 
terminal 26, stationary contact 32, lead 34, 

3 

- terminal 36 of the working circuit. -ter 
minal 37 of the working circuit, lead 35, 
contact 33, terminal 30, secondary source 23, 
terminal 31, bridge 39, terminal 29, core 6, 
shaft 8, journal 10, lead 41, (connected with 
ground G), meter M, 
terminal 27, back to secondary source 22. 
Since the terminal 31 is now instantaneously 
--, the meter lead 41 is consequently posi 
tive, and the directioni of current flow in 
the meter M is indicated by the plus and 
minus signs applied, thereto. 
With the parts in the positions shown, the 

terminal 26 is instantaneously -- 
terminal 30 is instantaneously --. The wave 
part p is delivered to the working circuit 
terminals. The meter M is cut in in series 
between the secondary sources 22 and 23 and, 
therefore, at the neutral point of the trans 
former secondary which is grounded at G. 
Upon a half rotation of shaft 7 the three 

fourths point for cycle 43 is reached and 
terminals 27 and 31 are caused to contact 
respectively with brush contacts 32 and 33 
while terminal 26 is caused to contact with 
brush contact 38 and terminals 28 and 30 
are caused to be bridged by the brush con 
tact 39. At this instant the terminals 27 and 
30 have become -j- and the terminai 31 has 
become - so that a similar circuit to that 
previously traced is produced to cause a cur 
rent flow through the working circuit and 
meter M in the same direction as the former 

| current flow, the wave part p' being applied. 
This current flow is a pulsating one for X 
ray work and its intervals of flow may cor 
respond to any particular fraction of each 
secondary current wave corresponding to a 
commensurate fraction of each secondary. 
electro-motive force wave as indicated in 
Fig. 3, in which p p' indicate the fractions 
being employed by the system of Fig. 1. 
The actual location of the fraction employed 
on its wave may be adjusted by the sleeve 12 
and its extent or duration is regulated by the angular extent about the shafts 7 and 8 of 
relative contact between the terminals' 26. 
etc. and their coöperating stationary con 
tacts 32, etc. With the extremely high po 
tentials employed, it is well known that 
and the contacts 32, etc. is not actually a 
necessity, it being merely necessary to re 
duce the air gap therebetween to a small dis 
tance. For this reason the contacts 26, 27, 
physically contacting with their stationary 
coöperating contacts although such physical 
contact is not precluded by the nature of the 
invention. Embodiments of Figs. 4 and 5. In many 
instances it is preferred that the trans 
former of the installation R be stationary 
instead of rotated, as shown in Fig. 1. Such 
an embodiment is shown in Fig. 4. In this 

while the 

28, 29, 30 and 31 are not shown as actually, 
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embodiment the stationary transformer is 
indicated by T and comprises the prinary 
winding 113, the terminals of which are 
connected to a source of single phase alter 
nating current by the leads 120 and 121; the 
Secondary winding having two coils 122 and 
123 of the same number of turns each 
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Insuring a 

and wound preferably in close relation to 
the primary winding 113; and a core hav 
ing preferably a closed magnetic circuit, as 
shown in the embodiment of Fig. 1. It 
should be understood that this transformer 
T may be constructed according to well 
known approved transformer construction, 

o minimum amount of mag 
netic leakage. Various leads 44 may be 
tapped out of the primary 113 to pro 
vide for varying the number of anpere 
turns in the primary circuit in a nanner 
now well known in the art, while the 
dotted portion of the leads 120 and 121 
indicate that the same may be of indefi 
hite length to provide for the insertion 
of any of the well known control 
ling devices such as Switches, rheostats, line 
ters, etc. The two secondary coils 122 and 
123 may each be regarded as a source of al 
ternating current of the same frequency. 
126 and 127 indicate respectively the and 
- terminals of secondary coil 122 and are 
shown in the form of diametrically op 
posed brush contacts. 130 and 131 indicate 
respectively the -- and F terminals of sec 
ondary coil 123 and are likewise shown in 
the form of diametrically opposed brush 
contacts. 
is extended longitudinally through the 
journal 10 and has fixed thereto the 
rectifying commutator 45, carrying a 
pair of alined segments 46 and 47 located 
respectively at the opposite ends of the com 
mutator; and a pair of laterally spaced in 
her commutator segments 48 and 49 diamet 

45 
rically opposed to the segments 46 and 47. 
In the preferred construction for X-ray 
Work each segment encircles approximately 
70° of the commutator 45 which should be 
constructed according to improved commu 
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shows a satisfactory 
tator construction of high quality insulat 
ing material. The cross section of Fig. 5 

construction for this 
commutator. 

Between the brush terminals 126 and 130 
is a pair of brush contacts 50 and 51; cross 
connected respectively by wires 52 and 53 
with a pair of diametrically opposed brush 
contacts 54 and 55. The leads 40 and 41 of 
the direct current milli-ampere-meter M are 
connected respectively as shown to the brush 
contacts 50, 54 and 51, 55, the lead 4 being 
grounded at one or more points.G. The 
-- terminal 136 for the working circuit is 
connected by lead 134 to brush contact 132 
while the - terminal 137 of the working 
circuit is similarly connected by lead,135 

In this embodiment the shaft ( , 
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with the brush contact 33. . Contacts 32 
and 133 are symmetrically positioned toward 
the outer edge of the commutator 45 and 
have diametrically opposing them the simi 
lar brush contacts 56 and 57 which are con 
nected respectively by leads 5S and 59 to 
supplemental working circuit terminals (30 
and 61 and are provided with switches 62 
and 63 for cross connection to the leads 134 
and 135 respectively. 

Inasmuch as the electro-notive force 
cycle for each of the sources 122 and 123 
may be lepresented by the line 64 of Fig. 6 
indicating that they are both not only of 
the same frequency but in phase, the brush 
contacts 132, 126, 50, 51, 130 and 133 have 
been shown in the same plane with the 
(liametrically opposed brush contacts 56, 
127, 54, 55, 131 and 57; also the segments 
4S and 49 have been shown occupy 
ing the same angular position diame 
trically opposite to the segments 46 and 
47 of the commutator 45. However, as 
Will be understood by those skilled in the 
art, should the current of source 122 be out 
of phase with that of the source 123, all that 
is necessary properly to add the electro-mo 
tive forces of these two Sources to produce 
the combined wave 65 of Fig. 6, is to cause 
a relative angular shifting of the commuta 
to parts for one of the sources 122 and 123 
relatively to those of the other. For in 
stance, the contacts and segments at the 
right of the central Zone of the commutator 
45 may be shifted angularly relatively to 
those at the left a suitable number of de 
grees to offset any shifting in phase between 
the two sources 122 and 123. 

Operation for Figs. 4 and 5.-The wave 
diagram 64 of Fig. 6 shows the electro 
motive force wave for each of the secondary 
coils 122 and 123 which, if combined by 
cross connecting unlike terminals such as 127 
and 131, would produce the electro-motive 
force wave (35 of Fig. 6, it being understood, 
of course, that the diagrams of Figs. (3 in 
dicate the unrectified electro-motive force 
waves. For some purposes, it is desirable 
to employ a part of each electro-motive force 
Wave (both -- and -) for the working 
circuit and in X-ray work these waves must 
be rectified so as to tend to cause the passage 
of current waves in the working circuit al 
ways in the same direction. For example, 
the parts (1,0, f', and q', shown in Fig. 7, 
may be desired. With the connections as 
shown in Fig. 4, the working circuit ter 
minals 136 and 137 are capable of delivering 
such electro-motive force pulsations. For 
the position of the parts indicated, the nega 
tive working circuit terminal 137 is con 
nected by lead 135, through switch 63, lead 
59, brush contact 57, segment 47, with what 
is now the negative terminal 131 of source 
123. The path continues through coil 123 
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out what is now the -- terminal 131, thence 
through segment 149, contact 51, lead 41, 
ampere-meter M, lead 40, contact 50, seg 
ment 48, to - terminal 126 of coil 122, 
thence through coil 122 to -- terminal 127, 
segment 46, contact 56, lead 58, switch 62, 
lead 134 to the -- terminal 136 of the work 
ing circuit, to give the electro-motive force 
impulse q. Thus, in effect, by the connec 
tion of terminal 126 of coil 122 with termi 
nal 130 of coil 123 there is produced prac. 
tically a transformer secondary of twice the 
number of turns of either of these coils 122 
and 123 and this secondary is grounded at 
its neutral point to the ground G con 
nected to lead 41. Also the ampere-meter M. 
is connected in series or cut into this sec 
ondary, winding at its neutral point so that 
the direction of flow is in accordance with the -- and - signs applied to the ampere 
meter M, that is from lead 41 to lead 40. 

25 
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When the commutator 45 has been ro 
tated 180° corresponding to the three 
quarters point 65' of the electro-motive force 
cycle of Fig. 6, segment 46 is bridging con 
tacts 132 and 126; segment 47 is bridging 
contacts 130 and 133; segment 48 is bridg 
ing contacts 147 and 54; and segment 49 is 
bridging contacts 55 and 131. Under these 
conditions the secondary circuit from ter 
minal 137 continues through lead 145, con 
tact 133, segment 47, contact 130, which is 
now the - terminal of coil 123, through coil 
123, contact 131, segment 49, contact 55, 
-wire 53, lead 41, ampere-meter. M, lead 40, 
wire 52, contact 54, segment 48, terminal 
127 of coil 122, which is now negative, 
through coil 122, terminal 126 (now --) 
segment 46, contact 132, lead 134, to the -- 
terminal 136 of the working circuit. Thus, 
under these conditions, the current flow 
through the ampere-meter M is also as in 
dicated by the -- and - signs, from lead 
41 to lead 40. An electro-motive force 
impulse corresponding to 9 of Fig. 7 is, 
therefore, applied. Upon each 180° rota 
tion of the commutator 45 successive im 
pulses such as, q', q, etc. are applied to the 
terminals. It is well understood, of course, 
that there may be a displacement in phase 
between the secondary electro-motive force 
and the secondary current, although it may 
be minimum in this system. This, however, 
may be rectified merely by the proper an 
gular adjustment of the commutator parts. 
Ti.e. electro-motive force waves have been 
illustrated diagrammatically because, ob 
viously, a current wave is dependent upon 
the creation of an electro-motive force wave 
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and the latter is always present during the 
operation of the machine whether or not 
the working circuit is closed. 

It is sometimes desirable that impulses of 
half frequency be delivered to a working 
circuit, It is also; sometimes desirable to 

5 

energize two separate working circuits with 
impulses identical in frequency and in 
strength. With the apparatus illustrated 
in Fig. 4 this may be accomplished through 
the medium of the switches 62 and 63. By 
opening these switches the working circuit 
terminals 60 and 61 will deliver waves cor 
responding to the wave parts r and r' of 
Fig. 8, while the terminals 136 and 137 will 
deliver waves corresponding to the wave 
parts is and 8' of Fig. 9, the wave parts of 
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both Figs. 8 and-9 being identical in sign, 
potential and frequency, although those of 
Fig. 8 alternate with those of Fig. 9 and 
are a half cycle out of phase therewith. 

In connection with the commutator 45 of 
80 

Fig. 4 and its associated parts particular at 
tention is called to the fact that the maxi 
mum potential corresponding to the electro 
motive force wave 65 is carried only to the 
opposite ends of the commutator 45, by 
which arrangement many insulation difficul 
ties are eliminated. Also middle contacts, 
Such as 50, 54 and 51, 55 are always practi 
cally of the same potential neutral to the 
end most contacts and substantially equal to 
the potential of the earth by reason of the 
ground G. The leads 40 and 41 are, there 
fore, safe to extend into the operator's pro 
tecting cage and require very little insula 
tion notwithstanding the fact that the entire 
Secondary current flows through them and 
the ampere-meter M, which may be a com 
paratively cheap instrument of the direct 
current type due to the fact that current 
impulses always, flow therethrough in the 
Same direction, as has previously been ex 
plained. . 

Since the electro-motive force waves of 
the two sources 122 and 123 may be out of 
phase and still be rectified and combined, it 
may be desirable to employ a two-phase 
power circuit with one phase energizing coil 
122 and the other phase energizing coil 123 
in any suitable manner as for example, 
through the medium of independent pri 
mary windings, such as the primary wind 
ings 113 and 113' for the transformers T' 
and T' shown in Fig. 10. The out of phase 
relation between these two sources is com 
pensated for or practically annulled by 
merely giving an angular displacement, lead 
or lag, as the case may be to the segments 
47 and 49 and the diametrically opposed 
contacts 51, 130, 133, and 55, 131, 57 rela 
tively to the similar segments and contacts 
shown at the left therefrom in Fig. 4. Such 
an angular displacement or shifting can be 
easily understood if the cylinder 45 is con 
sidered as consisting of two symmetrical 
adjacent parts along the shaft 7 and that one 
of these two parts together with its brush 
contacts is angularly rotated relatively to 
the other part so as to assume the necessary 
leading or lagging position to correspond 
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with the difference in phase between the two 
Sources 122 and 123. 
The embodiments of the invention shown 

and described are in a large degree diagram 
matical, as it is to be understood that the 
proper construction of the various parts 
illustrated is now well known in the art and 
is contemplated by the applicant. It is also 
well understood that other modifications 
than the two illustrated and described may 
embody the applicant's broad invention and 
that the same are fully contemplated by the 
applicant. 
What is claimed and what is desired to be 

secured by United States Letters Patent 
1S - 

1. In a rectifying high potential system, 
the combination with a source of alternating 
current, of a high potental transformer; a 
secondary working circuit; a synchronous 
rectifier for sending current waves all in the 
same direction through said secondary work 
ing circuit from the secondary of said trans 
former a direct current ampere-meter; and 
means for cutting said ampere-meter in 
series at the neutral point of said secondary 
throughout each period that a current wave 
is sent through said secondary working cir 
cuit to measure the value of the current in 
said secondary working circuit. 

2. In a rectifying high potential system, 
the combination with a source of alternat 
ing current, of a high potential transformer; 
a secondary working circuit; a synchronous 
rectifier for sending current waves all in the 
same direction through said secondary Work 
ing circuit from the secondary of said trans 
former; a direct current ampere-meter; and 
means for grounding the neutral point of 
said secondary and for cutting said ampere 
meter in at the neutral point of said sec 
ondary, throughout each current pulsation 
of said secondary working circuit, to meas 
ure the value of the current in said sec 
ondary Working circuit. 

3. In an X-ray system, a source of single 
phase alternating current; a power shaft 
rotated synchronously with said current; a 
high potential transformer having a pri 
mary winding connected with said source 
and a secondary winding comprising two 
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separate coils; the terminals for a power 
circuit; a direct current ampere meter; a ro 
tating commutator-means driven by said 
power shaft; and terminal contacts for said 
two separate coils and said ampere meter 
and coöperating with said commutator 
means for connecting and disconnecting al 
ternate terminals of said two coils, one of 
each, with the respective terminals of said 
ampere meter and for simultaneously con 
necting and disconnecting the free terminals 
of said two coils respectively with the cor 
responding terminals for the working cir 
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cuit so that the ampere meter is progres 
sively connected at a neutral point in series 
between the two coils, and Will be traversed 
by the same rectified current as that deliv 
ered to the working circuit. 

4. In an N-ray system, a source of single 
phase alternating current: a power shaft 
rotated synchronously with said current; a 
high potential transformer having a pri 
mary winding connected with said source 
and a secondary winding comprising two 
separate coils; terminals for a working cir 
cuit; a direct current ampere-meter; a ro 
tating commutator means driven by said 
power shaft for connecting alternate termi 
nals of one of said two coils to one terminal 
of said ampere-meter and alternate termi 
nais of the other of said two coils to the 
other terminal of said ampere-meter, all 
throughout corresponding parts of the elec 
tro-motive force waves of the said coils and 
for connecting the free terminals of said 
coils to the terminals for the working cir 
cuit throughout the same periods, whereby 
current waves of the same direction only 
pass through said ampere-meter, the termi 
inals for the working circuit are always of 
the same sign and one terminal of the am s pere-meter may be grounded to constitute 
the neutral point for the transformer Sec ondary. 

5. In a rectifying high potential system, 
two sources of alternating current of the 
same frequency; terminals for a working 
circuit; a direct current ampere meter: 
commutator-means driven synchronously 
with the current, alternations of said sources 
and operative to connect and disconnect al 
ternate terminals of one of said sources with 
one. terminal of said ampere meter and al 
ternate terminals of the other of said sources 
to the other terminal of Said ampere meter 
all throughout corresponding parts of the 
electro-motive force waves of the said 
sources and for connecting and disconnect 
ing the free terminals of said sources with 
the terminals for the working circuit through 
out the same periods, whereby current waves 
of the same direction only can pass through 
the said ampere meter, the terminals for the 
working circuit are always of the same sign 
and one terminal of the ampere meter may 
be grounded to constitute a neutral point for 
the system. , 

6. In an X-ray system, a rectifying com 
mutator comprising a cylinder of insulating 
material; a pair of segments each spanning 
less than 180° of said commutator and axi 
ally spaced thereon; a second pair of com 
mutator segments each of the same angular 
span as the first pair, and respectively di 
ametrically opposed to the segments of the 
first pair, and each axially overlapping a 
part of the corresponding segment of the 
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first pair and a part of the axial space be secondary of said transformer at a. point in- 10 
tween the segments of the first pair; and termediate its full potential poles. 
two diametrically opposed sets of three In witness whereof, I have signed my 
brush, contacts each for each two diametri- name to the specification, in the presence of 
cally opposed segments. two subscribing witnesses. 

7. In an X-ray system, a high potential EUGEN BLUM. 
transformer; a direct current ampere- Witnesses: 
meter; current rectifying means for con- SIDNEYNEWBORG, 
necting said ampere-meter in series with the W. G. ALLEN. 


