
CHAPTER VIII

HIGH FREQUENCY MACHINES FOR UNDAMPED OSCILLATIONS

121. The Alexanderson-Fessenden Machines. It is reasonable to

expect, a priori, that undamped oscillations of high frequency can be

generated by a machine in the same way that commercial alternating

currents of lower frequencies are produced. But it is an exceedingly
difficult problem when frequencies of the order of 10 5 cycles per sec. are to

be obtained. First of all, at these high frequencies, the hysteresis and eddy
current losses become very large; a radical attempt to prevent the former

by building machines without iron was soon abandoned as impractical.

Then the structural difficulties increase very rapidly as the frequency is

raised. Assume that a frequency of 10 5 cycles per sec. is obtained at the

maximum allowable speed of 20,000 r.p.m.;* then if the diameter of the

rotor is 305 mm.,t a path of only 3.2 mm. remains for the generation of

each cycle, that is
,

3.2 mm. is the maximum width available for a pair of

armature coils with their insulation. And if this width is not to be

further reduced, a high speed is unavoidable, thereby involving the well-

known mechanical difficulties attendant upon rotation at such velocities.

In spite of these difficulties, N. TESLA'S early efforts in this direction

have been renewed again and again, particularly in America, 194 where

FESSENDEN devoted himself to the problem. The high frequency alter-

nators which through his influence were built for the NAT. ELEC. SIG.

Co., by the GENERAL ELECTRIC Co. from E. F. W. ALEXANDERsoN's 195

designs, probably represent the best which has been achieved in this field

of work in the past.
a. The 100,000 cycle ALEXANDERSON alternator (A = 3000 m.) is of

the inductor type.
Fig. 256 is a diagrammatic cross-section of one of these alternators.

The excitation is obtained by means of a single large field coil, S
,

which is

wound around the entire machine and is supplied with direct current.

The magnetic flux lines, M , of this coil pass through the iron cores, E\ and

Ez, of the small armature coils, Si and *S 2 . The only movable part, Ji, has

teeth or projections, Z, of iron, at its periphery. When one of these teeth

is just between the armature coils, Si and $ 2 , the magnetic flux, M, has

a path almost entirely through iron, excepting only at the very small air

gaps between the teeth, Z
,

and the cores, Ei and E 2 ; in this position then,

* Speed of ALEXANDERSON'S machine at a frequency of 10 5 cycles per sec.

f Diameter of ALEXANDERSON generator.
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the magnetic reluctance is a minimum, the magnetic flux passing through

the armature cores, EI and E z , a maximum. When, now, a space in-

stead of a tooth lies between armature coils, the air gap, and hence the

magnetic reluctance, are much larger, so that the amount of flux through

the armature windings is very small. Hence as the movable part, J,
rotates, the magnetic jflux passing

through the armature coils varies peri-

odically between a maximum and a

minimum value, so that an oscillatory
e.m.f., whose frequency = the product

r.p.m. X number of teeth, is induced

in the armature winding.

The rotor of ALEX ANDERSON'S ma-

chine is shaped like the cross-section,
J, in Fig. 256 and has 300 teeth. The
space between the teeth is filled with
a non-magnetic material (phosphor-

bronze) so that the surface of the rotor,
J, is quite smooth, thereby preventing

any material loss due to air friction
(windage).

The armature winding, in which the

oscillatory e.m.f. is induced, does not,

properly speaking, consist of coils, but
of a single wire wound in a wave-

shaped form (Fig. 257) ; any two such consecutive U-formed wires may be

considered as a pair of coils of one turn each, joined in series but so as to

oppose each other. Fig. 258 shows one-half of the completed armature.

The capacity of the machine shown with its D.C. motor in Fig. 259*

increases as the air gap between the armature and the rotor is decreased.

It was 2.1 kw. in one machine having a 0.37 mm. air

gap. The author has no record of its efficiency.
b. A second machine with a frequency of 50,000

cycles per sec. (\ = 6000 m.) and a capacity of 35

kw. is shown in Fig. 260. This alternator was also

designed by ALEXANDERSON and has a diameter of
about 1 m. Further details had not been published
at the time of writing.

c. R. A. FESSENDEN 196 has described still another
high frequency generator. Like ALEXANDERSON'S machine, it is also of
the inductor type, but is characterized in that its movable portion (J,
Fig. 256) acts at the same time as the short-circuited armature of an

* High frequency alternator to the left, coupling in the middle and motor at the
right. Diameter of alternator about 30 cm.

FIG. 256.
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FIG. 257.
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FIG. 258.

FIG. 259.
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A.C. motor (A.C. frequency = 500 cycles per sec.). This machine

is very simple in construction and is claimed to have given 2.5 kw. at

JV" = 1 X 10 5 cycles per sec.

FIG. 260.

122. Goldschmidf s High Frequency Generator. R. GoLDscHMiDT 197

has attacked the problem of generating the high frequencies needed in
radio-telegraphy along a different path.

a. The basis of his method is as follows:

If a coil, R (rotor), revolves in the magnetic field of a fixed coil, S
(Fig. 261), through which a direct current is flowing, then the frequency,
N, of the e.m.f. induced in R is equal to the number of revolutions of R
per unit of time. But if an alternating curient of frequency N 1 flows

through the coil S, it can be shown 198 that the e.m.f. induced in R may be

considered as made up of one e.m.f., 8, of the frequency N + N f and

another, >
', of the frequency, N N'.

What has just been stated in regard to the rotor with respect to the

stator, must necessarily also hold for the stator with respect to the rotor;
for as the induction depends only upon the relative motion of the two

coils, the same result would occur if the rotor were held stationary and the

stator rotated in the opposite direction. Hence we may state: If an

alternating current of frequency N f

is flowing through the rotor while the

latter makes N revolutions per second, its field will induce an e.m.f., 8
, of

frequency N + N', and another, 8
',

of frequency N N', in the stator.



HIGH FREQUENCY MACHINES FOR UNDAMPED OSCILLATIONS 217

6. Now consider the arrangement of Fig. 262. The storage battery,
B, sends direct current through the stator winding, S. Then an e.m.f., 81,

of frequency N, where N = revolutions per second of the rotor, is induced
in the rotor. This e.m.f. sends an alternating current, /i, of the same

frequency through the short-circuited rotor winding. Then, according
to a, there is in turn induced in the stator an e.m.f., 82, of frequency
N + N = 2N and another, 8' 2, of frequency N N = 0; the latter,
therefore, is not an oscillatory e.m.f.

The e.m.f., 8 2, induces a current 72 in the circuit comprised of stator
winding, S, condenser, C, and the result of this current is that an alter-
nating field, of frequency 2N, is superimposed upon the constant magnetic
field of the direct current.

This, according to a, results in an e.m.f., 83, of frequency 2N + N =

3N, and another, 8' 3, of frequency 2N N = N in the rotor, the latter

FIG. 261. FIG. 262.

e.m.f., 8' 3, adding itself to Si. The alternating current /3, due to S 3 and
of frequency 3N flows through the rotor winding and, according to a,

induces in the stator winding, S, an e.m.f., 8 4 of frequency 3N + N = 4/V

and another, 8%, of frequency 3N N = 27V, the latter having the same

frequency as 8 2, upon which it is superimposed and so on.

The result of the arrangement of Fig. 262 must therefore be the forma-

tion of alternating currents whose frequencies are 2N, 4JV, QN, etc., in
the stator and A7

", 3N, 5N, etc., in the rotor.
c. However, what is needed for radio-telegraphy, is an oscillation of one

single frequency in the antenna. To obtain this, GOLDSCHMIDT this

comprises the second essential feature of his method makes use of the

resonance principle, by means of which he brings the amplitude of the

oscillation desired for actual service and of those oscillations which de-

termine this useful oscillation, to such high values that the amplitudes of
the other oscillations disappear by comparison.
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Fig. 263 is the diagram used by GOLDSCHMIDT himself to explain this
method. The circuit RCBD 2C^, which is tuned to the frequency N, serves
to strengthen the current A; the amplitude of the rotor current depends
only upon the ohmic resistance* of this circuit. At most only a very
small part of the current, /i, flows through the condenser (7 6, for at the

frequency, TV, the inductance of the
winding Z> 2 is made equal to the
condensance (or capacity react-

ance) of the condenser C 4 :* hence

the impedance of the branch D^C^

becomes much lower than that of
the branch containing CB, whose
impedance is simply the conden-
sance of condenser C$.

The stator current /2, of fre-
quency 2TV, attains a very great
amplitude due to the fact that the
circuit SCiDiCz is tuned to the
frequency 27V. Furthermore this

263. current is prevented from flowing
into the antenna because the in-

ductance of the winding DI = the condensance of C 2 at the frequency 2N.
The resonance circuit for the rotor current 73, whose frequency is 3TV, is

The circuit $C2-antenna-groundt is tuned to the frequency, 4N, of
the useful current, 74. The latter flows with any appreciable amplitude
only through the antenna and not through the shunt D^C^, as the impe-
dance of this shunt is much greater, at this frequency than the condens-
ance of the antenna capacity.

If it were desired to use the frequency 3N, the antenna would have to
be connected to the rotor in place of the condenser Cs, and the condenser

Cz and inductance DI could be omitted from the stator circuits, if Ci were

* It is well known that the current, 7, in a circuit consisting of capacity, C, self-
induction, L, and resistance, R, when the impressed or induced potential is F , is given
by

So that if coL = > we obtain
coC

i.e., only the ohmic resistance, R, determines I [see Art. 676].
t The antenna-ground circuit may, for the purpose in view, be considered as simply

a condenser.
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properly dimensioned.. This would materially simplify the connections
but, of course, the frequency would only be brought to three times the
initial frequency, the latter being determined by the number of poles and
speed of the machine.

d. At the right of Fig. 264 is shown a GOLDSCHMIDT machine which was

put into service by the C.LORENZ Co. at the EBERSWALDE station in April,
1910. The driving motor is at the left and in the center is a gear case,

FIG. 264.

needed to bring the comparatively low motor speed up to the high speed

required by the generator. The latter, of course, is of multipolar con-

struction and gives 12.5 kw. at a frequency of 3 X 10 4 cycles per sec.

(X = 10,000 m.) with an efficiency of 80 per cent., and 8 to 10 kw. at

6 X 10 4 cycles per sec. (X = 5000 m.).*
* In regard to the high frequency generator of COUNT ARCO (Telefunkeri) and his

method of frequency transformation, 199 see the remarks at the end of the book con-

cerning developments in radio-telegraphy during the last few years.


