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rf li lS laboraLory has been cngaged for somc timc
I itr the design and construction of a large homo-

polar generat'oit. The generator lvas intended to
provide a pulse of curreni, of roughly sinusoidal
shape, into the orbital magnetic field coils of an iron-
lesJproton-synchrotron for 10 GeV', the peak ctrrrenl:
being 1.6 million amp., and the initial potential
diffeience 800 V., while the stored energy at' 900
r.p.ft., in the two rotors, each weighing 40 tons,
'"-5 ; 1Qs j6ules. The current, is collected from the
rotors by contimrous sheet jets of liquid metal
(sodium-potassium alloy) impinging radially- arotrnd
ihe periphery of each st'eel disk at a radir.rs 9!-69+ i".'
and verlicalty along the magnetic field (16'000 gauss)

at' a radius of 24 in. The generator is fllled wit'h pure
nitrogen at about atmospheric pressure.

Fig. t shows diagrammatically the arrangement'
usedln these initial test's, which were desigrred to test'
the ability of the jets and machine to rvithst'and the
effects prbduced b}t drawing t'he full current" The
bottom rotor is clamped solidly in position. The
lower disk of the upper rotor is driven as a Faraday
disk bv a currenl, from a rectifier, flo'iving radially
betv'een a set of four equally spaced jets of sodium-
notassium, 2 nem. in diameter, on a circle of radius
'24 

ir-t., to four similar jets making contaci, with the
periphery. A driving current, of 1,200 amp. gave
aaeouate accelerationlo the limited rotational speeds

,r.u,l'in the tests. The pulse of current was drawn
from the upper rlisk only, and \{as convcyecl t'o an
electrolytic load by a system of ahtminiurn con-
cluctors. The load \lras an arrangemenl, of int'er-
leavecl st'eel plates, spaced about f; in' apart',- r'vhich
coulcl be irnirersed in a tank of sodiurn hvtlroxide
solution when this rvas raised hvclraulically frorn
belou'.



The admission of sodium-potassium alloy to ihe
cr-rrrent'-collecting jets on the top tlisir, antl l'he

va,riation in thc resistarrco o{' t,}re electrolyt'ic load'
\vore progralnmed to give the required- pulse- shapo'
I,'is. i shows hou, the flow of allo;' through a iet

"oi'i"d 
vjth time in relation. to a curront pulse. 'fhe

iets rvere establisbed before the circuit, rvas closed by
r:rit'rv of |he caustic sotla sohrtion betn.een tho plates
of t'he electrolytic load.

A series of pulses of up to 106 arnp., rvith a half-
scconcl wiclt'h 

-at half current, has been delivered tcr

tho load at potential differences up to 66 V' 'l'he
electrical 

"tteigy 
agrees with the change in mechanical

energ.y, within 
"th; 

errors of observation, so that t'he
internal losses are small.

It was intendetl i,o observe several pulses rvit'h peak
current of about, 106 amp. before proceeding to t'he
currenl, of I'6 x 106 amp. for which the generator
has been clesigned. However, on the second such
pulse, the unbalanced electromagnetic {brces between
ihe plate assemblies of the electrolyt'ic load, due to
,,n"..iur separat'ions or currenl, distribution, pushed
bheso into contact, so that, the current' rose sharply
to a peak of l'8 x 106 amp. as shorvn in Fig. 2' The

.lcts, iunning at less than lull flow, appea-rod to havo
Latriocl this= current, sa,tis{'actorily, and measured
eleflexions of the magnet and the jet struct'Llre woro

lvithin the tolerances allowed. The current react's
on the magnet with a torque of 2,000 ft,.-tons'

Those reiults are very encouraging, indicating that
the design analysis is not seriously in error,, and that'
the various assumptions rnade about the beha'viour
of the current-carrying jets aro justified. It, is now
reasonabls to believe that the complete generat'or
will behave as planned. A stored energy of 5 x 108

joulos will t'hen be available for a wide variety of
bhysical experiment's, including the production
-of ia"ge magnetic fields over considerable volumes,
such is are desirable for rvork in plasrna physics.

There remain many questions t'o I'hich answers
rnust be obtained beforo all aspect's of operat'ion are
untlerstood and the general,or is working reliably
at full power. Solutions t'o many of these problems
have been worked out. Continuation of t'he present
series of tests will yield information abouC the validity
of these solutions, and rvill inevitably indicate other
problems which have not yet been envisaged. How-
over, progress should now be raPid.

ttre tests have provided somo interesting observa-
tions of t'he behaviour of liquid conductors moving
in a magnetic field. These are in general accord
rvith what, w-ould be expectod from simple magneto-
hydrodyrramic consideiations. Tho liquid metal
oihilitea a high degree of stability and tendod to
remain continuous, rat'her than to break up into
streamers and drops. Further work is planned on
these phonomena.
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