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Asynch.ronous and Syncrll.'onous 'l'ransformel'S for Par ticlos . 

The in von ti on conco.rns met hods and appa.ra tus 

for the production of fast char g ed particles, e. g . elect.r>ons 

0 1• protons . Al l these methods , descrlbed below, are based 

on mul~iple acceleration, i . e . the velocity of the particle 

is exceeding the ma~dmum vo1 tage which a r:ls e s be t \lle cn any 

two parts of the apparatus . We shall have to deal with 

two d:!.fferent methods - the method of tho asynchronous 

transforme;:>, and the method of the synchronous t r ansfor111er. 

In ~he first case we shall deal with single action and 

multiple act:i.on transfo1•mer•s, and we shall sta1•t by dealing 

with the asynchronou!J transformer method which is based 

on the accelera tion of a charg ed p8rticle in the elactrirl 
a.. 

field induced aro:Jnd ~~:.... changing magnetic flux . 
~ ~ G~ . 

Fig . 1 shows the pririciple of a method in which 

a magnetic flux is produced in an iron core 1, a nd the 

flux is ra ,?idl:v c i:1an.g ing its m2.gni tude . 'l'his flux is 

( 

tr/ 1' ((".)··1 
produced /~e coll 2, t~ls coil being built so as 

1
1 to cpnsist of one or two winding s only , and a rapidly 

chang ing elec trL~ curL,ent being sent through the coil :K.aB 2 . 
~ £ i (_· .. 

If an electron encircles 1\.i~ i tsf pnth ~eve.ral ti:-:1es '~~e iron 
l ------ -·· ---~----------· ...---'-..,----------- "" ~ .. --· ··- -· I r-co.:3e wh1.1e the nu-x-=·~in the"'• cdre is " Cl:l.an;in [S i ts v a lue tl1C 

\.... .. J 

ene r gy of the electron wi ll increase at ench revolut ion. 

The val~e of this increase in energy is deterrn}ned by the 
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voltage induced by tb.e changing flux in a single winding 
rr--.. 

( round the core. In order to compel the electron to encircle 

the core 1 a magnetic field 3 can be sustai ned round this 

core which will bend the pa th of the electron round 1t. 

If one uses a stationary field for t his pur pose one has the 

qdvant age of being able to bu i ld up ~he magnet 4 out of 

t 'a ick sheets or a block and is no t compe lled to use thin 

. sheets. Another adv~ntag e of a stat ionary field is the 

lowax voltage which can be u ~ed in genera t i ng the field. 
:) ~0. 

The field .X~ 3 is generated by means of the coils 5 and 6. 
~f, ( :. 

However, if one uses a stationary magnetic field 

as described in figure 1 the radius of curvature of the 

path of the electron ne cess arily increases as the momentum 

of the electron increases, For instance if the momen t um 

of the electron increases in the ratio 1 to 10 th~ s radius 

also increases in the rat i o 1 to 10. It is not possible 

to remedy this disadvant age---b-y- using a field the streng th 

of which increases wi t h i ncreasing r. Such a field would 

render the plane of the revolving elec ti ron unstable. 

F i g . 2 wi11 show what remedy can be employed to prevent a 

large increase in radius. 

The maxiumu energy which can be transmi t ted 

ro the revolving electron with this arrange ment is only 

determined by the .maximum value of the induction in the 

core, the cross section of the core and (for l a r g e energies 

I 
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where the velocity of the electron ap proaches the velocity 
• of li ght) the mean circumference of the path of the r evolving 

elect.l'lon. It is therefore important to keep this circum-

ference as small as possible and an increase of the radius 

of the path of the revolving electron ought therefore to 

be avoided. 

Fig . 2 shows a magnet system which will bring 

about a slight variation of the radius only, when the 

momentum of the electron increases. In tnis maenetic 

field the revolving electron emerges intermittently 

from a strong field in to a gap in Wtlic h the field is weaker 

or nil and enters again into the next section of the strong 

field. 10 is the centre of the arrangement. 11 and 

12 are pol ·ss of magnets which generate a magnetic field 

perpendicular to the surface of the polo {and perpendicular 

to the plan€ of the diagram). The angles CX: ll, o( 12 

and 0[10 are equal, and the adjacent sides of the magnets 

11 and 12 are parallel. There are further magnets 

not shown in the diagram, which form together a symmetrical 

figure round the centre 10; this is indicated in ~ig . 2b . 

An electron of a given momentum will encircle the centre 

10 at a definite distance r from the centre in such a way I tb.u t the :Pa tb. enters at rigb.t angles tb.e left side of the 

i magnet 11 , is bent round in tho field of the ma gnet 11 
f ----! 

I· 
I 
I 

I 
I 
I 
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by the angle o(.. 1 leaves the other side of the ma gnet 11 

at right engles, goes through the gap 30, enters at ri~ht 

angles the left side of the ma~net 12, is bent round by . 

the angle~ in the magnetic field of the magnet 1 2 , and 

leaves the ri ght side of t he magnet 12 a t ri ght angles again, 

and so on. 13 is a coil energised by an elec t1•ic current, 

tha t generates a magnetic f ield across the air gaps of the 

individual magnets 11, 12 and so on. One coil 13 can 

serve severa l magnets, but the coil must not s urround the 

iron core 1t.. In most cases it will have advantages 

to use at least two coils (l coil for each half of the 

magnet system.) 

If a practically uniform magnetic field were 

to be used in t he gaps of the individual magn e ts 11, 12 

and so on, the radiun r of the el ectron pa th wo ul d only 

vary slightly with incre a s inG monent um 
~~.- ~ 

of t he electron i . e . 

according to the equation ~ 
n -~ 

..b:. 
P1 circle 

In t~is equation R i s t he radius of the ztxzis(tO~~~ ~BXk 

having its centre a t point 10, at the periphery of whi ch 

circle t he corners of the magnets 1 1 , 1 2 etc. are arranged . 

p 1 and p -z. repres:ent t he mom entum of t:;cle electron a t the 

( 
,.,, ~II" beginning and at t he end f. - ) • In practice 

1- w--)1-.. 
instead of a uniform magnetic field one will use a field, 

the strength of which will slie:;htly decrease with increasing 

I 

r, 
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and tberefo1~e, a sllg i1t ly mod ified equat i on will be used. 

Fi g . 3 shows the magnet 11. 15 i s t h e air c ap 

acros~ which a stat i onary magn 0 tic field is maintained by 

means of t he coil 13. This coil 13 is formed by an upper 

coil 16 and a lower coil 17, leavi ns the nei g hbourhood of 

the plane of symmetry AB in which the electron revo lves 

unobstructed, thereby leaving a free spRee for the pnt h of 

the electron emerg i n g from the ma gnet system a t the end of 

the accelerating proce~s . 

The maGnetic field in t h e Rre a 15 i s not uniform, 

but de~reases with increasing r. Such a fiel~ stabilises 

t he p nth of the electron in the nei g hbourhood of the plane . 
of symmetry AB. In order to indlcatP. such a decreasing 

field the width of the area 15 is shovn to be increasing 

with increasing r in Fi ~ . 3. 

_ 45 indicates a g lowing filament thR t may be used 

as a source of electrons, the electrons ejected by the 

fila~ents to be ac ~ elerated subsequently in the magnet 

system. 

The outer part of the air gap ind ica t e d by the 

number 18 ~hows a rapidly increasing width of the gap with 

increasing~ in such a way that the magnetic field acros s 
/'1 the gap should decrease in this area stronger t han rr _ R . 

The purpose of this is to draw the circular path f the 

elect~on into a spiral, thereby making it easier to lead the 

I 
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electr on beam a t a definite spot ou~ of the ma gn et system, 

~-- An electric condenser 19 or other suitable means may serve 

\ 
for the purpose. This will be more fully expla1 ned with 

the help of Fig . 5 ~ -· · 
-- --------·--

The pa th of t he electron in tl~ s p~ ce 20 be tween 

the metal plates 21 and 22 is protected from an the elec t ric 

field induced by the changing flux in t he core. Therefore 

the electron is only accelerated wt;ten emerging from between 

the plates 21 and 22, and ab out to enter the.spnce between 

t wo simila.r plates 23 and 24 . This is s hown in Fig. 4. 

In Fi g . 4 ono half of the circular path 27 of the 

electron lies between the metal pla tes -21 nnd 22, and the 

other half between the metal plates 23 and 24. All these 

plates constitute equipotential surfac es and t he electron 

is accelerated by a strong electri~ field in the gaps 28 

and 29 between the two pairs of plates 21/22 and 23/24 . 

Thi s electric field is induced by a changing flux in the 

transformer core 26. This core is laminated as shown in 

~\~ Fig .· 4a, a.nd the two pairs of pl a tes are both connected 

to the middle sheet of the core. The electric lines of 

force generated be tween t he t wo pairs of pl ates are shown in 

Fig. 4b. Such a field l1a s t ho effect that any electron 

which has deviated out of the plane of symmetry AB is bent 

back towards that plane so that the pa th of the electron is 

stabilised in the neighbourhood of that plane. 

______________ __j 

I 
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In Fi~. 6. ~he effect of a strongly decreasing 

ma snetic field ~ the outer ed g e of the system is describect. 
Between the two circles 30 and 31 the marnetic field 

A 

.! 
decreasing stronBer than whereas wi tr.dn the 

· circle 30 the magnetic field~ thoug h it may decrease with 

increasing f it does not decrease as strongly as tha t. 

The path of the electron wlthin the circle 30 davia tes 

f "rom a closed circular path round t he centre 10 only 

insofar as the electron is accelerated by the electric 

fiele which leads to a st eady i ncreas e of the radius of 

curvature of t he path • However, as the electron passes 

beyond . the circle 30 and enters into the reg:i.on between 

the circles 30 and 31 no closed circulnr path is any longer 

possible, and the pa th of the electron will be dra.w·n out 

into a spiral 32, as shown in Fig. 6. Accordingly it is 

possible to have an elect r ic condenser built of a thin 

plate 33 and another plate 34 and compel thereby the electron 

to leave the magnet syetem at a definite spot after passing 

tb..rough this conde·nsor, without losing most of the electrons 

through collisions with the condenser plate 33. If the path 32 
of the electron~ were not drawn out into a spiral by means 

of the strongly decreasing magnetic field in the re0 ion 

between the circles 30 and 31 many electrons vroulG. get lost 

by striking the plate 33. Even if the path is drawn out 

'-------~----~--- --- - -- _______ _. 

I 
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into a spiral the plate 30 must be thin or else a large 
'· 

number of electrons get lost by striking the plate. 

Of course the electric ac celeration of the electron h.a.s 

also the ·effect of drawlng out ·the path into a spiral and 

this effect can tn certain cases be sufriclent in itself 

i.e. i;f the voltage induced by tb.e changing flux . of the 

core 26 is extremely large. Fig. 6b shows a cross 

section of the ~agnet 36 indicating an increasing width 

of the gap with increa~ ing !; increasing strongly be tween 

the circles 30 and 31 • 

. Fig . 7 shows another fe a ture of the same type 

of magnetic field. If a multiple action transformer is 

to be used, as will be described later on, i t is essential 

to bring the electron from t ~" e periphery into the magnet 

system, and keep it wt thin the magnet system for many 

revolutions during which it is accelerated by electric fields. 

The magnet system in Fig . 6-and 7-on the one hand differs 

from the mae;net system in Fig . 3 on the othel' hand insofar 

as the electric coils 40 and 41 a nd the magnet cores 

42 and 43 are inside the magnet gap area in Fig . 6 and 7 

and not outside of that area as in Fig . 3. 

~ig. 7 also shows the metal plates 21 and 23, 
' and the gaps 28 and 29 between the pa~ of pla tes 21/22 

and 23/24 as described in Fig . 4. If an electron is shot 

I 

I 

I • 
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into the air p;ap of the magn e t system from the perlphery 

it is drawn into the magnet field as indicated by the 
. 
curved path 44. However, the electron would leave the 

magnet system again if it were not for the accelerating 

action of t he electric field in the gaps 28 and 29. 

Thi s accelerating action will have the effect of bring ing 

the path of the electron to apnroximate a circle having 

its centre near point 10. This circle will, according 

to the initial energy of the electron, be situated 

within the circle 30. A s the energy of t~e electron 

gradually increases owing to the electric acceleration/ 

the radius of the pa th gradual l y increases and the electron 

emerges from within the circle 30 , as described prevlou s ly 

in Fie; . 6A.. 

In Fig . ·-8 another aspect of the at'rangement 

ls described . It is necessary thnt the path of the 

ele ~ tron within the magnet system should lie in vacuum 

and a simple method of achieving this is shown in Fig . 8 • 

Fig . Ba shows a flat me t al box (a flat tube) composed of 

two pieces 50 and 51 which are joined, having a piece of 

insulating material 52 and 53 at each of the tvm junctures. 

An unobstructed annular space 54 is formed within the box, 

and the box is evacuated. Th,e top wall of the E.xi: flat 

box or tube 50 corresponds to the me tal plate 21 an(1 the 

bottom of it corres ponds to t he me tal plate 22 tn Fig . 4. 

--------~-'--~-- ---- -

( 
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The top wall of t he flat box or tube 51 corresponds 

to 23, and the bottom wall of it corres ponds to 24 in 

Fig. 4. Fig. 8b s hows that the magnet s ystem also 

consists of two insulated ha lves 55 and 56, and thls is 

indicated by electric lines of force being drawn in the 

gap 57 between the halves 55 and 56. 

If an alternating magnetic flu~ within an 

iron core is used as described in Fig . 1 for the 

acceleration of electrons, and one wisheR to increB-se 

the total energy transml t t ed to t b.e elec tl'on one has to 

increase the cross section of the iron c ore. However, 

~f the cross section is multiplied by four the circum-

ferenco is doubled and therefore the maximum energy of 

the electron 1.s only doubled. The weight of the 

apparatus would accordingly increa~e ~ith the square 

of tne transmitted energy. (This rule holds f or 

fast electrons the velocity of which is practically 

not changing any longer with increasing energy). 

One can obtain a less heavy apparatus by 

utilising several half cycles of the changing flux. 

In order to do that the electron has to encircle different 

lron cores during subsequent half cycles of tlle chang-l.. n lj 

flux or if it encircles several times XkR (during several 
<?:! '! r 

subseqqant c~cles) the same core it must do so in the 

I 

I 
- ---- j 
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prop~ r ~ansa of revolution. An examp le for this is 

shown in Fip . 9 which indicates an a pparatus subsequently 

referred to as a sin~le phase multiple action transformer. 

60 and 61· are two iron cores forming a tr~nsformer frame. 

~- This fram~ is magnAtised by means of alternating current 

wl1ich ls passed t[lrough a coil 62 consistine; of only one 

windlng. A c ircular magnet system tndicated by 63 

(the magnet systems are not drawn in Fig . 9c) surrounds 

the core 60. An elec t ron is shot into the ma a,net 63 

in a manner described in Fig . 7. Tho electron enters 

the magnet about the time when t he volLag e induced by 

the changing flux of the core 60 passes through zero 

(i.e. about the time when t he flux passes i t s maximum) 

and this electron encircles the core 60 many times, 

gradually gaining ener g y as the flux decreases, while the 

tnrtuced voltag e has a positive value. About the time 

when the flux in the core 60 reaches its minimum value 

and t he induced voltage a gain approaches zero the electron 

leaves the m~~nAt 63 a nd passes into the magnet 64 which 

encircles the core 61 . The streng th of the magnetic 

field in the gap of the magnet 63 determines at what 

energy value the electron will leave 63. It is therefore 

possible to adjust the strength of the magnet so that this 

should happen at the proper time. The electron is in 

-----
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a s imllar manner accelerated within t l1e ma['ne t 64 a nd 
so on within other mRgnets which alternately surround 
the cores 60 and 61. The nunber of magnets to be nsed 
:ts only l.tmt ted by the length of the transformet• frame 
which can be made so ~ s to suit the pu r p ose. 

Fie. lOa and b illsutrate a certain appect 
of s uc h a single phase multiple action transformer. 
The two curves shnwn in Fi g . 10 gi ve the voltaRe round 
the cores60 and 61 plot ted against tiroe. At the point 1 
the ele ct ron enters t '1 e first macnet S1U'.rounrlin ~ core 1 
and at point 2 the electron has ac~umulated sufficient 
energy to le:'l.ve the f irst marne t and to enter the second 
magnet in wh ich it is further accelerated. At uoint 3 
the electron leaves in a si.milar ma.nner thA second ma r-net 
in order to enter into the third magnet anrl so nn . 

Whether ~i ~ . lOa or b is the more apuropriate 
illustration of the multiple action depends on ~he streng t~ 

of the magnetic fielo. ~ ~enera terl in t lle mat:sne ts, slnce 
the strength of :tVL."ik fiR those fields determin at what s~c~ 
energy level the electron leaves the respective ma gnet. 

Fig. 11 shows a two- phase multiple action 
transformer. 70 and 71 are two tra..11sforme .r frames 
magnetised at 90° phase difference. 72 i.s a magne t 
system surrounding the core 73 of the transformer 70. 

I 
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'1'!1e electron n. f ter encir cllnG the core 7:5 in the mawH~ t 

72 leaves tr1e macnet 72 and entAl:'S t~e ma.::;net 74 whi~h 

en (~ir~les the core 75 of the tr8.ns f orme1, 71. After 

this the electron enter8 the mas net 76 ~ ich 0nclrcles 

the core 77 of the tr ensformer 70 . The next mngnet 

78 encircles the core 79, then f ollows 80 encir c ling 

the core 73 once more, then fo llows t he ma~net 81 

encircling the core 75. T;l e :90si tion 'J f the p l anes in 

which the electrons revolve is ~ndicate d 3n Fig . lla and b 

by ~arking th0 sl0pe by a rr ows. 

Fig . 12 ill1strates the act ~on of such a 

two- phase transformer. The four curves re)r e~ent the 

voltage induced around the four cores (having 90° phase 

difference in relatton to eachother) as a funot"on of time. 

An electron enters a t point 1 the magnet 1) and leaves . t 

at point 2. It enters the magnet 2) at polnt 2 and 

leaves it a t point 3 • It enters the ma~net 3) at nolnt 

3 and leaves it at po-Lnt 4. It enters ma t::net 4) a t point 

4 and leave~ lt a t point 5 nd so on. Magnet 1) ,.ami 
and so on r:: .. -. 

maenet 4 )j surround the first iron core. Ma Lrne t 2), 
- J D. 

m8.gnet 5) and so on surround t n.e second iron core etc. e tc . 

The multiple a ction illustrated in Fig. 12 has a rema rkable 

stabilising effect on the phHse at wl·dch the passing of the 

electron from one magnet into the next magnet occurs. 

I 

,·j 
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Should an electron for instance enter the magnet 1) a t the 

p oint 1' the time require d to reach the energy level at 

w ic~ it can leave the maenet) 1) wl lJ. be shorter than a 

quarter part of a cycle and it will therefore le a ve the 

magnet 1) at a point 2' which is nearer to point 2 than 1' 

was to point 1. Therefore the magnet 2) will already be 

entered with a smaller phase difference than it h as been the 

case with me.~-;net 1). In this way the phase Jt:icffR:R!KN.Klll 

SIC. 
will gradually readh its normal value. 

The two-phase transformer has arertain 

advantage ov er the single- ph ase transformer insofar as when 

the electron enters the magnet of the two-phas e trans f ormer 

it is at once strong ly accelerated by the electric field 

in the gaps 28 and 29. This is of importance :l s described 

in Fig. 7 in preventing the electron f' rom leaving the magnet 

imn edi a tely after its ent¢'rance • 

Fig. 13 shows an iron core to be used for 

the a cceleration of electrons. This core is wound f rom 

a thin iron sheet. If one uses iron sheets below 1/lOth mm. 

e. g •• 03 mn., it is qui te possible to obtain 1,000 volts 

per revolution using an ind.uctlon of B = 10, 000 Gauss and a 

cross section of about 10 em X 10 em. Using very thin 

sheets an iron core built up of mse sheets by winding the 

sheets is preferable to an iron core built up in the usual 

way. 
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The methods de!1cribed hereafter at'El bnf!Ad 
on synch~onous accelerat i on. Ins t. eacl of ns inr; an lron c ore 
in I•'ig. 4 1 t 1 s also pn s si ble to use an e xtJ.'f' me ly hiV-h freQuent 
electric oEJcilln.t.or, and C011J.1ect 21/22 to one pole a.ncl 23/24 
to the other pole of the oscillator. If t he f:rf-•quency 
of t ,1e oscillator corres 1)onds t o the time of revolution of 
the electron the electron wi ll be a ccelerated in the gaps 
28 and 29. It is essential to ke ep the elec t ric capa city 
of the plates 21/22 and 23/24 small, otherwise very heavy 
currents would flow into these p l a tes and it Yrould be 
dif f icult to maintain a sufficient]y hig...h potential in the 
plates. It is ther efore es~ential th~t the magnet syste~ 
as shown in Fig . Sb should be built of two inzulated parts, 
55 and 56, and that the part 55 should be ke pt at the same 
a.l ternG.t ine potential as the !:: la tes 21/22 (tube 50), and 
similarly thn.t the part 56 should be l{e p t at 'che same 
alternating potential as the plates 23/24 (tube 51). On the 
other hand a:ih alternating potential will appear between the 
two halves of the magne t system 55 and 56, and t hi s is indicated 
by the lines of electric force drawn in the. gap 57. If an 
arrangement as shovm in Fig. 2 is used and if R has a mlue of 
two metres, an oscilla t ion of about six metres wave-length ha s 
t o be used for the acceler ati on of the electrons (thjs holds 

t 

l 
when the initial velocity of the electron is already close to 

--~-~-~-----
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the velocity of light. During the a.cceleratinfS process 

the tirrle of revolution will increase as the momeututi.{. of the 

electron increases (again we assume tha t t h e in:i.tie.l energy 
cs 

·~. suffid entl v high, othE-lrwise the -time of' revolution \'rould 
Sl~ v 

decrease in t h e beginning) . Therefor~ the vrave-leng th of the 

app lled high frequency oscillations hould not be constant but 

should increase during a ±:br..E period of time which is re :-uired 
. 81 0 ; 

for the acceler n ti6n of t~e elActron within the maenet. If 

for example the magnetic field is so adjusted t hat for the 

initial revolut i ons of t~ e electron r - R is equal to one em. 

and itt the in1 tial momentum of t he ele ctron :i. s increased 10 

times durine; the ac<llierat i on of t he electron, then f or the 

last revolutions of the ele ctron v1ithin t h e magnet r- R 

will be e qual to 10 em. Accordingly tl c ti me of revolution 

(R being equal 100 em.) will g r8.dually incre a se by abou t lO,J 

and therefore the wave-lene;th s h ould gradually increase by 10;~ . 

The c hange of the wave -lene-; th l :-; \- e r;r s .1ull 
not'3 

for a s .i.ngle revolution. It is irnnortant to kRrur th'J.t the 
~~ ~ ~ . 

time required for the acce lerat :t on of the electron so a3 to 

br~rig_ the mom_entmn u p to a ceJ.!.t.aln value de pendo on the phase 

reLJ. tion wh ich characte rises the pass at:_~;e of t lle electl'on through 

the g aps 28 and 29 in F i~ . 4a. Th is faot len.cls t o a 

c onside 1:>able freedom in the r a te at whi ch the high frequency 
'"-"'-. t4.. 

oscillatlon may change its fretluency within -efie. 11m:lts withtn 
-'• \'( ,_. 

which it is. effect i ve in accelerating the elecbron. The 
• 

osc.~llat:i.on havlng a changing frequency will stabilise the phase 

I 
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of t: he pas sa c·e of the elec t ron acres ~ the gaps 28 and 29. 

Fi ~ . 14 shows the potbntial ~ifference het~een 

the two pa irs of 0l s tes 21/22 and 20/24 ns rt. function of 

time. The increase ~ n eners y which the electron gets 

at each rev olution when pnssing t rwou [_'; h the gaps 28 and 29 

is not determined by the maximum val~e of the oscillating 

voltage alone, but also determined by the phase of the 

passag e across the gap. If the increase of energy per 

revolution is too large then the time of re volution increases 

too rapidly and the passage of the electron across the gaps 

28 and 29 is shifted nearer and nearer to the maxima of 

the oscillation. (T his holds when the initial energy 

of the electron is sufficiently large so that its velocity 

practically does not change any longer.) Fi r. . 149 illustrates 

how the pan~a r. e of the electron across the gaps 28 and 29 

moves nearer to the maxima of t he oscillation if the energy 

of the electron lags behind so tha t tlb.m time of revolution 

is too short. Pi ~ . 14a illustrates how the DRssa~ e of 

the electron across t he gaps lags behind the maxima if the 

electron has an ac ~ ess of energy and accoroingly a too long 

period of revolution. 

If one has to accelerate protons or electrons 

the initial velocity of whi ch is small as compared to t he 

velocity of light an electric oscillation with an incre a sing 

frequency has to be used. Whereas in Fig. 14 the electron 

____ _..__ _____ __. 
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pas!Ja '·e across the gnps followed the maxima of the oscil l ation 

it wi ll now prece e d thos e maxima . 

If tl1e ini.t1.al velocity of the on rticlfl s 

s mall the velocity rA8c he d towards the end of the accelerating 

process however is a Dproaching the velocity of light an 

os c i lla l:ii on has t o be used, l:ih e fr equency of w:1i ch first 

incre Rses and 18ter d~minishes • The voltar,e must be 

so adjusted that about th~ time when the fre que ncy re a ches 

its max i mu m t he passap;e of the _oarticle sho: ld co incid e w"t. th 

the maxima (i.e. the passag e should first f ol l ow and l a ter 

on pre ceed the maxima) . 

One way of ·producing an oscillation, the 

freq u ency of whtch change s slowly : s t o insert i n to the 

oscilla t inp; K±.F..o±itx circuit a condenser l:ille canaci ty of 
SIC. 

which is changing periodically . Such a ch8np in , condenser 

It Is b1 4 l t tn t he ~ a l: owinr ~ y . 

Two d\sc s facing eac ho t he r ro tate Vf'r y r apid l y in the 

opposite sense r ound acomno~ axi~. The two rotattng 

surfaces which face eacho the r a re equi pped v1\ l:ih teeth 

and therefore the capa city of t h e two discs tow r d s eachot he~ 

var ie s rapidly. A o1wrtz plate 71 ~ s inserted between 
the tw o discs 70 and 72 . 

The same effe ct on tlle frequency vhich can be 

brou ght abou t by a condens er periodically chanr, ing its 

• ! 
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cRpa8i ty can a lso be brou llt abou t by a condenser ln oerl~;s 

(" with a 8 nan .co; in g r e s is tnnc e. If one us e s t~ o valves 

one can build up wt t h t hese a chanr inc re ~ ·s tance of a 

su i ta ble na t ure. The valve s can be con tro l J ed by applying 

a per iodical ly chan ging voltae e to their grids . 

I 
I • 

_j 

I 
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Tbe follovllng are essential features of the 

invention, relating to the a.synchron transforme.l:' mntllod:-

1. •rne use of .l;Q.Q a stationary magnetic field for 
B~O~ 

bending round tho path of the charged particle encircllng 

the changing flux. 

2. The insertion of gaps in the field of the magnet 

system which encircles the changi ng flux. 

3. The use of equlpotontial surfaces around the ch.a.ns ing 

flux which limit the accelerating elec t Pic field to a. 

few gaps, thereby stabilising the path of the revolving 

charge/particle in the nelghbourhood o.f the plane of 

symetry. 

4. The use of a magne t s ystem, having t h e magnetic field 

decreasing wi th increasing radius. 

5. Hav"i..ng part of the magnGtic .field · d ecrea~ing stronger 
• 

than 4- ::= _{_ 

r-!i .r so as t o make circular paths of the 

charged particle in stable and to draw tho~ out into a 

spiral. 

6. Electric or maeneti c fields to le ad the particle at a 

definite spot out of this uns table reg ion. 

7. Multiple ac ~ele ra tion having tbe par ticll3 revolvinG 

~~. around a different f l ux i n subsequent half Mseee~ -~- -~ 

;a~ ~~, . 
8. The use of ~ multiple accelerators. 

Cl' '.:-l . 
I''A 
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9. Bringine the charg ed partlcle from the perip hery into 

t ho ma~net systom at a noint wh ich is about goo removed 

from ~1e accelerating s ~c~ gaps, and removing the charg ed 
~!,"';< v·-· 

particle at the periphery after having increased its energy 

within the magnet system. 

10. Building up the iron core by windinR up a thin iroh 

sheet. 

11. Coils producing the stationary fielrt no t surrounding -
the chnngine flux. 

12. These coils being built of two parts leaving free 

the neighbourhood bhe plane of revolution. 

13. The magnet system built of t wo halves insulated 

from eachother, each of these halves being at the same 
~ 

potential as the corres p onding #\ib:t'! of plates 21-22 
6[ t-. 

and 22-23. The two halves of the maenet system havine 

an electric field between them. 

The following are essential features of the 

invention, relating to the synchronous transformer method: 

1. A circular magnetic system with gaps in the field. 

3. A magnetic field de~reasing with increasing r so~ 

to stabilise the p a th of the c harg ed p a rticle in the netgh-

bou~hood of the plane of sy~y. _ 

3. The application of a high-frequency oscilation the 

frequency of which is slowly changing. 

·-· 

I 
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4. rrhe voltage of t lds osciJ[ation adjusted in such a way 

tha t there should be a time l ag between the passBge of the 

particle throu gh tho acceleratine gap and the maL'tilfl'CI.l of 
' .. 

the oscilation. 

5. Ti·1e circular magnetic system built of two halves 

oscilating against each other and not oscilat l ng agai nst 

the respective pairs of plates 21-22 or 23-2~ 
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