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THE PROTCN DEUTERON R-F SYSTEM FOR THE BERKELEY SYNCHROCYGLOTHON
K. R. MacKenzieb~‘
Department of Physics, University of'California, Los Angeles
Radiation Laboratory, Univerzgiy of California, Berkeley
- August 15, 1950
ABSTRACT

An r-f systém is described which allows tﬁe acceleration of either
190 Mev deuterons or 350 Mev pfotons in the Berkeley lSA—inéh cyclotron.
The dee is connected to a large cross section line, which is in turn connec-
ted, through a rotating condenser, to a short section of grounded line of
approximately the same cross éection. At the upper frequency limit of 23.2
megacycles the dee and dee. stem oscillate as a half wave line, while the
grounded line?khhich is about one-quarter wave long, oscillates in the opposite
phase. At the low frequency limit of 9.5 megacycles, the whole system looks

like a quarter wave line. The oscillator which feeds the system is described.
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K° R. MacKenzle - o 3
Department of Physics, University of Callfornla, Los . Angeles
" and

Radlatlon Laboratony, Unlver51ty of Callfornla, Berkeley

August 15, 1950

‘In December 1948,kan r-f system was installed on the 184-inch =
.ﬂxﬁerkeley cycletfen which made possible the'acceleratioh ef:eifhef 350 Mev’
pfbfene or:l90 leév deuteronsol As the system has operated 31nce that tlme
;fﬁw1th no essentlal changes, it can be considered to be in 1ts flnal form.
Orlglnal plans called for a power input of 200 kw and a dee voltage of 30 kv
}However, other factors have kept the dee voltage in thelrange from 15 to "
20 kv, with a"power input of 50 to 80 kw. With thie dee voltageiia cifcuie;
ting beam of one”micrbampere is obtained both with deuterone;and'protonswfl
In the medei stage it appeared that thé change fromfdeuterons to-preteﬂsiceuld
be made by not more then twb'simple chahges ef external'cepaeityw 'Tﬁerchange-
over new iﬁvoives'five external changes and the operation of an iﬁternai‘-%
vacuum switch. This, however, can be done in about five minutes, so th?t?the
cycloﬁron can be switched froﬁ deuterens'ﬁo'protons ae‘fast'ee theetarget can
be changed. | |
The freqnency range'reQuiredvié 22.9 fo 1558 megecycles for-prefoﬁé
‘and 11.5 0 9.8 megac§cle5'for deuterons, Experiments were carried out on
the previous deuteron system for the 184-inch cyclotronz'which-shbwed that
‘ﬁhe”beam was not affected by eliminating the "excess“'fange'on7both nigh and

_ lqﬁ'endé ef’the‘freqpenqy‘ewing. "It is interesting te note that the ion

1 Wide Range Freguency Modulatlon, K. R. MacKenzie, Phys, Rev. _é, No. 1,
104-105, July l 1948. ‘ ‘

2 Design of the- Radlofrequenqy System for the 184~1nch chlotron, K. R. Mac—
Kenzie, F. H. Schmidt, J. R. Woodyard and L. F. Touters, R. S I., gg 126-133,

February 1949.
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catching efficiency of the cyclotron was.appgrentLy;nqt“gffected by th§‘slope
of the frequency time curve, The slope ip_this case was varied froﬁ'essén-

. tially zero o the point whers' the: frequency. time curve.was almost’ ”éﬂdné'aivq
upward (the cuf%é'béing almost a siﬁe cur?e), Gonsequently,'iﬁﬂtﬁéLﬁéw systeﬁ,
provision was made for oﬁly a few péréenfzextra range on either end. The
frequency limits .therefore range from 23.2 te 9.5 megacycles.

. The. present afrangement has been called the "three-quarter wave syétem".B
It was.chosen because it appezred to solve the problem_bf obtaining a'wide'
frequency variation with a rotating capacitor that could be placed'outside‘the

,ymagneticrﬁggld@ The only other practical solution seemed to be a rotating
condensgrjm@gntgdwnear the deeiedge, and involved the prdblem of eddy cﬁr?ent

“heating due to rotation in a magnetic field. Since it was appgrent'that av‘
range greater than three to one could be obtained theoretically with the .

. external rotating capacitor, thus permitting the ac;,celeration of dgutercns,
. there was nc,argumenf against its adoption except bulkiness. A further.aréu—
ment Wa$'that the design of the dee already in operation in the 184~inch ;:
,;gyélotron f.'or__,deuterons2 could be used unchanged. , . |
- The first tests were performed duriﬁg the summer of 1947. A.haif ‘
seale model was built and excited by two 304TL tubes with padding condeﬁse?s
télsimqlgte 90211tu.bes° Various oscillator coupliﬁg schémes Wérg'fried aﬁd
abandpngdo;frhese-are»describedjin a previous progress repor‘b.,3 The full -
scale system wds stéfted as soon as dimensiqnsson the model were reasonabl?
' definite. It Wasfbuilt as a complete unit, including new,fggeplate'and ev§n
a new dee. The new dee was identical with the old dee in the deuteron Sys-

tem, ‘so the old dee became a:"sparef. Dt liners were made to simulate
’ °© - SP :

;3 Preliminary;ﬁepq;t:on.ﬁhe{“Three-Quarter Wave® R-F System for‘Fréqueﬁéyf"
. liodulated Cyclotrons, Kenneth MacKenzie,; AEC Report AECD-1850, September,

1947,

EEE
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-‘the magnet pole surfaces. ThlS allowed the whole system to be tested before

.\

tﬁremov1ng the old deuteron f-m system. The tests had to be made in alr,
}Hand llmlted the dee voltage to 3 kv at whlch p01nt the rota:y capacl-

Jtor gaps broke down° The new system, 1nolud1ng dee, face plate, new-
_vacuum sectlons, rotary condenser, and osc1llator, were supported on a
truck system whlch allowed the 1nsertlon of the dee 1nto the cyclotron ,:

~ vacuum tank When the change—over was made, the whole apparatus, 1nclud1ng

the truck system, was set in place by the ecrane. The change-over requlred

an elapsed tlme of flve Weeks from.the tlme the 190 Mev deuteron beam was

v“turned off untll a 350 Mev proton beam was obtained. About two weeks later'

the 190 Mev deuteron beam was agaln obtalned with the new system. ,

Electrical Features - = - o : : S e
* The name, "Three-quarter wave system," arose because the dee ig=:.
" ‘connected to ground by a transmission line which is three-quarters. of a =’
wave in electrical»length at éhe high frequency end of the range. At the .
- low: frequency end of the range 1t is a little longer than an electrical-
quarter wave. In flg° 1(a) the system is shown in schematlc form, ‘with the
voltage ‘distribution shown for various frequencies throughout ‘the range
(flg. l(b)l The oscillator tubes are coupled to the system by,resonantua
lines, whose lengthsfare chosen in such a way that the dee voltagefremains,
_ relatively constant'regardless of frequency.variation, |
:Thefdiagfamfin fig, 1 is over-simplified, but can be used‘to ex-
plain”whyfthe’oScillator*couplingfscheme was adopted. A grounded grid -
osCillatof-was”Choseh,'due;tO'itS'inherent freedom from parasitic,troubles.
The main 0séillatingWSyStem,?ihiwhich-ueffind most of the r=f energy,
_consiSts“of'the section cconnected to the dee, which will be referred to.as

the "dee stem", and the grounded section which will be called the "stub"
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llne. The rotatlng condenser connects the dee stem with the stub line. This
Co g e e -
arrangement has two fundamental modes of 0301llatlon, shown 1n flg. l(b) by

the voltage dlstrlbutlon in full and dashed llnes." The mode 1n whlch there

is no voltagevacross the condenser (dashed 11nes) is useless, of course,vand
must be prevented It is therefore necessary that power be fed 1nto the -
system on the oppos1te side of .the capa01tor from the p01nt at whlch ex01ta-
tlon for the osc1llator is obtalnedo " With proper orientation of the exclta-
‘tlonqloop (connected to the fllament), the rlght mode will present the‘correct

voltages at the osclllator tube whlle the wrong mode w1ll present voltages

Ty

1800 out of phase. The graphs V(f) and V(p) in fig. l(a) represent the
f;oltage dlstrlbutlons along the fllament and plate 11nes in the correct mode.
Wlth a frequency range of 204 to 1, sultable coupllng is more dlffl-
cult to obtain with a loop than a direct tap, since some of the. voltage is
lost due to.back e.m.f. in th‘e,l"o_op° In addition, the loop reactance changes
with frequency. - Accordingly,-advantage_was taken of the fact that the.plate
line could be directly connectedhto the stub"lineo 'The‘plate line‘current;
does'notlappreciahlyhaffect the voltage at thevtap,;because-of the relatively
low inpedance of the "stub" section. TWith constant dee~voltage,gthe volt-
age;on'the stub line varies considerably as the freQuenpy_isschanged.vg:?n
(fig.xl(b))oB~ lt is, of course, desirable thet a constantiplateévoltageﬁj
(and therefore a relativelyrconstant plate r-f ‘voltage)_produce:a;constant
deevvoltage. With a constant plate r-f voltage it is:possible;to;chooseﬁa
length'and impedance for the plate line so that the-voltage at the-other
end (as a function of frequency) is very nearly the same as the varlatlon
.1n‘voltageyon~the stubullneo~;When-connected,together We~have;a.systemhlnh;

which a constant d.c. plate voltage means relatively constant'dee,voltage,

'Slight changes in: line length about this point.will result in a dee voltage
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"ntﬁat either rises or falls throughout the range. As will be seen'iater;,the
iwdﬁﬁimum length‘of line £0'achiéve an abSOLuteLy‘constantvdee-voltage could.
 nbtwbe_used;'sincé.it was necessary to "dodge" numerous overtoﬂeérof the‘
¢ .system, . _
It was possible to choose the length of the pla'be coupiing_ line.
50 that the same length gpuldibe used ovér-both deuteron énd proton ranges.
. With the filament line hgﬁever? it was necessary to addvcapacity to ground‘
“at the tube and part way along the line when changiﬁg from protons to deu-
terons (shown dotted in fig. 1). This difference between the lines is due
'~t§vthe loop goupling scheme instead of a direct tap as used on the plate
line. A direct tap cannot be used since the voltage on the dee stem side
" of the capacitor changes phase as the frequency is varied. The current
flowing in the dee stem‘is always in the same direction however,. so magnetic
»couPling is all right. In order to minimize the loss in_voltage*due to loop
reactance and also the variation of this reactaﬁce with frequenqy, four'2-
inch diemeter loops were used in parallel., These loops are shown in thév

pictorisl sketch (fig. 2),

'Meéhanical Features

Mamy of thé;e features>are Shown'in figs. 2 and 3° Thé main 08011-
. latlng system con31st1ng of dee, dee stem, rotary capac1tor and stub llne
are all in vacuum, The dee and dee stem are supported by two 15-1nch
diemeter zircon insulators° They are 18 inches long w1th one-half inch’
thiékﬂwails, and are the same 1nsulators used to support the dee 1n the
prévibus Aéuteron system.,2 The dee, Whlch is J5 feet 3 1nches across at
thé edge, is much heav1er than the dee stem whlch is about BL by 42 feet
in’ cross sectlon, resultlng in a very “front heavy“ mechanlcal arrangement.

| The welght of the dee is balanced by two "tie rods® at the end of the dee

’
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“Ugtém (shown in fig.:'2). They are set.at 41° to the vertical to give lateral
stajblllty° These tie rods are one inch in. dlameter and six feet long and
’consequently look llke ‘8 very hlgh 1nduetance when compared w1th ‘thé 3-by
4% ft. section. The voltage across these rods at the high frequency end is
arotind 15 kv.and ‘s current of'over‘lOO”amperes flows. . They are, of course,

. water cooled and consist of copper plafed.steel tubes. The inductance of
"these rods Teduces the frequency range about two.percent; which seenms small
compared ‘to the: mechanical convenience reslized. As shown in figa-2, these
“rods go to ‘ground through short.sfurdy insulators consisting of zircon rings
lCiinohes#infdiameter and 3-.inches long with 1 inch wallthickness. The tie
rods are then grounded.for-rmf through a one turn inductance consisting of
a 5/8 ineh :céopper tube in an 8-inch circle {which carries water to the tie
% "rod$), and a mica condenser. A d.c. bias can thus be put on the dee,
J‘Tﬁéfroﬁor'of the capacitor (shown in fig. 4) weighs about-one ton.
There'are”eixvrows-of“teeth or blades, and seventy-two blades to.a row.: .
The gap between blades when meshed is 100 mils. The blades were machined
from steel disks (6 blades and a large central hole), and copper.pletedgyo
a thickness of 5 mils. The 72 rings were then shrunk onto a central steel
tube ten 1nches in diameter whlch is water cooled. Water flows 1nto the
tube through the drlve shaft The rotor is supported on a framework con-
s1st1ng of two 1noh steel tubes (eopper plated) The ball bearlngs arebl
packed w1th grease and covered Brushes, con31st1ng of a contlnuous seu
of flex1ble tantalum flngers (onewelghth strips separated by saw cuts)
bear on the c1rcumferenoe of a rotating pollshed steel ch.lnder° The r-f
current 1s thus bywpassed around the bearmgso There is a brush on eacn

31de of the rotor whlch conducts current from the rotor to the support

frame. The current flow is not symmetrlcal on both 81des, since there are
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two support rods on one side and two supports and a drive shaft on the
other, The drive'shaft supplies lateral stability, Another brush conducts
~current from the support frame to the drive shaft and a fourth.bruSh car- .
ries thls current from the drive shaft to ground:through a condenser._v
Since a d Co sweeplng blas must ‘be applied to the rotor, the ground ends
of the rods are held on short insulators similar to the dee stem;tie rod .
insulaters, The ground end of the drive shaft is held in the,saneeway,
Ground.for r-f is achieved through a one turn inductance and condenser
except in the case of the drive shaft, where a condenser is conneeted::f'
directly'between ground and a.point next to a set of V pulleys. A 15‘h;p,
notor suppiies power to the.drive shaft through V belts., The condenser

to ground prevents r-f from burning the belts.

Mode Problems

The 1nductance of the support rod structure for the rotor is much
.lower than the inductance of the tie rods on the dee stem, and cannot be
_neglected. 'As shown in flg. (l)c it 1ntroduces another tuned clrcult and
,therefore_enother mode. The mode in whlch most of.the energy.can be found
in thisdnewlcircuit cannot be excited because of relatively high losses.uJIt
can,thowever, alter the voltage distribution in the.useful.meue. The reter
| would normally float two-thirds of the’ way between dee stem and stub line,
since there are two sets of teeth on the stub line and only one set on the
| dee stem (see flg. 2), but due to the effect of this extra c1rcu1t which is
tuned above the cyclotron frequency, 1t is even closer to stub line potentlal

v(see flg. l(b)).‘ If thls new clrcult could be tuned below the lower limit of

the frequency swing, 1t would allow ‘the rotor to float more nearly helf way

between dee stem and stub-~hne° A large external inductance is requlred to

do thls, however, w1th the result that voltages of about 10 kv appear at
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certain ffe&ﬁencies'across the support rod insulators., This voltage.was .~
con31dered exoess;ve, 1nasmuch as an insulator fracture w1th the one ton:
rotor re%dlviﬁg at lOOO rpm could cause ‘a 'lot of damagec With the c1rcu1ti
tuned above the*frequency range, the actual rotor voltage*tesground goes as
high aell5 kv; but most of the drop occurs along theISupport rods in vacuum
and the}voltage‘across the insunlators is rarely over 2 kv.:
: ;_The unequal gap voltage introduced by this tuning procedure is not ..
{too desirabley since the breakdown point will be reached at-a lower dee voltage.
The higherirotor to ground voltage also-inereasea the current through the
bruSheS;  This is 'a more's’erious‘limita‘i:iono With 15 to 20 kv on the. dee
the laieefeset of bearings and brushes have laeted.over=six months. - In. a.
recent test.the dee voltage was raised to 24‘kv, and the power input to Well
over lOO kw, with the result that one of the brushes failed in a few hourso
The. heavy experlnental nuclear program precludes the p0551b111ty of maklng
meny tests of this sort or even testing improwved forms of brusheso
. The extra set of teeth on the stub line was necessary in order.fo :
reach the lewer limit required for deu.teronso If these extra teeth had been
put on the dee stem instead of the stub llne, tbe rotor to ground voltage :
could have been reduced by almost a factor of two. However, it was not
vp0551b1e to reach the upper frequenqy llmlt w1th thls extra capaclty on the
'dee;stem, N |
Only one other 1mportant mode in the reglon of the fuadamental.was
encounteredo When fully meshed, the rows of blades can be con31dered as a
i_paralWel pWate transm1331on line of vezy 19W :mpedanceo If there are suf~
'flclent teeth per row,.the extended length OL thls llne can be a half wave

;jat the fundamental frequenqyo This haopened Just above tae lower llmlt of the

deuteron range_ and since 1t was a very 1ow Q clrcult 1t absorbed a lot of
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power.: The trouble:was flied by removing. a few stator teeth from.the -ends. of |
the3~row.,lThlsyra;SEd the frequency .of the mode., As the teeth are unmeshed,.
the :frequency of this mode rises faster than the frequency of the fundamental;,
80 theyenever_everlapq - The reﬁoval_of.these teeth from the ends of the>row ,

made it necessary to add the extra row mentioned above.

The Deuteron Range

It appeared at first that both the proton range and deuteron range'
could be covered by adjustment of the lines to the oscillator, with no changes
in thevmaia‘resonant system, The frequency range would have to be 23 to 9.8 me,
The actual\range achleved was 23.2 to 10, 1 me, and no amount of mlnor adgust—
ing would get the 1ower 1Jm1t any lower. Theoretlcally, the range can be ”
much greater, and in the llmlt it can be- made to approach the square rootﬁ
of the capa01ty retlo, This is done bv prov1d1ng a 1arge volume around the:
rotany capa01tor, whlch reduces capa01t1es to. ground thus ra1s1ng the upper ”
11m1t At the same tlme, thls volume prov1des a 1ot of 1nductance when the‘;v
teeth are meshed and thus lowers the 1ower 11m:Lt° Nodlflcatlons were made‘
in g01ng)from scale model to full 51ze Wlth the result that plenty of volume
was provided above and below the rotor, but the clearance to the.s;des_wasj_mi
smell. The r-f current then hugged the sides, rendefing the large;velaae rather
.ineffective,;nThis also resulted in'excess‘heating_on the ends of fheyrotor.;e
Much-of-this was: corrected by cutting away some pf the sides of the stub¢1inQ?,
but thevameunt,of correction: that could be accomplished was limited. It is
unfortunateﬁthatgthe-ratheruobVious bad:effects of.éhe small-side clearance
were not apéreeiated untiliafter;the,structure was finished.

s”.InVOnderwto;distribute,the;current;evenly%vthe.volume above the
rotor was greatly reduced by a liner (fig. 2). This causes most of the cur-

rent to flow on the top side of the dee stem and not so much on the lower side.
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However; it*wasﬁa Vast‘improvement over the current‘conéentration'on'the,sides,

and reduced the' heatlng of the ends of the rotor to the p01nt where it was of -
llttle concern,a~Thls of “course raised the Tower llmlt In order to achlevefé
the“lowerlng‘effect,‘thls liner was made dlscontlnuo‘uso lhis7cau5estcurrent»
to flow through the opening and back along the upper eide_of.therllner,'theh
back through the opeuing again. The current is thus forced to flow in the
region it formerly dodged and results in a lower frequencya"This.freoueuqy
1s lowered even more if there 1is con51derable capa01ty across the gap. The
vlnductance and capa01ty of course form a tuned c1rcu1t and the result is
eons1aerable voltage across the gap - in fact, almost equal to dee voltage.
Fortunately, this voltage as well as the extra losces 1ntroducea could be
tolerated. The addltlon of this llner lowered the lower 1imit from lO 1 mc.‘
to 9.6 me. vIt also lowered the upper limit of the proton range far below
22 9 ﬁc. In the proton range a vacuum sw1tch, cons1st1ng of a large ‘number
.of short sprlng loaded copper bars, shorts out the gap. ThlS sw1tch (marked’v
S), ano the llner are shown in flg. 2. No attempt has been made to show theh

actual form of this SW1tch whlch mnst be operated through a vacuum seal.

The-Osoillatorv'

| <The oscillator is built around two parallel 9C21 tubes. in aigroundedﬂ*
grid circuit. The grid ring seals fit in two holes in an oval sheetfof,cope'ﬁ
per. The'grounding of the grid for r-~f potential is accomplished by an oval:.
ring of sixteen 100 p&fﬁvacuum“condensers around the edge of this: sheet ::
(see fig. 2) . These'condeusersimust3stand1the‘plate plus grid voltage to.
ground (which at present does ‘hot-exceed 11 kv) andlpass about 30 amps of
r-f. .REcently5somelrabuum condensers have been replaced by equivalent ceramic

condensers, -t SR T



. UCRL-855
w1l

:'The!two tubes are supported in separate copper plated steel jackets L
whlch reduce the stray magnetlc fleld at the tube fllaments. These Jackets
are connected together at the bottom (see flg. 2) ‘and a 50 ohm'resiStor
connected across the topal ThlS effectlvely prevents any push pull para31tlc.'
Since some extra capa01ty to ground in addltlon to the plate to grld ca-
pac1ty is de31rable, no speclal effort was made to reduce the Jacket capaclty
o ground The Water connectlons are made inside the connectlng box between
anodes and the Water goes to ground through six feet of seran tublng. The
absence of d.c° on the plate removes the electroLys1s problem. |

The fllament line enters the back of the oscillator house'anddconnects

to the tube through four 0,004 uuf mica standeoff type condensers Wthh |
block the d c. plate potentlal ‘The fllament current comes in through four';
chokes mounted over the tubes, Extra filement to ground capaclty was added‘
by plugglng 1n vacuun condensers.

’ Although the oscillator is coupled to the system by llnes around
‘ three-elghths of a wavelength long, the size of components restrlcts the
ulocatlon of the 0501llator house within a few feet. With this restrlctlon
1t was fortunatehy Stlll p0531ble to locate the 0501llator in & reglon of
mlnlmum megnetic fleld strength. A minimum occurs since the leakage flux is
inﬁthehreverSe direction to the useful flux, and so a p01nt can be found falrly
close to the magnet where the fleld is close to zero. As affurther precéhif
_tlon the osc1llator house was made of one-fourth inch steel and llned with '

copper..

Adjustment of Transmission Lines.. . - .. L .

- The calculation of transmission line.lengths is made on the following
basis.‘rThe-relative values of voltage‘and current along a transmission line

are determinedisolely by_the,impedancevat.the_end of the line, The plate
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line 1s termlnated by the plate to grld and ground capaclty 1n parallel with
a negatlve re31stance. The assumptlon of a negatlve reS1stance 1s legltlmate

_1f we’ restrlct LOUT calculatlon 1o the fundamental component of the plate R

current pulseor In the same way the fllament llne is termlnated by the flla;t'%
ment to grid. and ground capa01ty in parallel 71th a pos1t1ve res1stance."
The resistive component can be neglected in the calculatlon of magnltudes; .
The voltage dlstrlbutlon along the plate llne for a flxea value of plate o
r-f voltage is shown in flg, 5 Wlth the assumptlon that we use a unlform
line of 80 ohms characterlstlc 1mpedance with a capa01ty of 200 upf at the id\“
end.: The plate to. grlo capa01ty of two 9021 tubes plus the Jacket capacl-’GL
tles is approx:mately 200 ywpf. The voltage_dlstrlbutlon is shown for 23,

18, 12.5 and 9.5 me. If we consider a length of Zl%rfeet, we see that;the‘:.
voltaée at the end (which will be the voltage at the tap on theTstnb line) E
is sllghtly lower than the plate voltage at.23 me, Then 1t rlses to a max1—.
mum of about tW1ce plate voltage and flnally falls to about oné-half plate
voltage at . 9.5 mc. Thls is a varlatlon of over four to oneo For constant .
‘dee voltage the voltage varlatlon on the stub llne is around two and one-half
to one, and it is not de31rable to make the ratlo mnch larger 31nce 1t must i
be done by increasing the gap voltage somewhat, so the best approach was’ tor

reduce the varlatlon at the end of the plate llnen The manner-ln\whlch the~”

characterlstlc 1mpedance and length of stub llne affect the voltage varlatlon*-“é

throughout the range hasvbeen‘calculated ina previous progress.report.3~

Some provision was made for changing the stub line variatlon by installingn'

movable ground liners which would vary Zoo o
When first set up, the plate line would not nork,_since, instead -

“of being uniform,'tﬁere was ‘considerable lumped:capacity‘around_the'feed.”AV'

through insulatorv(see fig. 2)+ ‘This capacity occurs right at the voltage . -

maximum?at‘ZB me’ and effectively lengthenS'the-line,‘Whioh is the wroné#thlng

to do}\ The shield box around the insulator was replaced by a very large box.
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The résult 'is a section of high impedance line with low capacity and large

.“ihductance. At 23 me the voltage maximum occurs at this poirt, and the low . -

capaéity=makes the line effectively’ shorter, nhich’iS'the:effect:desired.
"“*ﬁti9,5“mc”the.node is very close to the insulator. vSince'high'currentSfflow
‘at the-voltage node the high indnctance makes the linenappear'longer. With
this modificafion it was possible to empirically adjust the length, and get
a volﬁage variation-to match the stub voltage variation. The large box_around
the insulator ‘can be seen in fig. 6.

“The voltage variation along the filament line was handled in the
same manner. Before starting any calculation it was necessary to assume
added capacity from fllament to ground of about 200 ppf in the proton range
and 400 puf in the deuteron range° This is done’ to insure that the 01rculat1ng
current is about elght t1mes the current due to the electron pulses. A ratlo
much less than this results in a serious phase Shlft between the fllament grld
voltage and the plate grld voltage3 w1th a conseqnent loss in eff1c1ency.v _d
Thls added capac1ty for nhase shlft correctlon is achleved by the extra vammnm
condensers between fllament and ground (50 uuf in the proton range and 150 uuf
Vln the deuteron range) plus the capa01ty of the fleY1ble:ﬁﬂament leads and |
supportlng structure. Unfortunately not much voltage is plcked up by the
loop, SO the loop ternlnal must also be very close to the node on the fllament
11ne, and 1t was not poss1ble to match voltages by simply changlng llne length.

The matchlng was accompllshed by locatlng vacuum condensers very near the node.
The change in voltage with' frequency at the coupllng loop end of the transmls-
“gion line can be accentuated or decreased dependlng on’ whlch 81de of  the’ node
the condensers are placedo These ‘condensers have the same.effect as.the,non-

uniform sectlon 1n the plate llne° The adgustment was made emplrlcally, and

a set of condensers 1n “sultable locatlons" was determlned for each range.

; ‘,ﬂ

These condensers are. 1ndlcated in flg° (l) (dotted llnes) On the proton
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range. one lOO uuf condenser was located~about 2 feet*on?the‘loop side'of phev
v.node. In the deuteron range elght 100 ppf s vacuum: condensers ‘were located -about
‘one foot on the loop S1de of the node and three*lOO puf condensers ebout oneJ
'foot on the tube s1de of the node. - ThlS peculiar distribution appeared to give
the mlnlmum ex01tatlon of hlgher modes.. The. excitation of these)hlgher modes
‘.at‘Verious frequen01es ‘throughout the range will cause dips in the dee‘voltage.
‘~It should be p0351ble to locate condensers so that the fllament llne Would
”worﬁ over both ranges without adjustment. Unfortunately any suoh.settlng
elither did not pro#ide enough excitation or resulted in the~excitation of

overtones in:certain -frequencies in the range.

Pa;esitiosu
h The foregolnf dlsouss1on glves the 1mpre851on that much of the
‘iedjustment was emplrlcal° ThlS is very true, since it is almost 1mposs1ble'
to account for the behav1our of the ve:y numerous overtones of a complex T”
.svstem.' These overtones are troublesome even over lOO megacvcles.‘ The Weve—'
‘length is short, so small adJustments of line lengths have drastlc effects ;
on the overtones. Recognlzlng that the flnal adgustment would be emplrlcal
the calculatlons were used merelv to obtain approx1mate overall dlmen51ons
:and also to determlne the "trend" that would result from an adgustment
.Most>of the "ed;ustments" Wwere very time consumlng and expens1ve,_;sualhy -
-neoniring‘refebrlcation of pafts, so it was very desirahle toqkeep'fhem to a
idnlnimumollhy ohserving.the change caused hyAanl"adjusfmenﬁﬂ,:lt wasfthen
feésiLf?poSsible,'by comparison with theory,,to aeternine;the ohanées neoessany
Tor opﬁimnm‘opefapion;' The theory thus served the purpose of ellmlnatlng -

mudh of the usual tlme consumlng process of succe851ve a.pprox:Lmatlon° Veny

often the optlmum settlng Would favor the ex01tatlon of a paras1tlc. In such
cases avcompromlse-settlng was used if ‘the para31tlc could not be eliminated

in other ways.,
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The most troublesome parasitic océu?ed around 90 megacycleé at

the beginning of the deuteron ranée (12.5 meéacycles); ¥t ﬁas finally eli-
minated by a thyrite resistor to ground near the platé 1iﬁe.ndd§l(for.the_
fundamental) . This resistor absorbs some power and changes the dée voltége -
amplitude versué frequency somewhat. Oﬁher parasitic oscillgtions of unmeasured
frequency were discouraged by a thyrite resistor near the filament line
node, and a1éo by empirical pladement of the above mentioned padding conaensers
neér the node, -Theée parasitics are just higher order modes of the system ;
Whiéh.pféseht the righi voltages at the plate and filament.- The grounded
grid circuit'eliminates-bnly those parasitics.which are normally excited by '}
~ coupling throﬁgh the tube, | |

| | Aﬂothef’effeét, related to parasitié troubie but of a distinetly.
differenf nature, occurs whenever one of the overtones or stray tuned cir-
cuitslcén Se excited by either the fundamental or a hafmonic_of the_fundamental.
Various éuch circuits Were-IOCated and either eliminated or detﬁned, e;g;, two
high voltage 0.005 ppf mica capacitors connected in parallel by flat plates,
will résoﬁate,around 20 mégaqycles, so all commercial condensers weré used ©
singigr; The by-béss. condensers at the ground end of the dee tiev:rods ‘and“rotdrx
supports haﬁe to carﬁy'r-f currents of 100 amps and over, and no single. commer-
cial condenser will stand up. By=-pass condensers were made by clémping 10
mil sheéts ﬁf mica, 6 inches square, betweehlwéter cooled plates (fig;:é)6: 1;2
Four of these in éarallel approximate 0,004 ﬁpf aﬁd have an indubtaﬁceyso low
that the resonanﬁ frequency is far above 23 megacycles.. TthFSténd 1b:kv. .
d.c. and carry over 100 amps r-f, and so have some margin of saféty,u'éé the
bias: voltages are kept below 2000 voits° In the deuteron range it.was néceééc*
sary to add external inductanée in series with the dee tie rods.to reduce

thefcurrent,thfough these ‘condensers and in addition gain about one percent -
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-extra frequendy ‘range. In the proton range” most of this inductance is
shorted out to prevent excessive voltage on the tie fodxinsUlatorso This

[ I
S e .

- also' raises the Upper frequency "sIightlyy - [ b erard s g by i Bt

Dee Bias |
Iﬁ.oscillaﬁors of this type, the oscillations build up slowly at
“ilrst and allow plenty of tlme for dlscharges to develop due to electrons

tha+ osclllate in the rwf electrlc fleld It is p0551ble to get enough

:;electrons 0301llat1ng back and forth to change the frequencv several percento

"The effect is 1nduct1ve because of the mass of the electrons. The pr1n01p1e
effect is that the oscillator loads dovm and the voltage stops rlslng. ‘A |
d.ce sweeping field on the dee removes these eleotronse The dee tle rods

lmust ‘therefore be 1nsu1ated for do.Co as well as the rotor supports° The v

» stub llne is grounded however, 50 the spaces are swept clear of electrons "”
‘by wires at a pooentlal of around 1500 veltso_ One of these ﬂw1res"}loon31suiug
of a oﬁeufourfh iuch rod is showﬁ in fig. 2 (marked R)" The sweeping vol; |

| tages applled to the dee and rotor are over 1000 volts but seldom over 1500
voltso The voltage is negatlve, since a pos1t1ve voltage allows a dlscharge

51mllar to the dlscharge in the "PhlllpS" type vacuum gaugea

The.Pulser‘

| The oscillator is pulsed'over'the_desired‘range by keying the

- grid leak. If operating on deuterbns it mst be shut off over the proton -
fange:sincefthe oscillator will‘drop out-of the right @+ - mode‘and”find
_sofie parasitic. ' The turn on signal is*obfained’from'suall'magnetic bars set
- in.a disk attached to the rotor shaft, and the turn off signal from an adjust-

. able tuned cireuit, The '$ignals are amplified snd fed through an r-f link to-

. two" 304 TL:tubes which altefria‘li'efly open*and'*élose"oheigrid leak circuit: In
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the open circuit condition, cut off is insured by applying a high negative

bias. The pulsing system will be described in a paper by R. Mack.
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B- ground shield to reduce volume available for electron
oscillation; C- vacuum condenser from filament to ground to
reduce phase shift; D- disk containing small magnetic bars
which generate the turn on signal; F- faceplate for removal of
rotor; G- insulator, inductance and capacitor at end of rotor
support; L- copper liner; lM- motor; R- bias rod; S~ vacuum
switch; T- insulator, inductance -and capacitor at end of tie rod.
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EIG. 4

VIEW OF ROTOR AS SEEN WHEN FACEPLATE F
(SHOWN IN FIG. 2) IS REMOVED.




' The graph assumes constant r-f voltage at the plate of
the tube (at the left). The line voltage at the tap on
. the stub line is shown at X.
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