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Two poasible drive systems for Project M are presently uader con-
siderations the hellow waveguide and ithe coaxial drive line, This
memorandum deals excnlsively with the latier., In the remarks that
follow, the results of R. B, Neal's, Project M Report 105, Dec. 22,
1958, ure assused,

General Remarks:

As g@een frewm the above reference, the relative phase shifl between

the z.f, drive wave and the electron bunches is given by:
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vhere subseripts e and w refer to r.f. wave and electron variations,
respecthively, v, is the velocidy of the r.f. wave in the coaxiel drive
lime, @ is the radial frequency of the drive signal and e is the ve~
ioeity of lighti.

The basic design eriterion adopied here is:
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i.e., for & total phase shift im eycles of —p = == = - . 30,000 cycies
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qgémz' the total lemgth L of the sceelerator,

o shouid be less tham 0.03 eycles. Variations dueg to temgersiure ars
regerded a3 slov in nature vhereas veriaticns due %o freguency cen be
sudden, For design purposzes, ong may ceonsider twoe meibods of operaltion:

1) Fixed frequency operabion:
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2} Freguency adjusted for maximum energy. Inm this case, the
frequency is tuned bo compenssbe for Lemperaturs changes cuilsiling changes

in the phase velocidy of the accelerater pipe. Thus, for a change 6?@



in the accelerstor pipe, the frequency must be retuned as shown by the

ralations:
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where g is the expansion coefficient of the aceelerator pipe,

A variation {6T@l of 2° C for a copper structure (g = 1.5 x ﬂﬂuﬁfﬂﬁ

corresponds to & |of] .. 1/10 Mc/sec at © = 2838 Me/sec,

Tempersture varistions along the 2-mile aceeleralor will, ol course,
differ from section 4o section, amd it will be impossible to oblain bhe
freqguency correspoading to v? = ¢ ¥For all sections. Im spite of this
difficuldy, it 8till meems desirable to have frequengy tuning as an extra
degree of freadom inm operation to compensete for beth shert and long-term
variations. It cam be shown thal the present phesing technique derived
by U, Goerz is still matisfeciory for depariures from synchronism corres-
ponding %o freguency wariationa of 1/10 Mc/ses.

In order %o somewhot relax iewmperabture tolersnces betwesnm the drive
line and the acceleraisr struciture, B. H. Heal has shown that the most
sutisfoctory schome is that illustruted by Fig, 1. The soceelerator has

expension bellows and its expansion is govermed Ly o rigid drive lige

by

mechanically tied to it. The logical comseguense of such u sel-up is

that the drive line wmust be cless % the accelarabter sirustore aad thus
in the same tunmel. If the drive lime is uw cowx, it is uniikely that it

be eimulianceuszly used as o vatuuwm menilsld.
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i of the order of 1@”39 the first term in Eq.
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negligible for a 1/10 Mc/sec variation:
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Thus, expression (1) reduces te
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This is o dispersion relation uvnd it must be determimed experimeniallr as
& functiom of w amd T for u given coaxial lime. Ilnformation is preseni-
1y being gothered on this poimt,

Particular problems of the coaxial drive limes:

The coaxial driwve line has twe mein disedventages as toumpured to wave-
guides:

1} High loss {of the order of 1 db per LU0 £i).

2) Low pover handling capaciiy {(of the order of I gy | cw),

Even il ii were possible %o get couplers Lo feed all kiysiroms directly
from the ceazial line, a simple compubaiion shows thal ot the rate of 300
watts of drive power per klystroa {preseni reguiremenis), uit the very most
pine kiyatrons covid be driven hefore a series power booster became necessary
along the drive lime. Such a scheme weunld require 107 boosiers for Stage 11.
Booater failure would stop machine operation ond posaibly weyuirs rephasing
even if stand-by bossiters were provided. 14 is seeu that unless mveb higher
drive powers cun be used, this scheme iz noi satisfaciory. The alternative
scheme is illustrated by Fig, 2,

The coaxial drive lime 81ill provides the maim drive power but r.f. is
pericdically absiracted and fed te the kiystroms, in the adjacent tumnel, by
& convenbiomal wavegulde hereafier zalled sub-drive line., Eech sub-drive

line is provided with a booster hersafier c¢alled sub-boosier, Gain and

[

power requiremen’s of ihese sub-boosters will be comsidered beleow.



With this composiie sebt-up, the total phase errsr is o superpesition of
coax and waveguide errers, R, B. Neal hes shown that waveguide phase shifis
= K3

are governed by relation:
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where subseript w now referz teo waveguide variastioms; A g ia the free

space wavelength, A _ the cui-off wavelength and v_  the phese velocity in
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the waveguide.
Assuming the acecelerator und waveguide boih have the sawe sxpansion

cgpefficient relations
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We may now derive gemeral tolersnce expresgions as » Fusmection of:



Sout
i 45
v 3 g 3
o a R
5 O A nw
. &3 e &
5 B b 5 =
] & o
~pt N
ot ] "
B B 8
) o
fa g " ]
»M.M rd g =l &
¢ 25
g : 37
L3 & =
23 g
] 2 k] o 7Y
2 Fad Y -
St 4 G FER e
, o SR ® ﬁ &
o & el ; X 3
of &R s = i
g %w £ ] o A
# B £
@ = a oy =+
ot =B, P w3 -
oy ,
€ ] ™ ﬁw o * & &
& o P 4 vy
@ ¢ & P
: A o

ar wavegulrd

3
¥l 4
in

:
-

o, @y
* A
= vy

o3 ol

]

Fixed frequang
{

%y %
o o E: E
* P

L 4

gaumiag

and o



gondition (12) becomes
© BT - 1.48 6T g 3.12% ¢
5]

Sugh tolerances mcem acceptable,

2) ¢ptimized frequemey:

A
6'\0 uw -
wn"m@“mmga‘fe .
hO 0

When 980 sections srs comsidersd, this rslation only indicates arn upper fro-
guency tuming limit. % iz mcepingloss te apply it to any ene section since
expensions are walikely %o be uniform slomg the machine. Bguaidion {(8) now

hecomes
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and condition {2) must be revised:
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Then our teleranes conditicn becomes:
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baguming &tnat ¢. . ¢ ond a rectangular waveguide is used a8 in case (1),
v
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with o = 36, relation {15} becomes:
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Sueh tolerances alao sesm acceptabls, I T were to hecoms bgo large,
c

it may be poasible bo bave a few phase-shifters slong the conxy drive line to
gompenaante for dispersion.

Booster and sub-boester requirements:

Yo may pov deiermine boostiter and sub-becosier reguiremcntis, The present
klystvon specificetions ¢ail Jor inputs of wbhout 309 watis per Klysives. The
following calculotionse ave made for Stage II {980 klysirens),

Let:

L = total length of accelerator = 10,000 7+,

s = length of sub-drive lime = 10,000 It

o

n = 2o, of sub-drive lines = ne. of subh-boosters.

980 = wo. of differenit waveguide couplers.
n

3]

= pover needed cul of gup~bouster in ke = 880 = 300 . 300 Lw,

ﬁ

G = gain of main beoster (seriez) amplifier,

= gain of sub~boosier amplifier.

= pumber of sub-drive limes per mmin hosater,

L« numbeyr of wain bresters,

P = meximum coax power {out of beoster)

a = losa in mepers per ft. For coex line.

& simple derivation ahows Ghui the nnabey B of wmain hogubers is

given by
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FPor 2 = 30 sub-drive limes,

32 different types of esuplers
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G = 20 db

30 db
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L. 330 7+, (33 klystrons per sub-—drive line)
30

P =3 Ly

A, 0,011 db/ft = 2.852 % 10“3 nepers/ft.

]

we sbitain 2y g .
Thus, five main boeziers would he needed alomng the coaxial drive line. The
phase a8iwbility of these mein bhossters will bave 4o be of 2t lsazb one order

of meguituda greaber ithan all oiber tolerance factors sleng the liae. Thuos,

if é@.{ 1 ; the tobal phase shift vauriations ef all five boosters
® 600, 000

N . % . 2 : os
put tLogether should be less than 1.8  or, for cauch smpiifier, of the order
o9 B ; _ . . . .
of 36", A scheme should be devised ia order to permit aunbemebic switching

of a stund-~by boositer unii iz case of main or sub-hooster failure,
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