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1. IHTRODUCTION

Engineering developments aseociated with the high brightness lat_tlf_-g“:
and the projected change in machine operating parameters will inherently
affect the diagnostles systems and devices installed at present in the ator-
aga ring. This is particularly true of the beam position monmitoring [BPI)
ayatem.

The prasent s?HtElm: of monitors distributed around the storage ring
is, in some respects, a compromise solution ko the problem of measuring ver-
tical and horizontal closed orbit. Combined function monitors which respond
on both the wartical and horizontal axis were originally installed in each of
the sixteen machine stralght sections. This aystem satisfied the baslc re=
qulrement of providing, in the preassnt 8 unit cell FODO lattles, more Ehan
four monltor positions per betatron wavelength in both the radial and verti-
cal planes but, hecause of space constraints in the original desiegn of
machine straight, two monitors have been lost following subgequent installa-
tion of Wiggler and Undulator magnets. Space constraints in the ariginal
design have alan resulted in an almost random pasitloning of BPI's in the

machine atraight sections so that beam position in both planes is now moni-

tored at points which vary relative to the § function. Finally, the prosimi-

ty of heamlines in three machine straights has resulted ln non-standard moni-

tors (45% displacad axis) being fitted in those stralghts.

The new sixteesn unit cell latklce with its higher betatron bune values
and the limited space avallable in the redesigned machine atraights For Fik-
ting standard BPI vessels forces a fundamental re-svaluation of the beaam
position monitor system. The design aims for the new system are basad on
accepting the space limitatlions imposed while atill providing the monlkor

points required to give good radial and verkical closed orbik plots.
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F-N THE HAL SYSTEM

The new lattice will achieve an improvement in source brightness by the
introduction of a second quadrupole magnet (D type) inkto the upstream end of
each machine stralght sectien. The arrangement of the focusing quadrupoles
and the beam steering magnets in the redesigned stralght is shown in fig.1
together with tha laktice f funckion.
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Fig. 1. Location of BPI's in Machine Stralght

Standard F and D quadrupole sections will be installed in each machine
agtralght with a single function BFI mountad local to each quadrupole. Bach
monitor will measure beam displacement In the focusing direction of the ad-
jacent quadrupole and is thus, as shown in flg.1, located near the correapon-
ding f maximum point. This provides maximum sensitivity for detecting radial

and vertical batatron oscillations (Qr,Qv).
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Mounting the BPI assemblles as an Integral part of a quadrupole vacuaum
vessel moang that the BPI is no longer a separate aml demouantable anit and
also that the veassel geometry ils very much smaller than the 200mm diameter
circular gection used in the present machine. Both thess factora influence
the type of plek-up electrode to be used and make the quarker wave atripline
coupler an ungeitable device for use in the new lattice. The Inkternal assems—
bly of a scaled down stripline alectrode would be very complex and the high
sengitivity of a practical stripline would result in excessive power being
coupled from each measurement pork. A more pracktical alterpative is bo use a

capacitive button type pick-up.

A Eeature of the SR la that the vacuum vessel does not maintain a unil-
form cross sactlon through the machine straight. The geometry of the vessel

at the F and D quadrupoles will differ conslderably and in neither case will

100 mm

i . |

AQmim ADmm
[

- 100mm

40 mm

Fig.2. 'F' Vaeasel RBPI
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the BPI assembly provide a close approximation to the well ducmentad”]

elliptical section BPI often adopted as a standard. A simplified outline of

the proposed F-gquadrupole BPI assembly is ahown in £ig.2.

An assembly containing four button electrodes, each 25w diameter, will
ba used ko monltor horisontal beam displacement in the F vessel. Each elao-
trode is fabricated to form part of a vacumm coaxial feedthroogh assembly
which is then welded inko the quadropole vacuum vessel. Becaoss the eleoc=
trode is them an integral and non=demountable part of the guadrupole vessel
it is planned to provide the facility for removing the type N output connec—
tor amd capping the feedthrough in the event of a vacuum leak developing

during machine operation.

The cross saection of the BPI assembly used to monitor wertical beam
displacement in the D veasel la considerably different as shown in outline

form in fig.3.

Fig.3. 'D' Veasel BPI
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Tha wvessal will provide little free space for mounting the button slec=
trodea yet the monltor must provide, within the limited wartical aperture
avallable, a good response to beam displacements over a minilmum range of
*18mm. Preliminary investcigations of monitor response indicated that the
best performance in the D veaasl would be achieved using two button elec-

trodes mounted on the centre vertical axis of the wveaael.

Additional inwestigations, including laboratory model tests, have bean
carried out to optimise monitor response within the vessel geomebries avail-
abla in the HAL and to asasss the aenaitivity of the capacitive bukbona an

beam plok=ups.
1. HMOHITOR RESPONSE
The wessels incorporating the BPT plck-upa are unusual in that they are
ractangular in sectlon with, in the case of the F-guadrupole beam poaltlon
monitor, a somewhat extreme "letterbox’ geonetry. The expected response of a

rectangular section BPI is flrst considered.

3.1 The Couwpling Impedance of a Button Pick-up

Conglder a alngle button plek-up mounted flush with the surface of a

rectangular vesgel [shown in fig.4): the vessel geometry proposed for the HBL

Y
Lo
b
L] lh[h,xu,yﬂ,zh:l
.—a —— . N ————— — N—— a —_— x
-b
Fig.4. Vessel geometry and beam coordinates
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If tha plate la coupled directly to a terminated coaxial line of

impedanos Bﬂ then it can be shown (Appendix 1) that the coupling lmpedance z’:
of the plok-up is:=-

al When w, B0 41
Lo

w, = Angular Frequency of the Fourler hess component, wavalengkbh )

Cp = Capacitance of the plakte assembly.

a§e-. o5
z_ = z I B
o ha = - m{‘ = pJ

b} wWhen w, T C_» 1
o p

. m
T B (2
-4 Cp AY =1 My = o}

wherai 8 = purface area of plate

v o= particle beam velocity In % direction

[m'l{rl.-ht I} mtlblyal
ain| ==—p—=—==| gh|—————
Ia 2a my [atx}
ands Bm 3 muhb slnI 2a ]
(4] sh [T]

This plck=up response takes the form of a single pole high pass filter
{Eig.5) with a breakpaink:

fe

Fig.5. Frequency reaponas of a plok=-up bukbon
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Two observations can be made about the response of a button plock-up:

{1y If a wide band beam diagnoatics plck-up is required, the break point
froquency [ should be below the fundamental r.f. beam component. This
can be achieved by insorting a ceramic aspacer im the bukton assembly ko
incraase the plate capacitance © . A flat wide band response covering
baam harmonice to an upper freguency limited by wesaal cut-off will then

ba achieved.

(2} If the button is one of the pick-ups in a heam position monitor opsrat-
ing in a narrow frequency band centred on the fundamental r.f. beam
component, the break point frequency !E ghould be above the working
frequency of the monitor. A low capacitance, alr spaced button is re-
rquired. The monitor response ls then less dependent on extreme preci-
gion in the internal assembly of the pick-up and is simply determined by
an accurately defined sarface area 5 and callbrated terminating impe-

dance § .
Lo ]

Mounting a model button pick-up plate in & wide band coaxial test assem-
bly demonatrated the effectivenssa of the button pick=up as a wide band moni-
tor [(fig.6).

TOP:

Drive pulee = 130pa (FWHM)

BOTTOM ¢
Plake output, dia. = 25mm

c = BSpf
B P

Flg:6. Pulee response of a pick-up button

3.2 The F-Quadrupole BPI

The F=quadrupole BPI is mounted in a vesaesl with an extreme 'letterbox’

geometry so this case was chosen to check the validity of the axpression
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{egn.{1)) for plate coupling impedance “.+ The basic geometry of a labora-
tory model F-gquadrupole BPI s shown in £ig.7.

b
Va t Vi
1 _ b |
o I, (%0.¥0)
-a o - a - X
-b
ry 'j,-'- D a=99mm
i ¥ b= 18 mm
C o D= 40mm

Fig.7. Model F-guad Vessel Geometry

The four pick-ups in the model BPL were air spaced 25mm diameter buttons.

3.2.1. Measured response

The model BPI was mounted in a calibration rig in which the BPI vessel
formed part of a matched coaxial test assembly with a centre conductor to re-—
present the beam. Calibration was caried out using a 500 MHz test signal to
aimulate the fundamental r.f. beam component in the SRS and a set of 500 MHz

hybrids were used to process the monitor output signals.

The measured response obtained is shown in reaponae plet 1 (shown at end
of report) which includes a achematic of the signal processing hybrid used to
derive the sum (I} and difference (A) signals from the four monitor plick=ups.
It may be noted that the total carrent responsa, represented in terms of an
average or compasite coupling impedancs Iﬁc| from the four pick-up plates,

varies considerably across the horizontal smeasurement aperture.

1-2.2., Compubed reaponse

Taking the same geometry vessel, compubter processsed sum (L) and differ=
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ence (A) signals were derived using the relakionships:

A =Y ¥V +V_ +V
Fxn A B [ o

= + = +
.’sxu [\fn \FDI l"rﬂ 'u"cl

where the plate output woltagea are obtalned uslng the derived expression for

plate coupling impedance: eqgn.(1) as fr.' >» 500 HH=z

then:
2na i
V. =1 =32 I R
A b ha L (x = D)
v -1, 2584 ; [ where -y is substitured for
o b ha o m !'a fa
m=1 lx = D]
2n8 i
Vv =1I =% &L B
B b ha o =1 m{x R
v -1 23, o g where -y 1s substituted f
o b as Za n ere -y 1s 8 stituted for Y
m=1 (x = =p)
nxu
Thae BFL responge E;* and the composite coupling impedances:
o
:I‘.xﬂ
|3 ' = — wan plotted.
a -!IIb

The resultant plots are shown in responss plot 2 (ahown at end of
repart) For the particular case of a beam with zero vertical offset ”u = o).
For comparison, and to confirm the general validity of the derived expression
for monitor coupling, a number of the corresponding measurement points from
reaponse plot 1 are also shown. Within the limits of accuracy provided by
the fabricated model BPI and an uncalibrated set of signal processing

hybrids, the general agreement is good,
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3.3 The D=Quadrupole BPL

Similar work was carcied ouk on a laboratory model D-guadrupole BPL with

the basic geomotry shown in fig.B.

by

1,;" a=40mm
b =25mm
D=0
b
-a A —
~-b
UB

Fig.8. Hodel D-Quad Vesassl Geomebtry

The model BPI incorporated two rectangular air spaced pick-up plates
{7 » 25mm) on the central vertical axis. The measured response is shown in
regponse plot 3 [gem end of report] which aleo shows a achemabic of the
signal procesaing hybrid.
The computed response was plotted uslng the relatlonships:

=V +V
E1"Iltl A B

hy =¥%_ -V

whers
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ina = _
'.TB Ih Ty zﬂ T qu whara ¥ is substituted for Y,
m=1 (2 = 0}
E.rq
The BPI response ? and the ecomposite coupling impedance:
“a
Iy
15 } = —2 sere derived.
-] lIh

The plots shown in response plot 4 {(shown at end of report) were those
obtained following a number of computer simulations carried out to optimise
the size of the pick-up plates. In this particular case, the pick-up buttons
warae 15mn diameter clrcular plates. For comparison a number of the corres-
ponding measurement points from response plot 3 are also shown, the maasured

waluns for FZC| being linearily scaled to the new plate dimensions.

3.4 The Beam Absorber

The model teats conflem thak capaclelve pick-up buttons installed as an
integral part of the rectangular section vacuum vessels at the F and D quad-
rupnles can provide an effective BPI response. However, in each case the
vegsel will also incorporate a water cooled absorber which will modify the
internal geometry of the wveaael so additional computer simulations were car-

ried out to assess fts implications on BPI monltor design.

In the case of the F-guadrupole vessel, the cooled absorber introduced
an affecktive shift of 10ms in the position of one slde wall in the vessel
asgenbly. Computer response plokts confirmed kthat this degree of vessel of f-
set introduced an error in the centre zero measurement position of leas than
D.imm and virtually no change in the BPI response over a cenktral &2 25mm mea-
suremant reglon. The effect of the cooled absorber in the F-quadrupole wves-

sal can safely be ignored.
The cooled absorber mounted in the D=gquadrupole vessel had, however, a

signiflecant effect on vessel geometry and corresponding response plot as the

harizontal aperture on one side of beam centre was reduced to 25mm. The
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final design of D-quudrupnl: BRI vesnsel incorporates a cooled absorber fahri=
cated to form a vessel side wall 25mm away from beam centre amd a dummy side

wall position 25mm on the opposite side of beam centre.

The resultant plots for a beam with zero horizontal offset ixn = 0) and
10mm horizontal offeetc txa = 10mm) are shown in response plota 5 and & re-
gpactively. These responae plote indlcate that there ls some reduction in
linearity owver the central working aperture and that there is now a greater
variation in the coupling impedance response. However, the change in vessel
goometry has not seriously compromised monitor operation and it still pro-

vides a usnful working aperture in excess of #15mm.

4. IMPLEMENTING THE SYSTEM IN THE SRS

4.1 General Observations

In addition to providing the basie response and sensitivity data requir-
ed when introducing the new system of ring BPI's into the SRS, the above

tests allow a numbar of lnterasting observations to ba mada.

In particular, the tests werlfy that the method currently in use ln the
5RE, of directly processing the sum (L) and difference [A) monitor signals
using a set of passive stripline hybrids is egually walid for the proposed
capacitive button monitors. The Laborakory model teata alao show that baokh
the modal BPI assemblies produce a low wvalue calilbraktion factor where this ia

defined as:

Ax e by“
¥ Iy,

whire:
cx and CY t+ calibration factors of the F and D monitors respectively

® and y t beam displacement in mm in the F and D monltors respectively.

The significance of both these observations is illustrated when the
affset and calibration arrors introduced by the sobsaquent signal processing
and display system are considered. Consider the case of the F-gquadrupole
BFL:
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Fig.%. GBignal Processing Offset and Calibration Errors

Flgure 9 is a aimplified representation of the source of measuremant
error in the aignal processing system. The BPL and hybrid introduce a centre
gero offset error 5xn, there is a differential error in channel gain of &h
and the signal processing syatem introduces an input offset voltage of en-

The resultant error in processed besm poaition [ &x.mm) is then:

% h .1}
6x = ix_ (1 + . ) taxﬂ + eﬂl ty F (3}

The first term in eqn.(3) defines the zearo offset arror and the second term

gimply represents the channel calibratlon accuracy.

It will be noted thak, given fa << A, the centre zaro offset error is
largely independent of channel amplifier galn and differentlal galn error.
Thus the stability of the zero offset in a hybrid based system ls largely
unaffected by the many factors which determine the accuracy and stability of
aignal channel gain in a practical signal processing aystem. Thesa include
the stability of the amplifier and signal processing electronlics and also the
variationa in cable attenuation and insertion loss which will occcur in any

signal awitching maletiplexer aystem.

It will also be noted that the cenktre zero offset error defined by egn.
[3) is directly proportional to the calibratlion factor C“. The calibration
factor thus asumes a more useful role as a measure of monltor performance or

gquality factory. The lower the value of r:’ the better ia monitor performances.
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The measured values for C and C? (14 and 18 respectively) presented by
tha new monitors compare well with the calibratlion factor iC* - C? = 52) of
the installed stripline monltors and indicate a potential for a reduction in

procegaed moasurement Ccenbre Brror.

4.2 Implementation

The fackors discussed above and the general test results obtained indi-
cate that the new monitors ara compatible with the present slignal processing
and display system installed in the storage ring. Essentially, the new sys-
tem of BPI's can be considered a plug-im replacement for the present strip—

line beam position monitors.

The installed system of coaxial relays, the BPI aignal multiplexer, can
he used to switch the slgnals from the btwo moniters in each straight into a
sot of four high guality cables for suhsequent signal processing at a central
monitaring atation. The signal display and readout system located in the

monitoring atation is shown in fig.10.

BRI signats
firom aignal mallipiese |
Beam furmnt bt
limia! curreni moesior Ay T, Ay By
g | ]
et -
m-mm_""'i Lawtred I !
| # - Gemitchad
Alfrraaniney

20db sggn-d_

— Phase sensifive
delncing

The main components in this system are the phase sensitive detectors

which, operating at frequencies centred on the 500 MHz fundamental beam com-
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ponant, are used ko detect the E and A signala from sach monitor. The single
modification required to be made to the pressnt installed system is the addi-
tion of the 1048 and 2048 amplifiers shown at the lnputa of the two phaase

sensitive detectors. These amplifiers compensate for the lower aignal levels

{reducaed coupling impedance zﬂ'r obtained from the button pick-ups.

Meragurements of performance indicate that, at present, the signal pro-
casging system Introduces offget errors of less than # 0.5mm and thak varia-
tions in signal channel gain dwe to signal switching and phase errors in the
cable metwork introduce calibration errore of € & 3%. Thie last figure will
not ba changed following the installation of the new monitors but a signifi-
cant lmprovement Lln zero offset error is expected. The lower walue calibra=-
tion factor ECI and cy! should reduce the zero offset to a value approaching
+ 0.1mm (< + 0.2mm).

Other aspects of aysten performance will be essentially wnchanged.
Operation should be maintained down to a lewel of stored beam current of 10mA

and the system will provide a detected bandwidth of approximately 50 HH=z.

4.3 Monikor Calibration

callbrating the new BPI's presents some problems. The monltors are an
Inkegral part of the F and D vesels which, themselves, 4o not present a unil-
form cross section. Consegquently it will be dlfficult to assemble a matched
coaxial test rig with a precision surveyed ocentre conductor for callbration
ak kthe 500 MHz [requency corresponding to the fuondamental r.f. beam ocompon=-

ent.

It is of couras fundamental to the accuracy with which the ayatem mea-
aurea the beam cloasd orbit relative ko a sarvey mean orbit that an accurate
figure for cenkre zero of fast 161:‘ and ﬁyn] ta defined. A& two stage proce=

Adure is proposed.

The F and D wvessala will be mounted Iin a survey kest rig and calibrated
at low frequency (< 5 MHz) to avold r.f. mabtchlng problems. This is posaible
if low capacitance, alr space buttons are adopted as pick-up plates in the
BPT and where coupling to the plok-=up plates ls defined by egn.{(1). The aim

will be o define an accurabte measurement centre relative to the survey
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centra and to establish accurate § and A calibration. The signal processing
hybrids will not ba used.

The validity of this procedure was checked using the D vessel model
assnembly at a test frequency of 4.0 MHz. The microvolt level output algnala
from sach pick-up plate were moasured wsing an LF spectrum analyaer and the
beam position reaponse was plotted (responae plot 7). The composite coupling
impedance reaponse was also plotted wsing the following expression to define

the high Erequency (500 MHz)} coupling impedance:

g = 1 [I“nlu & i“ﬂ-!m] far:.'.l:.' z (4
e 2 | l Y T
v m
glm
by z ;! £ = 50
where: - : working Erequency Il.‘am 500 HMHz) composite

coupling impedance

I“l|u and i‘ratn t plate outputs at test Fregquency H" = 4.0 MHz).
i"-l'gin : generator volts on test wire.

2 : charactariatic impedance of the coaxial teat
apaembly in the immediaste region of the pick-up
plates.

For comparison, and to confirm the genaral validicy of the proposed pro=-
codurs, the high fregquency ”eu:r: = 500 MAz) monltor response previously mea=
sured in the same test rig and illustrated in response plot 3 is also shown
in response plot 7. Within the limits of accuracy accepted in this initial
test and in particular the relative accuracy with which the plate woltas were
mapasurad at the two spob freguencies (500 MHz and 4.0 HMHz), the general
agrasmant is good. In the case of the beam positlon response, where the

ralative accuracy of measurement is not a factor, agreement im very good.

A sacond, and independent, stage of calibration will measure the charac-
tariatice of the F and D hybrid uaits. This will again involve calibration
using A survey test rig but this time at a frequency of 500 MHz. Tha rig
will incorporate short section model F and D head assembliss mounted to form
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part of a matched coaxial test unit. The model PPI assemblies will be preci-
alon machined wnita and will serve as calibration standarda for defining the

centre zero offset of the hybrid units.

The overall accuracy of calibration will depend on a number of factors:
calibration moasurement error, mechanical errors In the callbratlon jig and
survey errors. The calibration measurement error will dominate but, again
hecause of the lower BPL calibration factors (C and C?]. the aim will be to
achieve a redustion in the monitor errer (= 0.25mm) currently specified for

the installed stripline monitors.

5. TIMIHG STGHAL PICK=UPS

Mounkted as an Integral part of sach D-quadrupole BPI assembly are timing
signal pick=-up bubttons. These are nob apecifically intended ko be wideband
beam diagnostic pick-ups but are Iinstalled bto provide users with a source of
unipolar beam derived timing signals Auring single bunch operation. The tim-
ing buttons incorporate ceramic spacers and, in the D-quadrupole BPI vessel,
have the following characterisclos:

Button diameter = 1 4mm
Autton capacitance © = 7 pf
P
Low fregquency 3 48 point !': = 450 HHE
WK COPY & T3
COUFLING 1SPEDRICE, SINGLE FIATE Mi
ai T + 1.1
b= T
[ B BN - e
~ ﬂﬂ“1t\\
- 1.75 "
/z \.
il
- =
/ T {10 M
- e, "
// -~ I B | -y ™
,/ v o — R
- -~ -, 8
o - o 1 T T
ra ,f’f — -.L__L__ - N
. - -
a0\
e = _‘--“-_-!‘1._ By S
s Aan T i
[ i ST -3 3 W ——m
S — - AP - S —

Fig.11. The Timing Button Coupling Response
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The pulse response shown in fig.d is for a test button assembly with
similar fregquency characterisktica ko the proposed timing sigmal pick-up. The
coupling impedance response to a beam in Ehe D vessel is shown in Fig.11.

The response plob sahows the varlabtlon of ecoupling impedance tztb with
horlzontal beam diaplacement for Aifferent levels of vertical offeet (0, +5,

10 ...mm}. At beam centre the coupling impedance is = 0.753 chms.

In addition to providing uwsers with timing silgnals, the timing buttons
will alac have some value when uaed as general beam diagnostle plok-upa. The
plek=up ia sensltive to vertical beam opcillations (Qwv) buk will have wery
low radial sensitivity. This impliea that the timing buttons will have par-
ticular value for observing wideband beam structure and high frequency longi-
tudinal baam components and will be a wuseful complement to the diagnostic

aeripline monitor pressntly inastalled in the BRS.

The upper frequency limit for application as a wideband besm diagnostics
pick-up is determined by the geometry of the D-guadrupnle wvessel and the
location of the button within the vesssl. In practlee, this wpper limie ia
at a polnt somewhat below vessel cuk-of f and e dependent on the degree of
fgolation from local beam excited modes and edge effects. The location of
the timing button within the D-gquadrupole vessel provides the Ffollowing:

Vesgal cut-off =~ 3 GHz
Ieslatlion [assuming wavegulde propagatlon) of local modes and edge effecta
» 20 dn at freguencles '1 £ 2 GH=.
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APPENDIX 1

The Coupling Impadance of a Button Pick-up

Considar a singla button pick-up mounted flush with the surface of a

ractangular vessal

™ Ib[h,xn.yn.zh:l

Fig.1. WVessel geometry and beam coordinates

The murface charge Lnduced on wall y = b has been caloulabed by cup-urust”;

=3

- —r 2n -
EFh{t,zl =5 oo [k {ut + xl z.]]
mitla + qu
in |————— h b
; sin | 2a ] b [a (> ¢y )] i [m:!u. + 0,
i sh (2b Eu: 2a
whern: 0, = mmplitude of the Fourier beam component, wavelength A, in C/m.

Y
u = particle beam wvelocicy in 2 direction

o - [0+ (3211
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In the case of both an vultra relativistic beam and a coaxial test line
agsembly y tends to infinity

BO i 4 - n_“"
m a
=} -
Y 2n -
and o ie,m "2 000 [ (vt 4 E - W] B m

mula + x )

a muib + ]rﬂ]I

ain [ ] sh [
where: 3] - 2a 20 sin [

“!x] ah [%]

muia # u!]
2a

Button Current

Assuming a circular ploek-up button at positlon D with surface area 5 and

radiue R:
If a »» R €< &
amd I.'k = mmplitude of the Fourler beam component

=D = )xE D
e ¥ Y

Then the induced short circuit (Horton) current tP‘ ia:

d
2nas n
i == 2B [2Eque+z0] E OB iz)
d
P t L ha LY LY m=1 -tx-l:l:

Coupling Impedance
If the plate ils ecoupled directly bto a terminated coaxial line then:

v =T 4§
P PP

where, Lf the plate is coupled through a high guallety connector, zp can
be conaldered as aimply the composite impedance formed by the line impedance

RING=-85/134 20



Io in parallsl with the reactive load presented by tha platas capacitance L'P.

Wow the coupling impedance of the pick=up plats is defined am:
I
a I,

and from egna.(1) and (2):

a) When uliucp <1

b) whan mlzﬂcp » 1

(1} J.H. Cuparus, Wucl. Instr. and Math. 145 (1977) 21%9.
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‘D' Vessel model BP1: Two on-axis capacitive pick-up plates
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