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.. DIAGNOSIS AND CORRECTION OF BEAM BEHAVIOR 
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'· •"I ·- . Alper A. Garren and Lloyd Smith 

. _. .' 

' '. ": 

. '·'\,.'J:·:j~- ·~ : • 
Lawrence. Radiation Laboratory··:::~, · · 

University of California " 
Berkeley, California · • .,, · ·· ··· · 

. ' 

April 2, 1963 
. ~ ~ .. " 

ABSTRACT 
. . . ., 

A description is given of. methods used to observe phase behavior, 

'i.J,. 

orbit centering, and oscillation amplitude and frequencies ln a cyclotron. 

These methods are being used to facilitate development~£ new 88-L::h-

.. 

., 1, ;.;...1'' 

'i·. 

·cyclotron beams. Beam properties are deduced from the intensity as a fu,·_.:-
' • l "· ' 

tion of radius, probe shadows, 3.,finger and '"C"•probe. measurements. .. . ; . . .. 

·· Required c,orrectlons make use of calculations based on magnet measurements. 
t 4 ~.: ~' •·':· J, .' . .. ' 
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~- ' •' 
.' ,, 
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·~ .. . ; ' ,•, 
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,•' " ~''' I . 

·;·Lawrence Radiation Laboratory·: ... :,'' 
. . University of California . , ·' · · 

!' ~ - BerlteleY•:. California . , · ·· 
·,~ 

April Z, 1963 

( .. DETERMINATION AND CORRECTION OF BEAM PHASE 
-:' . . 

Since. the 88-inch cyclo·tron does not yet have a reliable phase probe, · 

we hava developed a method for ,determining the beam phase distributio;n as 

a function of radius by analysis of beam intensity ve. radius (I vs. R) meas-
• ·~ I -

u~ement~ on an ordinary probe for a range o.f d~e frequencies. 

We note first that, apart from an additive constant, the sine of the 

. phase lagJ!.or a.~l particles in the beam is t-'le same function of radius . 
. , 
·. Specifically, the phase lag q, is given by · · 

' ~-~ .... ' ' . r R · · ·· ·· · · 1 

slncf> (R) ~ sin4d0) Ztr ~f2 
((A))2 l I' ~B(R) .RdR -·· L\w ~~2j 

b.E c L B (O). I . w ~ 
0 s · ... 

·, ' 

.'I} \ . 

where 6.B(~) is .the departure of the actual. tnagnetic field from the sync~.-, ·~-~-
: ~. •I ~ ~ k. ' ' :_' . 

· ous field B 8 (R). 6.w is the departure of the frequency· from the·value w cc.:·-
, • r I 

responding to B 8 • and .6E is the peak energy gain per turn .. The procedure 
~ . ' ' \ 

is to determine the AB contribution to sincp Qy __ aystematic variations 'of the 
" ~ :·.: ' . ' :. . -......,~ '_: :-· . ' : . . ·. \\\ ~ 

known 6.c.r,) term • . (., 

;;'_r' Suppose, £or eJcample, that the beam phase behavior for the reference 

<~<:-,- .,. !r~quency is as shown ,.in Fig. l(a)~. Each solid cur~e ·shows the phase history 
l~'i~··,; 

t·.· 

· . 
. \ 

' .· 
of a representative particle in the beam. The resultant 1 ve. R curve 

. -·,. 

(Flg. l(b)] shows co.,..sta.nt,intensity to r.adius A.• where some particles begin 
" . . . ' j'.! . ·: ;.··. : . · .... ,.; ·:: ·.. ' ·~ ''··~. : ;· .·.'··> _, ;:.· . ' . . 

, .. . ' ... 
.. 

I~-, .. ·~\ • ·,-~: ·: f-~-.l~\' <:>''.~'·,·!··;·. 
. ~-

• ' <,. •• $ ' ~- .. 

' • I .~ ... ~ } ' 

-~ ; 
i ' : ·;' ~ 

... , . 

..·. 
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to be decelerated; decreasing intensity to radius B; consta,nt intensity to 

radius C; and the final decrea19e to zero intensity at radius D. If the fre-. ' . . . . 

quency is decreased, the curves of F.lg. l(a) are shifted downward. by an 
f ' . ' ,\. 

· amount proportional to R 2 Aw, causing points .A and B to move inward, and 

C and D to move outward in radius by amounts uniquely determined by the 

shape of the sin~ curves~ o£ Fig. l(a). At the same time the intensity in the 

plateau bf:)tween B. and C decreases, eventually reaching zero when the 

uppermost.phase. ~urve of Fig. l(a) is depressed to -1 at B •. On the other 

hand, increasing the frequency causes points. A .and B to move outward, and . 

C and D inward. Eventq.ally the dip at A will disappear.' At some positive 

frequency shift two new intensity break points will appear at smaller radii as 

the inner maximum exceeds sincp = +.~.. 
· Be~ause o£ the unique relation between the I vs. R and the ;;;~n<j>{R) 

·. curves, the phase curves for a reference frequency may be deduced frorr~ a 
~ 

set of 1.!!;. R measurements at different !re~uenci~'s· by subtracting the appro-

.. priate frequency .. ahi!t contributions to sine} at the break points f:om :1: 1. 

Moreover, f:rom the shape of the x·~ R curves between break :.Joints like 

A and B one can deduce the phase dlatribudon of the beam. 

A typical sat o£ such measurements taken from a 130-MeV a.-particle 

beam is shown in Fig. 2 (cleaned up to show ~elevant features). The -intensity 
\ 

·, 

losses were shown to arise lA'·Om lack of synchronism, rather than axial losses, 

· (, by observing that no current appeared on a· stationary probe above and below 

/ 

the median plane (C~probe) aa the moving p1·obe was withdrawn. The phase 

· diagram deduced from these curves is shown in Fig .• 3 .. The crosses mark 

po.ints which were predicted by compu~er programs that used measured iron 
~- . 

and trim-coil fields.·~ .It should be remarked that such detailed information 
~ ,. ·• ~. ~.., ·:~. 

·•• .. l '. ·. \ ·, .. r,~ 

' .. 
J·_· ••. i,. ('f' 

. . ( 

f .• 

' ' ~ • o- • < l 

. '· !' . ~, . . 
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about beam phase ~ehavior :requires a high degree of stability of frequency 

; · . , and magn~t~c field, ~ince frequency shifts of 1 kc cause ·significant changes 

... ' 

·,, 

in the I vs. R curves.· · 

The phase widths of beams we hav~ analyzed are 40 to 50 deg, and the . , 

distribution seems 'to be peaked towa1·ds ·the phase-lagging side, which is' 
\ 

reasonable for the source-puller geometry used. 

Improvement of beam phase behavior, if indicated, is obtained from 

computed curves showing the contribution of each trim coil (or set of trim 

·.· ·--· coila connected ·in series) to sincj> (R)i see Fig. 4. Since these trim-coil 

!' 

';• 

' ~ . ... ; .. 

. ,,.·,·4> 

·.· . . ' 

effects are rather flat o.ut to the coil radius, they make a' contribution to sincp 

quadratic in radius, as does the £requency- .. hift term.'· Consequently, si.mul-. 
taneous tuning o£ a tri~ coil and the dee frequency can make a phase cor:;·:.:ction 

, . startfng near one of the undesirable peaks or valleys of the sincp curves. 
. .:t~:::: ' . .. ' ' . ' 

Though this correction will continue out to larger·radii;· trim coils farther 

o~t can compensate.·· In this way.one can systematically ~traighten out the 
; . 

.. phase curves~ '' I' ' 

: •• , • !,' 

1"· • ~· I' ' ' . . ... ,t :, 

.. ~ . 
. ';,. 

"- BEAM CENTERING 

. ..... · ... 
,, 

. ' 

A convenient way to determine if the beam is cen~ered is to place the 
.. ~ . \ 

··three probes ( 120 deg apart) at the ea.me radius. ·· The beam is centered if. and 

. only if, each p1·obe picks up the same amount of beam~ 

. ~· . •.: ~ 

·t·· 
. . . . f . . '· ,.~~ ' 

,, 
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,VERTICAL STABILITY 

The most useful instrument for detecting axial loss has been the so• 

called C•probe, .which extends .above and below the median plane, over a · 

·.·~large radial range. By watching C•probe current .!.!.: radius on another 

probe one can determine the radii where axial loss ·occura • ., 
~:. 

Th~. effect of the trim coils on axial stability is conveniently displayed 

by use .;£curves of the c-ontribution to "zz of each ,t.rlm.•c~ii'pow.er. supply: 
t. . . ' ._. .. ' . ' j • • ' • • ' • \ ••• ,j • ~ ' •' 

i'' • I 
· namely, the contributio~ to 1-1' = (R/B)(dB/dR). These are shown in Fig. 5 

• j • ... 

. for the 13'0-MeV o.' case> One must take care that the., J.lt' changes from the 

..... _.'.· .·.·.-' :trim coils do not cause vertical-~nstability. 
1 .· • '• 

. . ; 
·.· ..... · 

. ·: 
'' '· ,.. ·. ', · . 

•·'':~· 
. ( · .... ~ 

,· 
~. :) RADIAL-AMPLITUDE DETERMINATION 

.. ' 
Th~ amplitude of incoherent radial oscillations may be deduced from 

I • ', 
'01 , •• 

; t,., j• 
t -: ~ . . 

\ ... -
··measurements of the radial extent of the shadow cast by one probe on another. 

We have worked out a graphical method for predicting such shadow shapes, 
•\ \ ', • ' ' . '·. ' . . ' ' . ' l 
; similar to that used for p:.:edictlng deflector transmission efficiency . 

. \ ·:. k -.... /·· . ~ • • . • 
• , • • j •, ;·:~· •• ~: 1.\.... i 

1
· ·:) Consider tw~ probes, an ups~g>~ one a.~ r~dius R 1 and zero azimuth, 

.,· _, a .downetream one at radius R2 and azi~~t~ e2 <11'; Suppose a particle has 
' ' . 

radial amplitude A.' .phase. 4> and equilib~iwn orbit radiu~ on·th~ ~th turn 

, .{We may.label turns arbitrari~y) r 0e = R 1 ,; A.: "-~r, where. ~r _is th:e· .. ,turn 
' ' '':. q . ' ·' '·. \ 
'· separation and. ~ • 0 c;; >.. ~ 1, ls a rando_m .variable expressing the ass wnption 

. •,· ,· ~~.:that the. radial density diatribut~~n 1~ ··uniform On the, ~th. ~-~;t~· ~~ 'radiu: of 
... . . : ' ' './ ~-- ,, .. ' . . ... )- ~ 1 ..... ,· · .. , 

' :. :· . ·,;~is :a~:~c:~;t ;:~~:::-:11
{;: ~os (•. e- <j> + 2v(~. ~ l) kJ.} ;: ~:, 

. . , : ,,,.
1 

,. k , , , 1 \\ rl;• •\.•\<•q I"' "I,,,, .... , r. . . itt , ,., .. ,,. ,. 
:·(·,/'~ ~f ' • • • t • 1'- •• 1 ':'!ftl•l ,·{~ :, 'lj \ ,~f t 'f1' ~·:···:. ~ ', ~ ... 1}' )...ll ·., ;,,;;'.~h • 

:~~·.~~;~ ~:~~ • • ~ ~ ·_. ~: • r ' !" 'U• \ I ~ '/•.:\-:' ;~\'\rr~·:Y~~~?.~~~~;~.~ .. t.; )._:~~~~;~~~ .,.:·: ~-·. 

(2) 

·, 

· , ···~ where ~ .,1 ~ are random variables within the limits ·:-,:·,f .. ·r· •· .. "., •••••..• · :.·:. • , , 

''·~'- ~·.: .. (.·,:· ... :·.·.~~P. ~ ·l·~ ·~11'·~ ' .. : ·, :?;,: ..•.. ,. o·. ~ ~· ~ :l ;:··;:.:; .·.~.· .· : .. · .: .. : : .,. \.-~}~· ,:~:,:· :ii.:.::::, '/· ,~~:1.:.:,· ,.:· :·· :·· (3) ' 

.· / 
' 

··.,~. ,·;:/;-~:·_v~ A. ~articl~ wil~ 'st;tk:~ th~ ups~re~m ~rob~, if the;: i~· ~o~·~, ~~rn n~ber n such.·.· . 

::~:.;r :" -::'~-, ·;·:' -·~:-'::;._.:. ~:_;;;.~:~~dli'2~~d;,\~~:~,');:,~,;:,;'r~·~\·x·.:~;0:\ 
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. that rk (O~ < R 1 and rk (e 2) < R 2 , for all k-< n, and rn (O) ~R 1 ~ otll.erwise, 

it will strike the downstream probei . These conditions may be written 
' ' ' • • .~, • • ; I' '! •-,, ;_ • ..._" j' ,< : ,; ~ • 

1· cos(<t>'-.k~)>·(l~-.. 'A,)6.~/.A::{.' ': 
. . ,_, 

· .(Rz _- R
1 
)/A + 

• r • • 

1 .. cos (4> .. nA) < (n ·'A.) Ar/A ., · 
" ' =~ '. 

all k < n 

- · ...... ' '' (4) 

. '·' 

". 
I '; 

where A ::1; 211' (v .. 1) and q,' I X· 'o_bey (3) •. The construction is illustrated in .. r 

Fig. 6 for a parti~ular choice_ ~f_, 9z'• "r• and 6.r(A~. ·For each choice of_ 
' • '\~ ' I• ' • ' 

b..r/ A one gets a different angle CL ·and consequently a different curve 3, show• 

,,,.,_,._ ing the range of phases hitting each probe. Such a sequence is shown in Fig. 7, 

.. 
which corresponds to vre2 ::=. 1.20 de'g. Each curve encloses the phases striking 

:·,-probe 2 ~~sa function of (R2 - R1)/A.· · The,se curves are labeled by their 
tt .... 

. :·values of .
1

A/ A0 , where A 0 = Ar/21T(vr- 1). For a low-energy cyclotron vr l::: 1 

. and we will introduce little e~ror by replacing "re2' by. e2 ~- Then there 

remains only one c?aracteristic parameter. A/ A 0 ~ 21T(vr· ~ 1 )A/ Ar, for each. 

·. value of which one gets one ·of the curves of Fig. 7. : •'· 

The fractio~ o£ particles, £2-o strUdng_probe 2 is obtained by taking at 

·- · • : each' ordinate (R2 - R 1)/A the ratio of the .phase,width inside the curve to 2'1T 
. -' 

· radians. Finally the ordinates are multip~ie~ by A/ A0' to yield tile c~rves o£ 

;. Fig~ 8, wh~ch _showa f2(A!Ao_) 'vs (~~;;).~~~/A0 :·"~Frol!l Fig_. 8 one .can p·r~dict 

; ' "'·.'probe shadows for all comblna'tlons of 'P'a~'ameters so long as 'the probes are 

120 deg apart and v is not too different ·from unity.. Another useful represen· . r . . 
' ' 

. ~ ... "; . . . ' ' 
· tation derived fr9m Fig. 8, and shown in Fig. 9,, gives the total shadow width 

1.,.- :· • ~- ' . . '' . : . ·. • . . ' 

.. · ·.-· ... · · vs: -A0 !or various amplitudes ~ • ·The A 0 may b~- predic::ted easily from the 
' . .. ·.r.~ ,, ':; .. : .. 

. l dee voltage. r£ partl~le_ phase, ,li~d "r; ~ !i'ig~~~- ~~ shows' a ,'pr:ediction based 

· ·: ·~·· ·.: ·, •

1 

. .• ~: :·· :· .•. ~ .·~ .rftt··~;::.~~ ': .. :; .. :·• ·: . ·· 
.. /f~,.: '; ~~. ~:. I ,. ., ~~·• • ! .. 

'. ~ ~ ·, . t;·~ . ' ;· ' 

. '. . • ! .. . ~ /:. " .. • '. " J ~ 
. ·,. 't'.. .,;·_,' ,.· .. -

~,...____,;..,7 .. -~.~-,....-.-. ~-.:..~_.,.;. .. ~-·· -· - -:. -~"~-~- · ···· :· ·~ · -:~--:-r--~..:::7?'-·--·~:~::-·, ~,~: ;.'·,.· · ..... -~.~:>-·-::T~~-:-~~T~r::"'t::~~~-::cr"':-·;.:.:< 
··-·-< .w:-, ~. . ,_ ·~ ·:.· ....._,~.;. ·.: ·>:,.: .. i •··i\;/';,''',Jl..:.~lj,.~,;·;,.!; i.;.;~}/:<~;~~.i.~::j~';u/,1 ,~1;/ :~~~·,\l'~);: 1 \,,";~;.:.~ //( 1 i).1,\;;·L~'.,,' ~,,\~ .. :··,,' ,\t, ,' 

,_ ,· . '. ~ ,. ~ 

.-r--· '• 

_~.· 

' . ·.· .. ,• 
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'i :, 
on computer calculations of ~O for 130-MeV a.-particles in the 88-inch 

cyclotron! The shap~ of the curves of Fig. 9 is-~orth noting: for A0 >A, 

A= AR~/3, but for ""O <A; A is increasingly greater than AR8 /3. In other 
. . . . ' \ . . . .' 

words, probe shadows b~come deceptively sharp when A 0 becomes small, 

· whicb occurs at large radii. 
j 

)~ 

Probe shadows measured here and interpreted in this way_have ·. 

indicated radial amplitudes of about 1/4 in. for the 88-inch cyclotron._ This 

helps to explain our favorable· deflector chann~l_transmission efficiency 
'· 

(about 40o/o) and good external-beam quality 
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· Figu.te Captions., 
· .. '. 

··.Fig.· l(a).. Phases o!beam particle~ !!.· radius-:fo~ a.hypofu.etical case. ··-
. . 

.·.: .< .. ~·. . ;<:,J~)~} Intensity ~~. ~ pro~e vs radius for h.ypotheti.cal case.~£ Fig. l(a). : · .. 

Fig •. 2(a) .. 
I ;· 

Beam intensity vs radius,. for .-vario.~s. fl:egative frequency shifts. 
·,.: .. 

' ., - .~ o ' • •I ' ' ' 

Reference frequency £0 = 12.538 Me/sec, a.;·particles, 130 MeV . 
'· . 

• ;, i-- .. 

. Taken fro'm ~easurements but cleaned up to remove contributions 
~ .. , . . + . . 

of H2 and "spurium." 

., ' 

' ~ M: 

Fig. 2(b). ·Beam intensity vs radius for vadous positive frequency shifts. · 
' . . :r. 

:Reference frequency £
0 

== _12; 538 Me/ sec, a. partfcles,l30 MeV. · 

Fig; 3 . 
. ·- .. ·Phase history.of 130 MeV a.-particle beam as deduced from 

i, ...... 

I vs R curves of Fig. 2. 

Change in sincf> resulting from a 100-A decrease in each trim-
'· .~ . 

· coil power-supply current, a 100-A increase in main-coil current, 
.... . ' ~ . . 

·'· 
· · · · . and a lO-kc/ sec decrease in frequency. ·. . ~-- l 

.•'' 

.· ·. Fig. 5. . ',' Contribution ~o. "z'l. (i.e., of -(R/B(dB/dR)] ·from increase of each 

power•suppl~~·~u:::'~~nt by 100 A and the tna.in.;.coil by 10 A. The 

vz2 curve is a computer prediction based .on a particular set of 

trim-coil settings (130 MeV a. particles). 
. ' 

, :.::Fig;:· ~··.::.;·.~:Graphical construction to deduce fraction of beam hitting two 

~ : . . -' ' ,,· .. · ·shadowing probes for "r = 1. 05, 92 ::: 120~, Ar/A = 0.12 .. 

' ·.~ ' 

·~ ',,• 
! . 

.·>', 

1 t • \ ' + •. • .-,,. ·. ~I • · .. 
, . 

. :· 

(R1 =radius. 

e2 == azimuth, 

, 
upstream probe_; R 2 :: radius,· downst~eam probe; 

• I • • ' • 

downstream probe; '0 =azimuth,' upstream probe.) 

1. Draw curve 1: l .. cos cf> 
,·. . ~ 

, . 

.~ 

t' .' 

) ,. 

... ·.,.. 
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.9. 
\ 

Probe shadow widths AR6 vs A0 = Ar/2'11':("r -l) ,(or various amplitudes A. 

. · ~ength unit for _6R.s, A, and A
0

. arbitrary . 
i . AR 

radius in SS~incli' cy~l~t1ro~··f~:,/ 13o.:MeV a. particles, 10. A0 = vs 
2;r(v .. 1) 

. ·; i' 

· 65 kV deer voltage~ 
'· ~ I • ~ !•: ! <~ t ,

1 
' -~. •• { , • "';. r.!"; 

·Based on computer· predictions. .... .:, . ' ' 

, J ~ ';; .1 , I < 

·,.,'i 
.,i 

I • 

:.r 

·.· 

r:. 

. ., 
; .... 

-:.'. 

': .' ·I '· 
··, \ i.'t' 

··' 

'.'"~4'\ ;.,. 

·- .. · 
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~'f.<" 

. \, ~. \ ' 

•. 

I, t. ·: •.~i }.' \ '! 

.i 
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• ~'./~ ;_ •. ' .; I. 

. ~ ,, 

.... 

'· "• t 

... : ~ ~ -~ t 
. I 

• '. t~ . 
·;· ; . 

............ , ... 
··;,• ·' . ~ • i. 

,! • .., 
.f 4: ~ '-•• 

........ 

... : .·• 
f' .. ··· 

>,/ ;·: 
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;... ~ .4 (\ ,) • • ~:~' :.~.' . ..~t• ' 
..... ·' ·~' . . ~· . ' .:. ' . ; .t 

' .. ··· 

t.-

... 
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. . ''· 

<' • 

. ' :1~' J i; . ·~.,-,' ··:·. ;·. 
f:.·, .' • J' .> ... ~: .,.., .... '{ ·, ·,: . , .. ··(' 
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~ •. i 
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4: ,_From .end of~ segment draw,vert.ical segment of height 6.r/A 
,. .· ' . . . . . . . .· ·1 . , . . . . . , 

.. ~· 5. . Complete triangle to obtain angle a..= cot · (A~/lSr) · 
~-. ' . ' ' . . ' . l . 

j 6. ' Mark intersections A, B. of curves 1 and 2 .. . ~i·: ; . \'; 

'· :<·. ',:! 7 •... :.Draw a line, parallel to.OP, at angle.a.;, as h_igh.~s _possible but 

... 

. ' 

' .... ·· 

':t- ·. .i 

~. '· -·: 

;/ '· 
: .-

.,, 
' 

··.~.~ ~. ·: . •'· ~. 

I,'·'.· 

. '.:~ .. ; . 

')': .... 

', ... 

, not ab_ove intersection A or abov.e aurve 2.: .. ·': :. · · :, . . ;. 

> '·, 

· 8~ ·,Draw a line( parallel to OP, at angle a., as high ·as possible.but 

~not above intersection B or above curve. 1 
'·' 

. , Mark intersection P, A of the above. two"~lines with abs.cissa oo•:· • 

, Phases cp betweencp'i,jand cl>o (atturn zero) will strike probe 2. . 
• I ' ' ' ' • •' ' . 

. Hence fracti<?n on probe 2 = PQ/00'' .=(<Po .. cl>p)/360° ,· .. · · 

·· 10. ·.Project P,Q upward onto horizontal line of height (Rz -R1)/A 

. ' 
Connect resulting points pt', Q'. ·The resulting curve (3) shows 

·' .... . . . 
..... ·. 

' ·. ' . :_.. ~. 
... . ~, .. 

. ·t 
. .~ .. 

:the phases hitting probe Z as a function of radial p·robe separation. 

·. ' ~ 

. -
.... ··.; 

... ":'' 

. . . 

'·'. ·.· .. ,· 

I, 

Fig •. 7 . Radial oscillation phases striking shadowing probes;: .. Each curve . 

Fig. 8 .. 

. . (downstream) '!11> 
-~ . encloses phases strik~ng \upstream · ... probe for "r < 1 •.. Oz:dinate 

·.,is :1: (Rz ... R 1 )/A for "r ~ 1. . ·. 0:. > ~. ' . j • ' . . . ~ .. . . 
•, 

·Shadow cast by one probe on another. (separated by 120 deg) vs 
··. 

radial separation of the probes, for various.radial amplitudes A. 
.. . 

·,,· f = £0 =fraction of beam on downs~ream probe if "r > 1 
....... : .. 

···:--

··' .. f ~ fu =fraction o(beam on upstz:eam: prob~. ~~- -~r.< 1:: · 
' I •'' •• !' • • o ' 

··.·.; R0 = radius ofdownstream probe ,·.~··,·::. · .:;·:· .. :·;·_:··:.··· .. · 
• I ' • 0 0 •• ~ ... •• 0 

· ' ... R 0 = radius o£ .up~trea·~;· probe ~'· .... '.'?.: ·. ': :~·· ·~>: 

·_:PP : .. :nu : :uD .:_·.:}r .. •_: ,
1
1'_-.''. __ .. ·· •.. ·· ... • ~ ' ~::_~ .. ·. :·.,.··_ .. ·_· .. :.,_·,:_;~.·~\_._i_~~{: ': , );·.' .. 

..... ·/ , - , •::':L,-:,-·;,:.~ .. ,, . 

· · A 0 ·= .. >~~.~ j iJ\.{.:#R; ·~·~-~~~·aepar~~i6ri;\•;t::.A·~ ,: 
....... ~ .':.\" .. B1r(v~i") ... } •. +-:.,., .• ,, .... ,. •. ,/, .... _ .. t ,,_ .... ,, .. · ., •.. , 

.._\1:-. 

1·~~-~,-·~--~··l .. ·.! -~l·t.:-~.:.. : ., ~;"· .,,. *·, ,·, 

't'' H, ~ t •"] ": •~ /< !,·,:;0~,"-~~.·.·.·,t, ;;:• :;·,~~.:·,, ;• ' .. , ·' ,;"; ,,> '\o $ ' ' " 

·~··· ·' .; . :"": ~--': .f, •• - • . , ~ .·' •• •• ·::):·.·~-; •. :>_-~~.-:.· .. ·-~.: .:~ . t-~-
·:. ~-·· .,r:'i .• ~J,·~\·"· .,:~·-~··~· .:·~···· I.... "' / . ., 

'\·.{' ·/·. '/ .. •' ~- ;.' ····~ ;' 1'. '\:·.·' ..... ·.· t ;·."·,/~-~/.' t·:·. ,1_:":' <; ~-- :·· . ...;,~;.~•~·.,· 

! .. · 

.. ~ '. ·' 

• . ' . . . ' . • .. , • ' ( I t., .. ,. '·' ,• I, ... 1\• l '\, I ... \.\ •' I '•' ,,,, 
~· • .' ' .· " .. ~·, .. "• ·., '\r\J',,'~,, ,·l·',i.\1~; "~,,~~~.~~. ',l~···/,'~·t·.'t,;;\'::.··:~•.',!';!/'t~7~tl'~',lr,''l,'·:·~·',,!~(~l~J,,~;.(/.~~~~·~· .. II:<' (\ 

~ ;~ /''~. ~ , .. ·. . . .,. : • . ,; .._'• •. ~,~ 1··~·~·~{!,• / .~·~,t,l,·,,~,l· it'i~ .,~:, .,,1,·\d'}''~~~~~'~,·,,'!'''(~ 1\/·~···i\;~I,'J'ffH\\'(\\'\rlt.r\··, 
1 · ~ ·· · .. . ·.··· . ' ·'~,s~····,,~ .. ·J< ... t~:>' :lt~".,~,.·,':;·,~;~j1/·~·(·!1~), ... l:·' .. ~·.r~:~.·~<(~·:··\,·:; 1 '/·l\'~:~,~~.,1~).'(·;~·d:~_J:,'\·;~Hn ~,~~ 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report . 

As used in the above, "person acting on beha1 f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor . 
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