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ABSTRACT 

UCRL-18892 

The derivation of image -field coefficients is sketched 

and results are presented for a particle beam centrally 

located within closed (elliptical or rectangular) 11 picture-

frame" boundaries. Image-field coefficients are also given 

for structures that might usefully be added to a synchrotron 

to modify the f re quencie s · of incoherent betatron oscillations. 

Abstract for VII International Conference on High•Energy 

Accelerators 

:..~Work supported by the U •. S. Atomic Energy Commission. 
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r:LJ::GTROSTATIC AND HAGN~~TUSTATIC IHAGE~nELD COt:FFICIENTS* 

L. Jackson Laslett 

Lawrence Radintion Lnboratory 
Uni verslty of California · 

Berkeley, California, U.S.A. 

June 1969 

I. INTRODUCTION 

The presence or corrlucting or ferromacnctic boundary surfaces· in the 

neighborhood of an intense particle beam will influence the self-fields of the 

bemn and so affect the stability of particles in the beam. Because the analysis 

of such 11 ima.ge ef'fects11 generally requires that special treatment be g'-ven to 

the de component of the magnetic field, the total space-charge force exper­

ienced by an individual particle will fail to show as rapid a decrease with 

energy as otherwise would be expected, and imaee effects accordingly play a rel­

atively more important _role at high energy. 

Image-field coefficients have been given for several geometrical config­

urations in an earlier report, 1 but that work did not include examination of 
. -

d c image fieids for cases in which the ferromagnetic circuit completely surrounds 

the beam (as is the case, for example, with "picture-frame" magnets). When ferro-

macnetic material completely surrounds the beam, the usual condition Ht = 0 cannot 

be applied at all points on the interfacE\ and a solution must be obtained that is 

consistent with the condition Jit·dt = 4ni. 2 

In this paper we report the derivation of electrostatic and magneto-

static image-field coefficients (~ and £ 2, respectively, in the notatio~ of Ref. 1) 

for a line beam centrally situated with respect to elliptical and rectangular 

boundaries. The Appendix summarizes formulas for these coefficients for several addlttonal 

confi~urntions that approximate cases of possible practical interest. The intro-

duction of suitable boundary surfaces (such as that described for Case B2 of the 

Appe~ix) at frequent intervals around the circumference of a circular accelerator 

or storaee ring may provide a useful passive means for reducing or suppressing 

spnco-chnrr,e effects in such a device. 
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II. ELI!l;TROSTATIC IMAGES 

1. Elliptical £2_nducting Cylinder 

The ellipse {~w) 2 + (y/h) 2 = 1, with foci at x = ±f = ±(w2 - h
2)ll2 , 

can be transformed J conformal.l,y from the z = x + i,y plane to the z" plane 

by writing z' = m sin-1( ?/f) . an:l z" = q sn(: ~ z•, k). The modulus k of the 

complete elliptic integral K is to be chosen so that Jt' /K = (2/n)tanh-l (b/w). 

The electrostatic problem of a line charge .A situated on the axis of the ellipti- · 

cal corrlU:cting cylinder is thereby reduced to a determination of the potential of 

such a charge, loc~ted at the origin, in the presence of grounded sheets that lie 

on the X1 axiS in the intervals· •CO < x'1 < -q/k, q/k ( x'1 < <D I 4 

.I 2 2 (2 -1& ) b z" + -vz" - (q/k) - iq/lc D k sn n K s1n f, k 
v = -2>.. {In .1 - ·2.AVa _I 

z" + 'Vz" 2 
- (q/k)2 + iqAc - 1 + Vl - k2 'sn2(~Ksin·l~, k) 

Thus, by expansion of this result through terms of order y2, one obtains 

v • -2A [ ~(:y) + 2(K/1T)
2

(26- Jf) - 1<~>2], 
for the potential at a field point z = iy. The nonlogarithmic term \d thin the 

square brackets can be identified as contril:uting to the image field, and the 

electrostatic image-field coefficient for the elliptical cylinder accordingly 

is given by 

. - Jl 8~ge - 2(K/1T)2(2 - ~) - 1 lt = 
~ • 1).. ay r-o - 6 r2 

in agreement with a result given previously. 1 

2 ' .2 
2(K/n) (2 - JC) .. 1 

6 [< w/h)2 - 1] ' 

An alternative form for the solution to the foregoing problem can be 

obtained by constructing a series solution for the potential problem presented in 

the·. z' plane. In this plane, surfaces at y' = ±m tanh .. 1 {l:vw) are to be taken 

to be at zero potential, whereas the coordinate axes and vertical lines at x' = ±nm/2 

are stream lines. A series development of the potential then leads to the expression 

2 t }, {1 - tnnh[2ltanh-1 (b/v>J} 

(w/h)2 .. 1 
, 

a form that gives the same numerical resUlts as the elliptic-integral expression 

presented above. 

... 
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2 • Rectan~ar QP.nductin,g Boundatr 

The image potential produced by a closed rectangular boundary (x = ±v, 

y = ±.h) is reduced by the transformation z" = q sn(JS,: , ~), with K.J_/K1 = b/v , 

to the problem considered previously save tha.t the groUnded strips on the x'' axis 

now cover the inter:vals -oo < x'' < -q and q < x'' < oo. One· thus ma.y .write 

-2A~ z" +~z"2 
2 . 

-2A~ 
an(K~, k) q - iq . v = = 

z" +Vz112 - q2 + iq l + J1 - sn2(K!, ..., 
and 

V ~ -2>. [.e..(~y) + 2
:: / K12 ;] for z = i,y. 

It then follows that 

c. = 2k2 - l K' 2 
l ·. 12 

k) 

Al terna t.i vely, the rectangular boundary of course lends itself to sol uti on of 

tho electrostatic problem in terms of a doubly infinite array of discrete images. 

By this means one can obtain the result 

This last form, being rapidly convergent for small values of h/w, is well suited to 

machine c~~utation,and lends to results in agreement with the elliptic-integral 

expression given in the preceding paragraph. 5 

In. MAGNEroSTATIC IMAGES 

With "picture-frame" magnets, wl::rl.ch completely surround. the particle beam, 

the ... requirement JH•dL = 41Tl emu of course precludes application of the 

botmdnry corrlition Ht = 0 that no.rmally is introduced at a ferromagnetic boundary. 

. . 6 
Instond, following a procedure described by Har;ue, one must admit a nonvanishing _., 
tangential component of H that is continuous across the boundary, and recognize 
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thnt the corresponding component of B in the ferromagnetic medium will become 

very large. The l!9I:W component or magnetic field, Hn• however, may be taken 

to vnnish on the ferromagnetic aide o£ the boundary (for J.L--+ oo), since othend.se 
.... 

. U1o continuous normal component of B w~d become unp~sically great. A solution 

thun cnn bo sought such that ~ = 0 ani j Ht d£ = 4trl within the ferromagnetic 

lTIIlteriri.l.. Tho distribution so found for Ht along the interface then provides a 

boundary condition for solution of the interior problem -- 1·il•, for the vacuum 

region occupied by the beam. 

1. Elliptical Ferromagnet!.£ Boundar,y 

. . -1 
The transformation z' = m sin (z/f) reduces the problem of an 

elliptical boundary, (JI/w) 2 + (y/h) 2 = 1, to an artificial .case in which 

horizontal ferromagnetic bounda.rie13 are present at .. y 1 = ± m tanh - 1 (b/w) am 
~ 

in which H is norinal to surfaces at x' = ±n nv'2. It is clear that a unifonn 

field must exist within the regions occupied by ferromagnetic material in this 

hypothetical case ani that, accordingly, tlle tangential magnetic field must be 

aA/ay• = + 21/m at the bourxiaries y' = ± mtanh..;1 (b/w). By use of the metrio 

factor for the transfonMtion z" = q sn(2K z', k), with· K1/K = (2/n) tanh-l (b/w), mn 

this last result is equivalent to :y; = ± nJ/V(<Jt12/q2 
- l)(k

2<Jt• 2;q2 
- 1) 

above and below the x' axis for lx"l ~ q/k • The magnetosta.tic vector potential 

is thus identical, in the z" plane, to the scalar potential for a line charge 

(A = I • taken to bo at the origin) in the pronerice of an induced charge density 

(top plus bottom surfaces) cr(x11 ) = - 2~;{/(r12/q2 - l)(k2x'• 2;q2 - 1) 

on the nurfnces /x"/' ~ q/k, y" = 0. This charge distribution contributes 

to the -potential, at points for which 'Jt' = 0, an amount 

throur;h second order (after ~opping inconsequential additive constants). One 

thuA may write 
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at x = 0, 

from which the nonlogarithmic term gives the rnagnetostatic image-field coefficient 

c. _It~= i 1 + [3(1- ~) - (1 + k2
)] (~)2 ::: 1 + [3(1 - i>- (1 + k2)} (~)2 

2 - 41 ay f2 . 6 6 [<w/h)2 _ 1 J 
Alternatively, the artificial problem described in the z 1 plane can be solved 

by constructing n. formal expansion for the vector potential 

A(±) = + ;a! .Y'' + 2 I ) 
z m t._r 

1 [ 21b . 21 21 1 I each -m cosh m (b + y') cos m X~ 
.. 

(for y 1 ~ 0), 

· where b = m tanh·l (lvw). By subtracting from this result the value attained in 

the limit b ~ m (corresponding to Iv'w -+1), one obtains the image-field contri-

bution from which the coefficient c2 can be derived through use of the transfor­

mation that relates z' to z. Thus 

2 ~· 1 tctnh [2 £ tanh-1(I:v'w) - 1]\ 

(w/h) 2 - 1 

a result that gives the same numerical values as the elliptic~integral expression for 

this magnetostatic i11la.ge-field coefficient. The solutions presented here permit 

one to plot the direction of the magnetic lines of force within an elliptical 

ferromagnetic cylinder by determining lines of constant Az • A plot of this 

nature is sketched in Fig. 1 for lv'w = 0.4, and illustrates the failure of the 

magnetic lines to intersect the boundary at right angles. 

2. Rectangular Ferromagnetic Boundarz 

To obtain the magnetic boundary condition at the inner surface of a 

rectangular ferromagnetic yoke -- or, specifically, to obtain Ht -- it is necessary ... 
firat to solve tho exterior problem to determine the taneential component of H 

within the ferromar,netic material. Bickley 7 hns given a transformation that 

mapo the exterior of the rectangle into the region exterior to a. unit circle in 

the t plane. This transfonnation employs elliptic functions of modulus k, where 
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. 'b~ . .ant L -J/2 
ani fdZI = iilk2 

- strf9\ (with L = 
for points on the boundar,v ( t = ei9). The interval 0 ~ 9 ~ sln-1 k 

correnponds to the side border of the rectangle in its upper right-hand quadrant 

( x = w, 0 ~ y ~ h) , and the inte~ sln-1 k ~ 9 ~ n/2 corresporrls to the. top 

border of this quadrant (O ~ x ~ w, .v = h). The relation between 9 and the 

Cartesian:coordinates of points on the boundar,v of the rectangle can be expressed 

in. tenns Of incomplete elliptic integrals, but for numerical vork it is convenient. 

to emplo,v trigonometric 

gi van b,v Bickley a 7 

series with coefficients that satisf,v recursion relations 

·.wi.th 

x = ~[cos9 

.v = i[sin9 

()) 

+.L: 
1 
()) 

-E 
1 

•n eos(2n -1)9]. 
en sin{2n-1)e], 

{2n -1)2 (1 - 2k2)c - (2n- .3) (n- 2}c 
c . = 

n+1 
n . . n-1 

(2n + 1) (n + 1) 
, c = 1, 

0 
- 2 '\ - 1- 2k • 

The vector potential for the region outside the unit circle in the t plane may 

be written Az = -21 .Lt, arxl the tangential magnetic field at the boundar,v of 

the rectanele in the z plane becomes 

I H J - IM \ \.--2L\·\ ~~ = 21 h!: l k_ 2 - sin29l·J/2 . t - dz = · d ~t dz 

::tl, The :f.Jna.ge field, H in the interior of the rectangle thus will be derivable ---
from a vector potential A1 for vhich v2A1 = 0 at all interior points and which 

satif!fies Neumann boundar,v corxli tiona obtained by correcting the field Ht = 
. L I 2 2 ,-J/2' . . 

2 I ii J k - sin 9 for the field produced b,v an isolated current I 1 

HI aAI [ L .. ·· 1 . w 1 
1 = ·ex = _21 h~k2- sin29 - .,2 + .V2. ' for X= w, \.VI< hI 

HI • aA
1 = -2![~ 1 _ h ] 

X ay . h Js1n2 
9 

• k2 h2 + .-2- j t for· ,V = h, \x\< W • 

·A harmonic sorieo development, even in x arxl ,v, that satisfies these bo\Uldary 

conditions is 
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~ 7 ~ 

4I oor~l) coshmmc;/h cos mny/h +. J~2) cos~. w cosh mrry/w} 
AI = '711 (y2 - ,f) - L - -

' - 1T m=l! m sinh mrr/ a m sinh nma · ' 

whore 'l = ..5l(y ~ tan~1 a) with a= b/w and y-= a~.n·lk, 
h2 

hl· L J T(l) - !Ji - . 
2
1/a ... 

2 
oosmrry/h dy, and 

'm - h o {k2 - s1n29 (l/a) + (y/h) 

-
1 

} co s~w dx ·• ' 
. 1 + (JV'h) u . 

The desired magnetic image-field coefficient is then given in a form directly 

suitable for numerical evaluation as 

a ( ~1 ) zoo [ J~l) ? J~2) ] 
c.2 = 2 Y - tan a + w m - cr . • 

m=l. · sinh mn/ a sinh nma 

IV. NUMERI GAL RESULTS 

The results of numerical evaluation of ~ and c 2 , for various values 

of lV'w, are listed in Tables I and II for elliptical arx:l rectangular boundaries, 

respectively. Figure 2 illustrates the results graphically. 

It is a pleasure to acknowledge the invaluable assistance of Mrs. 

Harold (Barbara) Levine in programming the Lffi. CIC-6600 computer for evalua-

tion of these coefficients. 
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TABLE I 

IHAGE-FIELD COEFFICIEN1S FOR AN ELLIPTICAL BOUNDARY 

Electrostatic Electrostatic Magneto statio 
.. 

h/w Ma.gnetostatio h,.(w 
~ (.2 ~ (.2 

2 ,.2 "' 0 2s = 0.20562. 24 = 0.4112) 0.50 0.1723 0.2064 

0.02 0.2056 0.4014 0.52 0.1687 0.1991 

0.04 0.2055 0.3917 0.54 0.1649 0.1917 
0.06 0.2053 0.3823 0.56 0.1607 0.1843 
0.08 0.2050 0.3730 0.58 0.1563 0.1769 
0.10 0.2046 0.3640 0.60 0.1517 0.1694 
0.12 0.2042 0.3551 0.62 0.1467 0.1619 
0.14 0.2036 0.3464 0.64 0.1414 0.1544 
0.16 0.2030 0.3378 0.66 0.1359 0.1468 
0.18 0.2023 0.3294 0.68 0.1300 0.1391 
0.20 0.2015 0.3211 0.70 0.1239 0.1313 
0.22 0.2006 0.3129 0.72 0.1174 0.1235 
0.24 0.1996 0.3049 0.74 0.1107 0.1156 
0.26 0.1984 ·0.2969 0.76 0.1037 0.1075 
0.28 0.1972 0.2890 0.78 0.09647 0.09937 
0.30 0.1958 0.2812 o.8o 0.08893 0.09110 
0.32 0.1943 0.2735 0.82 0.08112 0.08269 
0.34 0.1926 0.2659 0.84 0.07306 0.07415 
0.36 0.1907 0.2584 0.86 0.06474 0.06547 
0.38 0.1887 0.2508 0.88 0.05617 0.05663 
0./J) 0.1865 0.2434 0.90 0.04737 0.04763 
0.42 0.1841 0.2359 . 0.92 0.03833 0.03847 
0.41 .. 0.1815 0.22S5 0.94 0.02907 . 0.02913 
0.46 0.1787 0.2212 0.96 0.01959 0.01961 
0.48 0.1756 0.2138 0.98 0.00990 0.00990 

1.00 0 0 -~' 

\tor 
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TABLE n 

IMAGE-FIELD COEFF'ICIENTS FOR A RmTANGULAR BOUNDAHI 

h/w Electrostatic Magnetostatio h/v El.ectrostatio Magnetos ta tio 
c1 (.2 ~ £2 

2 . ' 
'•' 0 28 = 0.20562 

0.18 0.2056 ' 

0.20 0.2056 0.329 0.60' 0.1795 0.189 
0.22. 0.2056 0.321 0.62 0.1747 0.181 

0.24 0.2056 0.314 o.64 0.1694 0.173 

0.26 0.2056 0.307 0.66 0.1637 0.165 

0.28 0.2055 0.301 0.68 0.1575 0.157 
0.30 0.2055 o•294 0.70 0.1507 0.149 
0.32 0.2053 0.287 0.72 0.1435 0.140 
0.34 0.'2051 0.280 0.74 o.1359 0.132 
0.36 0.~048 0.273 0.76 0.1277 0.123 
0.38 0.2043 0.266 0.78 0.1192 0.114 
0.40 0.2037 0.260 o.so 0.1101 0.104 
0.42 0.2028 0.253 0.82 0.1007 0.095 

0.44 0.2017 0.246 0.84 0.09092 0.085 
0.46 0.2003 0.239 0.86 0.08071 0.075 
0.48 0.1985 0.232 0.88 0.07015 ' 0.065 
0.50 0.1964 0.225 0.90 0.05923 0.055 
0.52 0.1939 0.218 0.92 0.04'798 0.044 
0.54 0.1910 0.211 0.94 0.03642 0.034 
0.56 0.1876 0.204 0.96 0.024$6 0.023 
o. 58 0.1838 0.197 0.98 0.01241 O.Oll 

1.00 0 o . 

• 
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APPENDIX 

The follo,ring S1.lJTD'llarY presents expressions for the incoherent electrosta tio 

nnd nw.enetostu tic image-field coefficients, ~ arrl c 2 , for several bowxiarf con­

fiGurations. Because the imaee fields are such that V•E(I) = 0 and VxB I) = 0, 

the effect of these fields on the frequencies of betatron oscillation normally will 
2 2 . . . 

be rmch that Q and 0 ... will change by the same amount in opposite directions. In case y x . 
the cha.nr,es introduced in the bourrlary configuration are of a period similar to 

that of an existing alternating-gradient focusing field, however, the influence 

of these changes may be significantly different from tha.t roq:>ected in a 

conntant-gradient nt.ructure and a specific dynrunicaJ. analysis will then be required. 

In each of the following cases, the line beam (A, I) is considered to be 

centrally located with respect to the structure (at lzJ = 0), and expressions 

for the image effects are for )z) snu:tll. The half-height and the half-width 

of tho boundary are respectively denoted by h and v. The image-field coefficients 

are defined as follows in terms of the image fields1 

-
1 6E...- _1_ ilEX -- C... '£..! ).. aff - ).. ax 4 ~ = 4 ~ J 

A. Electrostatic Coefficients 

la. Infinite Horizontal Conducting Plates, at y = ±h 1 
1 

lb. Infinite Vertical Conducting Plates, at x. = ± v 1 

2 (,1 = - '2s ~ -0.20562 
~r 



.~ 

' 
2. 'Elliptical Conducting Tubet vertical aemi~axts = h, horizontal semi-axis = w, 

f = (w2 - h2)l/2 
I 

where (Sect. U,1) 

where 

K' /K = (2/n) tanh -1 {h/w) 1 
. . 2 2 

v<I) ~ 2(K/nl 2(2 - k2l - 1 r - y ). 
. 3 f2 ' 

·~ = 2(Kiu)
2
(2- k

2
l - 1 q = 

6 ((w/h) 2 
- 1] 

2(K/nl
2

(2 - k
2l - 1 

6[1 - (h/w) 2] 

3. Rectangula.r Conducti, Box1 half~-height =·h, half-width = w a 
. 0 sn(K..,, k) · 

' v = -2). '"" . '. 
1 +V1- sn2 {K~, k) 

(Sect. II,2) 

K'/K ~ h/w 4 

v<r>. ~ 2k2 - 1 ~ ,?- - .; ). 
. 6 ..,2 ' 

. ···2~-1... 2tt2-1 2 
~ = 12 K I c. ' cJ.. = 12 K 

4. Infinite Horizontal ·Conducting Strips, at lXI ~ w, y = 01 

v = -v.. t. . ' . z/w . I 
. . . . 1 +•·h- (z/w)2 

v<r) ~ - ~ - ?-). ' 
2w2 

l c•=--1 4. 

5. Hyperbolic Conducting Cylinders, 

V = -V.. t, tan (II. sin -1 zit) I 
. 4 sin-1 w/f ' 

v<I) ~ -[1 + ~. 1~- f). 
S(sin-1 ?> 2 Jr2 

1 [ u2 ] w 2 cJ. = - 6 1 + -1 v 2 <r> ' 
. s(sin r> 

for which q......, -l/4 as v/f _.1 (as found for Case A5) 

(as four!d' for Case Alb). 
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8. 1-iegnetostatic Coefficients 

la. Inflni te ·Horizontal Ferromagnetic Pole Surfaces, at y = ±h a ·
1 

A == - 2 I it, I sinh ~ ~ I , 
A(I) ~-~~-~I 

12 h2 . ' 
2 

c = IL ,;, 0.41123 
2 24 

lb. Infinite Vertical Ferromagnetic Pole Surfaces, at x = ±w 1 

2 
c~ = - t: :!: -0.41123 

2. Elliptical Ferranagnetic box -- with vertical semi-axis = h, horizontal 

semi-axis = w -- with slits ~and below the beam& 

yhere 

A = -2.1 kl sn(~ sin -l J..;. z_ h'-' k) I , 
K

1/K = (2/1T) tanh-l (h/w) f 

A(I) ~ 4(K/n) 2(k2 + 1)- 1 x2- y2 I 
- 3 . W2- h2 ' 

4 <K/ul2 Ck2 + 1) - 1 h2 

£:.2 = - 6 w2 - h2 ' 

4 (K/1T)2 (k2 + 1) - 1 v2 c2=- 6 ?- 2' 
V"'- h 

for Yhich ~: 2 -- 1r
2
/12 :!:: - 0.8225 as h/v -..o and c2 -+ -1 as h/v -+1. 

3. ~ctangular Ferromagnetic box -- of half-height = h, half-Yidth = v 

--with~~ ·ru!i below~~~ 

A= -21 ~jan(~, k)l , 
where 

1 
K /K = h/v f 

A (I) ~ k2 + 1 K2 x?- - ~ I 
· 3 v2 ' 

.. _ k
2 + 1 K'2 .. I _ ~ v2 

... 2 - - 6 ... 2 - - --C-- A t 

for Yhich c2 = - 1r
2/12 ~ -0.8225 for l:v'w = 0, 

c.2 = c.2_ ::!: -0.8594 for lVY = 1 , and 

c~ - -w2;24 ~ -0.4112 as l:v'v ...,oo (as found for Case Blb). 
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4. Horizontal 'lhl.n Passive Ferromagnetic Strips, at lx\ ~ w, 1 = 0 a 

Horizontal strips of' magnetic material, if' ~initely thin and in 

a plane· that contains the beam current, do not interfere 'With the magnetic f'lux 
I . . 

!inesJ accordingly 

in this situation. 

& • = 0 
2 

5. Hyperbolic Ferromagnetic Cylimers, 

A~ -21 ~+in(~ =~~:)l, 
A (I) ~ ( n2 - 1] ;x2 - y2 I' 

. 4(sin·l ?>2 
3r2 

&2 = ,- ~[· n: X 2 - 11 <r>2' 
4(sin r> ... ] 

for which &2 = 0 for w = f' (as in Case B4) ar:d &2-+ • w2 /24 : -o.AJ.l23 as f'-+ oo 

(as f'owd for Case Blb). 
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. FIG. i. Lines of ~~ns1;ant ·vector potential, indicating the direction of 

the magnetic I field due to a· centrally located iine: curr~nt .within an elliptical 

·ferromagnetic cylinder withh,/v = 0.4 (onLy ·one qu~drant shown) • 
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Sketch of 
Curves of constant vector potential 
giving direction of magnetic field 
within one quadrant of an 
elliptical aperture 
with a= h/w = 0.4 
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This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, 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 informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

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

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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