Appendix B

Magnetic Field Calculations

The calculation of the magnetic field of the magnetic-bottle spectrometer in Mathematica

is given on the following pages.
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= Magnetic Field for Permanent Magnet with Magnetization, M, Using the Magnetic
Scalar Potential

M
4 %7
1 1

Vr1ir24+r~2-2rrlCos[e-61] + (z2)72 Ari”2+r~2-2rriCos[e-61] + (z+b)"2 ’

Phil[r_,e_,z ,rl_,el_,b ] =

Phi2[r_,e_,z_, rl_, b_] = Simplify[Integrate[Phil[r, 6, z, rl, 61, b], {61, O, 2Pi}]];

Phi[r_,e_,z ,R_, b_]1 := NIntegrate[rlxPhi2[r, e, z, r1, b], {rl, 0, R}];

A = _.0001 (*Cmx) ;

HR[r_,e_,z ,R_,b_1 := -1% (Phi[r+a/2,6,z,R,b]-Phi[r-a/2,6,2z,R,b])/a

HZ[r_,e_,z_,R_, b_]

-1 (Phi[r,e,2z+A/2,R,b]-Phi[r,e,z-A/2,R,b])/A

BR[r_,6_,z_,R_,b_] := muxHR[r, e, z, R, b];

BZ[r_,e_,z_,R_,b_] = muxHZ[r, 6, z, R, b];

mu = 4Pix10"-1 (xGauss cm/Ampx) ;
= 5.08 (xcm- 2 in thicknessx) ;
= 1.27 (xcm - 1 in diameters);

b
R
M = 8000 (xmagnetizationx) ;

= Magnetic field of a loop with current J and radius a at any pt. (r,z). (equations from
Landau and Lifshitz)

BLoopR[r_, z_,zl_,a ,J_] =J »(mu/ (2Pi)) % ((z-2z1)/r) /Sgrt[(a+r)"2+ (z-2z1)"2] %
(-EllipticK[4ar/ ((a+r) "2+ (2-21)"2)]+ (@"2+r"2+ (2-21)"2) *
EllipticE[4ar/ ((a+r)"2+ (z-21)"2)]1/ ((@-r)"2+ (z-21)"2)) ;
BLoopZ[r_, z_,zl ,a_,J_]1 = Jx(mu/ (2+Pi)) /Sqrt[(a+r)"2+ (z-z1)"2]
(EllipticK[4ar/ ((@a+r)"2+ (z-z1)"2)] + (a"2-r"2- (2-21)"2) «
EllipticE[4ar/ ((a+r)"2+ (z-21)"2)]1/ ((@a-r)"2+ (z-21)"2));

a =2.05 (xradius of coil in cmx);

J = .9(xcurrent in coil In Ampsx);

x1 = 5 (xdistance of solenoid from origin in cmx);
L = 30 (xlength of solenoid in cm«);

X2 = L+x1;

mu = 4Pix10"-1(xGauss cm/Ampx) ;

BSolenoidZ[r_, z_, a_, J_] =Sum[BLoopZ[r, z, 1/9, a, J], (i, 18, 288}];
BSolenoidR([r_, z_, a_, J_] = Sum[BLoopR[r, z, i/9, a, J], {i, 18, 288}1;

BtotR[r_, z_] := BSolenoidR[r, z, a, J] +BR[r, O, z, R, b];
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BtotZ[r_, z_] := BSolenoidZ[r, z, a, J] +BZ[r, O, z, R, b];

m Calculation of the adiabatic parameter

A= 0001 (xCcmx) ;

m = .5111076 (*» mass of e in eV «x);
En = 1 (» Energy of e in eV «x);

c = 310710 (*Cm/sx) ;

v = Sqrt[2 En/m] =cC;

me = 9.11107-31 (xkgx) ;

e = 1.6107-19 (xcoulx);

K = 2104 xPimev/e;

x1[r_, z_] = -K% (BtotZ[r, z+A/2] -BtotZ[r, z-A/2]) / (ABtotZ[r, z]"2)





