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REPORT OF REFEREE 

Author, Title  Henriksen et al : Synchrotron Rri ghtnesc 
fl ct-rihn -inn of Turbulent Radio Jets 

The paper presents a very interesting contribution to our understanding of radio 

jets and their physics, and certainly deserves a place in The Astrophysical Journal. 

However, there are some sections in the paper which need to be changed. I mention 

the following points which should be addressed. 

p.7 How can a turbulent external viscosity be non-dissipative, i.e., how can there 
be viscosity without momentum transport outward? Please explain? 

Section IIa could be shortened by as much as 60%. Although the Lighthill mechanism 
may indeed be real, the section contains only plausibility arguments, and none of 
the formalism (except eq. 3, which is also ad hoc) is being used at later times. 
It would certainly deserve a place in the authors future paper on the particle-
wave picture. 

p.8/9 The "cone angle similarity" seems to suggest that viscosity determines the 
shape of the jets and not pressure gradients. Also on p. 32 entrainment seems to be the 
solution to the cascade problem. These concepts are not new in the literature, 
for instance I came across those in the Baan reference. 

14 State that eq. 14 is an assumption. 

p.18 The "jet radiation efficiency" is taken to be uniform all over the jet. It may 
in fact vary radially (a boundary layer; field variations) and in Z direction 
(field and mass entrainment). This could account for the discrepancies in the 
fits and should be stressed more, although it makes the present approach slightly 
less "authoritative". 

p.22 A serious flaw in the assumption of eq. 3 is that the turbulence dies out at the 
collimation plateau. This is unrealistic. Either eq. 3 is not accurate or there 
is no collimation plateau. 

p.26 The fits are rather suggestive, but cannot be called "excellent" as is claimed 
in the introduction. Probably other "mechanisms" can give equal quality fits. 

p.29 The res~lt that "B(1) ' const if p ti const" seems rather unlikely (i.e., A a R2; 
w(k) a A ; B a wR

§V is not very clearly written. 
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SOCORRO, NEW MEXICO 87801 

TELEPHONE 505-835-2924 
VLA SITE 505-772-4011 
TWx 910-988-1710 

POST OFFICE BOX 2 EDGEMONT ROAD 
GREEN BANK, WEST VIRGINIA 24944 CHARLOTTESVILLE, VIRGINIA 22901 

TELEPHONE 304-456-2011 TELEPHONE 804-296-0211 
TWx 710-938.1530 TWx 510-587-5482 

12 March 1981 

Dear Dick, 

SUITE 100 
2010 NORTH FORBES BLVD. 

TUCSON, ARIZONA 85705 
TELEPHONE 602-882-8250 

I have embedded our turbulence sum in my CH program here and reran the 3C31 

Ap.J. fit and a new fit with a higher sonic point and no magnetic effects, just 

to see what would happen. The results are enclosed. 

I think it is very important to show both the 3C31 data and the adiabat in 

our paper, as well as our predicted fit. Then at least it is clear that we do 

a factor of 1O better than the adiabat, and that the fit only really falls apart 

towards the very end. Our fits become steeper than the adiabat towards the end, 

which would not happen if we took convection into account. We really will have 
to work on a model that has both convection and turbulent input. 

I enclose a listing of the CH program for your perusal. 

I am now about to vanish into observing again - Coma A (the one in which we 

got an optical jet) and the core of 3C236 at super-high resolution (2cm and lcm, 

about O.'l HPBW) both in the coming week, as well as some meetings on VLA post-

processing and optimisation of maps. We are contemplating putting on a Summer 
School for observers to teach them how to use the VLA effectively. Before we do 
that we have to decide whether we can agree amongst ourselves on some optimum 

procedures 

The progress of the Canadian VLBI deliberations is running true to form. 

The proposal for the design study is being funded to the tune of $3OO,OOO from 
NSERC and NRC. About $1OO,OOO comes from NRC, but the Ottawa gang is already 
saying that they have to have absolute control over that money, while the remainder 
is for both them and the University people to deal with. I will never cease to 
marvel at the attitude of the HIA group, and hope that silliness of this sort will 
not cripple the project. NRC itself has now rated the VLBA ahead of CHEER and 
TRIUMF (so I hear) in its priorities for future funding. So a good job is being 
done despite the attitudes of some of the people concerned. I hope it can be 
kept up. 

Cheers, 

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION 
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CH SUPERSONIC REAM AHR VERSION 4.2 (11-MAR-A1) 

EXECU'ION O+J 12-Nar-B1 

SPECIFICATION OF SONIC POINT CONDITIONS: 
BEAM RADIUS AT SONIC POINT 0.2100•~~~ 

1 HEIGHT OF SONIC POINT ABOVE CORE 2.3000
LONGITUDINAL ALFVENIC MACH NO, 0.1000F+08 e. LONGITUDINAL ALFVENIC MACH NO.**-2 0.lk'OOE-1;1~n~ ~Qq~l~tC 

.l 

SPECIFICATION OF EXTERNAL PRESSURE LAWS: 
HEIGHT WHERE TWO pRESSURE TERMS EQUAL 
SCALE HEIGHT FOR SECOND PRESSURE 
POWER LAW OF FIRST PRESSURE 
POWER LAW OF SECOND PRESSURE 

SPECIFICATION OF MAGNETIC PARAMETERS: 
BEAM RADIUS AT TRANSITION POINT 
BEAM RADIUS AT ALFVENIC POINT 

MODEL OUTPUT FILED IN DISKFILE 3c31h.DAT 

20,0000 
5,0000 
3,000O 

0.7000 
0.0050 

eSSZa1C (0.3 

DELETE WHEN PLOTTED 

CONSTANTS: 
7  GAMMA 1.3333 

EPSILON•B a 0,340E;-15 ~• o ,,tCic .ck' 
CJ a 9,7500E+t30 
CE = 9.75430E+Q0 

IM'fR.oVED ~iT 10 tGkTIS€SS / 
D\S'IR1BUTionl ?rl 3C3.1_ 



l 

ITER# HEIGHT Z RADIUS 

ERROR PE/PES PJ/PJS 

W(Z) 
RHO 

W(R) BPHI/BZ 
TAU ITER STEP 

1 2.3021 0,2100 1,0044 -0,7230E-04 -0,7898E+00 0,6266E-14 

0 0,9979E+00 0.9941E+00► 0,9956E+091 41,9985E+01x7 0,2000E-01 -0,8531E-11

3 2.3152 0,2100 1.0018 

0 0,9848 F:+00 0.9977E+00 43,9982E+00 
0, 3809E -03 
0,9994E+010 

-0.7919E+00 
0,8000E-01 

0,6282E-14 
0, 1251E-08 

-a 4 2.3340 0.2100 1.0079 0,26R0E-02 -0.7871E+00 0,6244E-14 

0 0,9662E+00 0,9894E+00 0,9921E+00 0,9974E+00 0,R000E'-01 0,4328E-06 

5 2.3543 0.2101 1.0244 93.5425E-02 -0.7747E+001 43,6144E-14 

0 0.94h1E+00 0,9675E+0t3 0.9755E+09J 0.9918E+00 91,80010E-01 0.3532E-05 

6 2.3763 0.2102 1,0414 0,8296E-02 -0.7625E+00 91,6043E-14 
0 0,9246E+130 43,9448E+0341 01,9583E+00 0,,9859E+070 43,8011901E-01 0,1241E-04 

7 2.4002 13,2114 1,0589 
0 0.9015E+00 13.9216E+091 0.9406E+00 

0.1141E-01 -0.75417F+430 0,5943E-14 
0,9798E+0103 0,8010E-01 0.3172E-04 

R 2.4260 0,2107 1,0772 0.14811E-01 -0,7390E+091 0.5842E-14 
0 0,8767E00 0,8973E+00 0,9219E+00 0,9733E+00 9.1,8000E-01 0,6886E-04 

9 2.4540 
0 41.85933E+00 

10 2,4843 

0.2111 
43.8713E+O0 

1,0969 
0.9018E+00 

0.104E-01 -91.7272E+130 
17.9661E+9343 Ø,8000E-01 80003E-01 

43.5738E-14 
41.1346E-03 

0,2117 1.1180 0,2303E-01 -91,7153E+0)0. 3.5629E-14 
0 91,8222E+00 0,8435E+010 0,88012E+00 0,9584E+00 0,800106E-01 0,2439E-03 

11 2.5171 0.2124 
0 0.7923E+013 0.8138E+0101 

1.1407 0.2777E-01 -0.7035E+013 0.5517E-14 
07,8568E+1701 0►,9498E+00 0.80030E-01 0,4160E-03 

12 2.5527 0.2133 1,1E51 0,3295E-01 
0 47,76016E+00 19,7822E+00 07.8317E+9101 97,9404E+630 0,8000E••01 0,6746E-03 

0.6917E+00 0.5402E-14 

13 2.5913 10.2145 1.1911 0.3857F'-Oi -0,68172E+00 
0 0.7273E+00 1,7487E+30 03,80149E+Ø0 1.9302E+00 0,801743E-01 

0.5284E-14 
0.1047E-02 

14 2.6330 0.2159 1,21(39 0.44413E-01 -41,6691E+00 0,518,4E-14 
0 19,6923E+00 0,7135E+(301 0,7763E+O0 0,9191E+0Fs 0,80010E-01 0,1565E-02 

15 2.6782 
0 1.6558E+4343 

0.2176 
0.6766E+00 

1.2483 0.5114E-01 -0,6586E+410 0.54742E-14 
0,7460E+0►N 4.9070E+00 11.807470E-01 0.2263E-02 

16 2.7272 0,2197 1,2794 
0 0.61801E+00 43,6383E+9103 0,7141E+0O1 

17 2.7803 0.2222 1.3122 
0 0.57941E+00 0,5989E+430 0.68178E+00 

0.5812E-01 -0,6487E+00 0,4919E"14 
0,8939E+00 0,8000E-01 0,3179E-02 

0.65.59E"01 -0.6397E+1713 0,4797E-14 
0.8797E+00 v1, 8000E-01 0.4356E-02 

2,8378 43.22218 01,73607E-01 -13,6317E+00 0,4674E-14 
0 03,5391E+0O 0,5585E+00 0,6460E+00 03,8645E+01t3 0,80010E-01 0,5839E-02 

19 2.9001 
0 0,4986E+00 

5 

0.2287 
0,5174E+00 

1,3466 

1.3825 
0.6101 E+00 

01.8216E-131 -0.6249E+00 0,4553E-14 
0.8481E+00 51,8000E-01 0.7672E-02 

20 2.9675 0,2328 1.4199 13.9132E-01 
0 4,4578E+009 01,4761E+00 0,5731E+O9 0,8307E+170 

-0,6194E+00 0.4433E-14 
0, 80041E-01 13.9896E-02 



ITER# 
ERROR 

HFIGHT Z 
PE/PES 

RADItiS 
PJ/PJS 

W(Z) 
RHO 

W(R) 
TAU 

SPHI/HZ 
ITER STEP 

FpIASCH 
TURBULENCE 

21 3,0406 0.2376 1.4587 0,1O11E+00 -0,6154E+00 0,4315E-14 
0 01,4172E+00 0.4348E+00,A 0,5354E+130+ o,8120E+00 0,8000E-01 0,1254E-01 

22 3.1198 0.2.433 1,4988 53.1115E+001 -0.6132E+00 O.4200E-14 
0 0.3772E+00 0.3940E+00 0.4972E+00 0,.792.3E+610 47.80030E-01 0.1561E-01 

23 3.2056 0,2498 1.5401 0,1224E+0►0 -0,6128E+00 0.4088E-14 
O 0.3381.E+005 0,3540E+00 0,4589E+0A 0,7714E+00 0,800107E-01 0.19039E-01 

24 3.2985 0,2574 1.5824 43,13405E+00 -0.6145E+00 O.3979E-14 
0 N, 3034E+070 0.3153E+00 0.4208E+010 0.7494E+00 o, 80500E-01 0.2293E-01 

25 3.3991 0.2661 1.6253 @.1460E+00 -0.6185E+00 13,3974E-14 
0 01.2646E+0)0 0.2784E+00 0.3833E+0O 0,7264E+00 4,80130E-01 0.270►5E-01 

26 3.5081 0.2761 1.6689 41.1596E+00 -0.6251E+00 O.3773F-14 
0 43.23138E+00 41,2435E+00 0.3467E+00 47.7025E+043 0.800.70E-01 0,3134E-01 

27 3.6263 0.2876 1,7126 0.1716E+00 -0.6344E+00 0,3677E-14 
0 0.1994E00 43.2111E+0t3 0,3114E+00 0,6778E+00 0.8000E-01 43.3566E-01 

28 3.7542 0,3006 1.7565 0,1950E+00 -0.6468E+00 0.3585E-14 
0 13,17037E+0a43 01, 1813E 4043 0,2778E+00 05,6525E+00 43,80010E-01 0.3988E-01 

29 3.8928 0.3155 1,8001 0,198RE+00 -0.6624E+00 13,3498E-14 
0 0.1446E+00 0,1542E+4343 07.2461E+0h 63,6267E+010 0,807010E-01 0,4387E-01 

30 4.0430 0.3325 1.8432 0.2131E+00 -03.6816E+00 13.3417E-14 
0 0.7,1214E+00 0,1300E+00 0.2165E+G4 07.6o05E+00 0.8000E-01 0.4749E-01 

31 4,2056 0, 3516 1.8857 0.2277E+00 -0.7047E+00 0.33443E-14 
0 43,11310E+003 0, 1086E+00 0,1892E+430 0,5741E+4307 13,843410E-431 0,54362E-01 

32 4.3818 0.3733 1.4273 402426E+00 -0,7320E+00 05.3269E-14 
0 4,.8316E-ol 01.8992E-01 ti„1642E+1343 43,5476E+00 01,843007E-01 0.5318E-01 

33 4.5727 0.3978 1.9679 43.2 79E+00 -0,7639E+001 0, 201E-14 
O 01,6787E-01 41.7383E-01 05,1416E+00 07,5213E+043 07,800343E-01 0,55143E-01 

34 4,7795 0,4254 2.0072 0.2735E+00 -01.8009E+0q 0,.3139E-14 
O 0.5491E-01 13,6013E-01 0.1214E+130 07.4952E+00 43.843050E-01 0.5633E-01 

35 5.0035 0.4565 2.0453 03,204E+005 -0,8435E+0O 43,30780E-14 
0 43, 4406E-031 0, 4859E-431 0,14335E+050 0,4695E+430 0,801301E-01 01,5685E-01 

36 5.2461 0.4914 2.0818 43.3054E+00 -0, 8921E+010 0.3026E-14 
0 0.35016E-01 0.3898E-01 0,8773E-01 0,4444E+130 05,806143E-01 07.5667E-01 

37 5.5090 0,5306 2.1169 0.3216E+00 -0.9474E+005 07.2976E-14 
0 0.2770E-01 43.3106E-01 0.7399E-01 0.4198E+00 01,80430E-01 4,,5581E-01 

38 5.7938 0.5746 2.15003 0.3379E+00 0,1010E+01 0,2930E-14 
0 07,2174E-01 05,24643E-01 07,6211E-01 0,3961E+00 0.80013E-431 0,5432E-01 

39 6.1023 0.6239 2.1822 0.3541E+005 -0.10,81E+031 13.2887E-14 
0 0.1696E-01 0,1937E-4 i 0.5192E-01 13.3731E+00 0,8000E-01 43.5227E-01 



ITFR# HEIGHT Z RADIUS W(Z) W(P) BPHI/BZ FPTNCIL

ERROR PE/PES PJ/PJS RHO TAU ITER STEP (TURRULFNCE 

1 40 6.4364 0,6790 2.2123 01.37631E+00► 0. 1160E+01 0.2848E-14 

0 0.1317E-01 69.1518E-01 6.4324E-01 Ø,3510E+00  6$, 8000E-01 0.4972E-01 

41 6.7984 0.7405 2.2408 0.3859E+00 -0,1249E+01 0,2812E-14 
0 0.1019E-0l 0,1184E-01 0,3589E-01 0,3299E+061 0,8000E-01 0.4676E-P 

42 7.1906 0.86190 2,2676 0.4011E+00 -0.1349E+631 0.2778E•14 
0 0,7866E-02 0,9204E-02 0,2971E-01 0,3098E+00 0,80010E-01 0,4337E-01 

}3 7.6154 0.8852 2.2927 0.4155E+4)0 -0.1459E+01 0.2748E-14 
0 0.6074E-02 0.7134E-02 0.2455E-01 61.2907E+00 0.8000E-01 0.3993E-01 

1 44 8.0756 0.9697 2,3162 0.4289E+00 -0.1582E+01 0,2720E-14 
• 0 0,4702E-02 69,5519E-02 0.2025E-01 0,2726E+00 0,80010E-01 o,3b24E-01 

45 8.5741 1.0631 2.3382 69.4410E+00 -0.1719E+631 0.2695E-14 
0 0,3659F:-02 0.4265E-02 0.1669E-01 0.2556E+00 09, 80100E-01 0.3246E-01 

46 9.1141 1,1660 2.3585 0,4514E+00 -0,1869E+01 0,2671E-14 
0 03,2R71E-02 0,32..95E-02 0,1375E-01 03.2396E+4i0 @,80►00E-01 0,2868E-01 

47 9.6992 1.2789 2.3774 61.4597E+øo -0.2033E+01 0.2650E-14 
0 6?.2280E-02 0,2548E-02 61,1134E-01 0.2247E+00 0,80001E-01 0.2498E-01 

7 48 
0 

10,3329 
0,1837E-02 

1,4022 
61.1974E-02 

2,3949 
41,9365E-02 

0,4654E+H0 
0,21ORE+0101 

-03,2213E+691 
0,8000E-01 

0,2631E-14 
0,2140E-01 

49 11.0194 1.5362 2,4110 0,4681E+061 -03,24008E+01 0.2613E-14 
0 43.1506E-02 0.1534E;-02 0.7751E-02 0.1979F+00 (0.80010;-01 0,1803E-01 

50 11.7631 1.6807 2,4257 0.4673E+00 -0,2619E+431 0.2597E-14 
0 91.1257E-012 0►.1197E-02 0, 6436E-0?_ 0,196{4E+00 0,8000E-01 0.1490E-01 

51 12,5688 1,8355 2.4392 0.4627E+0101 -0.2844E+01 0,2583E-14 
0 91,1069E-012 0.9396E-03 0,5366E.02 03,1751E+00 0,8000E-01 61,1205E-01 

52 13.4415 2.0001 2.4515 0.4538E+00 -o.3084E+f1 (O.2570E'14 
0 0.9239E03 0i.7424E-03 0, 4497E-02 0.1651E+00 0,80100E-01 0,9527E-02 

53 14,3870 2,1732 2,4627 0,4403E+00 -0,3335E+01 0,2558E-14 
0 0,8096E-O3 47,5914E-o3 0,3792E-02 0,1560E+00 03,8000E-01 0,7339E-02 

54 15,4111 2.3534 2.4727 41.022E+o0 -Q, 3597E+011 0,2548E-14 
0 0.7164E-03 0.4756E-03 0.32261E-02 0.1477E+00 0.80010E-01 0.5494E-02 

55 16.5206 2.5387 2.4817 01,3995E+00 -0,3867E+631 0.2539E-14 
0 0,6376E'03 0,3867E-O3 01,2757E-02 0,14012E+00 63,80010E-01 0,3986E-02 

56 17.7225 2,7267 2.4898 0.3726E+00 -01.4140E+01 63.2531E-14 
0 0.5684E-03 0.3182E-03 01.2382E-02 01.1336E+00 0,80030E-01 0,2795E-02 

57 19,0245 2.9146 2,4969 01.3421E+010 -0,4412E+01 0.2523E-14 
0 0,54358E-03 c)),2654Lo3 0,2079E-02 01,12.77E+00► 0,8000E-01 0.1887E-02 

58 20.4349 3.0994 2.5032 63.3088E+00 -0.4680E+011 0.2517E-14 
0 0,4480E-03 0.2245E-0►3 69.1834E-02 0.1224E+6163 0.801061E-01 0.1225E-02 



ITER* 
ERROR 

HEIGHT Z 
PE/PES 

RADIUS 
PJ/PJS 

W(Z) 
RHO 

W(R) 
TAU 

HPHI/BZ 
ITER STEP 

FPINCH 
TURBULENCE 

1 59 21.9628 3.2778 2.5087 0.2739E+00 -q,4939E+01 14.2512E-14 
) 17, 3940E-03 0.1928E-03 0.1636E-H2 69.11 79E+00 0, 8QR10E-101 0,7622E-03 

l 60 23.6180 3.4471 2.5134 61,2385E+00 -0.5184E+01 65.2507E-14 
0 13.3436E-03 0.1682E-03 0,1477E-02 0. 1 1 39F;+00 61, 8000E-01 61.4543E-03 

61 25.4110 3,6047 2,5175 (,2Ø41E+00 -0.5412E+01 0.2503E-14 
0 0.2969E-03 63,1 4913E-o3 0, 1348E-02 60.11615E+00 0,0000E-01 0,2597E-03 

62 27.3533 3.7489 2.5209 61,1718E+00 -0.5621E+01 0.2499E-14 
0 0.2541E-03 0.1339E-03 0, 1245E-N2 13,1076E+00 63, 863410E-01 14,1432E-03 

63 29.4574 3.8788 2.5238 13.1430E+00 -0.58419E+01 13.2496E-14 
0 0.2155E-03 0.1221E-03 0.1161E-02 61. 1051E+0t3 63, 8G)00E-01 0.77654E-04 

64 31,7367 3.9946 2.5263 0.1187E+00 -0.5977E+01 0.2494E-14 
0 0.1811E-03 0.1127E-6)3 0,1094E-02 0, 103 1E+00 0,80010E-01 4,4147E-04 

65 31,2059 4.0982 2.5284 67,9964E-01 -0, 6127 E+01 0,2492E-14 
0 0,1509E-03 0.1052.L03 ).1038E'02 0,101.3E+00 o, 8000E-01 0,2329E-04 

66 36,8808 4.1927 2.5302 2.5302 63.8643E-01 -61,6263E+01 0.2490E-14 
0 61.1248E-03 0.9889E-654 63.9915E-03 0,9974 E 01 0.8000E-01 0.1452E-04 

67 39.7784 4.2829 2.5319 0.7935F-01 -0,6394E+01 0.2488E-14 
0 0,1.1325E-03 q.9335E-04 0, 9495E-03 0.9831E-01 63.806114E-01 0.1076E-04 

68 42.9174 4.3753 2.5336 0.7844E-N1 -0.6527E+01 0.2487E-14 
0 41,8375E-04 13.8811E-134 0,9093E;,03 ø,9690E-01 0,R000E•01 0, 9951 E-05 

) 
69 

0 
40.3177 

t1.68c~6E-04 
4.4779 

61.8275E -144 
2.5354 

63.8675E-03 
63.8346E-1d1 
65.9539E-611 

-67.6676E+01 
H, 8000E-01 

0.2485E-14 
61.1143E-04 

) 
70

3 
50,0013 

v .5506E-04 
4.6003 

0,7692E-134 
2,5374 

0,8212E-6:53 
0.9392E-01 
63,9367E-01 

-0.6853E+01 
0, 8000E-01 

1d, 2483E-14 
0.1543E-04 

71 
0 

53.9917 
0.4438E-64 

4,7535 
0.71440E-04 

2.5399 
0, 7684E-03 

13.11491E+00 
0.9162E-01 

-0.7074E+691 
0.8636513E-01 

61.2481E-14 
0.2262E-04 



O ~p.7. r t ro 3C3\ 

~ krbktenc~ 

0 
d~ N-

10 

9 i-

10 

9 

8 
7 

6 

10 

9 

8 

7 

6 

5 

4 

.~.■   IN.....pq~.~..N.    lN.../..N~~N. IIIn N!// ■/■Nry
■~NN~q~ln!~~ p.ININNI   N..!/pNN q./..■ mII 

~■■■/■ 1■■■■■NI.l1II.INN■■!■N  N/IIN■■!■!/■  ■■■CNNi■■■/■■N■ r■ ■■ 

"- pp■.1..I■II/.t■.I■t1I1■NI■■Nnu~~■■ ■■■■■Mitt■■■■■■■I IINI■■■tn■■~~■N■t■■■■■■MINI■t■t/■B® ■■ 

  t..t■.Iwe1■I 
■.tt■.■1■1.111■■■■itt■/■■■.t....Iu■■II■I•Ma■■■■1111■1■■■tn.es~■■tttn■.B■1■a1~N~~tt

■..tlw.I■■fl.n.Iwell■It.w■■■■■■www■■tt.t.ww111111u■.tewi111111■■■■■■Btlw■■■■tweeeml 111 ■/ 
~■■s■Been■nln■■mwwl■nl■■■■nnww■■■t■■tunnum■■tt■noun■■■■■■tnww■■■■t■tene■nn1■■■■eeee■■~ ■~i nn~ 

■■■■tee,m,,,,i■nteeee■■In~~~~~eeeiwen~■■nee, e, l,,,,1■■■teeeee,„I, I■■■■■ouw_■w_■■■■■tee, e,,,,,u■■■ttun,■

pia  .l.o. H   l.m.grwNl...  
 uio~wx..00rrwwN  mo.iiiiiiliil'N■iitliw 

 __   faYl..orrNl...., ofN.....rw.NnwwNNq 

~ a~~  
 ■wN....■■rrw!  -i   .....~~wNNI.... H..Hf®1!~■~~N.li~~l,~Neq:..~i 

.w!l.....gNl...   .....rrwxNx......H...H. ll...■.■■..BN NNl~ q 
 Nwl N...MrrwN....    ......■NNN..N..■.■.IINx~N...NNIIlx~~~ ..

x:r.  

 ..  IIl.N  .pqN! N/■■■q~!!x!/sq 
i 

...■q■■I  .. f=.pq~l.....0 
...Np~Nl..   ■NNIN...■■pNNl...  

N  i In    ■I INIl....... ••UN..p N  .NNNIl...NN 

~~~~• .N. ■N N..//■■N.1lN../!    IIII.N..///■NNl.../!p  ■INNIlN.■.■p 

NN■N\\■■I■I■■IIINI■■■■■N. N■■!.■■NN  ■■■■.IINI/NNNt.■INNON.t■... ...l INIINU■fII 

NNNN■\`.n.■Ii1I1IIlIti.I/tIIII VIII■■ttt■h~~■■t■.t.■.1.IIIIIIIttt ■■■IIIIIIUNNtt■■■■~~■Ntt.t.■ 1■..1■IIIt.t..  tl■ttne■ 
■tl■■tt,\tt■■I■■IIIIIItttt..■■IIIIt■■ttttt..tl■■■ttttt■.1■■II.Illttt..■■■1111111■■tt....~t1■■tttt\■.I0e11■Ilttt■■... fl■Itl■■ n 

■Iw_■Ntt\\.t  ■/■.IIIIIItt.■■■■■IIIIIIIN■ ■■n■ti_w_■■tttn.■■.IIIIIIItttti■.■..VIII■■t~e~~~  ~~■~~~~~..  N..IIl111ttt.~OTM.IIIIit■■t~uu 

r_H_wwxx.l ll...wN.N ■w~N.....grw!l___  N...   !  ffl el  /eN a  N..wxN..... .rrwN  NfN H.efN N....q 
wwYY..■ .. N.N..  !l.....rwwN...w..   .wxl.....grww.  N  fN.HNxx.NM 

____ __  
II

\   
...   U~fll......igNO..N.■  NNI1INI..U.•gN!!x  IIIII...glq■UIIiNpUI U I.

NN.IN.■../I .:  N!■N/■NNN.  ■■■■IIINIIN...■//■NNNN. I..p.■.INUInl...p/. 
HH!l.N..I.. !!.■■■IIINNIl.....  ■.NNwl...N■    ...lx Nl....gH!!N ■Nq ~illx oo■q■mfx lx ..o 
qH!!../N...` N....■■NN!!! NIIl.../..■NN!!. NNU.NINNNIrI/N ...I 
gN~N.l.pO,\IINNI  ■!■N~N.N. ■NIII  IIIINN......NN~N...N. 
NNNNN ■N\UIINII■amt■ IIIIIIIIII■N■■■t■■NINI■■N■■• IINit■ 1111■NN■—■■Nltltl■■t■■/■■I■IIIIIII■taIIIIIII■IhI■•t■aB 

■w■■tttn■..Ii iu11att.wNl111t■■ttnuN■■ttttt■e■...11111ttttel.e■UIIII■■ttt..etltl■■it.tt.w.el■Iltt.t.■.ee■■ItttlttNN 
!I■■Nm■III■. iifl.■■I■I■IIIIIIII■Na■III■~~■NN■■UUIIIIIIIIIII■ UIIII■■tt■■I■~~■■N■tt■■■I■IIIIIIIttni■■■■ININ■■ttN■■ 
~■■■tttt..e1..1: ~Illtltt■..■tllllt■■■■t...~n■■■ttttt■■.III/Illtttt■..■IIIIIII■■tttt.etltl■■■ntt..I.el1■.1■■tNe.wl W■■■■tow 

-•CCi■iiIUuiII ~U.elt■'~uu11111~~~~unCN~~~~~~~uiiiuiiiiiiiiiiiiiiriiiiiiiiiiiiiiiiiiiiiiiiiii lipiiiCiniim 11■u~iri 

CCCiiiiiiiil y llliiiiliii■UIIIIUU.HIIiiiiiiil uhIUhIIIlluluu•U°iIIiiiiiiiriiiiniii1 hIIIiiiIHHIlIBUY„C 
•.n■■111iiiii Iiili1 uh,u■liiile■■°■1iui111111ni11u.iuiiliuun■■11ii11U~uuuUiuIIu11n111111i111n11u11 1100 

■N__N.   N.N....u.NN_N. ■  I..! IINlxrl.UU I 
NNN...!/II/TINT -  I—.a.pNNa.....  NII......pNNNN.  IINI NNINIIN...■.0 
NNNN-.■.. 
~~■■■ N■tt..■I.IIII 

C• U*UI IIiiiriii 
•w■■■■t■teeeenllm www■■■M~IIt11nn1■  \ I„ III■■■■■■n!*w■■■■i■eennnnln■iuIe„/,Illw■■■■tee~w_R_■■■iiteele,IHllli■!UIUN,1■■qN/Ju 
w.wwww.~ .w.......  a   

rHNw..l... 
..Hi  

~. ~ .Nf    x....ggHwNNI.. ..HwNY~:===gHwwl..M.  ....N....■: ■.H...N\.w  Y.~B rrwwlN.... N.  Nl..w..rrwl.  .HNx N.....rrwNN 
rrMl..N...H..N.\.  _ I. •N.NYY.... rwxNY.N.    NN N.....grNNN    wN.x.... 
gHHl.N..■ ■.  __ ■lN..l.■■~Nxx..N■1..11.111   ~~~~HN......gN!!.  ■H  •  ~l.N   1N.../.■ 
q_H......■N■■ 1l....... Nl...   . In.lI......NNIN. .. N.NN  p 
Ne!l.N..■ n. - I....a.._Nl..a.  ■ NN1.N......dl.. ■ 
q!lN..... x 10....l..q~N.... . NIxl.......q~H..  I... IeN....■p 
~NN.....p  //NNNN..  N   I.II.N...... .a.   . NI....d/. 

-NNNN ■......0  .—N _U N•...NNN■■.t  ■ uu1.IN.. .. 
NNNNttt.. - •. NN■t O..NININN.■t■t. I1■  ■t■..■■IN■NNtt■..■I■IIiin, m■I.■.Iult■■Ya W ~~■■tt.ounnm _ ■■onn~~■■toolmnunnt.nnnnnnu■nnn®~■■ttoanmNl utnln■Ilnm■t nu vtl■■ttonnnun  _ ■■ttnotlw■■trot.mm~m~~tmm~~ull■■ttttnww■■■tttmm~nl~utnu■.elllna■■t~iun

HwwN   .... wNN.....rHww wIHwN...... ■N... N.l..■.~rH   .....N...-N.NN......rrw.w... .NHN.N....xeN N....N.. N!!l.FBHwl:I..... N. EN......  wlrwNN... __._ . _  .Y.N HrB.N.p.1■..lN.lfwN  !!ll.... N..Hxx... IN1  ... ■.rrHN....    ...N ONN...p■I U 1 N.....NgNN...N. e.a .I NN.... 
NNN..N/.11.11   .... ...■/INNNN. NI  NIINN..■//■NNNN. ■ ...■..NNIN.....■■p ~!! ■  !!!.■.  - - .. !.!. ■.iHlx.  1I11N.....■■NH!!. '---a..-.

NNN.tttp ._ 
tl!■■t tlt..1.■III.Iu.tt.■
N►NINNN■■t.■ ■ 
ttt ■■■ tttt..Iw1.11t ntt. ■.e■ _.. 
w.1■■■ m u■■■re ■nn1■■t ■■ttnwwtl■■■tteeelenlllllntteeeeu11111■■■■■teeww■■■■t■■eelee111111e■tteeewl,■n■■■n■■e H 

■■ww■■■■ teen■n,u■■■te ■■uneew■■■■■■■ennuns■■■uteeeIuuuIu ■■■tee■■■■■■■■e■ene11„■■■■u~ 
.i■u■■i.iunl,,u°°.ni ■■■iu■I■■■■■i°iiinnunli■■tenniinu■■°■unan■■■■■■■emm~ul■■pien1t Cntiii 
.nR■uuiiiilininiiiuni y i°ii0••uiuui■i111uuiiiiiiiniiui1111iii•uiuiivaauuuii■iiiliiliiu110ninni npil 
0■■Nuniiiiulnnu°iiin uiiuuili■liiiiuHn■°1i1111111uiuii11iiiiiinilln■■11ii/10.nn■1i■iiiii11u.nuuiuiin11nii■ uuii 
NNIN.N/I■IN■~N...O■    ....■MIN. IINI../  U  MNN....pNNN.■ .I NI,a IN......NNN..   Iu1I.a....NIIN..N.. .. NN.■N 
NNN......   NNIt...NNNN.■   1111/I...l...NI■NN.I./.    INN.M.. NNNN.•a.INI.IIi11  t. Ntt■.IINN■Nt■ta.II.IINu1 IIIIIII .tt ■..INNNNNa■n■ 1■■UII■■I.NINN■■a— l 

■CiiiitmuneuuiiiriCC niiiuu uu...iuCCC■■■■i tt t■tNIInhuuIuuau. CIuI.IIuiiiiiriC......u.uuuuCiiiin..Inuuu.I.giii.NC 
Ci°■lUI UUIIUCriniiineiieiIliuII iieiilICn■iin CiiiieaCniiiiiCnnl!!!iiiiiiiiiiiiuiriiien  IluflInriiIuhuI.gn■i.i
EE!i! . -..i .o    '  i aso.~~~wNw700i00i~ .   ....ww.H.  

." 
r  w  

~~!...  
w.

0   ei■iii=a_   
~N~~~..a iii •• iiiil.Noq.ew!l..l..  f f  ... ..I1wx.. a ■.rrw_NN     .wlli..w o rrwl.   !!ll. w.rawN. gHHwl.......a.wN.....   qN  ...wgwwN. NH wl N...NrrwN.   .H.N.N  wlN...N ...q   ~..•••.. !!. 1.N1NI/!!   ■qr!!.  NN.   u!! u .... q.1NN... N. ■II.1!l....ggHN..  x   N....■■q~!!.    Irxl N N NIIN./!.■.~..IINII.. III.......NNI.  ...■. N.....■NN  !N    ..rI~ 1~.■ItI qIN....  .. I..N  q■NNNIl.....pplNf ...■■■■NIIININ.  ■gNIN. ■■.MINI II  q NOON. ■■  I  .N N■NINIII a . aU.  a . a ■  .N!■.INNN.... IN.  a- ....■■ 
CCiiii■inpllllllli

•
inl■InII1II1■iiit% iiii~

U
■I■IIIIIII~tt.■■.1.%

llIlI
Iv

aa••U
i

I
CCC~

•
N

a
 CC■

UII
Nf11~1~

a
.\■

UUU
■■iiCwiN t■ ~i I

•U
i■N■ w■■■tttt..■eeellllll te.e. ■e■■IIIIII ■■.e t.Bww■■tt.tt■ ■1■■111111ttt.■ ■.■II VIII■■tt...■w■■■■t...■.wn11111t...ewen■1ll~n nw t 1■■■tnt...It1 1I 1111ttt.■..■I11111■■tttt..w■■■ttttt■e/t1IIIIIItn.■1■.IIIIIII■■ttt.■■w■titttttn■I.o1n111ttp■at.l■■It■  one■ 

  a-  - ooNN..' f  07:7     .eioifii.■O~Y70C0 
 wwN...grNN....   • .... re.Y......... ..........IIf.Hwl ...w Nl:= : N ..

■Y
• NCH.  

.q■■iNiii  If• l.C~a•aN ./. ■.ININNI  IINN 
a-

/ppl~NN...~ ■I■ININI.   B f ~lNNIIIII I N.ClC C~ rHN .Hfu11 .....gHN!N~Nx.ln fi l _ __ .._  e! ll......gINN.N.■■H■IIINe.. NNIl.......NHN. ..■.■NN!!. ■1I■INII. ....IN.N. ■ ~IN.N/I.INIIIIII■.  NNIlI.../.INNS.. IrllNIN.......NNIN.  
I..!  ■..N.INNN■ ■I■ ■.■ INI.■ IIIIIINl.NINNNIN.  ■■■  ■_.I.NNII.   ■. B t. t.■ ■11■I II I.1 ttt......I VIII ■t t. t. ■. wNNNt tttt. tI.11I11I1 t■t.. ■ w 1I VIII N■ tt t. ■. ww■■t t.t.. N..IIIIN ttt~ tw■ ■Ina ■C tI 

L. 

■■tt.■..IIIIIIIIIItt... NIIIINIIittt t...NN■■tttt...I.IIIIIuttt.. ■.III VIII■■ttn■INN■■tttttl.wlIII/Il~t..■ ■ ~® ®ttt.■■ aw■■■.ttt■Ieel1■lll.ttt■ weellllll■■n tt..ww■■tntt.11e.11llll.ttte..eel lllu■■ttt.■■ww■■■.tt...eeel■lutnt.~~■~twttttw ~■■■■■■pewee,11111.■■tewelll■11■■■tneesw■■■n■tee1ee111111o..eeeell11u1■■■■.tteww■■■■.tteeewlnlnmueem ~■■I■w 

u~t111u IuiuO u~i 11111 Iu~~~u iiiiCNiii Iu11111111 ri ~1111111 niC:ii ~iiCC~ 1°  eniin 1 !I ~Nn 111111 I■■nN1 

~N.

..I 

.II.InNNN.....NNN..■.   NUNN.■tI■■NINN.■t■..III.I/NN■.n.INIINNIN—al. 
tit/u ■■ tt t... NN■Nt.t.1111.I N/Il tt..■.11.I Iu ll ■t ■■..1. w■■■. t. n■ ■HIT IInI tttN ■tII1■II■i N n ■. 
UIIII■■ttttt.tlw■■■tttt..l..IIlllltt....../111111■ttttteewtl■t■t.lt.elelll/111tttpwellttt ■ntt 
111111 ■■n ten ww■■t..■te.I.II■Ill ttt.te.wl11111■■t. ■■.ew■■■■■.t■IIwe1■■I.■tellle■I■n UIUU.I 
1.■n■■■■■tee.■■■■...tellell■nI■■.ttwlln■11■■■■■teen■■■n■teen■■■ iiiuwml■■ee■■■nu 

......gHN...iN.   III1N.....■■qN!!.    N.I 
a.... .■.N   1111  ININ.......N~NN. ■ !.  ■ 
.■.. - NN..N.  .NININ...t...NNNN.■l..I H ..II/III.....IN.IIN■ — t.n.. 
ttttNtl■■■tttttt.l.■IIIIII.t. I .■I.III.11■■t■...■w■■■ttttt.■l.■IIIIII a tt.■■■e1I■II■f n.. 
■■....NN■N..m t■.IIIIII.IIINNttt■..UN .■1.■.. uuu II■ H  u  lu
ttt.t.w.1■■■t.s...e.■IIIIIttt I111111■■tt.... ww■■tnt...I..111■It....wII11■x!■ nC 

2 3 4 5 6 7 8 9 j 

r!!!p■■gqs.rn..N..p 
IIIIMn.l.!/.p 

 1Nx. N 

-3 4 5 6 7 8 9f1 q. 2 3 4 5 6 7 8 9 10 



CH SUPERSONIC BEAM AHB VERSION 4.2 

E^ECU'TON ON 11-Mar-R1 

(1I-MAR-A1) 

SPECIFICATION OF SONIC POINT CONDITIONS: 
BEAM RADIUS AT SONIC POINT 0.1000 
HEIGHT OF SONIC POINT ABOVE CORE 1.4500 
LONGITUDINAL AI,FVENIC MACH NO, 0.1105E+01 
LONGITUDINAL ALFVENIC MACH NO,**-2 0.8190E+00 

SPECIFICATION OF EXTERNAL PRESSURE LAWS: 
HEIGHT WHERE TWO PRESSURE TERMS EQUAL 
SCALE HEIGHT FOR SECOND PRESSURE 
POWER LAW OF FIRST PRESSURE 
POWER LAW OF SECOND PRESSURE 

SPECIFICATION OF MAGNETIC PARAMETERS: 
BEAM RADIUS AT TRANSITION POINT 
BEAM RADIUS AT ALFVENIC POINT 

MODEL OUTPUT FILED IN DISKFILF: 3G31 a.DAT 

CONSTANTS: 
GAMMA = 1.3333 
EPSILON-B = ti.b32E-02 

CJ = 
CE = 

) 

01.75041E+00 
0,8214E+00 

12,0000 
25,0000 
5,0000 
3,0000 

0,7000 
0.10 O1 ri 

3 t 4 
rt,c Ca) 

Yit~t.~rb~gr;~ c ~ 

DELETE WHEN PLOTTED 
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ITFR 
ERROR 

HEIGHT Z 
PE/PES 

RADIUS 
PJ/PJS 

W(Z) 
RHO 

W(R) 
TAU 

BPHI/BZ 
ITER STEP 

FPINCH 
TURBULENCE 

1 1.4510 0.1000 1,0044 -0,4407E-03 •0,4070E-04 0,1363E-08 

i 0,9984E+00 0,9941E+00 0,9956E+00 0,9985E+00 0.2000E-01 -0,8522E-08 

4 1.4662 0.1000 1.0210 0.3721E-02 •0.9566E-03 0.7648E-06 

1 0,9744E+00 0.97213E+00 13.9789E+00 0.9929E+00 0.8000E-01 10.5045E-05 

5 1.4759 0.1001 1.0361 -0.3053E-02 -47,2630E-02 0,5861E-05 
0 0,9592E+001 0.9518E+00 0,9637E+00 0,9877E+00 0.80430E-131 -0.2741E-05 

6 1.4834 0, 10143A 1,0176 0.8389E-02 •0,6802E-03 13.3855E-06 
O 0,9474E+00 0,9766E+043 0,9824E+00 0.9941E+00 0,5832E-01 0,5799E-04 

7 1.4914 0,1001 1,0404 0,1894E01 0,3215E02 0.8789E-05 
0 0,9349E+00 0.9461E+00 0,9593E+00 43,9863E+00 14,5832E-01 0,6517E-03 

8 1.4999 0.1003 1.0720 0.1076E-01 -0.8804E-02 0.6764E-04 
0 13.9218E+00 0.9042E+00 0.9272E+00 0.9751E+00 0,5832E-01 (3.1156E-03 

10 1.5185 0,10133 1,0759 -0,1718E-02 -01,9617E-02 0,8095E-04 
0 0,8933E~00 0,8990E+00 01,9233E+00 0,9737E+00 0.5832E-01 -14,4682E-06 

11 1.5286 0.1003 1.0706 0.1067E-131 -0,8517E-02 0,6323E-04 
0 0.87847E+00 0,9061E+010 0,9287E+00 07.9756E+00 0,5832E-01 0,1129E-03 

13 1.5507 0,1008 1.1141 0.2687E-01 -0,1851E-01 13,3078E-03 
O 0.8449E+@O 0,8487E+00 0.8842Et00 0,9598E+140 01,5832E-01 0,1715E-02 

14 1.5627 0.1011 1.1361 0.1924E-01 -0.2417E-01 0.5322E-03 
0.8272E+130 0.8199E+00 0.8616E+010 0.9516E+00 0,5832E-01 0,6132E~03 

15 1.5755 0,1013 1.1475 0,1101E-01 •0.2722E-011 0.6792E-03 
if 0,8086E+00 13,80541E+00 0,8498Et00 0,9472E+00 01,5832E-01 17,1136E-03 

17 1.6034 0.1014 1.1569 0.1149E-01 -0.2979E-01 0.8172E-03 
0 0,7688E+01h 13.7927E+00 0.84011,E+00 0.9436E+00 0.5832E-01 0.4495E-03 

18 1,6186 0.1017 1.1700 0,3006E-01 -0,3336E-01 0,1031E-02 
0 0,7477E00 0,7759E+Q141 0.8267E+130 01,9385E+00 0,5832E-01 0,2246E-02 

19 1.6348 0,1022 1.1925 0.3811E-01 -0.3963E-01 0.1470E-02 
0 13,7257E+00 0.7470E+00 0.8035E+00 0.9297E+140 0.5832E-01 0.4449E-02 

21 1,6700 0.1034 1,2390 0,3392E-01 •0,5280E•01 0,2648E-02 
0 0.6792E+4119 13,6882E+00 01,7556E+00 0,9108E+00 0,5832E-011 13,2949E-02 

22 1.6892 0.1039 1.2558 03.2997E-01 -41,5756E-01 0.3159E-02 
0 0.6548E+00 0,6673E+00 0.7383E+00 0.9038E+00 0.5832E-01 13.1988E-02 

24 1.7312 0,1048 1.2847 01.3676E-01 -0,6573E-01 0,4139E-02 
9 01,6038E+00 0.6320E00 0,7088E+00 0,8916E+00! 0,5832E-01 13,3520E-02 

25 1.7541 0.1055 1.3034 0.4611E-01 -0.7103E-01 0.4842E-02 
O 0.5774E+00 19.6093E+00 0.6897E+00 43,8835E+00 0.5832E-01 0.6760E-02 

26 1.7783 0,1064 1,3269 0.5448E-01 -0,7765E-01 0.5788E-02 
0 13.55494E+00 0,58i4F+f40 0,6658E+0Q1 0,87.32E+00 0,5832E-01 0.1077E-01 



ITER# 
ERROR 

HEIGHT Z 
PE/PES 

RADIUS 
PJ/PJS 

W(Z) 
RHO 

W(R) 
TAU 

BPHI/BZ 
ITER STEP 

FPINCH 
TURBULENCE 

28 1.8313 0,1087 1,3796 0,6066E-01 0,9237E-01 0.8152E-02 

0 0,4954E+00 0,5206E+00 0,8495E+00 0,5832E-01 0,1368E-01. 

29 1.8602 0,1100 1.4047 0.6064E•01 0.9935E-01 14.9380E-02 

0 .3.4675E+00 0.4927E+00 14,5880E+00 0,8378E+00 0.5832E-01 0.1312E-01 

30 1.8909 0.1113 1.4285 0.6153E-01 -0.1059E+00 0,1059E-01 

0 0.4395E+00 0,4668E+00 0,5648E+00 0,8266E+0v1 0,5832E-01 0,1316E-01 

32 1.9578 0.1143 1.4759 0.7074E-01 -0,1191E+00 0,1314E-011 
0 0.3839E+001 0.4171E+00 0,5190E+00 0.8036E+00 01.5832E-01 k1.1837E-01 

33 1,9943 0.1160 1.5018 01.7830E-01 -0.1263E+00 0.1458E-01 
0 0,3566E+00 0,3910E+00 0,4945F+00 01,7908E+00 0,5832E-01 0,2374E-01 

34 2.0330 0.1181 1.5296 0.8611E-01 -0.1342E+140 0.1616E-01 
0 0.3297E+00 0.3640E+00 14.4686E+00 0.7767E+0101 0,5832E-01 0.2992E-01 

36 2.1175 0,1232 1,5890 0,9869E-01 -0,1512E+00 0,1961E-01 
0 0,2781E+00 0,30195E+001 0,4149E+14vt 0,7459E+010 0,5832E-01 0,3988E-01 

37 2.1636 0.1261 1.6191 0,1433E+00 -0,1601E+00 0.2138E-01 
0 0.2536E+00 0.2836E+001 0,3886E+00 0.7298E+00 0.5832E-01 0,4288E•O1 

39 2.2642 0,1326 1.6786 0,1122E+00 -0.1783E+00 0,2485E-01 
0 0,2078E+001 0,2361E+001 0,3387E.+00 0,6971E+00 0,5832E-01 0,4780E-01 

40 2.3191 0.1363 1.7081 0.1175E+00 -0.1878E+00 0.2655E-01 
0 0.1867E+00 0.21.44E+0P1 14,3150E+00 0.6805E+00 0.5832E-01 01.5109E-01 

41 2.3773 0.1404 1.7375 0.1237E+00 -0.1977E+00 0.2822E-01 
0 0.1669E+00 0, 1938E+0f0 14,2921E+00 01,6635E+00 0,5832E-01 0.5532E-01 

43 2.5044 0.1497 1.7970 0.1384E+00 -0.21901E+00 14.3148E-01 
0 0.1314E+00 0.1560E+00 0,2482E+010 14.6285E+00 0,5832E-01 0.6584E-01 

44 2.5737 0. 1552 1,8270 0,1463E+00 -0,2306E+001 0,3305E-01 
0 0.1157E+00 0.13R8E+o0 0,2274E+00 0,6104E+00 0,5832E-01 0,7126E-01 

45 2.6472 0.1611 1,8570 0,1543E+00 -01,2429E+00 0,3457E-e1 
0 0.11413E+00 0.1228E+140] 0.2074E+00 0.5920E+00 0.5832E-01 0.7617E-01 

47 2.8077 0.1744 1.9164 01.1698E+00 -0,2699E+001 0,3738E-01 
0 1,.7655E-O1 0,9459E-01 0,1705E00 14,5546E+00 0,5832E-01 0.8343E-01 

• 48 2.8952 0.1828 1.9455 0.1773E+00 -0.2847E+00 0,3865E-01 
0 0.66015E-01 0.8245E-011 11.1539E+00 0.5359E+00 0.5832E-01 0,8569E-01 

• 50 3.0864 0.2007 2,0019 0,1922E+00 -0.3170E+00 0,4091E-01 
0 0,4846E-01 0.61813E-o1 0,1241E+00 0,4988E+00 0,5832E-01 0,8803E-01 

• 51 3.1907 0,210A 2.0291 0.1997E+00 -01,3347E+00 0.4189E-01 
0 0.4121E-01 0,5330E-01 0.1109E+00 0.4805E+00 0.5832E-01 0,8839E-01 

52 3.3012 0,2218 2.0556 0,2075E+00 01.3536E+00 0.4278E-01 
0 0.3489E-01 0,4573E_0l 0,9889E-01 0,4625E+00 0,5832E-01 0.8835E-01 
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HEIGHT Z 
PE/PES 

RADIUS 
PJ/PJS 

W(2) 
RHO 

(1?) 
TIIJ 

BPHI/BZ 
ITER STEP 

F'PINCH 
TURHUI,ENCE 

54 3.5426 0,2468 2,1064 c,2237E+00 -0.3953E+00 0,4428E-o1 

0 43,2466E-01 0,3330E-01 0,7796E-01 0,427?E+00 0,5832E-01 O,8722E-c'1 

55 3.6743 0.2609 2.1307 13.2321E+003 -13,4185E+OO 0.4489E-01 

0 43.203611E-031 0.2827E-01 0.6893E-01 0.4101E+00 0.5832E-01 0.8616E-01 

56 3.8139 0,2763 2.1543 0,2407E+00 -0.44.34E+00 0.4543E-01
0 0,1714E-01 0,2391E-01 0,6080E-01 0,3933E+00 0.5832E-01 0,8475E-01 

58 4.1187 0.3112 2.1990 0.2583F+00 -0,4989E+06?► 0.4628E-01 

0 0►.1171 E-O 1 0.1694E-01 0,4694E-631 0.3608E+00 0.5832E-01 0.8090E-01 

59 4.2850 0.3310 2.2202 0.2672E+00 -03.5299E+00 63.4661 E-131 
0 0,9628E-02 0,1419E~01 0,4111E-01 03,3452E+00 0,5832E-011 0,7846E-01 

61 4.6481 0.3758 2.2603 03.2852E+063 -63.5993E+00 43.4708E-01 
0 0.6436E-02 0.9877E-O32 0.3133E-01 0.315 3 E+001 0. 5 8 3 2 E-01 0.7271E-01 

62 4.8461 0.4011 2,2791 0,2942E+00 -0.6381E+00 0,4724E-01 
0 0,5235E-02 0,8211E-0{2 0,2727E-01 13,3011E+00► 03,5832E-01 0.6947E-01 

63 5.0561 0.4285 2.?_971 0.3031E+00 -01.6799E+030 0.4736E-01 
0 0.4245E-02 03.6812E-02 0.2371E-01 13.2873E+00 0.5832E-01 0,6604E-01 

65 5.5146 0.4904 2,3307 03,3206E+00 -0.7734E+00 0.4749E-01 
0 0,2768E-02 01,4663E-02 0,1784E..01 0,2613;+00 0,5832E-01 0,5883E-o1 

66 5.7647 0.5251 2.3464 0.3292E+00 -0,8257E+00 0.4751E-Ol 
0 0.2227E-02 0, 38501E-02 0.1546E-01 0.2491E+00 0.5832E-01 0.5512E-01 

67 6.0298 0.5627 2.3614 0.3375E+00 -1.8819E+00 0.4751E-01 
0 0.178 8E"c32 0.3175E-o2 0,1338E.01 0,2374E+00 01.5832E-01 0.5142E-01 

69 6.6088 0.6470 2.3891 03.3534E+0}Od -0.10307E+01 0,4744E-01 
0 0.1147E-02 0.2155E-02 0. 1000E-011 0.2155E+00 0.5832E-01 0.4412E-031 

70 6.9246 0.6941 2,4019 01,36638E+00 .0,1077E+01 0,4738E-01 
0 01,9177E-03 0,1774E-02 0, 8 642E- 02 0.2052E+00 0.5832E-01 0,4060E-01 

72 7.6142 0.7993 2.4255 0.3745E+00 -O,1233E+O1 0.4724E-01 
0 0.5881E-c43 0.1202E-02 0.6453E-02 o.1862E+030 0,5832E-411 00.33913E-01 

73 7.9904 0.8578 2.4364 0,307E+00 -0.1319E+01 0, 4716E-01 
0 0,4710E-03 0,9895E..03 0,5578E..02 w,l'I74E+003 03,5832E-01 0,3077E-01 

74 8.3892 0.9205 2.4467 01.3863E+00 -0.1411E+01 0.47017E-01 
0 0.3797E-03 0.8152E-03 0.4824E-02 0►.1690E+00 01.5832E-01 0.2780E-01 

76 9.2601 1.0593 2.4657 0.3956E+00 •0,1614E+01 0.4689E-01 
0 0,2495E-03 0,5548E-613 01,3614E..02 01.1535E+130 0,5832E-01 0,2237E-01 

77 9.7351 1.1358 2.4744 0.391E+010 -0.1726E+01 0.4680E-01 
0 61.2043E-03 0.4585E-g3 0.3133E-02 0.1463E+00 0,5832E-01 0.1991E-01 

78 10.2386 1.2173 2.4825 0.40i8E+00 -0,1845E+01 0.4671E-01 
0 0.1687E-03 0,3795E-433 0,2718E-02 0,1396E+00J 0.5832E-01 0,1764E-01 

I 



ITER# HEIGHT 2 RADIUS W(Z) W(R) BPHI/HZ FPINCH 
ERROR PE/PES PJ/PJS RHO TAU ITER STEP TURBULENCE 

I 

S 

I 

I 

S 

0 

O 

S 

84} 11,3383 1,3957 
ø,1190E'03 0,2614E03 

81 11.9381 
0 13,1018E-03 

1 .4929 
(3.2176 E - g 3 

2,4975 
41.2055E- 02 

0,4045F+00 -0.2105E+131 
0,1272E+00 0,5832E-01 

0.4653E-01 
O, 1361E-e1 

2.5043 43,4043E+430 -01,2246E+01 0,4644E-01 
01.1792E-02 0.1215E+00 0.5832E-01 0, .1184E-01 

82 12.5740 1.5954 2,5107 43,4030E+00 -0,2396E+01 0.4636E-01 
0 0.8824E-04 t3, 1 817E-03 0,1565E-02 0,1161E+00 0,5832E-01 ,1024E-01 

84 13.9626 1.8167 
0 v~,6896E-04 43.1277E-03 

2.5224 0.3968E+00 -05.2717E+431 43.46243E-01 
c; . 1 21,1 —x 2 1 , l 0563E+0 0 0.5832E-431 0.7505E-02 

85 14.7200 1,9352 2.5277 
0 0,6206E-04 0,1076E..03 17,1056E-02 

87 16.3741 2.1871 2.5373 
0 43.5166E-0►4 0.7726E-04 13.8240E-03 

01,3917E+0i0f -0.2889E+01 
6,,1019E+00 0,5832E-01 

0.4612E-01 
0,6349 E -02 

13.3774E+10 -0.3253E+01 01,4598E-01 
0,9377E-01 0.5832E-01 0.4428E-02 

88 17.2763 2.3198 2,5416 67.3681E+00 -0.3446E+01 0.4592E-01 
0 63,4760E-14 0,6588E.,04 43,7311E-03 41,91311E-01 01,5832E-131 0,3645E-02 

89 18.2328 
0 13,4403E-04 

2.4565 2.5457 0.3573E+010 -43,3643E+431 
13.5643E-04 43.6510E-03 0,8669E-01 0.5832E-01 

91 20,3214 2,7396 
0 0,3783E'04 0,4203E..04 

92 21.4607 2.8845 
0 0.35133E-04 13.3657E-04 

0.4586E-011 
0.2970E-02 

2.5529 13.3316E+00 -13,4052E+01 k3 ,4575E-01 
0,5219E-03 0,80553E-01 0.5832E-01 F1, 1903E-432 

2.5561 
13.4702E-03 

4...3168E+00 -43.4262E+011 o.457oE-01 
10.7778E-01 43.5832E-01 0.1495E-02 

93 22,6685 3,0347 2,5591 0.301138E+0301 -43.4473E+O1 0.45015E-01 
0 0,3234E-04 0,3200►E-434 13,4254E-03 0,7523E-01 0,5832E-01 0,1158E-02 

95 25.3059 
0 41.2724E-04 

3.3230 
0.24`770-04 

2.5644 
0,3531E-03 

03.2658E+010 -13.4895E+01 
05.7070E-01 0.5832E-01 

0.4557E-01 
0.6632E-03 

96 26.7445 3.4671 2.5668 14.2472E+00 -0.51133E+01 0,4553E-01 
0 13,2482E-04 0,2227E-44 41,3241E-03 0►,6871E-01 41.5832E-01 0.4895E-03 

98 29.8862 3.7461 2,5708 43.26186E+4'41 -0.5585E+01 0.4547E01 
O 0.2025E-04 0.1808E-04 0.2772E-03 0,6522E-01 4,5832E-01 0.2518E-03 

99 31,5999 3.8787 2,5726 0.1891E+00 -0.5696E+01 0.4544E-01 
0 0,1813E-v;4 13,1646E-134 4,2584E-03 0,6371E-01 0,5832E-01 43.1747E-03 

100 33.4166 4.0055 
O k1,lb14E-04 0.15143E-04 

2.5742 
0,2421E-03 

63.1697E+00 -13.5879E+01 
43,6235E-01 0.5832E-01 

43.4542E-01 
0.1183E-03 

• 102 37.3837 4.2370 2.5769 43.1317E+00 ..41.6212E+01 13.4537E-01 
0 47,1258E-04 43,1298E-04 0,2162E-03 0,6003E-01 0,5832E-01 0,4943E-04 

• 103 39.5476 4.3399 2.5980 13.1135E+00 -01.6361E+01 09.4535E-01 
0 0.1102E-04 19.1217E-04 13.20160E-03 01.5907E-01 10.5832E-01 0.30315E-134 

• 104 41.8416 4.4329 2.5790 0,9600E-01 -43.6495E+131 0.4534E-01 
N 41,9608E-05 13,1973E-03 0,5823E-01 0,5832_E-01 43,1746E-04 0,11 49E_4 



NATIONAL RADIO ASTRONOMY OBSERVATORY 
P. O. BOX O 

SOCORRO, NEW MEXICO 87801 

TELEPHONE 505-835-2924 
VLA SITE 505-772-4011 
TWx 910-988-1710 

POST OFFICE BOX 2 EDGEMONT ROAD 
GREEN BANK, WEST VIRGINIA 24944 CHARLOTTESVILLE, VIRGINIA 22901 

TELEPHONE 304-456-2011 TELEPHONE 804-296-0211 
TWx 710-938-1530 TWx 510-587-5482 

10 March 1981 

Dear Dick, 

SUITE 100 
2010 NORTH FORBES BLVD. 

TUCSON, ARIZONA 85705 
TELEPHONE 602.882-8250 

Here are some second thoughts on the first three Sections of our paper, 

plus the first redraft of Section IV. I've dropped the detailed numerical 

stuff from it because I felt it gave the impression we might take the stuff 

more seriously than we do. The major results come quite quickly from the algebra 

itself (I tuink). 

I also think you dropped a factor of R from your algebra on p.20 of this 

draft. Check it there. 

Rather than just send point-form conclusions as we said on the phone I 

allowed myself to ramble at the typewriter. Don't take Section V any more 

seriously than point fOL1u, but use the less bumpy bits of wording to add to 

your own gems 

I also enclose the 4885 MHz numbers for 3C31 in what I hope is the most 

useful form. I'll do some NGC315-style sums using these and send you the 
results as soon as possible. 

I think we need to bolster up the stuff on p.11 (to make it more intelligible) 
and the stuff on 3C31 (to make it more right I). 

I await your redraft with breath a-bated. 

This is fun. 

Cheers, 

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION 
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