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Globular Eb-v log Fe/H Vhb V1.4 dm
NGC 104 0.04 -0.76 14.06 12.00 2.06
NGC 362 0.05 -1.16 15.44 13.30 2.14
NGC 1261 0.01 -1.35 16.70 13.80 2.90
NGC 1851 0.02 -1.22 16.09 13.70 2.39
NGC 2288 0.14 -1.85 16.11 12.95 3.16
NGC 2808 0.22 -1.15 16.22 13.80 2.42
NGC 3201 0.23 -1.58 14.77 11.60 3.17

Pal 4 0.01 -1.48 20.80 17.80 3.00
NGC 4147 0.02 -1.83 17.01 14.00 3.01
NGC 4372 0.39 -2.09 15.50 12.20 3.30
NGC 4833 0.32 -1.80 15.60 12.25 3.35
NGC 5024 0.02 -1.98 16.81 14.00 2.81
NGC 5138 0.12 -1.62 14.53 11.60 2.93
NGC 5272 0.0 -1.57 15.68 12.95 ,2.73
NGC 5466  0.00 -2.22 16.47 13.60 2.87
NGC 6887  0.08 -1.80 16.27 13.40 2.87
NGC 5804 0.03 -1.27 16.07 12.50 2.57
NGC 6171 0.33 -1.04 15.70 13.50 2.20
NGC 8205 0.02 -1.54 15.05 12.15 2.90
NGC 6218  0.18 -1.48 14.60 11.80 2.80
NGC 6254  0.28 -1.52 14.65 11.85 2.80
NGC 6341 0.02 -2.28 15.10 12.05 3.05
NGC 8352 0.21 -0.70 15.13 13.85 1.28
NGCB356  0.28 -0.50 17.50 15.80 1.70
NGC 6362 0.08 -0.95 15.33 12.80 243
NGC 6397 0.18 -1.95 12.87 9.90 297
NGC.6522 0.48 -1.44 16.52 14.00 2.52
NGC 6541 0.14 -1.83 15.20 12.35 2.85
NGC 6637 0.16 -0.70 15.98 14.60 1.38
NGC 8656  0.34 -1.64 14.15 11.45 270
NGC 6712  0.45 -1.01 16.25 14.00 225
NGC 6723 0.05 -1.12 15.48 13.00 2.48
NGC 6752 0.04 -1.56 13.70 11.20 2.50
NGC 86779 0.20 -1.94 16.16 13.05 3.1
NGC 6838 0.25 -0.73 14.48 12.95 1.53
NGC 6934 0.10 -1.54 16.86 14.05 2.81
NGC 6981 0.05 -1.40 16.90 14.10 2.80
NGC 7006  0.05 -1.63 18.80 16.00 2.80
NGC 7078 0.10 -2.26 15.83 12.50 3.33
NGC 7089 0.08 -1.62 16.05 12.95 3.10
NGC 7099 - 0.03 -2.12 15.10 12.15 2.95
NGC 7492 0.00 -1.51 17.63 14.60 3.03
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The equations involving the proper motions are somewhat more complicated, since they involve
the unknown distances to the stars in the group. A solution in this case yields the values Xo/K,
Yo/K, and Zo/K, which are also of considerable value (see Mihalas for details).

In the case of a radial velocity solution or a proper motion solution for the solar motion, the
apex of the solar motion (direction of motion of the sun relative to the group) is given by:

Y. Yo/K
tan aﬂpex - ._% o v s, ,
Zo 7oK

tan Sgpex = 7z °

Ko? + Yo7 [(XofK)? + (Yo/K)?]
and the velocity of the solar motion is given by:

So = (Ko?+ Yo? +Z6D'” = K x [(Xe/K)? + (Yo/K)? + (Zo/K)2] 2.

Note that the velocity of the sun relative to a group cannot be determined using only proper motion
data unless the distances to the stars in the group are also known so that K is specified.

All results for the solar motion which make use of least squares solutions for these
equations are Kinematic estimates for the solar motion. The problem of deriving the
dynamical motion of the sun relative to the LSR makes use of such kinematic results in
conjunction with mathematical expectations for the rotation of the galactic disk.

From strictly qualitative arguments it is expected that the asymmetric drift for any group of
stars must depend directly upon the nature of the orbits for the stars in the group. For stars in
nearly circular orbits no asymmetric drift is expected, while for stars having a mix of
very eccentric orbits the asymmetric drift should be fairly significant. A group of stars having the
latter properties will also exhibit a fairly large dispersion in the component of their orbital motions
directed along the line-of-sight fo the galactic centre, the IT velocities, whereas stars in strictly
circular orbits have no such component of their orbital motion. This correlation of
asymmetric drift with the dispersion in 11 velocities, op;2, for various kinematic groups
is also predicted from quantitative arguments, and proves to be a valuable tool for determining the
exact parameters for the sun's LSR velocity.
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PROGRAM SOLARM

C FINDS COMPONENTS OF SOLAR MOTION USING INPUTTED COGCRLDINATES
C AND VELOCITIES OF A GROUP OF STARS
¢ ENTER DATA IN UNITS OF RA, DEC, & RADIAL VELOCITY
¢ RA AND DEC IN DECIMAL UNITS OF DEGREES
c TAKES INPUT FILE LABELLED sclarm.dat
REAL RA,DEC,VR
REAL Al,AZ2,A3,Bl1,B2,B3,C1,C2,C3,Dp1,D2,D3,E1,E2,E3,0Q
REAL DET,DETX,DETY,DETZ,X,Y,%,DETDX, DETDY,DETDZ, DX, DY, D7
REAL DETEX,DETEY,DETEZ,EX,EY,EZ,F1,F2,F3
DATA Al,A2,A3,Bl1,B2,B3 / 0.0,0:0,0.0,0.0,0.0,0.0 /
DATA (Cl,C2,C3,D1,D2,D3 / 0.0,0.0,0.0,0.0,0.0,0.0 /
DATA E1,E2,E3,I / 0.0,0.0,0.0,0 /
DIMENSION A (100),D(200),vV{100),P(100)
OFEN (UNIT=7, FILE='soclarm.dat', STATUS='QLD')
10 READ (7,*,END=12)} RA, DEC, VR
I =1+1
A(I) = RA
D(I) = DEC
V(I) = VR
Al = Al + COSD{A(I))*COSD(A(I))*COSD(D(I))*COSD(D(I))
A2 = A2 + COSD{A(I))*SIND(A(I))*COSD(D(I))*COSD(D(I))
A3 = A3 + COSD{A(I))*COSD(D(I))*SIND(D(I))
Bl = A2 _
B2 = B2 + SIND{A(I))*SIND(A(I))*COSD(D(I))*COSD(D(I))
B3 = B3 + SIND{(A(I))*COSD(D(TI))*SIND(D(I))
Cl = A3
C2 = B3
C3 = C3 + SIND{D(T))*SIND(D(I))
DI = D1 - V(I)*COSD(A(I))*COSD(D{I}}
D2 = D2 - V(I)*SIND(A{I))}*COSD(D{I})
D3 = D3 = V(IY*SIND(DI(I))
GCTO 10
12 DET = ALl*(B2*(C3 - B3%C2) - AZ*(B1*C3 - B3*Cl) + A3*(Bl*C2 - B2*Cl)
DETX = DL*(B2*C3 - B3*(C2) - A2* (D2*C3 - B3+*D3) + A3*(D2*C2 — B2*D3)
DETY = Al*(D2*C3 - B3*D3} - DI*(B1*C3 - B3*Cl) + A3Z*(B1*D3 - D2*CI1)
DETZ = Al* (B2*D3 - DZ2*(C2) - AZ2* (RL*D3 - D2*Cl) + DL*(B1*CZ - R2*(C1l)
X = DETX/DET
Y = DETY/DET
% = DETZ/DET
DG 13 J =1,T
O = Z*SIND(D(J})
P{J) = 0.0 — X*COSD(A{J})*COSD(D{J}) =~ Y*SIND(A(J))*COSD(D(J)}) - O
El = Bl - ABS(V(J) — P{(J))*COSDI(A(J})*COSDID(J))
E2 = E2 - ABS(V(J) — P{(J))*SIND{A(J})*COSD(D(J})
E3 = E3 - ABS(V(J) - P(J))*SIND{D(J})
13 CONTINUE
Fl = E1I/REAL(I - 1)
¥2 = BE2/REAL{I - 1)
F3 = E3/REAL(I - 1)
14 DETDX = E1* (B2*C3 - B3*C2) - A2*(E2*C3 = B3*E3) + A3*(EZ*C2 - B2*E3R)
DETDY = Al*(E2*C3 - B3*E3) - E1*(B1*C3 - B3*Cl) + A3*(B1*E3 - E2*C1)
DETDZ = Al*{B2*E3 - E2*(2) - A2*(RI*E3 - E2*C1l) + E1*(BLl*C2 - B2*Cl)
DETEX = F1*{B2*C3 - B3*(C2) - AZ*(F2*C3 - B3*F3) + A3*(FI2*(C2 - B2*F3)
DETEY = Al* (F2*C3 - B3*F3) - F2*(B1*C3 - B3*(Cl1l) + A3*({B1*F3 - F2*Cl)
DETEZ = Al* (B2*F3 - F2#*C2) — A2*(B1*F3 - F2*C1l) + F1*(B1*C2 - R2*C1)

http:/fwww.ap.smu.ca/~turner/solarm.f.bd . 172



1172172015
DX =
DY =
Dz
EX =
EY
EZ =
WRIT

DETDX/DET
DETDY/DET

= DETDZ/DET

DETEX/DET

= DETEY/DET

DETEZ/DET
{6,15) X

15 FORMAT (1X,'X

WRITE

(6,16} Y

16 FORMAT (1X,'Y

WRITE

(6,17) Z

17 FORMAT (1X,'Z2

STOP
END

hitp:/hwww.ap.smu.ca’~turner/solarmf.t
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A'k

y = 14.697x - 1.0192

sin.2l

1.00

-100
-1.00 -080 -060 -040 -0.20 0.00 0.20 0.40 0.60 0.80
value uncertainty  wgt valuexwgt
ALS -1.0199  0.60696 2.714438 -2.76845
BLS 14.69427 0.850v9 1.381514 20.30034
ANP -1.41667 0.73243 1.864094 -2.64081
BNP 14.55249 0.91786 1.18699 17.27366
n 577
Awgt 4578531 -5.40928
Bwgt  2.568504 37.574
pm
= -1.18144 0.467344
= 14 62875 0.623964




