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Numerical simulations of merging galaxies do not include a
disc component due to bar instability modes. Analytic work is based
upon the impulsive approximation which leads to energy loss by the
perturber. However, for the perturber to become bound we need consider
parabolic encounters. Here we present an analytic technique suitable
for all types of encounters,

Fig.l:The geometry of
the flyby.
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The reduced perturbing potential as seen from Ml is:

U = um(zsin¢+rcos¢cos(3—q)))/AQ-um(r2+z2+A2—22Asin¢—2rAcos¢cos(3-@))—l/2

where u:GMl, m=M2/Ml. This is then Fourier analysed taking z=0:
® _2 -
U = 2 j a (rywe i(ns wt)dw
n=-@) n

The transforms an are calculated as integrals over the variable Y=tanu/2.

We linearise the position of a star; r=r +6, 9=9% +Qt+\ and
z=¢ and define Fourier transforms for the perturbea quanti%ies analogous
to a . The linearised equations of motion are then solved for these
transforms as functions of a and 4 £d3 /dz (5n is calculated as for

an). The energy change of the disc Is given by:
AE = ? }; ?n dU/dto(r)rdrdodt

;@ 0 0 nd
The 17~ order terms average to zero and so we expand to 2 =~ order, The
integral is then expressed in terms of the Fourier transforms., The w
contour is taken along the real axis with small indentations above the
poles. Only the poles (resonant interactions) give a net energy transfer:

Corotation:
o 3
s = - Tun’n’ §aa’ d(o/B)/dr dr (wmn)
n=1l 0 nn
Lindblad:
- ® - % * * ¥
AE=+_% n3¥(n9+u)(4n292a a fonarwd(a a:)/dr+r2n2a'a' Jo/(r@uB)dr (w=nQ+n)
n=1l 0 n n n n n n
o0 3 R. % -
AE =+ I 41° (3 3 o(r)rdr (w=(n+n)Q)
z n=1l 0 nn=—
Radial:
%
AE = +4n3 Fa’a’ o(r)rdr  (w=wn)
5 ©©

_ 3 R, .* -
AEZ = +81 ;aoaoo(r)rdr (w=nQ)

o

(n2=4QB; B=Oort's constantj ng¢l), All energy exchanges are posifive
except the inner Lindblad term as d(o/B)/dr<0.

In the impulsive limit the standard result can be rederived
from the above formulae. The above integrals were evaluated for a disc
with constant rotation velocity. The impulsive aproximation was found
to be good for encounters with V23V _, where V_ is the parabolic velocity.
For parabolic encounters the inner PLindblad Presonance was found to
dominate over almost all the parameter space. The disc component therefore
tends tp accelerate the perturber and inhibits merging. The effect is
weaker for large inclinations.
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