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ABSTRACT

Our exact solution of Kemp’s model for polarized radiation from magnetic white dwarfs at
low temperatures is extended to all temperatures. The implications of the results are discussed.

I. INTRODUCTION

Recently we (Chanmugam, O’Connell, and Rajagopal 1972, hereafter called Paper
I) presented a solution of Kemp’s harmonic-oscillator model (Kemp 19704, b) correct
to all orders in the magnetic field B, for polarized radiation from low-temperature
magnetic white dwarfs.

However, because of the low-temperature restriction, the results of Paper I are not
applicable in the infrared (iw < kT) region to a magnetic white dwarf such as Grw+
70°8247. In this paper we extend our results to all temperatures and discuss the impli-
cations of our results. We also discuss the applicability and limitations of Kemp’s
model.

II. FORMULATION

In Paper I we restricted our discussion to low temperatures. What this meant was
that only the lowest excited states of the oscillator were considered and transitions
from higher excited states were ignored. Here, we take into consideration the popula-
tion of excited states. We follow the notation of Paper I.

Let us begin by computing the matrix elements for transition between any two states

designated |n',,n_,n',) and |n+, n_,n. The expression for the interaction Hamil-
tonian which causes transitions giving rise to circularly polarized radiation is
ieEe~'t [ £ -
= B (o) P — A1) F Oy + A, )

where Q = (eB/2mc), w, = (wo? + Q)2 and w, is the natural frequency of the
oscillator. The + signs correspond to left and right circularly polarized radiation,
respectively. For left circularly polarized radiation, setting

X = lieEe"“"(ﬁ)ll2
- 2 m s
we have
X
Snn_n | Hi|n' o0’ _n's) = —=5 3(n, n'.)
(4

X [(we = Q- + 1)128(n' - — 1,n_)8(n,, n')8(w — we + Q)
= (wc + Qn, 28"y + 1,n,)0(n_, 0" _)d(w + wc + Q)]. @
719

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1972ApJ...177..719C&amp;db_key=AST

T D LI77. CTIOTh

o]

L1972

720 G. CHANMUGAM ET AL. Vol. 177
The & functions in the frequency » have been introduced to remind us that 7w =
E@W.,n_,n)—Eny,n_,n) f n,=n',, n_=n_—-1, n,=n',, then w =
(w, — Q), while if n, =n'y + 1,n_=n"_, n, =n',, then w = —(w, + Q). Since

we are considering spontaneous (downward) transitions, the term containing
8w + w, + Q)inequation (2), which corresponds to an upward transition, is dropped.
Hence

[<nyn_n|H)|n' .n' _n’')|?

f—z 8(nz, '2)d(ny, 0 )3, 1 . — 1)(w —w. + Q- +1). (3)

The populations of the various levels (which are nondegenerate) of the oscﬂlator are
given by Maxwell-Boltzmann statistics, so that the probability that level |n' ., n'_, n',>
is occupied is given by

PGt yo1' o) = 2 exp (~HBl(we + D) + D)

+ (we — Q' = + %) + wo(n’, + DI}, )]
where

Z= 2 exp{—Pillwc + Qs + ) + (@, — D- + 3) + woln, + D]

NgsN Nz

and B = 1/kT. Then the intensity of left circularly polarized radiation is given by

I(w) = X0 S exp (— Bhl(w. + Dy + B)

ch Ny ,Ny
+ (0o = Q- + 3) + woln; + H@- + Dd(w —w, + Q). (5)
Cancelling the terms in the summation over n,, n, with those in Z, we find that

fiwX32S

If() = 7o (6)

where
_2n(n+ Dexp[— o+ D] _ 1 a
> €xp [— Bhwn] e —1° )

Similarly we find that the intensity of right circularly polarized light (here, for Q < w,
the natural frequency of the oscillator is different so that w, = w — Q) is

th S

Ip(@) = —5 - @®
Hence for 2Q < w the fractional circular polarization g is given by
g = Qlw. ®
If 2Q > w, then one has only left circularly polarized radiation so that
g=1. (10)

These results are modified if one includes the effects of the field on the distribution of
oscillators. In the quantum-mechanical case w, = (w? + 2wQ)'2, in agreement with
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the classical case (Kemp 1970a). We hence find in the quantum-mechanical case that

— 2 __ 1/2 __ =£_
q(w) = (S 1) S, whereS = 70 > 1,

gw)=1 if0<S<1, (11)

in agreement with Kemp’s classical results.

III. LINEAR POLARIZATION

In this case if we look in a plane perpendicular to the z-axis and choose the x-axis
along the line of sight, we observe two o-components and one m-component. The
interaction Hamiltonian for linear polarization is (from Paper I)

: —~{iwt 1/2
H, = £ [(h) (wldy — A_ + A, — A1)

) dmw,
[ fw\ 12
+ QA4; + A + AT, + ATy — P (a, — a’fz)] .
Considering only downward transitions, we find that
’ ’ ’ . i h 12 ’ ’ ’
<n+n—n2|HI|n +n-ny) = — iee’ t[(M) {s(nza nz)s(n—’ n —)8(’1 + = ls n+)

x (ny + D"?(w — 0, — Q) — 8(n,,n' )8(n,n',)
x 81’y — 1,n Y- + D28(w — w, + Q))
. hwo uz] ’ ’
— i) "2 s o)
x o', — 1, n)(n, + 1)28(w — wo)] .

We then find that the only nonzero matrix elements are given by
X(n, + 112

{nyn_n|Hin, +1,n_,n,) = T 0 (12)
where w, = w — Q. This matrix element is zero if w < 2Q.
X
nyn_n|Hyn,,n_ + 1,n,) = o Q(n— + D2, (13)
where w, = v + Q. Also,
2y
(non_n|Hyng,n_,n, + 1) = - (n, + D2 (14)

with w = w,.

Equationsc (12) and (13) correspond to the two o-components oy, o5, and equation
(14) corresponds to the 7-component. Let the corresponding intensities of radiation
be denoted by I,,, I,,, I,. Then proceeding as before (cf. egs. [4], [5]), we find that

I (w) = iwX2S/(w + Q) ifw>2Q,

=0 ifw < 2Q;
I () = fiwX2S/(w — Q),
I(w) = 2hwX?%S|w for all w. (15)
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The fractional linear polarization is then given by
— 101 + Ia‘g - In

=L 2 -,
L+ 1,4+ I, (16)
so that
q* = Q%/2w? — Q?) ifw>2Q,
= —(w + 2Q)/(w + 3Q) ifw < 2Q. amn

If one includes the effects of the magnetic field on the distribution of oscillators, we
find that

g*=[0 + )"+ (1 = )" =21 = AH[1 + )2 + A — )2 + 2(1 — t3)*7]
. fort=S"1<1,
= [S*2 = 2(1 + S$)2]/[S*2 + 2(1 + S)*?] forl>S>0. (18)

We emphasize that, similar to the case of the circular polarization, the g* value is
temperature independent (cf. Paper I, Note added in proof). This property is a feature
of the harmonic-oscillator model.

IV. DISCUSSION

It is remarkable that the results of Paper I for g are unchanged when we relax the
low-temperature assumption and allow population of higher levels. This means that
an explanation of the discrepancy between the infrared circular polarization observa-
tions and Kemp’s model must be sought elsewhere.

A feature of Kemp’s model is that one has to have a distribution of oscillators with
essentially a continuum of natural frequencies to account for the continuous emission.
Furthermore, one has to make an additional assumption regarding the number dis-
tribution of oscillators. Thus, while Kemp’s model has been extremely valuable in
providing insights into the nature of the polarized radiation, complete agreement with
observations will have to await either (¢) modifications in Kemp model or (b) a new
approach which will discuss the behavior of atoms in magnetic white dwarfs.
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