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We have known, since 1971, that the powerful X-ray source Cyg X-1
exhibits a bi-modal behaviour, sometimes in an active (HI) state
(characterised by a steep complex spectrum) but usually in a quiet

(LO) state (with a photon spectral index o = 1.6). A transition from
the active to quiet state was observed in that year; other transitions
occurred in 1975 April, May and September and 1976 February- (Heise et
il 975 Sanford etral., 1975; Holitket alts s uiOFEraTion6)s

The MSSL instrument (experiment C) on the Ariel 5 satellite observed
Cyg X-1 during May 1975 (May 3rd to May 15th), for part of the HI
state and the subsequent gradual recovery to the quiet state. These
data, the only known spectral observations of moderate energy resolu-
tion made during a transition, are presented here.

~™The spectrum (see Figure 1) has at least two components. The low
energy part is well approximated by a blackbody with kT v 0.3 keV
and (in the higher energy region) by a power law. The ratio of the
luminosities of these two components agrees with the predictions of
inverse Compton models (e.g. Sunyaev and Titarchuk, 1979; Liang, 1980).
During the transition the spectral index of the power law component
flattens from o0 v 2.8 to & v 2.0. A bump in the spectrum at Vv 3 keV
is possibly explained by a cut-off in the power law, but the data
are also consistent with a continuation of the power law to the low
energy region. If the cut-off hypothesis is accepted, the transition
between HI and LO states is both the result of an increase of the
blackbody temperature and a flattening of the power law (see Figure
2a). We note that the temperature increases before o drops. In the
case of no assumed cut-off to the power law the temperature remains
constant throughout the transition. Note also that the enhanced
flux of the power law component, without spectral changes, is res-
ponsible for flares in the HI state. A very weak emission feature
(<50 above the continuum) is present between 6 and 7 keV. Due to
its faintness, it has not been possible to determine its energy with
sufficient precision to identify it with the 6.7 keV iron line.

An estimate of the electron temperature and the optical depth for
Thomson scattering, by the electron cloud as it reprocesses the soft
flux, has been attempted on the basis of recent theoretical calcula-
tions (Sunyaev and Titarchuk, 1979). In the HI state we find
TSRk eV TR USROS KTle =< e VAT R 12 respectively with and
without a cut-off in the power law at 3 kevV. In the LO state,
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The variation between HI and LO state (from Figs.
1d) is clearly visible.
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Figure 2: Photon spectral index and blackbody temperature versus
time (days 1975), as obtained by a fit with cut-off at
3 keV for the power law component (Fig. 2a) and without
cut-off (Fig. 2b). Errors shown are 30.

Sunyaev and Trumper (1979) find kTe = 27 keV, Tp & 5. In our last
observation the recovery to the LO state was not yet complete

(@ v 2.0 > 1.6, the usual LO state value) the flux was also greater
and the recovery was completed within the next month (Eyles et al.,
1975). Since the formula which ties kT, to the ratio of hard and
soft luminosities has a singular behaviour around o = 2, it was not
possible to compute kTg and T, for the data from the less intense
state. However a hint of an increase in kTg is evident at the start
of the transition.
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