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3. Theoretical power spectrum

Curve (1), Fig. 3, shows the power spectrum produced
by the storage ring, calculated according to a formula
due to Schwinger (1949) for the conditions prevailing
at the time of the experiment (1-72 GeV, 250 mA).
Curve (2) of the same figure shows the beam power
incident upon the beam splitter after filtration by the
beryllium vacuum windows (approximately 325 um
thick) in the beam line. It is difficult to calculate the
effect of the windows and the short air path precisely,
since the absorption coefficients of Be, O and N are not
precisely known. In Fig. 3 the influence of the air has
been ignored.

The interferometer splitter wafer has an absorption
factor (ut) of 2 at 1 A. If we take the Victoreen
expression for the absorption coefficient of silicon
(International Tables for X-ray Crystallography, 1968)
then the power absorbed by it from the spectrum of
Fig. 3, curve (2), is shown in Fig. 3, curve (3). We see
that nearly all of the incident power is absorbed by the
first wafer of the interferometer. It follows that most of
the heat can be absorbed instead in a non-diffracting
plate of some suitable material, e.g. glass or silicon,
chosen to have absorption properties similar to those of
the analyser and placed in front of the interferometer. If
the non-diffracting plate has an absorption factor of ut
= 1.5 at 1 A wavelength then the total power absorbed
by the interferometer is reduced by a factor of around
30, whilst the intensity at 1 A is only reduced by a
factor of 5.

If we now set the interferometer to diffract 1 A
radiation, we have a situation in which we can use the
thermal filter to control the power incident on the
interferometer over a 30:1 range (at least), whilst still
retaining enough intensity at 1 A wavelength in the
diffracted beam to record on film moiré images of the
thermal strain distribution.

When a glass filter (u ~ 0-8 at 1 A) is placed in
front of the wide-beam interferometer the thermal load
on the interferometer is reduced by about 88% and the
wider moiré fringes in Fig. 2(b) show that the
temperature differential is decreased. For example, in
the middle of the field of view the temperature
differential is only 0-20 K compared with 1-39 K in
Fig. 2(a). More important, the ratio of the fringe
spacings at corresponding positions in the two parts of
Fig. 2 is a constant showing that the temperature
distribution is substantially independent of the beam
power but scales with the power. The absorption power
spectra for the interferometer beam splitter with and
without the glass thermal filter are calculated in Fig. 4.
The ratio of the areas under the absorption curves is
about 8-5, in reasonable agreement with the measured
temperature ratios. The discontinuities in the curve
reflect the presence of heavy elements in the glass used
in the experiments (4-5% Zn and 2-8% Pb). Further
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exposures with various thermal filters confirmed the
result that the temperature rise accurately followed the
calculated heat load in the beam splitter.

4. Control of thermal loading without filters

In order to make full use of the intensity of the
synchrotron radiation source, it is preferable to avoid
the use of filters in the beam. If we examine the
geometric conditions necessary for the useful operation
of a system similar to those successfully used in the
laboratory (Cusatis & Hart, 1974, 1977; Siddons,
1979a,b; Hart & Siddons, 1978; Hart, 1980), then we
find that for the proposed SRS at Daresbury, the
minimum possible beam divergence in the vertical plane
is of the order of 10~3 rad. This implies an optimum
beam collimator dimension in this plane of 1 mm or
less. It is thus interesting to study the effect of the size
of the illuminated (and heated) region on the induced
strain.

Fig. 5 shows a series of moiré topographs in which
the total thermal loading was varied by a factor of 20
by changing the illuminated area from the original 9 x 6
mm to 0-4 x 6 mm. So that the fringes could be clearly
resolved even with the largest beam, a thin thermal
filter was used in front of the interferometer through-
out this series of exposures.

Quantitative evaluation of these moiré patterns
yields some interesting information, as Table 1 shows.

In each case the fringe spacing was measured at the
centre of the field. The interesting result is that the
temperature rise per unit beam area is nof constant.
Because the illuminated area is only part of a much
larger wafer, the relative importance of the wafer as a
heat sink increases as the beam area becomes smaller.
The temperature rise is only half that which might have
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Fig. 4. Power spectrum of radiation absorbed in the beam splitter
with and without the thermal filter under the conditions obtaining
in Fig. 2. The discontinuities in the lower curve are due to
transition metals (Pb and Zn) present in the glass.









