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METHOD OF OPERATION OF THE MRL

INTERFEROMETRIC MANOMETER

l. INTRODUCTION

The MRL interferometric manometer is a U-tube manometer (see Fig. 1)
in which the mercury surfaces are the reflectors of a Michelson inter-
ferometer. The difference in heights of the mercury surfaces is detected
and measured by use of laser interferometry techniques with a He-Ne laser.
Special floats made from stainless steel and tungsten, and incorporating a
cat's-eye, are used in each tube to reduce the effects of vibration.

The U-tube and the laser inferferometer are mounted on a cast-iron
surface plate which in turn is borne by a 5-tonne concrete block supported
by air-operated anti-vibration mountings (see Fig. 2). Vacuum pumps and
associated plumbing are also mounted on the surface plate.

The manometer has been described elsewhere ([11. This note is
basically an instruction manual for the manometer.

2. PREPARATION FOR USE

2.1 Installation of Floats

To ensure that gas is not trapped under the floats during installation
the procedure which follows has been developed so that they are placed in
the mercury while both tubes are under vacuum. Initially, the mercury is
drained from the tubes to the glass reservoir which rests on the cast~iron
surface plate (see Fig. 3) and nitrogen* gas is leaked into both tubes
until the pressure is atmospheric. The crosses (Varian vacuum-fittings)
on top of each tube can then be removed. The floats are then hung in the
tubes by a length (about 100 mm) of stainless-steel wire hooked over a

* In order to avoid oxidation of the mercury surfaces oxygen is excluded
as far as possible from the system. Nitrogen, which is inert with
respect to mercury, is used as the pressure medium.
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stainless-steel rod placed horizontally in each cross (see Fig. 4). The
wires need to be hooked onto both the floats and the rods in such a manner
that they will easily release the floats when the tubes are refilled with
mercury. To ensure that this does occur a stainless-steel ring is also
hooked onto each wire between the float and rod.

The crosses are then re-fixed to each tube. The tubes are then
evacuated (to less than 0.1 Pa) with the drain valve open so that the line
to the reservoir is also evacuated. After pumping with the sorption pump
for about 30 min, mercury can be slowly forced from the reservoir and into
the tubes by leaking nitrogen gas into the space above the mercury in the
reservoir. Evacuation of the tubes should continue during this procedure
as a precautionary measure should there be a release of trapped gas from
the reservoir system.

The required height of the mercury level in tube 1 is achieved when
the top edge of float 1 is about 15 mm from the top of the tube (see Fig. 5).
This distance is judged while observing the rise of the mercury in the tube
through the window. The releasing of the float from the hanging wire can
also be observed through the window.

The drain valve is closed when the required level in tube 1 (and
hence tube 2) is obtained; the refilling process is then complete. The
space above the mercury in the reservoir is then evacuated in order to
minimise contamination of the unused mercury during storage between refills.

Valve V, (see Fig. 6) adjoining the tubes is then closed and nitrogen
gas slowly leaked into tube 1. This causes the mercury level in tube 2 to
rise up to support float 2 and release it from the hanging wire. The top
edge of float 2 should not come to closer than about 50 mm from the top of
the tube. If the edge is closer than 50 mm, float 1 may "bottom" with the
likelihood of its lower sections being exposed to nitrogen gas at
atmospheric pressure.

With float 2 released, tube 1 is then slowly evacuated until valve V&
can be safely reopened. The tubes are then leaked up to atmospheric
pressure using nitrogen gas and the cross on tube 2 is removed. Valve V
is closed again and tube 1 pressurised above atmospheric pressure (up to
about 100 kPa above) to cause float 2 to rise to a convenient height for
removing the hanging-wire, ring and rod. Also, the float will probably
require a gentle push to overcome surface tension forces to allow it to
submerge to the required level in the mercury.

The pressure in tube 1 is then allowed to fall slowly to atmospheric
pressure. Valve V, is opened again and the cross on tube 1 is removed.
The hanging wire, ring and rod are retrieved and float 1 is adjusted to
float at the required level in the mercury.

The crosses are then re-fixed to both tubes, which are evacuated or
filled with nitrogen at about atmospheric pressure.
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2.2 Alignment

2.2.1 Introduction

The operation of the manometer depends quite critically on the
alignment of the optical system relative to the U-tubes. The alignment
needs to be such that significant intensity variations at the pinhole and
cosine errors in height measurement do not occur. It is therefore
necessary for the tubes to be vertical and for the laser beam to travel
vertically and axially in the tubes at all times.

2.2.2 Alignment Procedure

The cast-iron surface plate is adjusted to be horizontal (within 2")
by means of the adjusting screws on the air chambers of the 3 Serva-Levl
units (see Fig. 7) and by use of a suitable spirit level. The tubes are
bolted approximately normal to the surface plate and supported above the
plate to the main frame by adjustable clamps. The clamps are used for
adjusting the tubes to be vertical to within 5".

The He-Ne laser is mounted so that its beam is horizontal as indicated
by a precision spirit level placed on the upper surface of the laser. The
laser is adjusted so that the spirit-level reading is the same as when the
laser was placed on a horizontal granite surface plate and its beam adjusted
parallel to the granite surface as indicated by a quadrant detector moved
in the beam along the plate.

To facilitate alignment of the beams a 1-mm pinhole is placed within
2 cm of the laser and located centrally in the laser beam by means of a
quadrant detector.

Verticality of the beams in the tubes is achieved by placing a small
dish of mercury on top of each tube (see Fig. 8) and adjusting the
polarisation beam splitter (3) (see Fig. 1) and the beam-bending mirror (6)
until the reflected beams are located symmetrically about the 1-mm pinhole.

For locating the vertical beams centrally in the tubes two targets
with 1-mm circles at their centres were made to be supported on each float.
The clearance between the tube walls and the targets is about 0.0l mm.

The 1-mm pinhole near the laser causes a circular diffraction pattern to be
formed, and the image of this pattern and the target-circles are magnified
by the use of telescopes (see Fig. 9). When the circular diffraction
patterns are concentric with the target-circles the laser beams will be
central in the tubes.

For making adjustments for the conditions of verticality and
centrality the laser is mounted on a plate that can be rotated in a
horizontal plane. Also, the polarisation beam splitter and the beam-
bending mirror are fixed to mirror mounts which permit rotation about two
orthogonal axes, one axis being parallel to the laser beam. Moreover,
the beam splitter is mounted on a table with movement in a horizontal
direction. Both this table and the mirror mount for the beam-bending
mirror are mounted on a vertical steel plate that can be moved horizomtally.




To check the alignment, tube 1 is pressurised to about 100 kPa above
atmospheric pressure and the target-circles are again observed to ascertain
centrality of the diffraction patterns. When the alignment is satisfactory,
the targets are removed from both tubes.

2.2.3 Lens Adjustments

The 1-mm pinhole in front of the laser is replaced with a hole of
the same diameter as the laser beam (about 6 mm). The hole is cut in a
plece of white card and positioned centrally in the laser beam.

The lens for float 1 can then be inserted into its lens holder and
adjusted to focus near the mercury surface; experience has shown that at
atmospheric pressure the reflected beam should be slightly divergent.

When the divergent beam is viewed on the white card it should be about 8 mm
in diameter. The beam should also be checked at several points along its
path to ensure that it is not converging to a focus and then diverging onto
the card. Moreover, the beam should be located symmetrically around the
hole, and generally, to achieve this condition, a small lateral adjustment
of the lens is required. The fit of the lens into the lens holder is such
that this adjustment can be made by gently tapping the lens in the required
direction with a stainless-steel rod.

The procedure for the insertion and adjustment of the lens for float
2 is the same as above except that the mercury level in tube 2 needs to be
raised to allow access to float 2. Also, since the reflected beam path
to the laser will then be less, the diameter of the divergent beam at the
white card only needs to be slightly larger than 6 mm.

2.3 Optical-System Adjustments

The linearly polarised light from the laser is converted to circularly
polarised light after passing through the A/4 plate (2) near the laser.
The optic axis of this A\/4 plate needs to be set at 45° to the azimuth of
vibration of the linearly polarised light. If a polaroid analyser is
rotated in the circularly polarised beam there should be no observable
intensity variation in the beam emergent from the analyser.

The A/4 plates (4) and (5) are rotated so that the linearly polarised
beams emergent from the polarisation beam-splitter pass into the tubes as
circularly polarised light. A convenient method for adjusting the A/4
plates is to rotate them until there is a minimum return of the beam back
to the laser.

The optic axis of the A/4 plate (9) immediately above the polarisa-
tion beam-splitter is set to convert the linearly polarised beams emergent
from the beam-splitter to circularly polarised beams. As before, a
polaroid analyser can be used as a test for circularly polarised light.

The 400-um pinhole (10) is located centrally in the overlapping beams
and the beam-splitter (11) is then used to direct the emergent beam from
the pinhole to the photomultipliers (14) and (15). The pinhole diameter
of 400 ym was chosen because it was found by experiment to give the best
compromise between minimum "jitter" on the CRO (discussed below) and
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maximum signal~to-noise ratio on the output. The photomultipliers are
housed in brass casings and the housings have small holes to allow the
beams through to the photomultiplier end-windows. Finally, the polarising
directions of the polaroid analysers (12) and (13) are set at 45° to each
other. The fine adjustment of this angle is most easily done when
viewing the Lissajous figure on the CRO (described in section 3.2) which
should be a circle (provided that the input signals are of equal
amplitude).

3. OPERATION

3.1 Mechanical

A pressure measurement is commenced with both arms of the manometer
under vacuum, Even though the ion pump is available for use it has been
found that the sorption pump is generally all that is required to obtain
a suitable vacuum. This then avoids the use of cold traps; strictly
speaking cold traps should also be used with the sorption pump but for
convenience they are not used and as no detrimental effects arising from
mercury contamination have been observed after a few years of use, this
practice is considered satisfactory. Valves V., V., and Va are opened for
evacuating the tubes, while V. should be opened to évacuate the comparison
instrument and then closed again.

With the reversible counter set to zero and valves V,, V4 and V6
closed, nitrogen gas is slowly admitted to tube 1 via V., 2V being
re-opened first. As the pressure increases, fringes are counted (at a
maximum count rate of about 10 kHz) until the desired pressure is obtained.
The pressure is then slowly reduced to vacuum via V. to return the counter
to zero. Valve V. is then closed and V, re-opened to ensure that there
is no differential pressure between the two arms. The valves V, and V
for admitting and removing the nitrogen gas from the manometer are glass-
teflon needle valves which provide the necessary fine pressure control.

3.2 Electrical

The HV power supply is set to about 700 V so that the output signals
from the photomultipliers are about 1 V peak-to-peak. The supplies to
the photomultipliers are adjusted independently so that the two output
signals are equal. The output signals are connected to inputs 1 and 2 of
the trigger level compensator (TLC, see Fig. 10) and also to the X and Y
axes of the CRO. Outputs A and B from the TLC are connected to the
corresponding A and B inputs of the reversible counter. The function of
the TLC is to make adjustments automatically (that otherwise would need to
be made manually) to the triggering levels on the reversible counter.
These adjustments are necessary because the output signals from the photo-
multipliers are not constant due to intensity changes at the 400-um pin-
hole. The output signals from the TLC are 1 V peak-to-peak square-wave
signals for input signals over the voltage range 0.1 to 5 V peak-to-peak.
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In operation it is found that the floats have a certain degree of
stick~slip motion which causes "jitter" or radial broadening of the circle
on the CRO. Excessive jitter will cause the signal to drop below the
triggering levels with consequent loss of counts. This effect can be
observed if the counting rate exceeds about 10 kHz. The circle is also
used as a guide to the execution of smooth pressure changes when starting
and stopping a run.

Increased resolution of the manometer may be obtained by connecting
the digital output of the counter ‘» a digital-to-analog converter and
then to a strip chart recorder. The slower response of the recorder
damps out some of the vibration, which is typically about 3/4 to 1 fringe
in amplitude, enabling a resolution of 0.2 fringe (8 mPa) to be obtained
from the recorder trace.
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FIG. 1 - Operating principle of the manometer.
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