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A magnetically suspended rotor with facilities for

sampling the molecular species from the rotor tip to deter-

mine in particular their velocities, has been constructed

and tested successfully. The apparatus provides a new

advance in technique in that the velocity distribution of

the species from the rotor can be determined when the rotor

is moving at very low speeds as well as when it moves at

super-molecular velocities. Moreover, the velocity distri-

bution can be; determined with a high degree of precision;

one which oi'fers very considerable improvement over previous

rot or techn iques.

The apparatus is shown schematically in Fig.l; it

is based on separate vacuui.i chambers for beam generation,

col]imation and detection which arr independently evacuated

by conventional diffusion pump systems.

The rotor and its suspension arrangement is similar

to that developed by Moon et al . As shown in Fig.l, it is

magnetically suspended in vacuo in the rotor chamber, its

height, being sensed by a light beam which is arranged so that

should the rotor tend to fall, the signal from a photo cell

on which the light beam falls provides a correction signal

which is applied to the current in the suspension electro-

magnet. The rotor is caused to rotate by means of a rotating

magnetic field generated by two pairs of field coils in Helro-

holtz configuration mounted outside the glass rotor chamber.

The carbon fibre arms rotate in a horizontal plane, and at

one point intercept a beam of sample gas molecules from a

simple multiple capillary inlet system inclined at an angle

of 45° to the plane of rotation. The sample molecules which

strike the rotor and then re-evaporate normal to the rotor
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surface can pass along a molecular beam axis defined by

two apertures, into a Quadrupole mass spectrometer for

detection. The formation of a pulse of molecules in this
2

way, as described in detail in an earlier publication ,

is signalled by interruption of the laser beam by the rotor

arm. The time interval between the generation of the start

pulse from the laser beam and the arrival of ion pulses' in

the Channeltron detector of the Quadrupole, mass spectrometer

is determined by a Laben neutron time-of-flight unit and

400 channel multi-channel analyser.

Time of arrival distributions have been determined

for a number of gases and vapours using a rotor with aluminium

arms and a low rotational velocity, and Fig.2 shows some of

the results obtained. The initial experiments have been

designed to determine a number of corrections which must be

considered if the apparatus is used to obtain accurate data

on the velocities of the molecules from a high speed rotor.

One of these factors is the effect of gas intensity distri-

bution within the sample inlet beam and the width of that

sample inlet beam. Experimental tests of the magnitude of

this effect can be determined by measurement of the time of

arrival distribution as a function of rotor speed. The

observed width, w , of the distribution is given by the

expression

wo = wt + v^ ... (1)

when wt is the theoretical width at half-height for an

infinitely short gas source,

A is the width of the gas source, and

vr is the linear velocity of the rotor tip.

Another factor stems from the possible lack of coin-

cidence of the centre of the eas inlet jet with the front

- 258 -



PAPER P2

surface of the rotor when it initiates the start pulse which

will lead to displacement of the time of arrival distri-

bution curve along the time axis. Provided that the gas

density distribution in the source region is reasonably

uniform and is not so highly asymmetric that the position

and shape of the time of arrival distribution is distorted,

an error of this type can be estimated from measurements of

the magnitude of the effect of rotor speed on the time of

arrival distribution at low rotor speeds. For a gas source

which is coincident with the laser beam the t.o.a. (t )
mpo

observed for the molecules with the most probable velocity

<w
Vpo = 1/(vmp + V

and if the gas source is located at a distance, d, earlier

than the laser beam

V - 1/(vmp+ vr) -d/vr ... (3)

Provided v is much less than v

Snpo = a - d/vr ••• (4)

where a is a constant, and thus d may be estimated from the

gradient of a plot of t versus v "'.

These and other errors, e.g. transmission and process-

ing times for the start and stop pulses, ion transit times

in the Quadrupole and certain other design considerations

will be discussed in more detail in the presentation.

Experimental results will t. ? presented showing how these

factors may be elucidated and applied to correct the analysis

of data oMp.ined at high rotational speeds.
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