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ON THE NEWTONIAN CONSTANT OF pair of traversing slides, each carrying a microscope in one or
GRAVITATIONA other of three grooves. The two lraversing slides are drawn
I together by a spring, and can be separated by a screw coue,

I HAVE already stated that two measurements, viz. the hori-
zontal distances between the axes of the wires which support
the lead balls, and of the fibres which support the gold balls,
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must be made with the highest degree of accuracy attainable,
for on these the result directly depends. Inorderto accomplish
this, I had to design a special instrument, an optical com-
pass, which is illustrated in Fig. 4. This is an arrangement

forming a very delicate fine adjustment. This is operated by
the screw-head s;5 S3; is a focussing screw giving a fine
‘adjustment to the focussing slide. S, s, are twe parallel-
ising screws, the purpose of which is to bring the micro-
scopically-divided glass scale into focus at each end
simultaneously, §,is a micrometer screw-head, which is.
employed to push the scale bodily to the right by measured
amounts. The two microscopes are focussed upon, say, the
right sides of the wires, the focussing slide is then withdrawn,
leaving them relatively unchanged, and the microscopic scale is-
then put in its place. The distance from wire to wire is thus
transferred directly to the scale, and the fractional part of any-
one division of I/100 inch is all that has to be referred to and -
measured by the screw. Every slide in this apparatus is
geometrically arranged, so that the movements are all perfectly
free, unconstrained, and without shake. In measuring the dis.-
tance between the fibres, which must be done while they are-
freely suspended, so that a force of a millionth of
the weight of a grain will give them a considerable

i motion, means have to be provided to exclude draught,

which yet must not interfere with the apparent dis-
tances of the fibres. No microscope cover-glass is any
use for this purpose, It is sure to be prismatic, and when
inserted between the microscope and an object, it will cértainly
cause it to shift its apparent position. A piece of clear mica.
is perfect in this respect, no movement, even with a high
power, being visible. I mention this, as it well illustrates the
sort of trap that is ever set for the experimentalist,  If I had not
been aware of this, and had used, as would bz natural, a2 window
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which rests upon the lid of the zpparatus on the circular V-
groove seen in Fig. 1, so that it can rotate without shake.
Upon the lower framing rests the focussing slide, and on this a

1 Continued from p. 334
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of microscope cover-glass, then each fibre would have appeared
as definitely in its place as before, but the place would have
been wrong, perhaps by 1/1000inch, and thus & consistent error
aflecting all the experiments alike would have been introduced,
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=nd no multiplication of observations er taking of means would
have eliminated it. It is on this account thaE it is'so important
in experimental work to vary the conditions in every way, so as
1o discover unsuspected consistent errors,

The microscope scale was made by Zeiss, and is a most

erfect example of scale construction. 1In order to test the
aceuracy and find the errors of the scale, Itook advantage of my
visit to Cardiff; for the meeting of the British Association, to
compare it with a series of Whitworth standard bars on Prof.
Viriamu Jones's very perfect \Whitworth measuring machine.
For this class of work sunshine or dust give great trouble, but I
was fortunate in having splendid weather for my purpose, as
visitors will -probably remember.
during the two days that I was making these measurements,

Having now very imperfectly described the apparatus and
the place in which I have carried out my experiments, I will
aext show a series of photographs, which I tock by magnesium
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light, to give a better idea of the appearance of the apparatus
and its surroundings. Fig. 5 is a view of the vault showing
the clock, the eye end of the big telescope, and the little telescope.
In the distant corner is seen the felt screen with a long slit,
through which the scale and telescope can be seen from the
mirror of the instrument. This, of course, is on the table be-
hind the screen. Fig. 6 is a view of the corner itself, with the
screen drawn back., The octagon protecting house, which sur-
rounds the apparatus, is seen in position. Here again a slit is
cut large enough to allow the scale and telescope to be seen
from the mirror, Fig, 7is a view of the instrument with the
iwo halves of the-octagon house separated. Here a further
system .of screens consisting of concentric brass tubes may
be seen, but the lower one, which surrounds the window,

as been removed and placed upon the table. The driving
gear is also seen in this photograph, and a tube coming
Tom the screw under the instrument which holds the central
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It rained without ceasing’

tube, which tube is also seen in Fig. 1. This tube en-
ables me to control the motion of the mirror from the
telescope without approaching the corner in which the ap.
paratus is set up. This is done as follows : the back window
at the level of the mirror is made of metal, with a hole in it in
which is screwed a metal tube lightly filled with cotton wool.
This is not central, but opposite one end of the mirror. The
tube on the table does not fit the screw, but is merely bent up
and enters it loosely, By gently drawing air from the end of
the tube at the telescope a very fecble draught is produced in
the apparatus, for nearly all the required air is supplied by
leakage round the pipe near the screw, very little entering
through the window pipe, in consequence of the resistance
offered by the cotton wool. In this way, if the mirror is

Fic. 7.

moving it may be gently brought to rest without impact, or it
may be given a swing of any desired amplitude. So perfectly
does this work, that the mirror may be steadied very
quickly so 2s to move through less than a scale division,
an amount which corresponds to six or seven seconds of arc, or
to a force of less than one thousand millionth of the weight of
a grain,

The operations for any complete experiment are fourteen in
number. I do not intend to go through these seriatim, as
time will not allow me to doso. Itis sufficient now to say
that the first eight are necessary to get the instrument and scale
relatively fixed and adjusted, the vertical measures made, and
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generally all ready for operation 9, in which the optical compass
is employed. This is a most important one, for not only are
the harizontal measures made, on which so much depends, but
in addition the plane of the wires and fibresare made identical,
the corresponding scale reading is found, and any eccentricities
are measured and may be corrected.

(Tv be continued.)
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