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death, accompanied the sickness. The last stage was 
characterized by complete prostration, in  which the 
neck and head were stretched out flat on the floor of 
the cage. Post-mortem examinations revealed slight 
congestion of blood vessels of the small intestine and 
in some cases a n  indication of a hemorrhagic condi- 
tion of the cerebellum. 

T h e e  experiments show that low concentrations of 

selenium produce poisoning i n  ducks i n  which the 
syndrome is identical with that produced by Clos-
tri&um botulinum type C.4 This would indicate that  
selenium may be a contributing factor in  duck sick- 
nef;s. Further  experimental work is in  progress and 
a more detailed paper will appear  a t  u later dale. 
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HARVEY]has described a n  optical design of a micro- 
scope centrifuge employed in investigating the effects 
of high centrifugal forms on small organisms. The 
general design, which makes use of two mirrors 
mounted on the rotor, is applicable to the study of 
other materials under like conditions. When i t  is  
desirable to view the effects from a direction parallel 
to the axis of rotation and when in addition i t  is 
necessary to observe elements of the object more 
widely separated in  that  direction than a t  right angles 
thereto, the Harvey arrangement is ideal. 

Another simpler design employing only one mirror 
has been found to give greatly improved optical defi- 
nition when these elements a r e  least widely separated 
in a direction parallel to the axis. I n  Fig. l a ,  fo r  
example, the disk-shaped object 0 has a diameter 
large in  comparison with its thickness along AB, 
parallel to the axis of rotation RP.  B is a small plane 
mirror mounted on the rotor. (The same applies to 
the other figures.) Light f rom a straight filament 
lamp is focused upon 0 so that the image of the fila- 
ment lies along CD and consequently transverse to the 
direction of the motion of the object thus illuminated. 
As 0 then revolves about RP, it  becomes visible to 
the naked eye or in  a microscope only a s  it  passes 
through the indicated position. Consequently, as  
viewed from E the virtual image Of will appear  sta- 
tionary and under apparently continuous illumination 
when the speed is high enough to prevent flicker. As 
the light beam passing through 0 is made wider, the 
optical definition becomes poorer. Further considera- 
tion will show that "perfect" definition is obtained 
only for  points along the line CD in the design de- 
scribed, and only f o r  one point a t  a time along the 
line AB in the Harvey design. The reason is that, 

1 J. Frank Harvey, Journal of the Pranklilz Institute, 
214: 1,1932. 

in  the respective designs, these two lines are  the only 
ones whose virtual images i n  the field of view lie coin- 
cident with the axis of rotation. 

Fig. l b  illustrates another method that may be used 
to observe in  a radial direction the real image of the 
filament being vertical here. Furthermore, i t  will be 
noticed that  B can be placed a t  any position along 
R P  as  long as  it  is so tilted that  the image Of will lie 

somewhere along RP. Fig. l c  shows a n  arrangement 
fo r  viewing the object obliquely. I n  fact, the mirror 
may be placed anywhere in  the plane perpendicular 
to the plane of the figure intersecting it  in  EF. I n  
general, there are  a n  infinite number of possible posi- 
tions for  the mirror, the only necessary condition 
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being that the virtual image of the object shall lie a t  
the axis of rotation. 

The arrangements shown in Figs. l a  and l b  have 
been used with good success i n  simple air-driven micro- 
scope c e n t r i f ~ g e s . ~  . 
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A PIEZOELECTRIC ULTRAMICROMETER 

THE ultramicrometer is an instrument fo r  the mea- 
surement of linear displacements smaller than those 
accessible by the methods of optical interferometry, 
which are  limited by the wave-length of light. Whid-
dington,l using two oscillating electrical circuits tuned 
so a s  to produce a n  audible beat-tone, was able to  
extend the sensitivity of measurement to a value some- 
what smaller than 10 cm. This was accomplished 
by the measurement of the variation of beat-tone 
between the two circuits, this variation being a measure 
of the change of frequency produced in one of them 
by the change of capacity of its condenser caused by 
alteration of distance between condenser plates. An-
other method consisk in  exciting a resonant circuit 
by a n  oscillator a t  such a frequency that the response 
of the resonant circuit is most sensitive to a variation 
of exciting frequency; the amplitude of current in  
the resonant circuit will then register a change caused 
by a shift  in frequency, as that produced by a change 
in distance apart  of the plates of a condenser in the 
exciting circuit. This method, with especially designed 
circuits, has been developed a t  the Bell Telephone 
Laboratories f o r  the measurement of displacement of 
microphone contact^,^ the sensitivity being such that a 
displacement of a condenser plate by cm could 
produce a galvanometer deflection of one inch. 

A piezoelectric quartz plate provided with suitable 
electrodes is the equivalent of a resonant electrical 
circuit, and the properties of such plates have been 
studied extensively by W. 8. Cady3 and by D. W. 
Dye.4 When the plate electrodes are  connected to 
the terminals of the condenser in  a simple resonant 
circuit which is being excited by a n  external source of 
variable frequency, the response curve (e.g., effective 
current plotted against frequency) of the circuit 1s 
modified by a deep d e f t  or crevnssp a t  the natural fre- 
quency of the quartz plate. This crevasse is extraordi- 
narily narrow and its sides are  so steep that if the 
operating frequency of the exciting circuit be sct so 
a s  to correspond to a point of the steepcst slope, a 

2 Bcams and Pickels, Rev. Sci. Inst., 6 :  299, 1935. 
1R. Whiddington, Phil. Mag., 40: 634-639, 1920. 
2 J. R. Haynes, Bell Laboratories Becord, 13: 337-342, 

1935. 
3 W. G. Cady, Proo. I .  TZ. E.,10: 83-114, 1922. 
4 D. W. Dyc, Proc. Yhys.  Soc. Lond., 38: 399-458, 1926. 

small change of the exciting frequency will cause a 
correspondingly large change in the oscillatory current 
in the resonant circuit connected with the quartz, and 
a thermogalvanometer in this circuit will register a 
corresponding change of reading. I n  general, changes 
of frequency much too small to be detected by usual 
methods will cause a measurable change in the gal- 
vanometer reading. 

Using a quartz plate of 600 K C  resonant frequency, 
a frequency change of one sixtieth of a cycle per sec- 
ond may be detected, corresponding to a frequency 
change of about three parts in  one hundred million. 
Such a change in frequency may be caused by a minute 
change in the distance between the plates of a con-
denser in the exciting circuit. The practical limits to 
which measurements may be pushed depend upon the 
stability of frequency of the exciting circuit and upon 
the freedom from minute mechanical disturbances of 
the small condenser, the displacement of one plate of 
which is to be measured. To test the method a mi-
crometer condenser h m  been constructed so that each 
plate is attached to a separate support clamped to a 
heavy steel rod. Adjustments are provided for  making 
the plates parallel and for  making relatively large 
variations of plate distance by means of a micrometer 
screw. Additional known micro-variations of plate 
distance are  made by applying small known bending 
forces to the steel rod. A variable condenser in paral- 
lel is provided so as to operate the micrometer con-
denser a t  any desired plate distance and thus to secure 
a wide range of sensitivities. I n  the experiments 
which have so f a r  been carried out displacements of 
10-%m have been measured to a few per cent., though 
no special precautions have been taken against me-
chanical disturbances. By taking such precautions it 
is expected that displacements of 10-lo em may be 
measured. The attainment of a sensitivity of this 
order should open a new avenue of approach to a 
number of important problems. 
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