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MICROTOME HAVING ELECTRO-MECHANICAL 
KNIFE CONTROLLING MEANS 

The present invention refers to a method for indicat 
ing the thickness and its variations of sections cut in a 
microtome from a specimen block. The invention also 
refers to a method for generating variations of the 
thickness of a section cut from a specimen in a micro 
tome. 

When cutting ultrathin sections (<l.000 A) to be 
used for studies in an electron microscope it sometimes 
turns out from these studies that the sections are pro 
vided with disturbing parallel lines formed by variations 
of the thickness of the section. These lines might be ob 
tained even if external vibration sources are eliminated, 
and the variations are thus a product of the sectioning 
itself. The lines, which are perpendicular to the cutting 
direction are usually called “chatter.” The distance be 
tween the lines is as a rule in the order of 5.000 A and 
they are thus not possible to detect in a light micro 
scope but are discovered only when the section is stud 
led in the electron microscope. The process of elimi 
nating these lines, for instance by varying the angle be 
tween the knife edge and the specimen is thus very time 
consuming. 

It is an object of the present invention to provide a 
‘method by means of which the generation of chatter 
could be indicated at the sectioning whereby it will be 
possible to carry out the necessary adjustments to elim 
inate the variations of thickness without studying the 
sections in an electron microscope. The characteristics 
of the method will appear from the characterizing part 
of claim 1. 
Another problem within the ultramicrotomy consists 

in determining the distance between different elements 
in a section when studied in the electron microscope. 
This determination of distances within the section have 
hitherto generally been made by distributing small latex 
balls of well de?ned diameter over the section so as to 
obtain a surface scale reference. The drawback of this 
method consists therein that the structure of the sec 
tion is often compressed in the direction of cutting and 
thus the surface scale reference will refer to the com 
pressed section and no exact information will be ob 
tained as to the original distances in the structure of the 
specimen. It is another object of the present invention 
to provide a method for performing a distance determi 
nation referring to the original specimen. The charac— 
teristics of this method will appear from the character 
izing part of claim 3. 
The invention will now be explained in detail, refer 

ence being made to the enclosed drawing in which: 
FIG. 1 shows an embodiment of an apparatus for car 

rying out the method according to the invention and 
FIGS. 2 and 3 illustrate'the indicating signals ob 

tained from cutting with and without chatter respec 
tively. 
Referring now to FIG. 1 reference SH denotes the 

specimen arm in a microtome, the specimen being pro 
vided with a specimen block S. When cutting the speci 
men block, which for instance might consist of an or 
ganic specimen embedded in plastics, the specimen 
arm is brought downwards in the direction of the arrow 
towards a knife K, which cuts a section from the block. 
The means used for feeding the specimen arm and for 
handling the sections are well known per se and are not 
shown in FIG. I. The specimen block arm is further 
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provided with two piezoelectrical sensors PI and P2 re 
spectively which form part of the specimen arm. When 
the specimen arm at sectioning is brought downwards 
towards the knife, the vertical forces from the knife will 
then give rise to a tractive force on the lower sensor 
and a compressive force on the upper sensor. The sum 
of the tractive force on the lower sensor and the com 
pressive force on the upper sensor will then constitute 
a measure of the transversal force which effects the 
specimen. The outputs of the electrical sensors are then 
connected in opposition so as to obtain a voltage be 
tween the inputs II and [2 respectively of an opera 
tional ampli?er A corresponding to this force. The am 
plifier A is an operational ampli?er having a high input 
impedance and a high negative internal ampli?cation. 
The ampli?er is further provided with a feed back path 
including a capacitor C connected between one output 
U] of the ampli?er and the input II. The remaining 
input and output terminals 12 and U2 respectively are 
connected to ground. 
The hitherto described apparatus works as follows, 

when the sensors are subject to a tractive or compres 
sive force, a charge Q will be generated in the sensor 
and transferred to the capacitor C. The voltage across 
the capacitor will then be =Q/C and this voltage will 
also be obtained between the output connections UI 
and U2 since the feed back path of an ampli?er having 
the above de?ned properties will imply that the two in 
puts will be kept at substantially the same potential. 
The piezoelectric material of the sensors is choosen 

so as to make the charge Q as big as possible for a given 
force. The advantage of measuring the charge gener 
ated from the sensors instead of measuring the gener 
ated voltage is that the capacitor C will act as a memory 
element, i.e., if the sensors are subject to a constant 
force for a certain period of time, the output signal will 
be constant during this time. If the output voltages be 
tween the terminals of the sensors is measured, the 
measuring signal will at a constant force decrease due 
to leak currents. It is further possible to prove that 
when measuring the charge generated the sensitivity 
will be independent of the length and cross sectional 
area of the sensors. The sensors could thus be made 
thin and have a large cross sectional area which is es 
sential for not effecting the elastic properties of the mi 
crotome. 

In FIG. 2 there is shown to the left a section SI which 
has been cut in the direction of the arrow from the 
specimen block S in FIG. I. The thickness of the sec 
tion is denoted 8. In the right of the ?gure there is 
shown the output signal V obtained from the output 
terminals UI and U2 during the cutting. This output 
signal will thus be lineary decreasing during the cutting, 
due to the decreasing width of the section. Experiment 
further indicates that the cutting force and thus the am 
plitude of this output signal will within certain limits be 
lineary related to the thickness of the section. The ap 
paratus according to FIG. I could thus after calibration 
be used for determining the thickness of the sections. 

In FIG. 3 there is shown to the left another section S2 
cut from the specimen block, this section being pro 
vided with the parallel lines discussed above, i.e., the 
thickness of the section varies along the direction of 
cutting as indicated on the section surface. To the right 
in FIG. 3 there is shown the corresponding output sig 
nal from the apparatus according to FIG. I. As appears 
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from this diagram the output signal will vary as the 
thickness of the section varies and one could thus de 
tect if the section is provided with chatter. Adjustments 
to eliminate the chatter, for instance variation of the 
knife angle a could thus be made without studying the 
section in an electron microscope. 
By using the method according to the invention one 

could thus by measuring the cutting forces determine 
the thickness of the section as well as variations of this 
thickness along the cutting circuit. Provisions could 
then be made immediately to eliminate possible defects 
which means that time could be saved and the risk of 
consuming valuable specimens without obtaining any 
sections useable for electron microscopy studies is 
eliminated. 
The apparatus in FIG. 1 could also be used for gener 

ating variations of the thickness of the sections to be 
used for the scale reference determination as discussed 
above. If namely both sensors P1 and P2 are connected 
in series and an alternating voltage of determined fre 
quency is supplied to the terminals 11 and 12 one will 
obtain variations of the thickness of the sections for in 
stance as shown in FIG. 3. If the frequency of the alter 
nating voltage and the vertical velocity of the arm SH 
are known one will obtain parallel lines having a well 
defined distance. Such a section could then be used as 
a scale reference for subsequent sections in the elec 
tron microscope. One will thus obtain an automatic 
compensation for the compression in the cutting direc 
tion which is normally obtained in the sections, as the 
distance between the lines will be compressed to a cor 
responding extent. The scale reference will thus be re 
lated to the specimen before cutting. It should also be , 
noted that the method is simpler and less expensive 
than the scale determination using latex balls described 
above. 

It should also be noted that the cutting force deter 
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4 
mining apparatus according to FIG. 1 also could be 
used for measuring such variations of the cutting forces 
which derive from other defects of the cutting process, 
e.g., due to defects in the embedding of the specimen 
in the specimen block. - 
We claim: 
1. In a microtome means of the type comprising two 

assemblies, and means for moving one of said assem 
blies with respect to the other of said two assemblies, 
one of said assemblies including support means for a 
specimen to be sectioned, the other of the assemblies 
including support means for a knife for sectioning said 
specimen, one of said support means including two pi 
ezoelectric crystals, one of the crystals being mounted 
to absorb compressive force during said relative move 
ment, the other of said crystals being mounted to ab 
sorb tractive force during said relative movement, elec 
trical current integrating means and circuit means con 
necting said piezoelectric crystals with said integrating 
means in electrical opposition to each other, said inte 
grating means generating a signal indicating the total 
charge generated by said crystals resulting from said 
relative movement while sectioning a specimen. 

2. The invention defined in claim 1, wherein said sup 
port means including said piezoelectric crystals in 
cludes a specimen arm for supporting a specimen 
block. 

3. The invention defined in claim 1, wherein said 
electrical current integrating means comprises ampli 
?er means having a high negative internal ampli?ca 
tion. 

4. The invention de?ned in claim 3, wherein said 
electrical current integrating means also includes ca 
pacitor means connected between the input of said am 
pli?er means. 

* * * * * 


