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APPARATUS FOR'ADJUSTING THE ELEVATION 
‘OF A SPECIMEN IN MICROTOMES, ‘ 

' PARTICULARLY ULTRAMICROTOMES 

BACKGROUND-OF THE INVENTION 
This invention relates to microtomes and more par 

ticularly to apparatus for adjusting the elevation of a 
specimen in microtomes, particularly .ultramicrotomes, 
in which apparatus the specimen is adjustably disposed 
at one end of a specimen carrier arm and during the 
cutting movement moves along a curved or circular 
path about'a bearing on which the other end of said 
specimen carrier arm is movably mounted. 

In microtomes, particularly ultramicrotomes, the 
specimen is often moved through a distance ‘in the 
order of 5-10 millimeters. These small strokes create 
difficulties if the specimen is eccentrically disposed in 
plastic material, as is shown by way of example in FIG. 
1a, or if an extended specimen is embedded in a thin 
block and only an eccentrically disposed portion'of the 
specimen is of interest. Specimens are embedded in 
most cases in plastic blocks which are 5-8 millimeters 
in diameter and have been polymerized about the spec 
imen. The eccentricity of the specimens is frequently 
? millimeters and the specimen diameter is usually 
about 1-2 millimeter. Eccentricity cannot be ac 
comodated in many cases by a rotation of the block in 
the specimen holder because structures having certain 
directional characteristic must, for known reasons, be 
cut in proper orientation relative to the knife edge. 
Whereas it is sometimes possible to adjust the elevation 
of the knife to an accuracy of about :1 millimeter, e.g., 
with the aid of a straight-edge which is pivoted with re 
spect to the knife carrier and can be swung up. The fac 
tors which have been mentioned above result in devia 
tions of :4 millimeters, of which :2 millimeters are due 
to eccentricities of the specimen. About 1 millimeter 
corresponds to one-half diameter of the specimen, and 
:1 millimeter is due to errors in the adjusted elevation 
of the knife edge. Larger deviations will arise when 
larger specimens are trimmed and cut. Cutting speeds 
of about 0.1 millimeter per second are ‘conventional. If, 
for the reasons stated above, the cutting range or the 
vertical movement of the specimen is increasedto 10 
millimeters, e.g., in a motor-operated instrument hav 
ing an adjustable speed drive, a cutting speed of 0.1 
millimeter per second will involve a slow movement for 
100 seconds. Even if a fast return movement and transi 
tion from fast return to the slow cutting stroke are pro 
vided, a time of about 1% minutes will elapse between 
the completionof two successive‘ cuts. This is intolera 
ble, not only due to the working time which is con 
sumed but, there is a very high probability that the ac 
curacy of the sequential cuts is adversely affected by 
external thermal and mechanical in?uences. The exter 
nal thermal and mechanical in?uences cause problems 
during prolonged delays between sequential cuts even 
if temperaturewompensating means are incorporated, 
even if the instrument is extremely stable dimensionally 
because all its elements are made from materials having 
a low coefficient of thermal expansion, and even if the 
instrument is properly mounted to be shielded as effec 
tively as possible from ambient conditions. 
To eliminate these difficulties, the cutting time must 

be restricted to the minimum essential. For instance, in 
ultramicrotomes, the minimum movement is of an 
order between 2 millimeters and 5 millimeters. As has 
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been mentioned above. This involves the difficulty that 
in case of eccentrically disposedspecimens or of an in 
accurately adjusted knife edge elevation, a subsequent 
vertical adjustment is required. Because errors in the 
vertical adjustment are generally detected by a check 
using‘an optical instrument, e.g., a stereoscopic micro 
scope, and this check cannot be performed until the 
cutting operation has begun, the operation must be in 
terruptediat a stage when all other preparations have 
been made and the specimen'has been moved into en 
gagement with the knife. A. vertical adjustment of the 
knife can be accomplished best by a vertical displace 
ment of the knife holder or by a‘ vertical adjustment of 
the specimen resulting from displacement of a part of 
the specimen carrier arm. It has been discovered that 
an exact vertical displacement of the knife for a prede 
termined length and a straight-line displacement of the 
specimen at right angles to the longitudinal axis of the 
specimen carrier arm for a predetermined length re 
quires a readjustment at the specimen~knife interface 
because the specimen moves along an arcuate path 
during the cut. Therefore, this form of adjustment is 
complicated and does not give the desired results. 

BRIEF DESCRIPTION OF THE INVENTION I 
It is an object of the invention to provide apparatus 

which adjusts the elevation of a specimen. It is a further 
object of the present invention to avoid the disadvan 
tages mentioned hereinbefore and provide a fast and 
accurate vertical adjustment of the specimen with a 
corresponding reduction of the cutting time to a mini 
mum. These objects are accomplished by the apparatus 
of the present invention having the specimen carrier 
arm adapted to be adjusted in a substantially vertical 
direction independently of the cutting movement. 
With such an arrangement, the elevation of the speci 

. men carrier arm can be adjusted in a simple manner 
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and with a high degree of accuracy for the required 
specimen detail and there is no need for adjusting 
movement which adversely affects the precision bear 
ing for the specimen carrier arm. One adjustment of the 
knife is sufficient and the'knife may be used in a single, 
standardized elevation regardless of the eccentricity of 
different specimens. 
Further advantages and features of the invention will 

be described hereinafter with reference to an illustra 
Live ealbgqitneatas showaiathe drawiags 
FIG. 1a' shows a specimen which is_highly eccentri: ‘ 

cally embedded in a plastic. The thin dotted lines repre 
sent the entire con?guration of the specimen and the 
thick solid lines represent the specimen in the proper 
orientation for being worked upon, e.g., by the ultrami 
crotome. - - 

FIG. 1b shows an extended specimen embedded in a 
thin block. . ' 

FIG. 2 shows an apparatus of the presentinvention 
on an ultramicrotome, with part in section. 
FIG. ,3 shows another embodiment according to the 

invention- in combination with an attached motor 
driven instrument. 

DETAILED DESCRIPTION OF THE INVENTION 

According to FIG. 2, the body 1 carries a compound 
slide 2, on which knife holder 3 provided with an ad 
justing means 4 is mounted. The body I also carries ' 
mount 5, which includes brackets, supports and other 
rigid elements (all not shown) and on which arm 7 is 
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movably mounted by bearing 6. This bearing is a preci 
sion bearing and preferrably is self-adjusting to elimi 
nate conventional bearing clearance. Arm 7 carries the 
specimen holder 8 in a rotatable mount 9, which is 
manually’ adjustable along an arcuate segment member 
10. The specimen 11, embedded in a conventional 
manner such as in plastic, is gripped by specimen 
holder 8. The feeding system, not‘ shown. is conven 
tional and provides for cutting sections having a thick 
ness in the range from 0.05-—2.5 microns. Conventional 
feeding systems may be mechanically or thermally op 
erated or may be combined mechanical-thermal system 
and the feeding‘movement. may be imparted, to the 
specimen carrier arm, to knife 26 or both. As shown, 
motion is transferred to specimen 11 ‘by eccentric cam, 
or the like, v13 mounted on drive shaft 12 and link 14 
driven byv eccentric l3'at one end and detachably piv 
oted carrier arm 7 at the other end. Rotation of drive 
shaft 12 results in an up and down alternate motion of 

- the link 14 and of arm 7 in the direction of double ar 
rows 15 and-16a, respectively. For known obvious rea 
sons, this movement should be minimized so that the 
optimum cutting speed of the specimen for making the 
sections is ensured with a relatively high cutting fre~ 
quency and a relatively high angular speed of the drive 
shaft. Frequently, the optimum cutting speeds are 
within a range of 0.1-2 millimeters per second, as has 
been mentioned above. Specimens which can be cut 
only with dif?culty, such as adipose tissues, require ex 
tremely low cutting speeds‘ for example. When such 
specimens are cut at high speeds, the cut may result in 
artefacts or produces microvibrations at the specimen 

' knife interface, resulting in undulations in the ultrathin 
section. > 

' In a preferred embodiment of the present invention, 
the drive shaft 12 is rotatably supported by housing 16, 
which can be moved in the direction of the double 
arrow 16a. An adjusting device utilizing convention 
components such as a transmission comprising a 
wedge-shaped camwheel, or of a worm gearing is used 
to position housing 16. A particularly simple arrange 
ment is illustrated using bevel gears 17 and 18. Bevel 
gear 17 is mounted on shaft 19, which can be manually 
rotated by knob 20. Bevel gears 17 and 18 may be de 
signed to be self-locking, or the knob 20 may be releas 
ably secured from rotation, for example by clamping, 
to provide adjustment which is maintained during oper 
atlon. 

Housing 16, in which the drive shaft 12 is mounted, 
is adapted to be supported by a carrier member 21 re 
counted on body 1 of the instrument. To eliminate in 
accuracy, for instance, at the bearings, joints and the 
like, a spring 22 is provided, which at one end is con 
nected to body 1 and at the other end is connected to 
housing 16. This arrangement ensures that the means 
for a vertical adjustment have a stable mounting, will 
reliably respond to any forces, will transmit even the 
slightest adjusting movement to arm 7, and also ensures 
that any adjustment, e.g., to an eccentricity e as shown 
in FIG. 1, may be effected and maintained without any 
backlash. 
Housing 16 is also provided with an indicator 23, 

which has scales or graduations and which is indirectly 
connected to the link 14 and indicates corresponding 
motion of the link. Body 1 is provided with mask 24, 
which is formed with an aperture located adjacent to 
graduations or scales of indicator 23. The position indi 
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cator behind the mask reveals the ‘vertical setting‘of 
arm 7 as well as the changes in the position. Instead of 
mask 24, the aperture vmay be in'a housing wall, not 
shown. in this case, the scale or graduation is provided 
on the outside of the housing wall. Through the combi 
nation of mask and indicator, the relation of the abso 
lute elevation of the arm 7 to a reference mark as well 
as the adjusted eccentricity are indicated and the exact 
position is indicated. Operation of knob 20, rotates 
screw 25 having fine threads by means of the bevel 
gears 17 and 18. Rotation moves the housing 16 in one 
of the directions indicated by double arrow 16a. Knob 
20 may have adjustable graduations or scales (not 
shown) so that a predetermined vertical adjustment 
can be imparted to housing 16. The graduations may be 
designed as a distance measuring graduation so that 
speci?c adjustment can be rapidly effected to position 
a specimen at a particular setting. 
FIG. 3 shows a modi?ed, very compact embodiment 

of the apparatus according to the present invention. 
This embodiment is combined with a drive motor, 
which is disposed outside the microtome or ultramicro 
tome. 
A substantially horizontally extending level 29 is ro 

tatably or pivotally mounted by bearing 28 and near its 
other end cooperates with drive shaft 12. The up and 
down alternate movement of the arm 7 is accomplished 
by means of the eccentric 13 mounted on drive shaft 
12, and link 14. The elevation of the specimen 1 l is ad 
justed by knob or handwheel 30, and which by means 
of a shaft 31 rotates the cam 32 -so that follower 33 
causes level 29 to be pivotally moved about the bearing 
28 in the direction of the double arrow 34. Knob 30 is 
provided with at least one graduation or scale Y35 and 
can be releasably secured in position by clamping. The 
stressed spring 22 holds cam 32 in engagement with fol 
lower 33 to eliminate backlash. 

It is advantageous not to couple the driving motor di 
rectly to the drive shaft 12, as mentioned above, but 
rather to provide transmission 37 between the driving 
motor 36 and a double belt pulley 38, which is coaxially 
and rotatably mounted relative to the bearing 28 or di 
rectly mounted in the same. Pulley 38 is connected by 
at least one transmission belt 39~to pulley 40, which is 
fixed drive shaft 12. 
The separation of the driving motor from the micro 

tome or ultramicrotome affords the advantage that 
shocks and vibrations will be absorbed by the drive 
means and the belts and are not transmitted to the in 
strument. This will be particularly signi?cant if the al 
ternate motion is rapid. it is also possible to mount the 
microtome or ultramicrotome on a specially designed 
stand, which damps vibration, and to mount the motor 
separately so that the two are connected only by the 
?exible belt. ' - 

A tension member 41 is arranged around the axis of 
bearing 28 and operates the feed drive, not shown, as 
well as the means for retracting the specimen for return 
movement. Tension member 41 is secured to a control 
43, which is movable about axis 42 and which, in re 
sponse to rotation of the drive wheel 12 and cam 44 
moves in the direction of the double arrow 45 to oper 
ate the feed movement. 
Numerous modi?cations are possible within the 

scope of the invention. For instance, it is not essential 
that the means for adjusting the specimen carrier be de— 
signed and arranged as speci?cally shown, although 
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this arrangement and design have proved particularly 
satisfactory. The means for adjusting the arm may also 
be entirely separated and independent from the means 
for adjusting the vertical movement of the specimen. 

I claim: 
1. A microtome for cutting specimens mounted in 

plastic comprising a body, a knife adjustably mounted 
on said body, an arm pivotably mounted at one end to 
said body, a specimen holder adjustably mounted at the 
other end of said arm adjacent said knife, drive means 
adapted to oscillate said arm, positioning means slid 
ably mounted on said body and adapted to carry said 
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6 
drive means, a rotatable externally threaded shaft 
adapted to cooperate with an internally threaded pas 
sage to move said positioning means upon rotation of 
said shaft to provide adjustment of the position of said 
arm with respect to said knife to accommodate eccen 
tricity of the specimen in the plastic, said positioning 
means carrying a graduated scale to indicate the rela 
tive position of said arm with respect to said knife. and 
a graduated cylindrical scale connected to said shaft to 
provide visual means indicating the distance the arm is 
moved. 

* * * * * 


