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METHOD AND APPARATUS FOR 
MEASURING CANTILEVER DEFLECTION 

IN CONSTRAINED SPACES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This patent application claims the bene?t of US. Provi 
sional Patent Application 61/329,182 ?led Apr. 29, 2010 
entitled “Method andApparatus for Measuring the De?ection 
on Cantilevers in Constrained Spaces.” 

FIELD OF THE INVENTION 

The invention relates to measurement equipment and more 
particularly to optical beam de?ection apparatus. 

BACKGROUND 

Studies in the ?eld of muscle Biophysics, Physiology, 
Nano-Scale Physics and Mechanics have been performed 
traditionally With preparations ranging from the Whole 
muscle to isolated muscle cells. While these preparations 
alloW measurements of force and muscle mechanics With 
high reproducibility, they do not alloW the investigation of 
sub-cellular unitsimyo?brils, sarcomeres, molecules, etc. 
Recently, studies With myo?brils and sub-cellular units of 
muscles have emergedibut giving the complexity of the 
experiments involving these structures, only a feW laborato 
ries around the World have this capability. 

Furthermore, the systems used so far With myo?brils have 
several limitations, including a loW signal-to-noise ratio, 
Which limits detection of small differences in force observed 
in different conditions, a very loW time resolution Which 
limits the detection of molecular and kinetics events that may 
happen at the microsecond scale, and the incapacity of mea 
suring force and imaging the myo?brils simultaneously With 
high spatial and temporal resolution. 
An ideal system shouldbe able to provide measurements of 

minute force measurements in the attoneWton (aN) to nanon 
eWton (nN) range in myo?brils With microsecond scale tem 
poral resolution, and high signal-to-noise ratio. From a bio 
logical perspective, measurements of molecular kinetics With 
unprecedented precision are highly desirable. For example, 
measurements of the kinetics of myo?brils and myo?laments 
composed of muscle molecules With the time resolution of 
microseconds should open neW opportunities in the ?elds of 
physiology and biophysics. 

At present the dominant microscope for such measure 
ments and analysis is the Atomic Force Microscope (AFM) 
because the most evident advantage that atomic force micros 
copy boasts over all other microscopic and nanoscopic imag 
ing methods is its unique ability to probe forces. A cantilever 
acts as the force transducer; its interaction With a sample 
causes a de?ection Which can be measured and calibrated into 
a force. The versatility of AFM is highlighted by the fact that 
the same instrument can be used for probing the piconeWton 
forces of a single covalent bond for example through to study 
ing the forces exerted by cells in the microneWton range. 

HoWever, all commercial AFMs are optimiZed for measur 
ing forces Which are perpendicular to the sample surface, 
Which becomes a limitation When the forces of interest are 
parallel to the sample surface. This has led many researchers 
to design home-built systems to overcome this problem by the 
use of the pendulum geometry, Wherein the cantilever is posi 
tioned With its long axis perpendicular to the sample surface, 
such that forces in-plane can be measured With high sensitiv 
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2 
ity. The pendulum geometry prevents the snap-to-contact 
problem that a?Iicts soft cantilevers in a regular AFM. Very 
soft cantilevers enable attoneWton force sensitivity Which is 
necessary, for example, in the detection of single spins in 
magnetic resonance force microscopy (MRFM). At the 
microscopic length scale, the studies of cellular or subcellular 
forces Which are parallel to the imaging plane of an optical 
microscope place system performance requirements for high 
sensitivity force measurements at sampling frequencies 
beyond available video rates, requirements that can be met by 
optical measurement techniques. 

HoWever, the dif?culty in implementing the pendulum 
geometry lies in the constraint imposed by the focused 
incoming light or the diverging outgoing light Which easily 
interferes With the sample surface. Additionally in order to 
obtain the measurements of biological tissue samples in vitro 
the optical measurement system must satisfy complex physi 
cal constraints to provide access to the vertical cantilever and 
its holder With consideration of solution ingress/ egress, tem 
perature control, and pipette for stimulation of the biological 
sample. Accordingly it Would be bene?cial to provide an 
optical measurement system Which overcomes these complex 
physical constraints. According to an embodiment of the 
invention the geometrical restriction is addressed by the 
exploitation of an optical periscope. 

Bene?cially such a system may be employed for many 
other biological and physical applications and far-reaching 
potential for studies using measurements of light displace 
ment toWards cantilevers in constrained spaces. It can be used 
to expand the capabilities of atomic force microscopy in all of 
its current ?elds of study, such as biophysics, biology, surface 
science, and the emerging ?eld of magnetic resonance force 
microscopy (MRFM). Consequently it Would be bene?cial to 
provide a system and a method that resolves the aforemen 
tioned limitations Which Will enable the desired measure 
ments. 

SUMMARY OF THE INVENTION 

In accordance With an aspect of the present invention there 
is provided a method comprising providing an optical beam 
component for receiving a ?rst optical beam, directing the 
?rst optical beam to exit in a predetermined manner an optical 
WindoW forming part of the optical beam component; receiv 
ing a second optical beam through the optical WindoW; and 
coupling the second optical beam to an optical photodetector 
and providing a sample holder for attaching a sample to be 
characterized, the sample When attached being positioned in 
predetermined orientation to the optical WindoW of the optical 
beam component. The method also comprising positioning 
the optical beam component With respect to the sample holder 
and determining a characteristic of the sample in dependence 
upon at least the second optical beam. 

In accordance With an aspect of the present invention there 
is provided a method comprising providing an optical beam 
component for receiving a ?rst optical beam from an optical 
train through a face of the optical beam component, directing 
the ?rst optical beam to exit an optical WindoW forming part 
of the optical beam component; receiving a second optical 
beam through the optical WindoW; and coupling the second 
optical beam to the optical train through the face of the optical 
beam component, Wherein the direction Within the optical 
beam component betWeen the face of the optical beam com 
ponent and the optical WindoW is through total internal re?ec 
tion at exterior surfaces of the optical beam component and 
providing a positioning system for adjusting the position of 
the optical beam component With respect to a sample Wherein 
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the sample is mounted substantially parallel to the optical 
WindoW. The method also comprising providing the optical 
train, the optical train receiving an optical signal, processing 
the optical signal to generate the ?rst optical beam, receiving 
the second optical beam, processing the second optical beam 
to a third optical beam, and coupling the third optical beam to 
an optical photodetector. 

In accordance With an aspect of the present invention there 
is provided a method comprising determining a characteristic 
of a sample mounted in a test holder comprising at least a 
cantilever by measuring the de?ection of the cantilever per 
pendicular to the cantilever using an optical beam de?ection 
component in conjunction With a sample manipulation com 
ponent, an imaging component, and a microscope, and 
Wherein the optical beam component receives a ?rst optical 
beam from an optical train through a face of the optical beam 
component, directs the ?rst optical beam to exit an optical 
WindoW forming part of the optical beam component; 
receives a second optical beam through the optical WindoW; 
and couples the second optical beam to the optical train 
through the face of the optical beam component and optical 
beam direction Within the optical beam component betWeen 
the face of the optical beam component and the optical Win 
doW is through total internal re?ection at exterior surfaces of 
the optical beam component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention Will noW be 
described, by Way of example only, With reference to the 
attached Figures, Wherein: 

FIG. 1 depicts a three-dimensional schematic of an experi 
mental sample environment according to an embodiment of 
the invention; 

FIG. 2A depicts a top vieW of the of experimental sample 
environment With the glass needle, cantilever holders and 
optical periscope according to an embodiment of the inven 
tion; 

FIG. 2B shoWs a corresponding three-dimensional sche 
matic of the experimental sample environment according to 
an embodiment of the invention; 

FIG. 2C shoWs an optical micrograph of the experimental 
sample environment according to an embodiment of the 
invention taken from the system on the stage of an inverted 
optical microscope; 

FIG. 3 shoWs a screen capture of the cantilever displace 
ment measured With a system according to an embodiment of 
the invention; 

FIG. 4 shoWs various images of the optical beam de?ection 
component according to an embodiment of the invention; 

FIG. 5 depicts a schematic of the optical beam de?ection 
component in combination With the experimental sample 
environment according to an embodiment of the invention; 

FIG. 6 depicts a schematic of the optical path in the optical 
beam de?ection component according to an embodiment of 
the invention; 

FIG. 7 depicts optical micrographs of an upper sub-assem 
bly of the optical beam de?ection component comprising the 
optical photodetector and motoriZed translation stage accord 
ing to an embodiment of the invention; 

FIGS. 8A and 8B depict schematics of the optical peri 
scope for the optical beam de?ection component according to 
an embodiment of the invention; 

FIGS. 9A and 9B depict schematics of the optical pathWay 
Within the optical periscope of the optical beam de?ection 
component according to an embodiment of the invention; 
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4 
FIG. 10 depicts an embodiment of the invention With four 

cantilevers according to an embodiment of the invention; 
FIG. 11 depicts an optical beam de?ection component 

according to an embodiment of the invention supporting mul 
tiple optical probes and cantilevers; 

FIG. 12 depicts a sub-assembly according to an embodi 
ment of the invention supporting multiple optical beam 
de?ection components and multiple beams per component 
according to an embodiment of the invention; and 

FIG. 13 depicts an embodiment of the invention Wherein 
characterization is performed Without exploiting a cantilever. 

DETAILED DESCRIPTION 

The folloWing description is presented to enable a person 
skilled in the art to make and use the invention. Modi?cations 
to the disclosed embodiments Will be apparent to those skilled 
in the art and the general principals described herein may be 
applied to any apparatus making use of the optical beam 
de?ection method Without departing from the scope of the 
invention. Therefore the present invention is not intended to 
be limited to the embodiments disclosed herein, but is to be 
accorded the Widest scope. 
The invention presented hereinafter consists of a method 

and apparatus for guiding the light toWards the cantilever and 
measuring the resulting optical beam de?ection (OBD), 
referred to as an optical periscope. It enables the optical beam 
to be guided onto cantilevers Within a constrained space; for 
example, it the cantilever is perpendicular to a large planar 
surface, the apparatus alloWs focusing light onto the cantile 
ver While avoiding obstruction by the planar surface, and 
couples the re?ected optical beam back into the optical beam 
de?ection component for measurement. Bene?cially, appa 
ratus minimiZes the distance the light needs to travel in free 
space e. g., liquid or air, to attain the cantilever, thereby reduc 
ing potential disturbances Which can cause substantial deg 
radation of the signal. According to demonstrated embodi 
ments of the invention the optical beam traverses only 600 
micrometers in the liquid environment. The optical periscope 
is a custom machined optical component Which alloWs the 
guiding of the laser light toWard and aWay from the cantilever 
in constraining con?gurations. The optical beam is bene? 
cially redirected aWay from the sample surface immediately 
after re?ection from the cantilever because the optical beam 
spreads due to diffraction. 
The apparatus can also be employed in an application 

Where the re-direction of the optical beam in up to 3 dimen 
sions is necessary, overcoming the dif?culties commonly 
encountered in constrained space. It can also be used to sim 
plify the optical setup necessary for the redirection of optical 
beam as multiple re?ecting surfaces can be engineered into 
one optical component. 
Key to the innovation is that the light enters a glass com 

ponent through a polished surface Which is durable and there 
fore can be easily cleaned, While all the re?ections, used to 
guide the light into a constrained space or redirect the light to 
a optimum position and direction, are internal re?ections With 
a protected re?ective coating, such as a metal layer. The 
internal re?ective surfaces are impervious to damage, if a 
protective layer is coated onto the re?ective coating. Another 
advantage of this apparatus is that all the relative angles 
betWeen any number of re?ective layers can be optimiZed in 
the design process, and be implemented into a single optical 
component, and therefore any relative alignment betWeen the 
surfaces is avoided during the usage of the device. This results 
in a very user-friendly device, Which is Well characterized. 
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The apparatus according to an embodiment of the inven 
tion can be divided effectively into tWo components: 

(1) a cantilever/ sample manipulation and imaging compo 
nent, and 

(2) an optical beam de?ection component. 
The ?nal apparatus according to embodiments of the 

invention integrates both components, Which alloWs easy 
experimentation and ef?cient data acquisition for measuring 
cantilever de?ections on the nanoscopic or microscopic scale. 
The separate components Will be discussed in the folloWing 
subsections. While the current apparatus focus on force 
detection, this is only a particular use of detecting cantilever 
de?ection as Would be understood by one skilled in the art. 
Detecting de?ections in nanometer resolution has many 
applications but can be Well understood in the folloWing 
embodiment Where the apparatus Was calibrated to calculate 
forces in nanoneWtons from the measured displacements in 
nanometres. 

Cantilever/ Sample Manipulation and Imaging Compo 
nent: This component according to an embodiment of the 
invention is designed and developed to be used With any 
inverted microscope With or Without ?uorescence capabili 
ties, including but not limited to confocal microscopes, tWo 
photon microscopes, among other microscopy techniques. It 
Would be evident to one skilled in the art that the component 
may be designed for use With other microscope con?gura 
tions Without departing from the scope of the invention. Indi 
vidual sub-units of the component include those associated 
With environmental control of the sample environment and 
the translation stages forpositioning of the vertical cantilever. 

Laser sub-unit is used for measuring de?ection of the can 
tilever. The laser, or other optical probe, is coupled onto the 
cantilever after passing through the optical beam de?ection 
(OBD) component and is re?ected back onto a photodetector, 
inserted into the OED component. It Would be evident that the 
laser, or other optical probe, may be selected according to a 
variety of factors, including but not limited to the biological 
sample and the time scale of biological characteristic. 

Experimental Sample Environment: The experimental 
sample environment alloWs for temperature control, solution 
exchange, chemical stimulation in an arrangement especially 
designed for a vertical cantilever con?guration. The experi 
mental sample environment is the environment Where the 
experiment takes place and is connected to a ?uidic system 
and a variable speed pump. Typically measurements are 
required to be performed in a highly constrained space, a 
unique experimental sample environment is critical to accom 
modate all material needed for the experiments, as explained 
beloW. As such, the sample environment is not similar to any 
sample environment/chamber commercially available in the 
market. Referring to FIG. 1 there is depicted a three-dimen 
sional design of the sample environment 100. 
The sample environment 100 alloWs for temperature con 

trol during the experiments, through heat exchange betWeen a 
?rst channel 110 surrounding the experimental chamber 120 
and the inside solution in the chamber itselfithe ?rst channel 
110 are continuously fed With solutions that Will control the 
inner temperature, but Which do not mix With the experimen 
tal environment Which is de?ned by the experimental cham 
ber 120. The experimental sample environment 100 also has 
a second channel 130 designed speci?cally for pumping solu 
tions from the experimental chamber 120 into an external 
reservoir (or Waste) (not shoWn for clarity), alloWing for 
rigorous control of ?oW rate together With the perfusion sys 
tem (as described beloW). First channel 110 couples to inlet 
140A and ?rst outlet 140B Whereas second channel 120 
couples to second outlet 150. 
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6 
The experimental sample environment 100 ?ts the stage of 

an inverted microscope, and has space for rigid glass needles 
and cantilevers used for sample manipulation and data col 
lection. It also alloWs the use of single and multi-barrelled 
pipettes, in conjunction With a perfusion system for alloWing 
exchanged of solutions surrounding the samples, e.g. solu 
tions With different concentrations of ions, pH, temperature, 
chemicals, etc. The design has enough space for manipulating 
samples so to align the cantilever With the OED probe, and 
sample positioning by the doubled barrelled pipette. 

Micromanipulators With six degrees of freedom Qi, Y, Z, 
roll, pitch and yaW) are typically used to manipulate the glass 
needles and/or the cantilever Within the experimental cham 
ber 120. The micromanipulators are connected to a ceramic 
radial pieZoelectric tube at one end, and to a holder that is used 
for positioning the cantilever. The needles and/or cantilever 
can be moved three-dimensionally With a space resolution of 
a feW microns. The pieZoelectric tubes having the character 
istics of outside diameter 0.250":0.003", Wall thickness 
0.020":0.0015", and length 0.750":0.005". The tubes are 
Wired With nickel electrodes With four 90° quadrants, so that 
they change con?guration responding to voltage changes, 
alloWing lateral movements of the needle for example, 
thereby changing the length of the sample as required. It 
Would be evident to one skilled in the art that alternative 
designs of needles and/or cantilever may be employed 
according to the constraints of the physical space, specimen 
etc for example. Similarly, pieZoelectric tubes may be 
replaced or augmented With micromanipulators. Such micro 
manipulators Where equipped With pieZoelectric stages them 
selves may provide control to nanometre resolution. 
The perfusion sub-unit is composed of different pieces that 

Work together to alloW controlled ?oW of varying solutions in 
pre-determined rates. It is composed of six reservoirs con 
nected to channels, made of silicon tubing in this example, 
that are controlled by independent electro -mechanical valves. 
The valves are computer-controlled, and can be opened or 
closed independently in pre-speci?ed times during the 
experiments. The reservoirs can be ?lled With different solu 
tions and/or chemicals for example drugs, pharmaceutical 
compounds, etc. Selection of the channels providing the solu 
tion during the experiments is done by opening and/ or closing 
the channels With the controlled valves. The channels are all 
coupled to a multiple-barrelled pipette, With tWo or more 
channels, Which in turn is connected to a stepper motor driven 
positioning stage that controls the position of the multi-bar 
relled pipette With ?ne adjustment. The stepper motor step is 
used for pipette positioning, for precise delivery and dosing of 
activation and relaxation agents, Wherein the position of the 
pipette can be moved rapidly (typically a feW millisecond) to 
change the ?oW that is directed toWards the sample(s). Such a 
method alloWs a rapid sWitch of the solutions for measure 
ments of rapid molecular kinetics. 

In this particular case, the pipette delivers laminar ?oW of 
tWo solutions continuously, e. g. tWo types of chemical agents, 
solutions With and Without a speci?c drug, relaxing and acti 
vating solutions for muscle experiments, etc. It Would be 
evident that alternatively a single barrelled pipette may be 
employed according to the requirements of the experiments 
being performed. 

Imaging of the myo?brils or sarcomeres, or other biologi 
cal specimens, is performed typically using tWo instruments 
simultaneously: (i) a linear array CCD camera or a fast CCD 
camera (us/ms time-resolution), and (ii) a CCD camera for 
sample visualiZation and video recording. An important issue 
solved by embodiments of the invention in such apparatus is 
that the con?guration alloWs imaging of samples that are very 
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close to the cover slip, typically Within 100 pm, which is a 
highly constrained environment. However, embodiments of 
the design also alloW for measurements and imaging of 
samples placed further from the surface to be made according 
to the speci?c requirements of the tests being performed. 

Cantilevers With any stiffness can be used in the system for 
measuring displacements. Such cantilevers are used fre 
quently in studies using atomic force microscopy With high 
resolution and published repeatability. The cantilevers in the 
current system Were attached using adhesives to a spatula that 
Was attached to a holder mounted onto and controlled by one 
of the micromanipulators. It Would be evident to one skilled in 
the art that other methods of attaching the cantilever may be 
employed Without departing from the scope of the invention. 

Referring to FIG. 2A there is depicted a top vieW of the of 
experimental sample environment 21 0 together With the glass 
needle 240, cantilever holder 220, multi-barreled pipette 230, 
and optical periscope 260 according to an embodiment of the 
invention. Also shoWn are the solution channel 270 for pump 
ing solutions from the experimental sample environment 210 
and the temperature control channel 250. Referring to FIG. 
2B there is shoWn a corresponding three-dimensional sche 
matic of the experimental sample environment 210 according 
to an embodiment of the invention With the cantilever holder 
220, multi-barreled pipette 230, and optical periscope 260. 
NoW referring to FIG. 2C there is shoWn an optical micro 
graph of the experimental sample environment according to 
an embodiment of the invention taken from the system on the 
stage of an inverted optical microscope. 

During a typical experiment, physical variations in the 
sample under test result in de?ection of the cantilever e. g. a 
molecular assembly that shrinks upon changes in tempera 
ture, a DNA strand that unfolds, a muscle myo?bril that 
contracts upon activation, etc., can be evaluated for several 
parameters. After a stiffness calibration of the cantilever, its 
de?ection can also be converted into a measured force. The 
displacement is measured by the OBD component Which 
measures the cantilever de?ection and processes the signal, 
Which is recorded during data acquisition, as described in the 
folloWing section, thereby alloWing derivation of the force 
exerted by the specimen against the cantilever. 

In experiments by the inventors to demonstrate the effec 
tiveness of the invention, the OBD component Was used to 
measure the force developed by an activated myo?bril or 
muscle ?lament over time, With microsecond time resolution, 
hoWever, it Would be evident that the time constant of embodi 
ments of the invention may be established over a Wide range 
in dependence upon factors including, but not limited to, the 
cantilever, optical photodetector, processing electronics post 
photodetector, and optical beam. An objective for the OBD 
component being to measure the cantilever displacement as a 
result of any force. When a force is applied by the contracting 
myo?bril, the cantilever is bent and the displacement is mea 
sured by tracking the displacement of the laser beam position 
on a photodetector. The functioning principle is the folloW 
ing: the sample is held by a stiff micro-needle at one end and 
a cantilever at the other end. 
A laser beam is focused on the surface of the cantilever and 

re?ected onto a multi-element photodetector. The output sig 
nal of the multi-element detector varies depending on the 
position of the re?ected beam on the multi-element detector. 
A very small displacement of the cantilever translates into a 
displacement of the re?ected beam on the multi-element 
detector, Which can be recorded. 
Amongst the experiments to test the OBD component and 

overall system Was one performed With a myo?bril isolated 
from the rabbit psoas muscle, folloWing an established pro 
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8 
tocol. The myo?bril Was suspended betWeen an atomic force 
cantilever, ATEC-CONTPt NanosensorsTM With nominal 
stiffness 0.2 N/m, and a rigid glass needle, both connected to 
three-dimensional micromanipulators. The temperature of 
the solution surrounding the myo?brils Was controlled and 
maintained constant at 15° C. The myo?bril Was initially 
immersed in a bath containing a resting solution With loW 
Ca2+ concentration (pCa2+:9.0) and the sarcomere length 
and myo?bril diameter Were measured under 90>< magni?ca 
tion using a charge-coupled device (CCD) camera. Activation 
of the myo?bril Was achieved by quickly exchanging, <10 
ms, the solution surrounding the myo?bril using a double 
barrelled pipette, attached to a multichannel perfusion sys 
tem. When the myo?bril is surrounded by an activating solu 
tion With high Ca2+ concentration (pCa2+:4.5), it contracts 
and exerts a force on the cantilever, measured by the OBD 
component. 

Furthermore, since the glass needle is connected to a com 
puter controlled motor arm, changes in myo?bril length can 
be made rapidly alloWing for an accurate biomechanical char 
acteriZation. The apparatus has recorded cantilever displace 
ments caused by contraction produced at a sarcomere length 
of 2.4 um, as depicted in FIG. 3 Wherein the as-measured 
displacement is presented as ?rst trace 300A. Upon activa 
tion, the force increased rapidly to achieve a steady-state 
level. The force and the rate of force development (K ACT) 
upon activation produced by this myo?bril before shortening 
stretching is comparable to the levels observed previously in 
other laboratories, see for example Telley et al in “Half 
Sarcomere Dynamics in Myo?brils during Activation and 
Relaxation Studied by Tracking Fluorescent Markers” (Bio 
phys J. 90, pp 514-530, 2006) and Piroddi et al in “Contractile 
Effects of the Exchange of Cardiac Troponin for Fast Skeletal 
Troponin in Rabbit Psoas Single Myo?brils” (J. Physiol. 552, 
pp 917-931, 2003). 
When the myo?bril is rapidly shortened and re- stretched to 

the initial length, there is rapid force redevelopment. The rate 
of force redevelopment (KTR) is commonly used for probing 
the mechanisms of interaction betWeen myosin and actin, the 
tWo major contractile proteins present in striated muscles. 
The relaxation phase upon myo?bril deactivation can be ?tted 
With a linear function (KLIN) and an exponential function 
(KREL) associated With the detachment of myosin-actin inter 
actions and consequently sarcomere relaxation. 

Given the characteristics of force production for activation 
and relaxation of these myo?brils, it is apparent that the OBD 
component adequately adapts the pendulum geometry such 
that forces can be measured parallel to the plane of the 
sample. The derived force from the sarcomere length of 2.4 
pm is shoWn in second trace 300B of FIG. 3 together With 
markers identifying changes to the experimental environ 
ment. The displacement to force calculation being according 
to the formula in Equation (1) beloW. 

FIK-Ad (1) 

Where F is the force, K is the stiffness of the cantilever, and Ad 
is the displacement of the cantilever. It is evident from second 
trace 300B and insert 300C that high temporal resolution of 
physiological changes can be detected, in this instance the 
response to increase calcium in the in vitro environment. It 
Would be evident to one skilled in the art that the con?guration 
of the OBD component provides also for high spatial resolu 
tion so that the muscular response could be measured at 
multiple points spatially on the muscle to look for variations 
in either temporal or spatial response. 

Optical Beam De?ection (OBD) Component: The purpose 
of the OBD component is the detection of the cantilever 














