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ABSTRACT
Conventional atomic force microscope (AFM) comprises of a single cantilever with
piezoelectric base excitation and optical read-out. The micro-electromechanical sys-
tem (MEMS) is raster scanned over a sample surface to generate topographic mea-
sures as well as information of selected material properties. For some large sample
surfaces and biological processes, a single cantilever scan may render insufficient
scan speeds. We therefore consider developing small-size AFM array technology for
its application on natural samples in their fluidic environment. As a first step we
investigate the collective and interactive fluid dynamics between members in an ar-
ray away from any sample surface. Our analysis is based on Navier-Stokes equation
for incompressible flow and the two-dimensional boundary integral method. We first
formulate the generalized equations and then focus on three- and five-beam config-
urations. The fluid dynamic behaviour of these small-size arrays are investigated for
different gaps between members, Reynolds numbers and actuation modes. A spe-
cial emphasis is laid on the effect of non-neighbouring members, which often, if not
always is neglected in existing literature. One of our findings reveals a Reynolds
number dependent concave/convex hydrodynamic loading profile across the array
which is introduced by the non-neighbouring members.

KEYWORDS
hydrodynamic load; interactive fluid coupling; arrays; collective fluid dynamics;
non-neighbouring members;

1. Introduction

A conventional AFM (atomic force microscope) consists of a single microcantilever
beam (typically a couple of hundred of micrometres in length) with a fine tip at its
free end to image the sample surface (Ando 2012; Ando et al. 2013; Chacko et al.
2013; Francis et al. 2010; Geisse 2009). Current technology is centred around the use
of a single cantilever beam to scan a sample surface. However, this can lead to long
scan rates for especially larger surface scans. In cases where biological processes are
faster (tproc = O(10−6)s) than the scan-rates (tscan = O(10−3)s) this single cantilever
AFM technology renders insufficient. Current high-speed AFM technology can image
dynamic biological processes with nanometer precision at sub-100 ms timescales
(Katan and Dekker 2011; Payton et al. 2016). Biological events can be very fast and
hence it is necessary to achieve faster scan rates without compromising the image
quality and surface area. Linear scan rates would take hours to cover distances (Liu
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2008) and hence, a 100-fold increase in speed will be necessary in order to produce
images of the mammalian cell with the kind of spatial resolution and force control
that has been attained for single molecules. One solution approach to overcome this
problem has been the use of an array of cantilevers. The leading group who has
invented, developed and successfully demonstrated this array technology is Rangelow
at TU-Ilmeanu (Rangelow et al. 2017).

Their array technology is successfully achieved for hard surfaces and is a prospective
solution to visualize dynamic phenomena of live cells in real time at high scan rates
of 10-200 frames per second with high resolutions of < 1 nm in air (Rangelow et al.
2007). This AFM array technology differs from a conventional AFM (optical read-out,
piezo-electric base excitation), by measuring tip-deflections using piezoresistive
sensors mounted at the clamped end of each cantilever. Each cantilever is also
individually actuated by a thermal actuator allowing for accurate local information
of sample (Ahmad et al. 2016).

Accuracy in measurements and predicted properties are dependent on the under-
lying physics governing the dynamic behaviour of individual resonators as well as
the coupling effects between the cantilevers in an array. For instance, in a MEMS
(micro-electro-mechanical system) array several coupling mechanisms are to be
expected such as mechanical, fluid, thermal etc. AFM array technology has not
been investigated in liquids yet. However, a systematic study is mandatory for the
successful developmnent of this technology especially considering the application of
this technology for biological samples.

If one ignores and operates an array device as if a series of single cantilevers are
operated, artefacts are readily observed as a result. Hence, if a sample is scanned
using a multicantilever array and if coupling effects are ignored it could result in
misinterpretation of the observed images and hence, it is vital to understand the
dynamic response of such arrays subject to the fluidic-coupling effects.

In this work we are particularly interested in obtaining insights on the overall
hydrodynamic loading of an array in fluid when all or individual members are excited
and subject to fluid-coupling. Investigations are limited to the fluid dynamics in an
unbounded fluid domain. Results will help explaining how artefacts are likely to be
avoided for developing future AFM array technology.

A brief description of the model for an array of beams in an unbounded fluid domain
using boundary integral method is presented in Section 2. In Section 3, the overall
hydrodynamic loading for different sizes of arrays when all beams are actuated is in-
vestigated. Also, the location of stimulus in a three- and a five-beam array is explored
to study its effect on the interactive coupling effects. Investigations are presented for
two selected gaps, with and without the incorporation of non-neighbouring members
for two different Reynolds numbers. We discuss and conclude our findings in Section 4.
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2. Boundary Integral Method

In this section the boundary integral formulation for an array of M beams in
general matrix form is presented incorporating the contributions of non-neighbouring
members. We consider small amplitude oscillations of infinitely thin cantilever beams
of rectangular cross section, each of width 2b and spaced 2g apart, see Figure 1. Note,
that all quantities are dimensionless and scaled.

With respect to our target application AFM array technology, given that the veloc-
ity amplitudes in such arrays of microcantilevers is small, nonlinear convective fluid
inertia effects are negligible. The fluid flow is thus governed by the linearized Stokes
and the continuity equation. The Fourier transformed unsteady Stokes and continuity
equations for the fluid is given by (Tung et al. 2008)

iωρu = −∇p+ η∇2u, ∇.u = 0, (1)

where ω is the driving frequency, u(y, z|ω) is the fluid velocity vector given by
u = v(y, z|ω)j + w(y, z|ω)k, where v and w are magnitudes of velocities in the lateral
and transverse directions respectively, p(y, z|ω) is the pressure field in the fluid, and
ρ and η are the density and dynamic viscosity of the fluid, respectively. The beam
cross-sections in the y-z plane are separated from the fluid domain by a closed contour
C (indicated by arrows in Figure 1).

2b 2g 2b 2g 2b

x,Ex

z,Ez

y,Ey

C

Figure 1. Sketch of the boundary value problem for three oscillating rectangular cross-sectional beams.
Ex,Ey,Ez is the vector basis corresponding to the x, y and z coordinate system.

We base the derivations of mathematical expressions on the following assumptions:

(1) Each microbeam can be of arbitrary cross section as long as the cross section
remains uniform along its length.

(2) The fluid motion along the axial direction Ex can be neglected for lower flexural
modes.

(3) Only transverse vibrations of the beam along Ez are considered and any lateral
motion along Ey is ignored.

(4) Only hydrodynamic coupling effects are considered, ignoring any effects arising
from structural coupling.

(5) The fluid is incompressible as the acoustic wavelength in both liquids and gases
typically exceeds the characteristic length scale of the microbeam.

(6) Furthermore, all beams are assumed to oscillate with the same frequency and
with small amplitudes and possibly different phases.

The far-field boundary condition is that u → 0 as y, z → ±∞ and the velocity at
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the solid-fluid interface is given by:

v = 0, w = Wm, (2)

which is at z = 0 (beam), where v and w are flow velocities along Ey and Ez,
respectively and Wm is the transverse velocity amplitude of the beam cross section.

Following Tuck’s work (Tuck 1969), we introduce a stream function ψ(y, z) as part
of the boundary integral formulation to satisfy the continuity equation in (1)

v = ψz, w = −ψy. (3)

Thus, the boundary conditions at the solid-fluid interface in terms of the streamfunc-
tion are

ψz = 0, − ψy = Wm. (4)

Reformulating (3) in terms of the streamfunction and application of Green’s theorem
yields the response solution approach that satisfies (1) (Basak and Raman 2007);

ψ(y, z|ω) =

∫
C
(Ψ(y′, z′|ω)Gn(y, z|y′, z′)

−Ψn(y′, z′|ω)Ω(y, z, |y′, z′)− ζ(y′, z′|ω)Ψn(y, z|y′, z′)

+
1

η
P (y′, z′|ω)Ψl(y, z|y′, z′))dl, (5)

where (y, z) are the coordinates of a point in the fluid domain, (y′, z′) are the
coordinates of a point on the contour C, ζ is the fluid vorticity, and G, Ω and Ψ are
the Green’s functions for the Laplace operator, the Helmholtz operator and for the
operator ∇4(.) − iRe∇2(.), respectively. The subscripts n and l define derivatives in
transverse (z) and lateral (y) directions to the contour C, respectively.

and the Green’s function Ψ is given by

Ψ = − 1

2πα2
(logR+K0(αR)) (6)

where α =
√
iRe, K0 is the modified Bessel function of third kind, order zero and

R =
√

(y − y′)2 + (z − z′)2.

We assume that there is no relative motion between the top and bottom faces of the
beam requiring both Ψ and Ψn to be continuous across the beam. As a consequence,
the first two terms in the (5) cancel out. The method then involves differentiating the
above equation with respect to z and y in order to obtain the velocity components
v and w resulting in coupled integral equations. The transverse velocity of the mth
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beam in the array is given by Wm(z) = Ŵme
i(ωt+θm), where Ŵm is the velocity

amplitude and θm is the phase of vibration of the mth beam.

A numerical discretization scheme is used to convert the system of integral equa-
tions into a corresponding system of matrix-vector equations using Gauss-Legendre
quadrature (Davis and Rabinowitz 1984). A nonuniform discretization technique
is employed to discretize the beam into N unequal segments, to avoid square root
singularities (Tuck 1969). A more detailed description on computing the pressure
differences across the width of the beams can be found in (Basak and Raman 2007).

ξ′j ξ′j+1ξk

Figure 2. Cross-section showing a segment with nodes ξ′j and ξ′j+1 and the midpoint ξk.

The hydrodynamic matrix elements for an array of M beams incorporating inter-
actions between all members in the array are given by

ˆDm,n =
[
Akj
]
m,n

,

where m,n ∈ 1..M and Akj is given by

Akj =

∫ ξ′j+1

ξ′j

Ψξξ′(
√
iRe|ξ′ − ξ|)dξ′,

=
1

2π
[f(Re, ξ′j+1, ξk)− f(Re, ξ′j , ξk)],

(7)

and

f(Re, ξj
′, ξk) =

i

Re

(
1

ξ′j − ξk
+ sgn(ξ′j − ξk)i

√
iReK0

× (−i|ξ′j − ξk|
√
iRe)

)
.

(8)

where ξ′j is any node on the beam, ξk is the midpoint between any two nodes, see
Figure 2.

The global matrix equation is given by

[
V
]T

=
[
D̂
] [

P
]T

(9)
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The coupling matrix D̂ incorporating all member interactions for a three- and a
five-beam array are given by:

D̂III =

D11 D12 D13

D21 D22 D13

D31 D32 D33

 ,

D̂V =


D11 D12 D13 D14 D15

D21 D22 D23 D24 D25

D31 D32 D33 D34 D35

D41 D42 D43 D44 D45

D51 D52 D53 D54 D55

 ,

where the elements in red represent the coupling contributions of non-neighboring
members and are set to zero in previous work (Basak and Raman 2007; Intartaglia
et al. 2013; Tung et al. 2008) when considering only nearest neighbour interactions.
The solutions for the nondimensional pressure jumps are found simply by inverting
the coupling matrix D̂ and multiplying it by the velocity vector.

[
P
]T

=
[
D̂
]−1 [

V
]T

(10)

Once the pressure differences across the beams are calculated the corresponding
nondimensional hydrodynamic force per unit length acting on the beams is given by
(Basak and Raman 2007):

F̄z =

N∑
j=1

Pij(ξ
′
j+1 − ξ′j) (11)

where i is the respective beam under consideration.

3. Hydrodynamic loading and interactive coupling

In this section we analyze the overall hydrodynamic loading in a three- and a five-beam
array with all beams excited for lower (Re = 0.1) and higher (Re = 100) Reynolds
numbers at two selected gaps i.e. ḡ = {0.1, 8}. Also, the effects of varying the location
of stimulus on interactive coupling effects is analyzed in a three- and a five-beam array.

3.1. Hydrodynamic loading analysis subject to all beam excitation

3.1.1. Three-beam array (1-1-1)

In this case all three beams are excited to investigate the variation of overall
hydrodynamic loading of individual beams and the whole array for different Reynolds
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numbers. We consider a very small gap between cantilevers, in the order of what
would be realistic and practical for AFM applications and very far apart. The analysis
compares force distributions across the array including or excluding non-neighbouring
members at different Reynolds numbers. We observe that when the gap width between
the beams is small, i.e. ḡ = 0.1 for Re = 0.1, the hydrodynamic loading across the
three beams remains nearly the same with only nearest neighbour effects incorporated
as seen in Figure 3. However, when non-neighbouring member effects are incorporated
we notice that the overall hydrodynamic loading across three beams resembles a
convex pressure profile for ḡ = 0.1 (see Figure 3), implying that the pressure profile
cannot be ignored for predicting the overall hydrodynamic loading effects with respect
to applications such as AFM. It seems that the viscous layers overlap when the beams
are close to each other resulting in reduced hydrodynamic load on the middle beam
(Basak and Raman 2007) due to the viscous effects being dominant for lower Re.
When the three beams are far apart, i.e. ḡ = 8, the hydrodynamic load across three
beams remains fairly constant irrespective of non-neighbouring member effects.

Figure 4 depicts the hydrodynamic loading of individual members in a three-beam
array for Re = 100 at two selected gaps, ḡ = 8(orange) and ḡ = 0.1(blue) with
and without the incorporation of non-neighbouring member effects. When all three
beams are actuated at a higher Re = 100 (see Figure 4), we note that the overall
hydrodynamic loading profile across three beams is concave when the beams are close
to each other whereas when they are far apart it remains approximately constant. The
change in overall hydrodynamic loading observed when the beams are close to each
other (ḡ = 0.1) with the inclusion of non-neighbouring member effects is significant in
the case of lower Re compared to that for higher Re, see Figures 3 and 4. This can be
explained by the fact that the boundary layers seem to be really thin for higher Re
and hence, a fairly constant load is observed when the beams are far apart (ḡ = 8)
regardless of the non-neighbouring members. However, when the beams are brought
close to each other, a small overlap in the boundary layers results in increased loading
over the middle beam and the additional load increase on top of it can be noticed
when non-neighbouring member effects are incorporated (compare Figure 4(a) and
Figure 4(b)).

1 2 3
0

2

4

6

8
a)

1 2 3
0

2

4

6

8
b)

Figure 3. Variation of the overall hydrodynamic load over three beams for Re = 0.1 in an unbounded fluid
domain for two different gap widths ḡ = 0.1 (blue) and ḡ = 8 (orange); (a) with nearest neighbours only and

(b) with all members incorporated.
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Figure 4. Variation of the overall hydrodynamic load over three beams for Re = 100 in an unbounded fluid

domain for two different gap widths ḡ = 0.1 (blue) and ḡ = 8 (orange); (a) with nearest neighbours only and

(b) with all members incorporated.
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3.1.2. Five-beam array (1-1-1-1-1)

In this case all five beams are excited at their maximum amplitudes. Similar to
the three-beam array, we investigate the hydrodynamic loading of individual mem-
bers in the array as well as the loading profile across the array for different gaps
between members and Reynolds numbers, with and without the incorporation of
non-neighbouring member effects. We note that the overall hydrodynamic load has a
profile that is convex for Re = 0.1 while the profile is concave for Re = 100 across five
beams when the beams are close to each other i.e. ḡ = 0.1. It seems again that the
viscous layers overlap for lower Re resulting in increased dominance of viscous effects
and thus the reduced load over the middle beam which is not the case for higher
Re. Also, note the difference in loading profile with the non-neighbouring member
effects incorporated in Figure 3, where the profile is flat across the three middle
beams. Comparing Figures 3 and 5, we clearly observe a distinguishing feature in
the loading profile when the beams are close together (ḡ = 0.1) with only nearest
neighbours incorporated. It is parabolic in nature with increase in members of the
array and therefore resulting in increased surface area of the array i.e. in a five-beam
array compared to the profile being approximately constant across a three-beam array.

1 2 3 4 5
0

2

4

6

8
a)

1 2 3 4 5
0

2

4

6

8
b)

Figure 5. Variation of the overall hydrodynamic load over five beams for Re = 0.1 in an unbounded fluid
domain for two different gap widths ḡ = 0.1 (blue) and ḡ = 8 (orange); (a) with nearest neighbours only and

(b) with all members incorporated.

3.2. Interactive coupling effects subject to varying location of stimuli

3.2.1. Three-beam array (1-0-0, 0-1-0, 0-0-1)

1-0-0 We consider the case in which only nearest neighbours are accounted for
denoted by dashed lines and also the case in which we incorporate all members
denoted by solid lines. Here we present the interactive coupling ratios i.e. the ratio of
absolute values of nondimensional hydrodynamic force of passive beam (F̄p) to that of
the active beam (F̄a). The reader is referred to 11 for the definition of nondimensional
hydrodynamic force. Note, that F21 and F31 denote the ratio of hydrodynamic forces
of the passive beams (2 and 3, respectively) with respect to the active beam 1.

The 0-0-1 configuration is symmetric and therefore equal to the 1-0-0 configuration.
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Figure 6. Variation of the overall hydrodynamic load over five beams for Re = 100 in an unbounded fluid
domain for two different gap widths ḡ = 0.1 (blue) and ḡ = 8 (orange); (a) with nearest neighbours only and

(b) with all members incorporated.

The indices for 0-0-1 in Figure 7 change to F13 in which beam 1 is passive and beam
3 is active.

We observe that for Re = 0.1, there is a marked difference observed with the
inclusion of non-neighbouring member effects. This can be explained by the fact that
the viscous layers overlap whereas for Re = 100 the influence of non-neighbouring
members can be ignored (inviscid flow limit).

0 2 4 6 8
0

0.1

0.2

0.3

0.4
F

21

F
31

F
21

F
31

a)

0 2 4 6 8
0

0.1

0.2

0.3

0.4 F
21

F
31

F
21

F
31

b)

Figure 7. Coupling ratios of the passive beam with respect to active beam over a range of gaps in a three-

beam array for the 1-0-0 configuration at (a) Re = 0.1 and (b) Re = 100; nearest neighbours only (dashed
lines) and all members (solid lines).

We consider the case in which the middle beam is active (0-1-0) while the outer
beams are passive to investigate if shifting the position of the active beam in the
array alters the interactive coupling. Note that the ratio of any outer beam to the
middle beam is the same. Hence, we only plot the ratio of one of the outer beams to
the middle beam i.e. beam 1 (leftmost) with respect to beam 2. For higher Re, one
can ignore the non-neighbouring member effects.
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Figure 8. Coupling ratios of the passive beam with respect to active beam over a range of gaps in a three-
beam array for the 0-1-0 configuration at (a) Re = 0.1 and (b) Re = 100; nearest neighbours only (dashed

lines) and all members (solid lines).

3.2.2. Five-beam array (1-0-0-0-0, 0-1-0-0-0, 0-0-1-0-0)

A similar suite is followed as in the case of a three-beam array in which we study the
influence of the gaps between the beams and the effect of non-neighbouring members
on the overall array dynamics for different Reynolds numbers. In addition to studying
the 1-0-0-0-0 and 1-1-1-1-1 cases to understand the interactive coupling effects and
the overall hydrodynamic loading for different Reynolds numbers, we also study the
0-0-0-0-1 and 0-0-0-1-0 cases but do not present results for the same since they are
symmetric to the presented cases (1-0-0-0-0 and 0-1-0-0-0).

3.2.3. Comparison

1-0-0-0-0 In this case we make a comparison between interactive coupling ratios of
1-0, 1-0-0 and 1-0-0-0-0 configurations to see the effect adding additional members to
the array does with and without the effect of non-neighbouring members.

0 2 4 6 8
0

0.1
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0.3

0.4 F
21

 (2-b)

F
21

 (3-b)

F
21

 (3-b)

F
21

 (5-b)

F
21

 (5-b)

a)

0 2 4 6 8
0

0.1

0.2

0.3

0.4
F

21
 (2-b)

F
21

 (3-b)

F
21

 (3-b)

F
21

 (5-b)

F
21

 (5-b)

b)

Figure 9. Coupling ratio of passive to active beam for different configurations for (a) Re = 0.1; (b) Re = 100;
nearest neighbours:dashed line; all members:solid lines; with 1-0:blue, 1-0-0:black and 1-0-0-0-0:orange denoting

the respective configurations under consideration.
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F21 in the Figure 9 represents the ratio of hydrodynamic loading of beam 2 (pas-
sive) with respect to beam 1 (active) for different configurations: two-beams (2-b),
three-beams (3-b) and five-beams (5-b). As can be seen from Figure 9 (Re = 0.1),
the coupling ratio is slightly higher especially as the beams are brought close to
each other and with additional members in the array when all member effects are
incorporated. Comparing the coupling ratios in a three- and a five-beam array to
that of a pair of beams (see Figure 9), we observe that when only nearest neighbours
are incorporated the coupling ratio F21 (of a 2-b case) is lower when only nearest
neighbours are incorporated whereas it is higher when all members are incorporated.

For Re = 100, no distinguishable difference is observed between the coupling ratio
with and without non-neighbouring member effects, with and without additional
members in the array. It appears that the boundary layers are more localized and
hence, even with non-neighbouring members incorporated one cannot distinguish
between a 1-0-0 and 1-0-0-0-0 configuration implying that for higher Re, neither the
number of members in the array nor the effect of non-neighbouring members matter
due to shrinking boundary layers but can be slightly significant at very small gaps.

Also, a significant increase in interactive coupling can be noticed for ḡ < 2 and
Re = 0.1 whereas it can only be seen for ḡ < 1 and Re = 100.

0-1-0-0-0

0 2 4 6 8
0

0.1
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F
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F
12

 (3-b)

F
12

 (3-b)

b)

Figure 10. Coupling ratio of passive (beam 1) to active (beam 2) for different configurations for (a) Re = 0.1;
(b) Re = 100; nearest neighbours:dashed line; all members:solid lines; with 0-1-0:black and 0-1-0-0-0:orange

denoting the respective configurations under consideration.

Here we note that changing the position of the actuated beam in the array does
affect the coupling ratio (for instance, compare Figures 9 and 10) especially for
ḡ < 1 where one can note a slightly higher ratio in the 1-0-0-0-0 case in comparison
to 0-1-0-0-0 case. This can be explained by the fact that in the 1-0-0-0-0 case
the actuated beam is subject to influence from one direct neighbour (beam 2)
while in the 0-1-0-0-0 case it is subject to influence from two direct neighbours
(beams 1 and 3). Also, as seen before we observe a significant difference in coupling
effects for lower Re with the inclusion of non-neighbouring effects in comparison
to it for higher Re. Also, with more members in the array for lower Re, the
coupling is generally higher in the case of 0-1-0-0-0 configuration compared to
the 0-1-0 configuration (with all members incorporated) implying that additional
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members for lower Re and smaller gaps results in increased interactive coupling effects.
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Figure 11. Coupling ratio of passive beam to the active beam (middle) for different configurations for (a)
Re = 0.1; (b) Re = 100; nearest neighbours:dashed line; all members:solid lines; with 0-1-0:black and 0-1-0-0-

0:orange denoting the respective configurations under consideration.

In this case, we compare the coupling ratios of passive beam to active beam in a
three- (black) and a five-beam (orange) array. For instance, we compare the ratio of
beam 1 to beam 2 in the 0-1-0 configuration and beam 2 to beam 3 in the 0-0-1-0-0
configuration. We note again that for lower Re, with all members incorporated
the interactive coupling in a five-beam array is higher than that of a three-beam
array whereas with only nearest neighbours incorporated it is not distinguishable. A
similar test was performed for a higher Re resulting in the interactive coupling being
independent of non-neighbouring member effects but a larger magnitude of coupling
can be noticed at very small gaps i.e. ḡ < 0.2 in a five-beam array compared to a
three-beam array.

4. Conclusions

The overall hydrodynamic loading in a three- and a five-beam array have been
analyzed with all beams actuated and also the shift in location of stimulus on the
interactive coupling effects has been investigated. In both arrays it was found that
when the beams are far apart the overall hydrodynamic load is independent of the
non-neighbouring members and the Reynolds numbers.

The magnitude of the overall hydrodynamic load is larger when the beams are far
apart (i.e. ḡ = 8) at lower Re whereas it is larger when the beams are close to each
other (i.e. ḡ = 0.1) at higher Re in both a three- and a five-beam array. Also, when
the beams are close together, a convex profile is observed at a lower Re whereas a
concave profile across the array is observed at a higher Re. This implies that the outer
beams experience a increase in load for lower Re while the middle beam experiences
an increase in load for higher Re.

A difference in orders of magnitude is clearly noticeable at different Reynolds
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numbers in both a three- and a five-beam array. The overall load for higher Re is
approximately hundred times more than that for lower Re which can be attributed
to the dominance of added mass effects for higher Re owing to the inviscid fluid limit
between members in the array. Also, the overall load is enhanced with additional
members in the array and in particular when they are close together.

The overall dynamics of the array is position dependent as it was observed that
the response was affected with shifting location of stimulus along the array. Also, the
number of members on either side of the stimulus affects the dynamic response. Hence,
the interactive coupling effects arising from the stimulus has to be incorporated in
addition to the overall hydrodynamic load to fully understand the dynamic response
i.e. 1-0-0 effects in addition to 1-1-1 effects.

With respect to our target application, i.e. AFM array technology (Re ≈ 1,
ḡ = 0.1), one must keep in mind that when the beams are close together, the
overall hydrodynamic load on the outer and middle beams are different. Also, the
hydrodynamic load on individual beam shifts with additional members in the array
and one must also take into account that the response of the array will depend on the
location of the stimulus along the array (i.e. when only one beam is actuated). This
could be benefical to developers of AFM array technology in avoiding artefacts and
thus being able to accurately image samples in fluidic environments.
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