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Abstract

In this work, modified commercial cylindrical lithium-ion cells with multiple

separate current tabs are used to analyze the influence of tab pattern, frequency

and temperature on electrochemical impedance spectroscopy. In a first step,

the effect of different current tab arrangements on the impedance spectra is

analyzed and possible electrochemical causes are discussed. In a second step,

one terminal is used to apply a sinusoidal current while the other terminals are

used to monitor the local potential distribution at different positions along the

electrodes of the cell. It is observed that the characteristic decay of the voltage

amplitude along the electrode changes non-linearly with frequency, where high-

frequent currents experience a stronger attenuation along the current collector

than low-frequent currents.

In further experiments, the decay characteristic is controlled by the cell

temperature, driven by the increasing resistance of the current collector and the

enhanced kinetic and transport properties of the active material and electrolyte.

Measurements indicate that the ac current distribution depends strongly on the

frequency and the temperature. In this context, the challenges for electrochemi-

cal impedance spectroscopy as cell diagnostic technique for commercial cells are

discussed.
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1. Introduction

For more than a decade, batteries have become one of the main research

objects to tackle the problem of air pollution caused by fossil fuels for trans-

portation and energy production. Intense research and development effort has

been devoted to lithium-ion batteries (LIB), as they were identified as one of the

most promising solution. Nowadays, due to the steady increase in power density,

safety and reliability, LIB are used not only for consumer electronics anymore,

but also stationary electrical energy storage as well as electric and hybrid ve-

hicles. As diverse as these applications are, as diverse are the different types

of cells used for them. Most common designs are cylindrical cells, prismatic

hard-case cells and pouch cells [1, 2, 3]. All of those cell types have in common

that they can be monitored by electrochemical impedance spectroscopy (EIS)

to determine their inner states [4]. The sensitivities of EIS measurements to the

state of charge (SOC) [5, 6], state of health (SOH) [7, 8, 9], cell temperature

[10, 11] and short-term previous charge and discharge history [12] are discussed

in literature. Since commercial cells have one single electrical terminal, EIS

measurements for diagnostic issues face the drawback that different impedance

contributions of different locations at the current collectors are superimposed at

the terminal. On the contrary, studies of current density distributions at typ-

ical cycling conditions show an inhomogeneous operation along the electrodes

[13, 14, 15]. The distribution of a sinusoidal current through the electrodes is

not discussed in present literature. Thus, it can be assumed that an alternating

current (ac) operation also leads to inhomogeneous current distribution through

the electrode. As a consequence, EIS measurements would provide impedance

data from undefined fractions of the electrodes. Especially in the context of

monitoring aging in commercial cells, the impact of local inhomogeneities on

the measured spectra have to be considered. This paper discusses experimental
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investigations of the current path evoked by an ac excitation current in de-

pendence of different tab patterns, frequencies and temperature. Therefore, a

commercial 26650 type lithium-ion cell with a lithium iron phosphate (LFP)

cathode and a graphite anode was modified to allow for local measurements of

the electrode potentials[15, 16]. The experimental details and testing scenar-

ios are described, followed by the discussion of the experimental data involving

both, the time and frequency domain.

2. Experimental work

In this work, measurements were performed on modified commercial 26650

cylindrical cells. The original cell has a nominal capacity of 2.5 Ah with LFP

as cathode and graphite as anode material. Prior to modification, the cell has

four positive and four negative current tabs, distributed equidistantly along

the electrodes and welded together to the respective part of the cell casing.

By modification, we have disconnected these welding joints and separated the

single current tabs, allowing an individual access to each of the eight current

tabs, as shown in Fig. 1 a). For more details on the modification process

and cell parameters, please refer to our previous work [15]. Based on the tab

arrangement Am and Cn, withm,n ∈ {1; 4} used for the measurement, we define

a terminal Tmn with its respective terminal voltage UTmn and impedance ZTmn,

respectively. A cylindrical cell is used, with T11 (A1−C1) as the outermost and

T44 (A4 − C4) as the innermost terminal. To help visualizing the cell, Fig. 1

depicts a sketch of the modified cell (b) together with pictures of the current

tabs of an opened cell at anode (c) and cathode side (d). After resealing, the

modified cell can be operated outside of the glovebox. All tests were performed

within the first 20 cycles. As shown in our previous work, modified cells age

during cycling for 200 cycles similar to unmodified cells and show a capacity fade

of 10% after 1000 cycles [15]. Therefore, we concluded that no electrochemical

change will occur during our measurements.

To charge and discharge the cells, a BaSyTec CTS was used. To adjust the
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Figure 1: Drawing of the cell with dimensions in cm (a) and schematic cross-section after

the modification process (b) [15]. The pictures show the opened cell with four current tabs

on anode (c) and cathode (d).

4



SOC of the cells, a current of 0.1C (250 mA) was applied using two positive

current tabs (C1 and C3) and two negative current tabs (A2 and A4). This

asymmetrical operation mode is assumed to reduce local SOC inhomogeneities

and, therefore, to reduce the time until the cell reaches an equilibrated state,

a prerequisite for accurate impedance measurements [17, 18]. For impedance

measurements, a Bio-Logic SAS VMP-3 has been used and different excitation

currents between 30 mA and 200 mA were applied. The frequency ranges from

100 mHz to 10 kHz with 6 points per decade and 3 measurements per frequency.

During the galvanostatic control at one terminal, further potential mea-

surements at the additional terminals are possible. For example, during the

operation via terminal T11, the terminal voltage UT22, UT33 and UT44 allow the

observation of the potential drop along the current collector and the induced

changes in the current density distribution with the resulting local SOC inho-

mogeneities. For the potential measurements between the supplementary tabs,

additional channels of the Bio-Logic SAS VMP-3 were used with a sampling rate

of up to 5 kHz. According to the product specification, a resolution of 5 µV is

achieved for the chosen voltage range.

The temperature of the cell was controlled with a Memmert IPP200 incu-

bator and an ESPEC climate chamber. The cell was placed into the chamber

2 h prior to the measurement to allow for temperature adjustment, leading to

a homogenous temperature distribution within the cell [19]. During the mea-

surement, a short rest period of 5 min to 10 min was maintained, after the

tab pattern for the excitation current was changed, to eliminate temperature

variations.

3. Results and Discussion

The modification process allowed reliable and reproducible results with only

negligible impact on the measurements within the time domain at constant

currents [15]. To verify these measurements in the frequency domain, Fig. 2

compares the Nyquist plot of an unmodified cell with a modified cell, where
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all four current tabs on each electrode were connected, measured at 25 ◦C and

50% SOC. The resulting spectra match well for the relevant frequencies between

100 mHz and 10 kHz, except for a shift along the Z ′-axis. Due to the modifi-

cation process, the connection to the cells are changed, resulted in additional

contact resistances at the current tabs. The higher value for Z ′ is a sum of

contact resistances, consisting of the newly added welding spots, the tab ex-

tensions as well as the soldered banana plugs to connect the cell and therefore

causes a shift of the spectra along the Z ′-axis. This was further investigated by

comparing the two modified cells used in this work. The measurements revealed

nearly identical spectra over a wide frequency range, whereas minor differences

in the high frequency region can be caused by the measurement equipment. Es-

pecially at very high frequencies even cable alignment might affect the inductive

part. The shift along the Z ′-axis indicates the varying ohmic contact resistances

which does not distort the measurements. For completeness, the data of both

cells for different operations modes are presented in Fig. 8 in the appendix.
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Figure 2: Nyquist plot of the cylindrical cell prior (blue) and post (red) modification process.

For the measurement, all four tabs on each electrode were connected. Please note the usage

of the second Z′-axis to compensate the shift in Z′ for the modified cell
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3.1. Tab pattern

Different current tab patterns were used to apply the sinusoidal current to

the cell. Due to the multiple arrangement possibilities, the measurements were

divided in three groups, namely A, B and C as depicted in Fig. 3 a-c). For group

A, the particular opposite current tabs of anode and cathode were combined

(Ax − Cx) to allow measurements along the electrode from outside (T11) to

inside (T44) the cell. Group B used diagonally arranged current tabs, where the

positive current tab was combined with the next negative current tab closer to

the cell center (Ax+1−Cx). In the last group C, the negative current tab A1 was

used throughout all measurements in combination with all four positive current

tabs (A1 −Cx). The additional contact resistances caused a distribution of the

Nyquist plots along the Z ′-axis. For purpose of illustration, all spectra in the

Nyquist plots in Fig. 3 were shifted along the Z ′-axis, defining the measurement

at terminal T11 as the reference value with Z ′(Z ′′ = 0) = 37.9 mΩ. |Z| and φ

where recalculated using the adjusted Z ′ values, compensating the influence of

additional contact resistances. For comparison, the Nyquist plots and Bode

diagrams with original data and the unadjusted Z ′ values are illustrated in

the appendix (Fig. 8). The expected experimental error originating from the

measurement equipment can be calculated to be less than 1% for an excitation

current of < 50 mA. The high reproducibility of the measurements for both

modified cells leads to the assumptions, that further errors originating from the

connection of the cell to the equipment are negligible compared to the measured

effects.

3.1.1. Group A

In group A (Fig. 3 a)) the sinusoidal current is applied between the opposing

current tabs, denoted as Ax − Cx. This leads to four different measurements

with A1 −C1 as the outermost and A4 −C4 as the innermost tab configuration

in the cylindrical cell.

The Nyquist plot shows a good agreement between the performed mea-

surements in the high frequency region above 1000 Hz. For frequencies below
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Figure 3: Different measurement sets, divided in group A, B and C based on tab pattern used

for the impedance measurement and the resulting Nyquist and Bode plots. Please note that

for the purpose of illustration, the data have been adjusted to a defined Z′ value and that the

axis labelling between the Nyquist plots varies to highlight the differences between the tab

configurations. The unadjusted data are shown in the appendix
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1000 Hz, a significant increase of Z ′ is observed for the two measurements when

terminals T11 and T44 were used in comparison to terminals T22 and T33. The

Bode diagram indicates no significant differences in the phase angle between the

measurements and the cell changes for all four measurements from inductive to

capacitive behavior at nearly the same frequency of about 1350 Hz. In the Bode

diagram, |ZT11| and |ZT44| increase towards lower frequencies due to the higher

values of Z ′T11 and Z ′T44.

In respect to the geometric design of the cell, the location of the terminals

T11 and T44 exhibit similar properties in respect to their position on the current

collector. The current tabs are located close to one end of the electrode with a

length of 20 and 21 cm, respectively, to one side and 140 cm to the other side of

the positive electrode. However, terminal T22 and T33 are located closer to the

middle of the electrode and possess approximately 60 and 100 cm of electrode

material on the left and on the right side. This leads to the conclusion, that the

current density within the cell is distributed asymmetrically and the potential

drop along the current collector causes an increase in the resistance Z ′ for the

terminals T11 and T44.

Although terminal T22 and T33 on one hand and terminal T11 and T44 on

the other, show very similar behavior, the impedance Z ′ of the terminal closer

to the cell center is higher than the other (Z ′T11 = 47 mΩ, Z ′T44 = 47.9 mΩ for

100 mHz). Frequencies below 10 Hz are assigned to the charge transfer and the

diffusive behavior of the lithium ions in the bulk material. Since no temperature

gradient is present in the cell and the SOC has been adjusted carefully to avoid

any inhomogeneities, it is assumed that inhomogeneous kinetic properties of the

active material or electrolyte cause the differences. Simulations on the stress

evolution in cylindrical cells have been published by Nadimpalli et. al. [20]

and the work of Waldmann et. al. [21] reported mechanical deformation of

cylindrical cells after cycling, where a thermo-mechanical stress had caused the

jelly roll to kink if no center pin in the cell was present. A center pin is a small

steel rod, which is inserted during the manufacturing process when the electrode

is wound. As the tested cell has a center pin, an increase of pressure towards the
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center of the cylindrical cell is assumed. Changes in bulk transport properties,

higher impedances and lithium plating due to increasing pressure [22, 23, 24]

and the relation between pressure, porosity and tortuosity of separators were

reported in literature [25, 26].

As a consequence, we assume a reduced amount of electrolyte in the region

close to terminal T44 in comparison to the region close to terminal T11. Less

electrolyte and an increase in the lithium ion diffusion path due to a higher

tortuosity in the separator could lead to a higher impedance, which becomes

visible as increasing arc in the Nyquist plot. A change of active material thick-

ness, in particular the double coated LFP electrode, caused by the smaller

winding radius towards the cell center was also under consideration. It was

calculated to be approximately 1.5% thickness increase for the inner and 1.3%

thickness decrease for the outer active material coating layer (coating thickness

delectrode+ = 63 µm, outer radius ro = 12.5 mm, inner radius ri = 2 mm). As

this change is rather small, we assume that the effect on the kinetic properties

of the active material is negligible. In summary, we observe a strong increase in

impedance, if the excitation current was applied at terminals close to the end of

the electrode due to an asymmetrical current density distribution (ZT11, ZT44

>> ZT22, ZT33) and a smaller increase in impedance, if the cell geometry was

the same but the current terminal was located closer to the cell center (ZT44 >

ZT11 and ZT33 > ZT22) due to changes in the transport processes in the active

material.

3.1.2. Group B

The results, suggesting a pressure increase towards the cell center, match

very well with consecutive measurements of group B, presented in Fig. 3 b). In

this operation mode, the excitation current was applied diagonally between the

positive current tab Cx and the negative current tab Ax+1. This allowed three

possible ways to connect the tabs with a similar distance between the negative

and the positive current tab of approximately 42 cm. Since the measurements

for Ax+1 − Cx show the same behavior as the measurements of Ax − Cx+1,
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only one data set is shown. For frequencies above 1500 Hz, an increase of Z ′′

and a decrease of Z ′ is observed in the Nyquist plot and an increasing phase

angle φ occurs in the Bode diagram. For lower frequencies, φ converges to the

same value for the three measurements. While Z ′′ converges as well, Z ′ increases

significantly for A4−C3 compared to A2−C1. This supports the aforementioned

suggestion of a pressure effectuated increase in the lithium ion diffusion path in

the liquid phase towards the cell center.

For changes in the high frequency region, the influence of the cell geometry

has to be considered. The inductive behavior of the cell in this frequency region

is attributed to the windings of the electrodes and connections inside the cell

[27]. The distance between two current tabs remains nearly the same, but

the increasing number of included windings of the jelly roll contributes to an

increase. The number of windings Θ between the current tabs can be calculated

with the adapted equation for the Archimedes’ Spiral for cylindrical cells [28, 29]

Θ(ξ) ≈
−r0 +

√
r20 + Dξ

π

Dξ
2π

whereas r0 = 1.5 mm is the radius of the center pin, ξ is the distance of the

tab to the cell center according to Fig. 1 a) and the thickness of the electrode

stack D = 0.279 mm calculated by

D = 2 · (dseparator + delectrode+ + delectrode−) + dcc+ + dcc−

The number of electrode windings between the respective tabs was calculated

to be 6.5 windings between C1 and A2, 8.5 between C2 and A3 and 12.5 between

C3 to A4. The half winding originates from the cell design as displayed in Fig. 1

b), where the current tabs of the anode are shifted by half a winding compared

to the current tabs of the cathode. This suggests an inductive contribution of

the current collector, depending on the average radius of the cell segment and

therefore the number of traversed windings.
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3.1.3. Group C

Group C consists of four set-ups, where the negative current tab A1 is used

for all measurements and one of the four positive current tabs C1, C2, C3 and C4

is used as the counterpart, denoted as A1−Cx. As the mirrored measurements

Ax − C1 lead to the same results, only one data set is shown.

Table 1: Position of cathode tab x with the respective number of windings, the distance

between cathode and anode tab and the transition frequency with φ = 0

Cx Nw Tab distance / cm f(φ = 0) / Hz

1 0.5 3.6 1400

2 6.5 43.8 500

3 14.5 88.1 160

4 26.5 131.6 80

The distances and number of windings between the current tabs were cal-

culated and are stated in Tab. 1. The Nyquist plot in Fig. 3 c) exhibits a

strong correlation of Z ′′ as well as Z ′ with the distance and number of elec-

trode windings between the current tabs. At 10 kHz, Z ′14 increases by nearly

70%, compared to Z ′11 at the same frequency, whereas Z ′′14 increased by the

factor of 7.4 (10 mΩ to 74.2 mΩ) compared to Z ′′11. In agreement with the pre-

vious measurements in section 3.1.2, an increase of Z ′′ and therefore a more

inductive behavior of the cell at high frequencies is observed with increasing

number of utilized electrode windings. As illustrated in the Bode diagram, the

cell’s transition from inductive to capacitive behavior is shifted significantly to

lower frequencies with increasing tab distance and number of windings. For

tab configuration A1 − C1, φ becomes negative for frequencies lower 1400 Hz.

With increasing tab distance, this characteristic frequency reduces to 500 Hz

for A1 − C2, 160 Hz for A1 − C3 and 80 Hz for A1 − C4. For lower frequencies,

the phase angle as well as Z ′′ become similar for all four measurements, but an

increase of Z ′ is measured. In this case, the shorter distances between the tabs

and the asymmetrical current density distribution result in an increase of Z ′.
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3.2. Frequency dependency

For the measurements presented in Fig. 4, an excitation current was applied

at terminal T11 and the voltage responses were sensed at terminals T11, T22,

T33 and T44, measured with the second modified cell. Due to the decay of the

current density along the current collector, the magnitude |Z| (Fig. 4 a)) is

smaller with increasing distance to the current tab. The phase angle φ (Fig.

4 b)) shows a higher inductive contribution for measurements towards the cell

center and the transition frequency from inductive to capacitive behavior is

shifted significantly.
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Figure 4: |Z| (a), phase angle φ (b), voltage amplitude Û (c) and the relative change of voltage

amplitude Û/Ûmax (d) in dependence of the frequency of the applied sinusoidal current

Since the interpretation of an impedance spectrum might be misleading,

when excitation and sensing terminal are separated, we performed an addi-

tional measurement, sensing the potential within time domain. The amplitude

Û is plotted in Fig. 4 c). The potential measurement indicates the reliability of

the impedance measurement within the detectable frequency range. Û11 depicts

the largest value, as the excitation current is applied at terminal T11, similar to

the values for magnitude |ZT11| in the plot above. Both values decrease with

increasing distance to the current tab. The magnitudes |Z| and amplitudes Û

at all terminals decrease with increasing frequency, but in a non-linear manner.
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This is highlighted in Fig. 4 d), by showing normalized values. Thereby, Ûmax

corresponds to the value of Û at the lowest frequency. These measurements

suggest that the current density distribution along the current collector changes

non-uniformly depending on the applied frequency, measured as a higher atten-

uation of the voltage response for higher frequencies.

As discussed in literature [4, 30, 31, 32], an impedance spectrum senses dif-

ferent electrochemical processes with distributed time constants. For the high

frequency region above 1000 Hz, the major contributions occur due to the mea-

surement cable and terminal set-up, the cell geometry as well as polarization

losses originating from contact resistances between the coating of the active ma-

terial and the current collector. The behavior for mid-range frequency between

1000 Hz and 10 Hz is dominated by the charge transfer reaction between elec-

trode and electrolyte and lithium ion diffusion within electrolyte, while the solid

state diffusion in the active material defines the spectra for frequencies below

10 Hz [33, 34]. We can conclude that the current density distribution within

the cell depends on the applied frequency due to different sources of impedance,

corresponding to different electrochemical processes. As a consequence, it is

possible to shift the current density distribution as these processes are highly

sensitive to the cell temperature as discussed in the following section.

3.3. Temperature dependency

In Fig. 5, the Nyquist plot (a) and the Bode diagram (b) are displayed for

different excitation currents (50 mA, 100 mA and 200 mA) as well as different

temperatures (10 ◦C, 25 ◦C and 40 ◦C). Similar to the measurements in the

previous section, all measurements were performed using terminal T11. No cur-

rent dependency of the impedance measurement was observed, as the linearity

of the system was still valid for the maximum excitation current of 200 mA [35].

In Fig. 5. with increasing temperature, a significant reduction of Z ′ can

be observed for frequencies below 1000 Hz, attributable to enhanced kinetic

properties such as lower electrolyte resistance, higher diffusion coefficients in

the active material and a lower charge transfer resistance at the solid electrolyte
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interface [36, 37]. The Bode diagram in Fig. 5 b) illustrates the temperature

independence of the impedance for frequencies above 2000 Hz, with an identical

phase angle φ and magnitude |Z|. With decreasing frequency, cell properties

change from inductive to capacitive behavior (φ < 0), whereas the cell at 10 ◦C

changes at higher frequencies compared to the cells at 25 and 40 ◦C. The phase

angle decreases with higher temperature throughout the measured frequency

range but all values start merging for frequencies below 1 Hz. In addition to the

terminal voltage UT11, terminal voltages UT22, UT33 and UT44 were recorded

during the impedance measurement. Fig. 6 illustrates the voltage responses,

measured at the different locations along the electrodes for 10 ◦C (a), 25 ◦C

(b) and 40 ◦C (c) for 240 and 167 mHz. For a clearer distinction, the terminal

voltages were separated by 3 mV along the y-axis.

These exemplary frequencies allow for an insight on the distribution of the

excitation current along the electrode. They show the voltage amplitude at-

tenuation along the current collector with a strong temperature dependency.

For the last frequency applied (167 mHz), the voltage amplitudes at the differ-

ent terminals were calculated and plotted in Fig. 7 versus the distance to the

current carrying tab, where the excitation current was applied. At 10 ◦C, a volt-

age amplitude of 2.33 mV is measured at terminal T11 decreasing to 0.45 mV

at terminal T44. A temperature increase to 40 ◦C leads to a reduced voltage

amplitude ÛT11 = 1.54 mV at terminal T11, decaying to 0.038 mV at terminal

T44. Normalizing the curves in Fig. 7 a) to Û/Ûmax (dotted lines) visualizes

the strong non-linear temperature dependency of the voltage decay along the

current collector, where an increase in temperature leads to a significant higher

attenuation.

The positive temperature coefficients of resistance for aluminum (αAl =

4 · 10−3 K
−1

) and copper (αCu = 3.93 · 10−3 K
−1

) lead to an increase in the

resistance at higher temperatures. For the temperature range of ∆T = 30 ◦C,

the resistance of each current collector differs by approximately 12%, which

will lead to a stronger voltage attenuation along the current collector. This

effect is amplified by the enhancements in kinetics and mass transport, which
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were reported to double (ionic conductivity in electrolyte [38]) or increase by

the factor of 20 (lithium ion diffusion coefficient in LFP [39]) for an increase

from 10 ◦C to 40 ◦C. Thus, we suppose that enhanced kinetic and transport

properties of the cell dominate the voltage attenuation, in comparison to the

small effect of the decreasing current collector conductivity.

To validate the significance of the previous results, the linearity of the system

was examined. As comparison, Fig. 7 b) illustrates the voltage amplitude for

different excitation currents (50, 100, 200 mA; solid lines) at a constant temper-

ature of 25 ◦C. Plotted as Û/Ûmax (dashed lines), the same attenuation along

the current collector for the different excitation currents is observed, indicat-

ing a proportional relation between voltage amplitude and excitation current,

where doubling the current leads to a doubling of the voltage amplitude at all

positions along the electrode.

4. Conclusion

In this work, we presented impedance measurements on modified commer-

cial 26650 type lithium-ion cells. The modification allowed for applying any

tab pattern to four cathode and four anode tabs, which are distributed nearly

symmetrically and equidistantly along the electrodes. The focus of our study

was set on ac current density distribution along the electrodes under variation

of tab pattern, frequency and temperature.

The tab pattern variation demonstrated two major effects. On one hand,

the low frequency impedance is higher for the innermost terminal T44. Based

on published literature, a pressure increase towards the cell center was found

to be a reasonable explanation. On the other hand, the inductive high fre-

quency behavior clearly reveals a dependency on involved cell windings. The

cell inductance depends on the electrode length and radius of enclosed windings.

According to the superposition of separate impedance contributions, the

frequency is a major variable when it comes to the current path through the cell.

It can be observed that the signal path along the current collector and through
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the electrochemically active layer is shifted by a variation in the excitation signal

frequency. Higher frequencies tend to experience more attenuation, whereas

lower frequencies have a wider spread along the current collectors.

Further, this inhomogeneous current path was highlighted by temperature

variation. An increase in temperature increases the current collectors’ resis-

tivity, whereas the electrochemical active layer impedance will tend to lower

values due to enhanced kinetics and lithium ion transport. We analyzed this

correlation at three temperatures, 10, 25 and 40 ◦C and detected a more pro-

nounced gradient in ac current density distribution along the electrode as the

temperature increased.

As EIS is one of the most common techniques for cell diagnostics, such as

inner resistance measurements, estimation of SOC as well as SOH, our findings

might imply certain limitations to its interpretability when applied to commer-

cial cells. In general, it is questionable, how a cell design overshadows the active

material impedance by superimposing local inhomogeneities, such as increased

passivation layers due to lithium plating or advanced aging. By applying the

method of local potentials to single layered cells, we want to focus on that

overshadowing in future work.
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