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Abstract
Membrane capacitance (Cm) is a fundamental property of neurons.  It affects some of the electrical properties of a neuron and is indicative of the size of the cell.  A major problem facing current electrophysiology research is a discrepancy in the measured value of Cm of neurons provided by different methods.  Different experimental techniques for measuring Cm vary in the result they provide by a magnitude of an entire order.  The discrepancy in the measurements may be due to the complex morphology of neurons.  We used the techniques of current clamp steps, voltage clamp steps, and voltage ramp steps on intracellular recordings of stomatogastric cells of the crab Cancer borealis.  We analyzed three compartmentalized models of the cell which were varied in size and shape.  An evaluation of the accuracy of the three methods applied to the three models is provided here.    
Introduction 
Cell membranes are made up of a phospholipid bilayer.  The phospholipid bilayer regulates the passage of material in and out of the cell.  It is selectively permeable to the flow of certain molecules and ions, and thus, it tends to separate ions on its interior and exterior surfaces.  This separation of charges gives cell membranes their property of capacitance.   

Membrane capacitance (Cm) is proportional to the surface area of a cell, which is an indicator of the size of the cell.  It affects some the electrical properties of a neuron such as synaptic integration and the propagation of electrical signals.  Despite the relevance of this fundamental property, there is currently no single method of measuring Cm that has been proven to be accurate.  
Three commonly used methods of measuring Cm are the methods of current step in current clamp mode and voltage step and voltage ramp in voltage clamp mode.  The current step method entails charging the membrane potential by the injection of a constant amount of current into the cell.  The voltage step method involves maintaining the voltage of the cell membrane at a constant value that differs from the resting potential, and voltage ramp experiments involve changing the voltage of the cell at a constant rate.  The values of Cm that these three methods provide vary in magnitude by an order. 
The problem of attaining accurate measurements of electrical parameters may be due to the neuron’s complex architecture.  Neurons typically contain multiple branches of dendrites of different sizes.  A complete model of a neuron entails its reconstruction, which would then be compartmentalized and matched with the appropriate parameters to simulate the cell’s electrical activity.  Certain simplifications can be made to make this process easier.  A common practice is to lump all of the dendrites into a single compartmentalized cylinder of finite length.  A simple model would consist of a spherical compartment representing the soma attached to a cylindrical dendritic body by means of a cylindrical cable.  The model would consist of a series of RC circuits: one for the soma, one for each dendritic compartment, and for each compartment of the cable.  This model can be further simplified by collapsing all of the dendritic compartments into a single spherical compartment and by replacing the cable with a resistor that represents the axial resistance of a cell.           
In this study, we applied the three electrophysiological methods to passive cells of the stomatogastric ganglion (STG) of the crab Cancer borealis.  Passive neurons are cells whose voltage dependent ion channels have been pharmacologically blocked, halting action potentials from firing.  Blocking the voltage dependent ion channels eliminates the voltage dependency of the membrane and by analogy to electrical circuits, effectively reduces a cell membrane to an RC circuit.  The mathematical equations that describe an RC circuit could be applied to a passive cell membrane.  Passive cells are often used in experimentation because they make it easier to measure capacitance.  

We analyzed models of passive neurons whose voltage and current transients matched those of the cells we studied.  We tested a two-compartment model in which the dendritic body was lumped into a single isopotential sphere that was connected to a spherical isopotential somatic compartment by means of a resistor.  In our second model, we transformed the resistor into a cylindrical cable by giving it both an axial resistance and a membrane resistance, thereby simulating a cable that leaks current through its membrane.  In our third model, we expanded the spherical dendritic compartment into a compartmentalized cylinder.  We assumed Rm (membrane resistance) and Cm to be constant throughout the cell to simplify the calculations.     
In our model simulations, we found the current step method to be the only method to provide accurate results, while the voltage step method provided the least accurate results.  The voltage ramp method provided results that were more accurate than the voltage step method but less accurate than the current step method.  
Methods and Materials
Electrophysiological Methods 
1.  Current Step (in Current Clamp)
The current step method entails the injection of a rectangular step of current into a cell. The resulting change in membrane potential is called a charging curve.  When positive current is injected into the cell, the voltage change of the membrane is positive, and when negative current is injected into the cell, the voltage change is negative.  In a spherical isopotential cell, the charging curve can be fitted by a single exponential function given by either equation (1) if positive current is injected into the cell or equation (2) if negative current is injected into the cell.
                                          
[image: image69.wmf]m

m

r

j

i

j

j

i

j

j

j

C

R

V

V

R

V

V

R

V

V

dt

dV

1

)

(

1

1

-

-

-

-

-

=

+

-

              (1)

                                    
[image: image2.wmf])

1

(

)

(

1

0

m

t

e

V

V

t

V

t

-

-

+

=

           (2)

          



            
[image: image3.wmf]m

m

m

C

R

=

t


                 (3)

V0 in these equations is the resting potential of the cell, and V1 provides the change in membrane potential.  The time course of the charging curve is given by the parameter τm, which is the time constant of the cell.  As shown in equation (3), τm is equal to the product of the membrane resistance and membrane capacitance.  Membrane resistance can be determined using Ohm’s law; it is the change in the voltage of the membrane divided by the amount of current injected into the cell.  The parameters τm and Rm can be applied to equation (3) to calculate the value of Cm for a spherical isopotential cell.  
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Figure 1: The charging curve of a spherical isopotential cell subjected to a negative rectangular step current can be fitted to a single exponential function.  The voltage change can be calculated using Ohm’s Law.
Neurons are not spherical and isopotential, so a single exponential function provides an insufficient fit to their charging curves.  The charging curve for a nonisopotential cell is better represented by a two-exponential function.  Equation (4) can be used to fit the charging curve of a cell subjected to a positive current injection, and equation (5) could be used to fit the charging curve of a cell subjected to a negative current injection.  V0 in these equations is the resting potential of the membrane, and V1 and V2 provide the contribution of each term to the charging curve.  The τ’s are the charging constants.  
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(5)
When a nonisopotential cell is subjected to a current step, two distinct processes of equalizing and charging the cell membrane occur simultaneously.  The equalizing process occurs rapidly and is represented by the term that contains the smaller value of τ.  The charging of the membrane is the slower of these two processes, and it is represented by the term that contains the larger value of τ.  The larger τ is equal to τm.  The value of the coefficient V corresponding to the larger τ provides the change in the membrane potential contributed by the charging process.  This value of V could be applied to Ohm’s law to determine Rm.  τm and Rm could be applied to equation (3) to determine the capacitance of a nonisopotential cell.             

[image: image6]
Figure 2: The charging curve of a nonisopotential cell subjected to a negative rectangular step current can be fitted to a two exponential function.   The voltage change can be calculated using Ohm’s Law.
2.  Voltage Step (in Voltage Clamp)
The voltage step method is the most widely used method.  It entails a sudden change in the voltage of the cell to a value that differs from its resting potential.  This change in the voltage of the cell requires a continuous injection of current that is initiated by a large, brief current pulse.  This large initial current injection is due to the capacitance of the cell membrane. 
 The charge on a capacitor is given by the relation,
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where Q is the accumulation of charge on the capacitor.  Capacitive current, represented below by Ic, is defined as the rate of change of charge accumulation on the membrane, so 
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since C is a constant.  Equation (7) shows that a large value for dV/dt will result in a large capacitive current injection into the cell.  Ic is often referred to as a capacitive artifact.   
The current vs. time graph obtained in a voltage clamp experiment represents the sum of the capacitive current and the resistive current.  The total capacitance is given by the equation:
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Since voltage and current follow a linear relationship in passive cells, the resistive current graph could be obtained by scaling the charging curve to the current curve.  Then the plot of Ic could be obtained by subtracting the resistive current plot from the total current plot.  It follows from equation (7) that Q could be determined by computing the area of the current graph encompassed by the capacitive artifact.  Q and ΔV could be applied to equation (6) to determine Cm. 

[image: image10]
Figure 3:  A change in the voltage of a cell membrane introduces a capacitive artifact in the current graph.  The area of the current graph encompassed by the capacitive artifact is equal to the amount of charge accumulated on the capacitor.  
3.  Voltage Ramp (in Voltage Clamp)
The voltage ramp method entails varying the voltage of the membrane at a constant rate.  The shape of the voltage pulse is triangular.  Since the resistive component of current injection is linearly dependent on the voltage of the membrane in passive cells, current must be injected into the cell at a rate that is proportional to the rate at which the voltage is being varied.  In the current vs. time graph, the capacitive current contributes a sudden change in the total current graph when there is a change in dV/dt.  The capacitive current could be measured from the total current plot.  The values of Ic and dV/dt could be applied to equation (7) to calculate the value of Cm.  

[image: image11]
Figure 4: A change in dV/dt introduces sudden changes in the current graph.  These changes represent the capacitive current. 
Experimental Procedure


The method for STG isolation used in this study was outlined by Golowasch and Marder.  Crabs were obtained from a local fish market and stored in seawater aquaria at approximately 12ºC.  Prior to dissection, the crabs were sedated by being submerged in ice for about 15 – 20 minutes.  The STG was isolated, desheathed, and pinned to a silicone elastomer - lined petri dish where it was superfused with Cancer saline.  The Cancer saline composition was (in mM) NaCl, 440; KCl, 11; CaCl2, 13; MgCl2, 26; maleic acid, 5; trizma base, 11; pH 7.4-7.5.  TTX (10^-7M) was added to the saline in order to prevent spontaneous action potentials from firing.  The two microelectrodes used to impale the cells were pulled using the Flaming/Brown Micropipette puller (Sutter Instruments Co.).  One microelectrode was used for current injection and the other was used for recording voltage changes.  Current injection and voltage recordings were done in the soma.  The resistances of the microelectrodes varied between 20-30 MΩ.  They were filled with a 0.6M K2SO4 + 20mM KCl solution.  

Measurements were taken using an Axoclamp-2B (Axon Instruments, Foster City, CA) feedback amplifier.  For the current step method, rectangular steps of -2nA of current were injected into the cell.  For the voltage step method, the magnitude of the voltage change was -20 mV with respect to the resting voltage.  The gain was adjusted so that the change in voltage curve resembled a rectangular step as closely as possible.  For the voltage ramp method, 
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 was 0.1V/s.  For each method, negative current injections were used in order to prevent spontaneous electrical activity from occurring.  Multiple sweeps were taken for each trial for all three methods.  The especially noisy sweeps were deleted while the remaining sweeps were averaged in order to minimize the noise to signal ratio.  The signals were processed using the pClamp9.2 software package (Axon Instruments).  Clampex9.2 was used for the current recordings and Clampfit9.2 was used for the analysis.  
Current Step Experiments 
A modified version of the current step method was used in the experiments.  The charging curve that was recorded in these experiments was fitted by the three-exponential function: 
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The three exponential fit provided an improvement over the two exponential fit.  The points on the plot that were recorded within three times the smallest time constant of the onset of the current injection were discarded because they represented the rapid influx of current that equalized the cell membrane.  The remaining points, which represented the charging process, were again fitted to the single exponential function given by equation (2), from which the value of τm was determined.  The voltage change was given by the amplitude of the signal represented by the remaining points. 
Model Simulations 

We used three levels of modeling to test the three methods.  The first model, called the two-compartment model, consisted of two spherical isopotential compartments coupled to a resistor.  One sphere represented the soma, and the other sphere represented the entire dendritic body of the cell lumped into a single compartment.  In the second model, called the ball and cylinder model, we connected the two spheres by a cylinder that was divided into 10 compartments.  The cylinder represented a cable that contained both an axial and membrane resistance.  In the third model, called the two-cylinder model, the dendritic compartment was represented by a 10-compartment cylinder.  In all three models current injections and voltage recordings were taken at the soma to replicate experimental conditions.       

To simplify our models, we made several assumptions.  We assumed the internal resistance, the membrane resistance, and the membrane capacitance to be constant throughout the cell.  Also, we neglected the radial current within the cell.  
An algorithm for analyzing each model was written in XPP (Ermentrout 2002), a program that solves ordinary differential equations.  For the current step method, the exponential fits were obtained using the program Origin6.1 (OriginLab Corporation 1991-2000).  A value of 1 nA was used for iext.  For the voltage step method, the integration of the capacitive artifact was carried out in Matlab 7.0 (The MathWorks, Inc. 1984-2004) using the trapezoidal method.  For the voltage ramp method,  
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 was 0.08 V/s unless otherwise noted. 
	Table 1. Parameter Values for Model Simulations

	Parameter
	Description
	Value/Formula
	Units

	Rs,d,m
	Membrane resistance 
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	Cs,d,m
	Membrane capacitance 
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	Ri
	Axial resistance for unit length
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	Ω-cm

	Rspecific
	Specific membrane resistivity
	40,000
	Ω- cm
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	Cspecific
	Specific membrane capacitance
	0.001
	mF/cm
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	Ri,specific
	Specific intracellular resistivity
	100
	Ω-cm

	ds,d,c
	Diameter of soma, dendrite,cable
	varied
	cm

	l
	Length of cable
	varied
	cm

	iext
	Applied current
	varied
	nF

	Vr
	Resting voltage
	0
	mV


Two-Compartment Model 

[image: image20]
Figure 5: Schematic representation of the two-compartment model of the cell
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These equations provide the voltage change in each compartment of the two-compartment model.  The voltage change in each compartment is directly proportional to the difference between the current flowing into the compartment and the current flowing out of the compartment either into the other compartment or out of the cell through the membrane.  Also, the voltage change in each compartment is inversely proportional to the membrane capacitance of that compartment.  
Multi-Compartment Models

[image: image21]
Figure 6: Schematic representation of the ball and cylinder model of the cell

[image: image22]
Figure 7: Schematic representation of the two-cylinder model of the cell 
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Figure 8: Current flowing into and out of a compartment in the multi- compartment models 
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The equations for the multi-compartment models are similar to those of the two compartment model.  For these models, the compartments were indexed by the letter j.  The voltage change in the 
[image: image24.wmf]th
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 compartment is directly proportional to the difference between the current flowing into the compartment and the current flowing out of the compartment either into the next compartment or out of the cell through the membrane.  Also, the voltage change in each compartment is inversely proportional to the membrane capacitance of that compartment.  
Results
Experimental 
The means and standard deviations of the in vivo capacitance measurements taken across eight STG neurons using the three experimental methods are given in the table below.  For the current step method, two of the samples were discarded because the recordings contained a large amount of noise, which made the analysis difficult.  The large variance in the current clamp measurements is due to variation in the parameters that were obtained from the exponential fits. The variation may be due to the large noise to signal ratio.  These results show that the different methods do in fact produce different results.   

Table 2: Mean and Standard Deviation of Experimental Results (units of nF)
	Current Step (n=6)
	Voltage Step (n=8)
	Voltage Ramp (n=8)

	23.68 
[image: image25.wmf]±

 17.73
	2.87 
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 0.67
	2.72 
[image: image27.wmf]±

 0.55


Models 
The accuracy of the three methods for measuring Cm when applied to the three models while varying the sizes of the compartments is shown in the plots that follow.  The percent actual capacitance was defined as the percent ratio of the measured value of Cm to the actual value of Cm.  It is used as a measure of the accuracy of the methods.  The actual value of Cm refers to the parameter that was chosen for the model simulations.  
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In the two-compartment model, the diameter of the dendritic compartment (
[image: image29.wmf]d

d

) was varied from 0.0005 cm to 0.06 cm while the diameter of the somatic compartment (
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d

) was 0.04 cm.  The percent actual capacitance of the current step method was 100% across all values that were tested.  The voltage step and voltage ramp methods provided accurate results only for small values of
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.  As 
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 increased, this accuracy decreased more rapidly for the voltage step method.  Overall, the voltage ramp method was more accurate than the voltage step method.  For the voltage ramp method, two different values for dV/dt were used.  Decreasing dV/dt from 4 V/s to 0.8 V/s provided more accurate results.  

In the same model, the length (l) of the connecting resistor was varied from 0.02 cm to 1.0 cm while 
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 and 
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 were 0.04 cm.  The percent actual capacitance of the current step method was 100% across all lengths that were tested.  When l was varied, the voltage step method again was the least accurate method, and the accuracy of the voltage ramp method was an intermediate between the accuracy of current step and voltage step methods.  
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	Figure 9: The three methods were tested on the two-compartment model. The plot on the left depicts the effect of increasing the diameter of the dendritic compartment on the accuracy of the three methods.   The plot on the right depicts the effect of increasing the length of connecting resistor on the accuracy of the three methods.  


In the ball and cylinder model, the surface areas of the somatic and dendritic compartments were varied by varying 
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 and
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.  The value of 
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 was varied from 0.0005 cm to 0.06 cm while 
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d

was 0.04 cm.  The percent actual capacitance for the current step method was 100% for all of the values of surface area that were tested.  The percent actual capacitance for the other two methods was greater than 95% for all values of surface area.  This accuracy may be due to the fact that the recordings were taken in the somatic compartment, which was the compartment whose surface area was being modified.  
In the same model, the value of 
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 was varied from 0.0005 cm to 0.06 cm while 
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 was 0.04 cm.  The percent actual capacitance for the current step method was 100% for all surface area values that were tested, but the accuracy of the voltage step and voltage ramp methods decreased as the surface area increased.  The voltage step method was less accurate than the voltage ramp method.  




Also in the same model, the diameter of the connecting cable (
[image: image43.wmf]cable

d

) was varied from 0.00008 cm to .008 cm while l was 0.06 cm and 
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 and 
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were 0.04 cm.  For smaller values of
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, all of the methods were inaccurate.  However, as 
[image: image47.wmf]cable

d

 increased, each of the methods became more accurate.  The percent actual capacitance for all three methods is 100% for large values of
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.  The increase in the cross sectional area of the cable provides the current with better access to the rest of the cell, accounting for the increase in accuracy.   
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	Figure10: The three methods were tested on the ball and cylinder model. The plot on the left depicts the effect of increasing the surface area of the somatic compartment on the accuracy of the three methods.  The plot on the right depicts the effect of increasing surface area of the dendritic compartment on the accuracy of the three methods.  
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Figure11: The three methods were tested on the ball and cylinder model. The effect of increasing the diameter of the connecting cable on accuracy of the three methods is depicted here.   
In the two-cylinder model, we varied the surface area of the cylindrical dendritic portion by varying its diameter.  The value of 
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 was 0.04 cm, 
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 was 0.001 cm, and l was .06 cm.  The length of the dendritic cylinder was .06 cm, and its diameter was varied from 
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 cm to 0.02 cm.  The percent actual capacitance for the current step method was 100% for all the diameter sizes that were tested.  The voltage step and voltage ramp methods were equally as accurate for smaller diameter sizes.  However, they diverge for larger diameter sizes, and the voltage ramp method provided the least accurate results.    
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Figure12: The three methods were tested on the two cylinder model. The effect of increasing the surface area of the cylindrical dendritic compartment on accuracy of the three methods is depicted here.   
Discussion 
The modeling simulations of the three electrophysiological methods showed that the current step method provides the most accurate estimate of Cm.  It was inaccurate only when the diameter of the connecting cable was small.  However, the percent actual capacitance was calculated to be 100% in all of the other situations that were considered.  The accuracy of the current step method can be attributed to its ability to distinguish between the different processes that occur in a cell when current is injected into it.  

In a current step experiment, the injected current rapidly dissipates throughout the cell.  It moves away from the point of injection and into the other compartments and distributes along their membranes.  During the initial part of the current injection, there is a rapid change in the voltage of the cell.  This change is evident in the steep portion of the charging curve.  The process that occurs is the equalization of the membrane.  Another process that occurs during a current injection is the charging of the membrane.  It is the slower process of the two processes and is represented by the larger time constant.  Thus, the curve for the voltage rise depicts two distinct phenomena that a two exponential function can distinguish.  The current step method was independent of the shape of the cell.  The equalization and charging processes were distinguishable regardless of the morphology of the cell.  
The voltage step and the voltage ramp methods provide less accurate measurements of Cm.  In voltage step experiments the charging curve is nearly rectangular and the amount of current injected into the cell is not constant.  In voltage ramp experiments the voltage of the cell is constantly changing.  Both of these methods involve rapid current injections that represent the capacitive current.  Yet, due to the continuous, non-constant manner in which current is injected into the cell, both of these methods provide no explicit way of distinguishing between the simultaneously occurring processes of equalization and the charging of the membrane.  Although it was shown that the voltage step and voltage ramp method are innacurate despite the morphology of the cell, there is not enough evidence to rule out the possibility that the shape of the cell affects these measurements.  
A more convincing argument about the accuracy of these three methods would entail creating more complex models of the cell.  Models that contain multiple cylinders would better represent the neuron and provide a clearer picture of what is actually occurs in the cell.   
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Chart3


			0.0000007854			0.0000007854			0.0000007854


			0.0000031416			0.0000031416			0.0000031416


			0.0000070686			0.0000070686			0.0000070686


			0.0000125664			0.0000125664			0.0000125664


			0.000019635			0.000019635			0.000019635


			0.0000282743			0.0000282743			0.0000282743


			0.0000384845			0.0000384845			0.0000384845


			0.0000502655			0.0000502655			0.0000502655


			0.0000636173			0.0000636173			0.0000636173


			0.0000785398			0.0000785398			0.0000785398





Current Step


Voltage Step


Voltage Ramp (dV/dt = 0.08 V/s)


Soma Area (cm2)


Percent Actual Capacitance


99.988281736


95.9287


96.9485101529


99.9877550775


95.9212


97.19234276


99.9898276596


96.1182


97.1878723785


99.9912983186


96.3904


97.3554246783


99.9926541686


96.6924


97.5622952736


99.9934828202


96.9973


97.7754182622


99.9940699248


97.2879


97.9798573339


99.9944684987


97.5542


98.1681330843


99.9947725713


97.7914


98.3346418836


99.994987558


97.9978


98.4807381959





Change in D2


															Varying Dendrite Diameter


												Current Clamp


			Parameters									diamter(d2)			cap(C=Cmspec*3.14*d2*d2)			True Capacitance			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			Area (d2)


			gain [siemens]			1e-5-1e-6						5.00E-04			7.85E-13			0.0000000002			39.99963			167.06902			167069020000			0.0000000002			99.9978247434			1.96E-07


			dsoma [cm]			0.004						1.50E-03			7.07E-12			0.0000000002			39.99957			162.79911			162799110000			0.0000000002			99.9975367278			1.77E-06


			Rmspec [ohms*cm^2]			40000						2.50E-03			0			0.0000000003			39.99939			154.888			154888000000			0.0000000003			99.9931020706			4.91E-06


			Cmspec [mF/cm^2]			0.001						3.50E-03			0			0.0000000003			39.99902			144.35826			144358260000			0.0000000003			99.9915614121			9.62E-06


			dcable [cm]			0.001						4.50E-03			0.0000000001			0.0000000003			39.99858			132.36076			132360760000			0.0000000003			99.9896239808			1.59E-05


			l= [cm]			0.06						5.50E-03			0.0000000001			0.0000000003			39.99793			119.90477			119904770000			0.0000000003			99.9867538411			2.38E-05


			Rispec [ohms*cm]			100						8.00E-03			0.0000000002			0.0000000004			39.99541			91.0035			91003500000			0.0000000004			99.9756816241			5.03E-05


			Rm2spec [ohms*cm^2]			40000						1.25E-02			0.0000000005			0.0000000007			39.98821			54.86452			54864520000			0.0000000007			99.9436047458			1.23E-04


			Cm2spec [mF/cm^2]			0.001						2.00E-02			0.0000000013			0.0000000015			39.96893			26.77975			26779750000			0.0000000015			99.8572042726			3.14E-04


												3.00E-02			0.0000000028			0.0000000031			39.91081			13.07095			13070950000			0.0000000031			99.6331641562			7.07E-04


												6.00E-02			0.0000000113			0.0000000115			39.64152			3.48537			3485370000			0.0000000114			98.5363019043			2.83E-03


															why are there two voltage clamp data sets?


															Voltage Clamp @1e-5 gain									Voltage Clamp @1e-5 gain


												D2 Area			D2 diameter (cm)			% Max Cap (VC)						D2 diameter (cm)			% Max Cap (VC)


												1.96E-07			5.000E-04			99.4896						5.000E-04			99.9436


												1.77E-06			1.500E-03			99.2988						1.500E-03			99.6644


												4.91E-06			2.500E-03			98.9083						2.500E-03			91.9749


												9.62E-06			3.500E-03			98.2984						3.500E-03			77.0966


												1.26E-05			4.000E-03			97.8977						4.500E-03			62.0281


												1.59E-05			4.500E-03			97.4176						5.500E-03			49.4883


												2.38E-05			5.500E-03			96.1243						8.000E-03			29.1971


												5.03E-05			8.000E-03			89.1838						1.250E-02			13.7148


												1.23E-04			1.250E-02			62.036						2.000E-02			5.7067


												3.14E-04			2.000E-02			25.5189						3.000E-02			2.5963


												7.07E-04			3.000E-02			8.9689						6.000E-02			0.6584


												2.83E-03			6.000E-02			1.4114


															Voltage Ramp @ 1e-5 gain @ 4mV/ms


												D2 Area			D2 Diameter (cm)			Measured						% Max Cap


												1.96E-07			5.000E-04			2.32E-10			2.39546E-10			96.7002474169


												1.77E-06			1.500E-03			2.36E-10			2.45830E-10			95.9835495264


												4.91E-06			2.500E-03			2.44E-10			2.58396E-10			94.3257651053


												9.62E-06			3.500E-03			2.53E-10			2.77246E-10			91.3504286961


												1.59E-05			4.500E-03			2.62E-10			3.02378E-10			86.7529204816


												2.38E-05			5.500E-03			2.69E-10			3.33794E-10			80.557117031


												5.03E-05			8.000E-03			2.69E-10			4.39823E-10			61.2221319592


												1.23E-04			1.250E-02			2.35E-10			7.29635E-10			32.2021331487


												3.14E-04			2.000E-02			2.15E-10			1.49540E-09			14.3983732193


												7.07E-04			3.000E-02			2.59E-10			3.06619E-09			8.4521711172


												2.83E-03			6.000E-02			2.92E-10			1.15485E-08			2.5287798129


															Voltage Ramp @ 1e-5 gain @ .08 mV/ms


												D2 Area			D2 Diameter (cm)			Measured						% Max Cap


												1.96E-07			5.000E-04			2.37E-10			2.39546E-10			98.8196694394


												1.77E-06			1.500E-03			2.42E-10			2.45830E-10			98.6443354248


												4.91E-06			2.500E-03			2.54E-10			2.58396E-10			98.2817087607


												9.62E-06			3.500E-03			2.71E-10			2.77246E-10			97.7187905663


												1.59E-05			4.500E-03			2.93E-10			3.02378E-10			96.9371832816


												2.38E-05			5.500E-03			3.20E-10			3.33794E-10			95.9333569447


												5.03E-05			8.000E-03			4.07E-10			4.39823E-10			92.4437845097


												1.23E-04			1.250E-02			6.05E-10			7.29635E-10			82.9793099464


												3.14E-04			2.000E-02			8.85E-10			1.49540E-09			59.1990853914


												7.07E-04			3.000E-02			1.33E-09			3.06619E-09			43.2552478429


												2.83E-03			6.000E-02			2.35E-09			1.15485E-08			20.358411053








Change in D2


			





Current Step


Voltage Step


Voltage Ramp


Dendrite Diameter (cm)


% Max Cap


Percent Maximum Capacitance vs. Dendrite Diameter
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Current Step


Voltage Step


Voltage Ramp


Dendrite Area (cm2)


Percent True Capacitance





Change in L's


			Data for Varying Soma Diameter


															Current Clamp


			Parameters									Dsoma Area			dsoma(cm)			Capacitance			Slowest Tau( origin)			(mV) (coeff of slowest tau)			R (M-ohms)			cap (Tau/R)			%max cap


			gain [siemens]			1.00E-05						7.85E-07			0.001			0			39.99762			165.4492			165449200000			0.0000000002			99.988281736


			d2 [cm]			0.004						3.14E-06			0.002			0			39.99836			159.24864			159248640000			0.0000000003			99.9877550775


			Rmspec [ohms*cm^2]			40000						7.07E-06			0.003			0			39.99878			149.87954			149879540000			0.0000000003			99.9898276596


			Cmspec [mF/cm^2]			0.001						1.26E-05			0.004			0.0000000001			39.99905			138.47456			138474560000			0.0000000003			99.9912983186


			dcable [cm]			0.001						1.96E-05			0.005			0.0000000001			39.99936			126.13451			126134510000			0.0000000003			99.9926541686


			l= [cm]			0.06						2.83E-05			0.006			0.0000000001			39.99953			113.74584			113745840000			0.0000000004			99.9934828202


			Rispec [ohms*cm]			100						3.85E-05			0.007			0.0000000002			39.99965			101.91598			101915980000			0.0000000004			99.9940699248


			Rm2spec [ohms*cm^2]			40000						5.03E-05			0.008			0.0000000002			39.99973			90.99623			90996230000			0.0000000004			99.9944684987


			Cm2spec [mF/cm^2]			0.001						6.36E-05			0.009			0.0000000003			39.99979			81.14301			81143010000			0.0000000005			99.9947725713


												7.85E-05			0.01			0.0000000003			39.99983			72.38317			72383170000			0.0000000006			99.994987558


															Voltage Clamp @ 1e-6 gain


												Dsoma Area			Dsoma Diameter (cm)			% Max Cap


												7.85E-07			1.000E-03			95.9287


												3.14E-06			2.000E-03			95.9212


												7.07E-06			3.000E-03			96.1182


												1.26E-05			4.000E-03			96.3904


												1.96E-05			5.000E-03			96.6924


												2.83E-05			6.000E-03			96.9973


												3.85E-05			7.000E-03			97.2879


												5.03E-05			8.000E-03			97.5542


												6.36E-05			9.000E-03			97.7914


												7.85E-05			1.000E-02			97.9978


																														why is this here?


															Voltage Ramp @ 1e-5 gain @ 4mV/ms															Voltage Ramp @ 1e-5 gain @ 4mV/ms


												Dsoma Area			Dsoma Diameter (cm)			Measured						% Max Cap						Dsoma Diameter (cm)			Measured						% Max Cap


												7.85E-07			1.000E-03			2.07E-10			2.41903E-10			85.5728589217						1.000E-03			4.78E-11			2.41903E-10			19.7760144834


												3.14E-06			2.000E-03			2.21E-10			2.51327E-10			87.9175884513						2.000E-03			6.11E-11			2.51327E-10			24.3280665024


												7.07E-06			3.000E-03			2.36E-10			2.67035E-10			88.4497042794						3.000E-03			7.23E-11			2.67035E-10			27.0812808414


												1.26E-05			4.000E-03			2.58E-10			2.89027E-10			89.2624260961						4.000E-03			9.82E-11			2.89027E-10			33.9931777181


												1.96E-05			5.000E-03			2.86E-10			3.17301E-10			90.1643874498						5.000E-03			1.21E-10			3.17301E-10			38.2041198247


												2.83E-05			6.000E-03			3.20E-10			3.51858E-10			91.0854397012						6.000E-03			1.55E-10			3.51858E-10			43.9750791868


												3.85E-05			7.000E-03			3.61E-10			3.92699E-10			91.9544740054						7.000E-03			1.94E-10			3.92699E-10			49.4666295525


												5.03E-05			8.000E-03			4.08E-10			4.39823E-10			92.7635154222						8.000E-03			2.40E-10			4.39823E-10			54.4980629777


												6.36E-05			9.000E-03			4.61E-10			4.93230E-10			93.4862703856						9.000E-03			2.91E-10			4.93230E-10			59.0014744637


												7.85E-05			1.000E-02			5.20E-10			5.52920E-10			94.1270366418						1.000E-02			3.61E-10			5.52920E-10			65.3021774401


															Voltage Ramp @ 1e-5 gain @ .08mV/ms


												Dsoma Area			Dsoma Diameter (cm)			Measured						% Max Cap


												7.85E-07			1.000E-03			2.35E-10			2.41903E-10			96.9485101529


												3.14E-06			2.000E-03			2.44E-10			2.51327E-10			97.19234276


												7.07E-06			3.000E-03			2.60E-10			2.67035E-10			97.1878723785


												1.26E-05			4.000E-03			2.81E-10			2.89027E-10			97.3554246783


												1.96E-05			5.000E-03			3.10E-10			3.17301E-10			97.5622952736


												2.83E-05			6.000E-03			3.44E-10			3.51858E-10			97.7754182622


												3.85E-05			7.000E-03			3.85E-10			3.92699E-10			97.9798573339


												5.03E-05			8.000E-03			4.32E-10			4.39823E-10			98.1681330843


												6.36E-05			9.000E-03			4.85E-10			4.93230E-10			98.3346418836


												7.85E-05			1.000E-02			5.45E-10			5.52920E-10			98.4807381959








Change in L's


			





Current Step


Voltage Step


Voltage Ramp (slope = 4 V/s)


Voltage Ramp (slope = .08 V/s)


Soma Diameter (cm)


% Max Cap


Percent Maximum Capacitance vs. Soma Diameter





			





Current Step


Voltage Step


Voltage Ramp


Soma Area (cm2)


Percent True Capacitance





			Current Clamp																														Voltage Clamp


						D2=20e-04																																	%Max Cap


						length(l)			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			L						cable length			L (??)			D2 diameter 20e-4			D2 diameter 40e-4			D2 diameter 60e-4			D2 diameter 80e-4


									1.256*10^-11																								0.02			0.0632455532			99.8266			99.5			98.7261			97.6329


						0.02						40			318.47269			318472690000			0.0000000001			99.9995753418			0.0447213595						0.06			0.1897366596			97.5803			96.6			94.1347			88.3033


						0.06						39.99958			159.24393			159243930000			0.0000000003			99.9937622836			0.1341640786						0.1			0.316227766			91.2915			87.4			79.3205			67.4192


						0.1						39.99579			106.17269			106172690000			0.0000000004			99.9748047172			0.2236067977						0.2			0.632455532			47.2633			43.7			38.795			33.491


						0.2						39.91312			58.04373			58043730000			0.0000000007			99.5423835331			0.4472135955						0.4			1.2649110641			18.9407			18.4			17.5833			16.5514


						0.4						38.46703			31.95303			31953030000			0.0000000012			91.2846323018			0.894427191						0.6			1.8973665961			11.4719			11.3			10.9088			8.3124


						0.6						34.05027			26.48894			26488940000			0.0000000013			66.0289882631			1.3416407865						1			3.1622776602			5.5416			5.5			5.3731			5.2338


						1						28.23684			27.22652			27226520000			0.000000001			32.3812894158			2.2360679775


						D2=40e-04


						length(l)			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			L


									5.024*10^-11


						0.02						39.99999			244.97906			244979060000			0.0000000002			100.0240263913			0.0316227766


						0.06						39.99912			138.47455			138474550000			0.0000000003			100.0053278461			0.0948683298


						0.1						39.99331			96.52764			96527640000			0.0000000004			99.9709907606			0.158113883						the value of L is probably wrong in voltage clamp and ramp.


						0.2						39.8905			55.07756			55077560000			0.0000000007			99.426236783			0.316227766


						0.4						38.29923			31.26919			31269190000			0.0000000012			90.2968963284			0.632455532


						0.6						33.77409			26.39902			26399020000			0.0000000013			64.470030973			0.9486832981


						1						28.1897			27.23914			27239140000			0.000000001			31.9369234824			1.5811388301


						D2=60e-04


						length(l)			True Capacitance			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			L


						0.02			2.26E-10			39.99996			176.9294			1.77E+11			2.26E-10			99.999403123			0.025819889


						0.06			3.52E-10			39.99686			113.74975			1.14E+11			3.52E-10			99.98337126			0.0774596669


						0.1			4.77E-10			39.97983			83.8378			8.38E+10			4.77E-10			99.9143422455			0.1290994449


						0.2			7.91E-10			39.73735			50.7897			5.08E+10			7.82E-10			98.8764954747			0.2581988897


						0.4			1.42E-09			36.70618			30.57689			3.06E+10			1.20E-09			84.5819700228			0.5163977795


						0.6			2.05E-09			30.6575			27.21191			2.72E+10			1.13E-09			55.0301209337			0.7745966692


						1			3.30E-09			26.33879			27.84352			2.78E+10			9.46E-10			28.6369191584			1.2909944487


						D2=80e-04


						length(l)			True Capacitance			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap


						0.02			3.14E-10			39.99993			127.38926			1.27E+11			3.14E-10			99.9992559042			0.0223606798


						0.06			4.40E-10			39.99423			91.00342			9.10E+10			4.39E-10			99.9728198878			0.0670820393


						0.1			5.65E-10			39.96511			70.81336			7.08E+10			5.64E-10			99.8535841119			0.1118033989


						0.2			8.79E-10			39.60841			45.82838			4.58E+10			8.64E-10			98.302649644			0.2236067977


						0.4			1.51E-09			35.99378			29.45653			2.95E+10			1.22E-09			81.0727653961			0.4472135955


						0.6			2.14E-09			30.06093			27.13137			2.71E+10			1.11E-09			51.8910104363			0.6708203932


						1			3.39E-09			26.30434			27.84251			2.78E+10			9.45E-10			27.8590062992			1.1180339887


			Csoma = 5.024*10^-11


			Cd2,60 = 1.1304*10^-10												Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms


			Cd2,80=2.0096*10^-10												D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


												Cable Area			cable length			L (?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap


															0.02			0.0632455532			1.28E-10			1.25664E-10			101.7278607508						0.02			0.0632455532			1.65E-10			1.63363E-10			100.8987247107						0.02			0.0632455532			0.0000000002			0.0000000002			99.6328733192						0.02			0.0632455532			3.02E-10			3.14159E-10			96.1719208424


															0.06			0.1897366596			2.40E-10			2.51327E-10			95.2952158383						0.06			0.1897366596			2.58E-10			2.89027E-10			89.2623958221						0.06			0.1897366596			0.0000000002			0.0000000004			66.5022179254						0.06			0.1897366596			2.69E-10			4.39823E-10			61.2221319592


															0.1			0.316227766			2.58E-10			3.76991E-10			68.3055879597						0.1			0.316227766			2.51E-10			4.14690E-10			60.629834427						0.1			0.316227766			0.0000000002			0.0000000005			50.2063778076						0.1			0.316227766			2.25E-10			5.65487E-10			39.8389579995


															0.2			0.632455532			1.98E-10			6.91150E-10			28.6394979505						0.2			0.632455532			1.96E-10			7.28849E-10			26.9472643086						0.2			0.632455532			0.0000000002			0.0000000008			24.6752097867						0.2			0.632455532			1.93E-10			8.79646E-10			21.9590622268


															0.4			1.2649110641			1.66E-10			1.31947E-09			12.5908991241						0.4			1.2649110641			1.66E-10			1.35717E-09			12.2410782434						0.4			1.2649110641			0.0000000002			0.0000000014			11.7136858125						0.4			1.2649110641			1.66E-10			1.50796E-09			11.0168377899


			Parameters												0.6			1.8973665961			1.43E-10			1.94779E-09			7.3196898537						0.6			1.8973665961			1.43E-10			1.98549E-09			7.1821186345						0.6			1.8973665961			0.0000000001			0.000000002			6.9482435231						0.6			1.8973665961			1.43E-10			2.13628E-09			6.6751455544


			gain [siemens]			1e-5-1e-6									1			3.1622776602			1.06E-10			3.20442E-09			3.3064595462						1			3.1622776602			1.06E-10			3.24212E-09			3.2680123421						1			3.1622776602			0.0000000001			0.0000000033			3.2086289991						1			3.1622776602			1.06E-10			3.39292E-09			3.1227673492


			dsoma [cm]			0.004


			Rmspec [ohms*cm^2]			40000


			Cmspec [mF/cm^2]			0.001


			dcable [cm]			0.001


			l= [cm]			0.06


			Rispec [ohms*cm]			100									Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms


			Rm2spec [ohms*cm^2]			40000									D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


			Cm2spec [mF/cm^2]			0.001						Cable Area			cable length			L (?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap


															0.02			0.0632455532			1.28E-10			1.25664E-10			101.7278607508						0.02			0.0632455532			1.65E-10			1.63363E-10			101.0327821435						0.02			0.0632455532			2.26E-10			2.26195E-10			99.744613321						0.02			0.0632455532			3.09E-10			3.14159E-10			98.3310168004


															0.06			0.1897366596			2.48E-10			2.51327E-10			98.4874661094						0.06			0.1897366596			2.81E-10			2.89027E-10			97.3554246783						0.06			0.1897366596			3.35E-10			3.51858E-10			95.3457475328						0.06			0.1897366596			4.07E-10			4.39823E-10			92.4437845097


															0.1			0.316227766			3.54E-10			3.76991E-10			93.8584445896						0.1			0.316227766			3.83E-10			4.14690E-10			92.2871994711						0.1			0.316227766			4.27E-10			4.77522E-10			89.5158600844						0.1			0.316227766			4.83E-10			5.65487E-10			85.4377333894


															0.2			0.632455532			5.22E-10			6.91150E-10			75.5232164001						0.2			0.632455532			5.31E-10			7.28849E-10			72.8697767073						0.2			0.632455532			5.41E-10			7.91681E-10			68.3638689841						0.2			0.632455532			5.47E-10			8.79646E-10			62.191840291


															0.4			1.2649110641			5.73E-10			1.31947E-09			43.454756205						0.4			1.2649110641			5.80E-10			1.35717E-09			42.7143130949						0.4			1.2649110641			5.89E-10			1.42000E-09			41.4850739452						0.4			1.2649110641			6.00E-10			1.50796E-09			39.8007387083


															0.6			1.8973665961			6.12E-10			1.94779E-09			31.4055828576						0.6			1.8973665961			6.13E-10			1.98549E-09			30.8642734356						0.6			1.8973665961			6.14E-10			2.04832E-09			29.9933836926						0.6			1.8973665961			6.16E-10			2.13628E-09			28.8407949096


															1			3.1622776602			5.87E-10			3.20442E-09			18.3063760366						1			3.1622776602			5.87E-10			3.24212E-09			18.0938813268						1			3.1622776602			5.87E-10			3.30496E-09			17.750526597						1			3.1622776602			5.87E-10			3.39292E-09			17.2907109101
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			0.0000237583			0.0000159043			0.0000237583
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Change in D2


															Varying Dendrite Diameter


												Current Clamp


			Parameters									diamter(d2)			cap(C=Cmspec*3.14*d2*d2)			True Capacitance			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			Area (d2)


			gain [siemens]			1e-5-1e-6						5.00E-04			7.85E-13			0.0000000002			39.99963			167.06902			167069020000			0.0000000002			99.9978247434			1.96E-07


			dsoma [cm]			0.004						1.50E-03			7.07E-12			0.0000000002			39.99957			162.79911			162799110000			0.0000000002			99.9975367278			1.77E-06


			Rmspec [ohms*cm^2]			40000						2.50E-03			0			0.0000000003			39.99939			154.888			154888000000			0.0000000003			99.9931020706			4.91E-06


			Cmspec [mF/cm^2]			0.001						3.50E-03			0			0.0000000003			39.99902			144.35826			144358260000			0.0000000003			99.9915614121			9.62E-06


			dcable [cm]			0.001						4.50E-03			0.0000000001			0.0000000003			39.99858			132.36076			132360760000			0.0000000003			99.9896239808			1.59E-05


			l= [cm]			0.06						5.50E-03			0.0000000001			0.0000000003			39.99793			119.90477			119904770000			0.0000000003			99.9867538411			2.38E-05


			Rispec [ohms*cm]			100						8.00E-03			0.0000000002			0.0000000004			39.99541			91.0035			91003500000			0.0000000004			99.9756816241			5.03E-05


			Rm2spec [ohms*cm^2]			40000						1.25E-02			0.0000000005			0.0000000007			39.98821			54.86452			54864520000			0.0000000007			99.9436047458			1.23E-04


			Cm2spec [mF/cm^2]			0.001						2.00E-02			0.0000000013			0.0000000015			39.96893			26.77975			26779750000			0.0000000015			99.8572042726			3.14E-04


												3.00E-02			0.0000000028			0.0000000031			39.91081			13.07095			13070950000			0.0000000031			99.6331641562			7.07E-04


												6.00E-02			0.0000000113			0.0000000115			39.64152			3.48537			3485370000			0.0000000114			98.5363019043			2.83E-03


															why are there two voltage clamp data sets?


															Voltage Clamp @1e-5 gain									Voltage Clamp @1e-5 gain


												D2 Area			D2 diameter (cm)			% Max Cap (VC)						D2 diameter (cm)			% Max Cap (VC)


												1.96E-07			5.000E-04			99.4896						5.000E-04			99.9436


												1.77E-06			1.500E-03			99.2988						1.500E-03			99.6644


												4.91E-06			2.500E-03			98.9083						2.500E-03			91.9749


												9.62E-06			3.500E-03			98.2984						3.500E-03			77.0966


												1.26E-05			4.000E-03			97.8977						4.500E-03			62.0281


												1.59E-05			4.500E-03			97.4176						5.500E-03			49.4883


												2.38E-05			5.500E-03			96.1243						8.000E-03			29.1971


												5.03E-05			8.000E-03			89.1838						1.250E-02			13.7148


												1.23E-04			1.250E-02			62.036						2.000E-02			5.7067


												3.14E-04			2.000E-02			25.5189						3.000E-02			2.5963


												7.07E-04			3.000E-02			8.9689						6.000E-02			0.6584


												2.83E-03			6.000E-02			1.4114


															Voltage Ramp @ 1e-5 gain @ 4mV/ms


												D2 Area			D2 Diameter (cm)			Measured						% Max Cap


												1.96E-07			5.000E-04			2.32E-10			2.39546E-10			96.7002474169


												1.77E-06			1.500E-03			2.36E-10			2.45830E-10			95.9835495264


												4.91E-06			2.500E-03			2.44E-10			2.58396E-10			94.3257651053


												9.62E-06			3.500E-03			2.53E-10			2.77246E-10			91.3504286961


												1.59E-05			4.500E-03			2.62E-10			3.02378E-10			86.7529204816


												2.38E-05			5.500E-03			2.69E-10			3.33794E-10			80.557117031


												5.03E-05			8.000E-03			2.69E-10			4.39823E-10			61.2221319592


												1.23E-04			1.250E-02			2.35E-10			7.29635E-10			32.2021331487


												3.14E-04			2.000E-02			2.15E-10			1.49540E-09			14.3983732193


												7.07E-04			3.000E-02			2.59E-10			3.06619E-09			8.4521711172


												2.83E-03			6.000E-02			2.92E-10			1.15485E-08			2.5287798129


															Voltage Ramp @ 1e-5 gain @ .08 mV/ms


												D2 Area			D2 Diameter (cm)			Measured						% Max Cap


												1.96E-07			5.000E-04			2.37E-10			2.39546E-10			98.8196694394


												1.77E-06			1.500E-03			2.42E-10			2.45830E-10			98.6443354248


												4.91E-06			2.500E-03			2.54E-10			2.58396E-10			98.2817087607


												9.62E-06			3.500E-03			2.71E-10			2.77246E-10			97.7187905663


												1.59E-05			4.500E-03			2.93E-10			3.02378E-10			96.9371832816


												2.38E-05			5.500E-03			3.20E-10			3.33794E-10			95.9333569447


												5.03E-05			8.000E-03			4.07E-10			4.39823E-10			92.4437845097


												1.23E-04			1.250E-02			6.05E-10			7.29635E-10			82.9793099464


												3.14E-04			2.000E-02			8.85E-10			1.49540E-09			59.1990853914


												7.07E-04			3.000E-02			1.33E-09			3.06619E-09			43.2552478429


												2.83E-03			6.000E-02			2.35E-09			1.15485E-08			20.358411053
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Change in Dsoma
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Change in L's


			Data for Varying Soma Diameter


															Current Clamp


			Parameters									Dsoma Area			dsoma(cm)			Capacitance			Slowest Tau( origin)			(mV) (coeff of slowest tau)			R (M-ohms)			cap (Tau/R)			%max cap


			gain [siemens]			1.00E-05						7.85E-07			0.001			0			39.99762			165.4492			165449200000			0.0000000002			99.988281736


			d2 [cm]			0.004						3.14E-06			0.002			0			39.99836			159.24864			159248640000			0.0000000003			99.9877550775


			Rmspec [ohms*cm^2]			40000						7.07E-06			0.003			0			39.99878			149.87954			149879540000			0.0000000003			99.9898276596


			Cmspec [mF/cm^2]			0.001						1.26E-05			0.004			0.0000000001			39.99905			138.47456			138474560000			0.0000000003			99.9912983186


			dcable [cm]			0.001						1.96E-05			0.005			0.0000000001			39.99936			126.13451			126134510000			0.0000000003			99.9926541686


			l= [cm]			0.06						2.83E-05			0.006			0.0000000001			39.99953			113.74584			113745840000			0.0000000004			99.9934828202


			Rispec [ohms*cm]			100						3.85E-05			0.007			0.0000000002			39.99965			101.91598			101915980000			0.0000000004			99.9940699248


			Rm2spec [ohms*cm^2]			40000						5.03E-05			0.008			0.0000000002			39.99973			90.99623			90996230000			0.0000000004			99.9944684987


			Cm2spec [mF/cm^2]			0.001						6.36E-05			0.009			0.0000000003			39.99979			81.14301			81143010000			0.0000000005			99.9947725713


												7.85E-05			0.01			0.0000000003			39.99983			72.38317			72383170000			0.0000000006			99.994987558


															Voltage Clamp @ 1e-6 gain


												Dsoma Area			Dsoma Diameter (cm)			% Max Cap


												7.85E-07			1.000E-03			95.9287


												3.14E-06			2.000E-03			95.9212


												7.07E-06			3.000E-03			96.1182


												1.26E-05			4.000E-03			96.3904


												1.96E-05			5.000E-03			96.6924


												2.83E-05			6.000E-03			96.9973


												3.85E-05			7.000E-03			97.2879


												5.03E-05			8.000E-03			97.5542


												6.36E-05			9.000E-03			97.7914


												7.85E-05			1.000E-02			97.9978


																														why is this here?


															Voltage Ramp @ 1e-5 gain @ 4mV/ms															Voltage Ramp @ 1e-5 gain @ 4mV/ms


												Dsoma Area			Dsoma Diameter (cm)			Measured						% Max Cap						Dsoma Diameter (cm)			Measured						% Max Cap


												7.85E-07			1.000E-03			2.07E-10			2.41903E-10			85.5728589217						1.000E-03			4.78E-11			2.41903E-10			19.7760144834


												3.14E-06			2.000E-03			2.21E-10			2.51327E-10			87.9175884513						2.000E-03			6.11E-11			2.51327E-10			24.3280665024


												7.07E-06			3.000E-03			2.36E-10			2.67035E-10			88.4497042794						3.000E-03			7.23E-11			2.67035E-10			27.0812808414


												1.26E-05			4.000E-03			2.58E-10			2.89027E-10			89.2624260961						4.000E-03			9.82E-11			2.89027E-10			33.9931777181


												1.96E-05			5.000E-03			2.86E-10			3.17301E-10			90.1643874498						5.000E-03			1.21E-10			3.17301E-10			38.2041198247


												2.83E-05			6.000E-03			3.20E-10			3.51858E-10			91.0854397012						6.000E-03			1.55E-10			3.51858E-10			43.9750791868


												3.85E-05			7.000E-03			3.61E-10			3.92699E-10			91.9544740054						7.000E-03			1.94E-10			3.92699E-10			49.4666295525


												5.03E-05			8.000E-03			4.08E-10			4.39823E-10			92.7635154222						8.000E-03			2.40E-10			4.39823E-10			54.4980629777


												6.36E-05			9.000E-03			4.61E-10			4.93230E-10			93.4862703856						9.000E-03			2.91E-10			4.93230E-10			59.0014744637


												7.85E-05			1.000E-02			5.20E-10			5.52920E-10			94.1270366418						1.000E-02			3.61E-10			5.52920E-10			65.3021774401


															Voltage Ramp @ 1e-5 gain @ .08mV/ms


												Dsoma Area			Dsoma Diameter (cm)			Measured						% Max Cap


												7.85E-07			1.000E-03			2.35E-10			2.41903E-10			96.9485101529


												3.14E-06			2.000E-03			2.44E-10			2.51327E-10			97.19234276


												7.07E-06			3.000E-03			2.60E-10			2.67035E-10			97.1878723785


												1.26E-05			4.000E-03			2.81E-10			2.89027E-10			97.3554246783


												1.96E-05			5.000E-03			3.10E-10			3.17301E-10			97.5622952736


												2.83E-05			6.000E-03			3.44E-10			3.51858E-10			97.7754182622


												3.85E-05			7.000E-03			3.85E-10			3.92699E-10			97.9798573339


												5.03E-05			8.000E-03			4.32E-10			4.39823E-10			98.1681330843


												6.36E-05			9.000E-03			4.85E-10			4.93230E-10			98.3346418836


												7.85E-05			1.000E-02			5.45E-10			5.52920E-10			98.4807381959
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			Current Clamp																														Voltage Clamp


						D2=20e-04																																	%Max Cap


						length(l)			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			L						cable length			L (??)			D2 diameter 20e-4			D2 diameter 40e-4			D2 diameter 60e-4			D2 diameter 80e-4


									1.256*10^-11																								0.02			0.0632455532			99.8266			99.5			98.7261			97.6329


						0.02						40			318.47269			318472690000			0.0000000001			99.9995753418			0.0447213595						0.06			0.1897366596			97.5803			96.6			94.1347			88.3033


						0.06						39.99958			159.24393			159243930000			0.0000000003			99.9937622836			0.1341640786						0.1			0.316227766			91.2915			87.4			79.3205			67.4192


						0.1						39.99579			106.17269			106172690000			0.0000000004			99.9748047172			0.2236067977						0.2			0.632455532			47.2633			43.7			38.795			33.491


						0.2						39.91312			58.04373			58043730000			0.0000000007			99.5423835331			0.4472135955						0.4			1.2649110641			18.9407			18.4			17.5833			16.5514


						0.4						38.46703			31.95303			31953030000			0.0000000012			91.2846323018			0.894427191						0.6			1.8973665961			11.4719			11.3			10.9088			8.3124


						0.6						34.05027			26.48894			26488940000			0.0000000013			66.0289882631			1.3416407865						1			3.1622776602			5.5416			5.5			5.3731			5.2338


						1						28.23684			27.22652			27226520000			0.000000001			32.3812894158			2.2360679775


						D2=40e-04


						length(l)			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			L


									5.024*10^-11


						0.02						39.99999			244.97906			244979060000			0.0000000002			100.0240263913			0.0316227766


						0.06						39.99912			138.47455			138474550000			0.0000000003			100.0053278461			0.0948683298


						0.1						39.99331			96.52764			96527640000			0.0000000004			99.9709907606			0.158113883						the value of L is probably wrong in voltage clamp and ramp.


						0.2						39.8905			55.07756			55077560000			0.0000000007			99.426236783			0.316227766


						0.4						38.29923			31.26919			31269190000			0.0000000012			90.2968963284			0.632455532


						0.6						33.77409			26.39902			26399020000			0.0000000013			64.470030973			0.9486832981


						1						28.1897			27.23914			27239140000			0.000000001			31.9369234824			1.5811388301


						D2=60e-04


						length(l)			True Capacitance			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap			L


						0.02			2.26E-10			39.99996			176.9294			1.77E+11			2.26E-10			99.999403123			0.025819889


						0.06			3.52E-10			39.99686			113.74975			1.14E+11			3.52E-10			99.98337126			0.0774596669


						0.1			4.77E-10			39.97983			83.8378			8.38E+10			4.77E-10			99.9143422455			0.1290994449


						0.2			7.91E-10			39.73735			50.7897			5.08E+10			7.82E-10			98.8764954747			0.2581988897


						0.4			1.42E-09			36.70618			30.57689			3.06E+10			1.20E-09			84.5819700228			0.5163977795


						0.6			2.05E-09			30.6575			27.21191			2.72E+10			1.13E-09			55.0301209337			0.7745966692


						1			3.30E-09			26.33879			27.84352			2.78E+10			9.46E-10			28.6369191584			1.2909944487


						D2=80e-04


						length(l)			True Capacitance			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap


						0.02			3.14E-10			39.99993			127.38926			1.27E+11			3.14E-10			99.9992559042			0.0223606798


						0.06			4.40E-10			39.99423			91.00342			9.10E+10			4.39E-10			99.9728198878			0.0670820393


						0.1			5.65E-10			39.96511			70.81336			7.08E+10			5.64E-10			99.8535841119			0.1118033989


						0.2			8.79E-10			39.60841			45.82838			4.58E+10			8.64E-10			98.302649644			0.2236067977


						0.4			1.51E-09			35.99378			29.45653			2.95E+10			1.22E-09			81.0727653961			0.4472135955


						0.6			2.14E-09			30.06093			27.13137			2.71E+10			1.11E-09			51.8910104363			0.6708203932


						1			3.39E-09			26.30434			27.84251			2.78E+10			9.45E-10			27.8590062992			1.1180339887


			Csoma = 5.024*10^-11


			Cd2,60 = 1.1304*10^-10												Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms


			Cd2,80=2.0096*10^-10												D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


												Cable Area			cable length			L (?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap


															0.02			0.0632455532			1.28E-10			1.25664E-10			101.7278607508						0.02			0.0632455532			1.65E-10			1.63363E-10			100.8987247107						0.02			0.0632455532			0.0000000002			0.0000000002			99.6328733192						0.02			0.0632455532			3.02E-10			3.14159E-10			96.1719208424


															0.06			0.1897366596			2.40E-10			2.51327E-10			95.2952158383						0.06			0.1897366596			2.58E-10			2.89027E-10			89.2623958221						0.06			0.1897366596			0.0000000002			0.0000000004			66.5022179254						0.06			0.1897366596			2.69E-10			4.39823E-10			61.2221319592


															0.1			0.316227766			2.58E-10			3.76991E-10			68.3055879597						0.1			0.316227766			2.51E-10			4.14690E-10			60.629834427						0.1			0.316227766			0.0000000002			0.0000000005			50.2063778076						0.1			0.316227766			2.25E-10			5.65487E-10			39.8389579995


															0.2			0.632455532			1.98E-10			6.91150E-10			28.6394979505						0.2			0.632455532			1.96E-10			7.28849E-10			26.9472643086						0.2			0.632455532			0.0000000002			0.0000000008			24.6752097867						0.2			0.632455532			1.93E-10			8.79646E-10			21.9590622268


															0.4			1.2649110641			1.66E-10			1.31947E-09			12.5908991241						0.4			1.2649110641			1.66E-10			1.35717E-09			12.2410782434						0.4			1.2649110641			0.0000000002			0.0000000014			11.7136858125						0.4			1.2649110641			1.66E-10			1.50796E-09			11.0168377899


			Parameters												0.6			1.8973665961			1.43E-10			1.94779E-09			7.3196898537						0.6			1.8973665961			1.43E-10			1.98549E-09			7.1821186345						0.6			1.8973665961			0.0000000001			0.000000002			6.9482435231						0.6			1.8973665961			1.43E-10			2.13628E-09			6.6751455544


			gain [siemens]			1e-5-1e-6									1			3.1622776602			1.06E-10			3.20442E-09			3.3064595462						1			3.1622776602			1.06E-10			3.24212E-09			3.2680123421						1			3.1622776602			0.0000000001			0.0000000033			3.2086289991						1			3.1622776602			1.06E-10			3.39292E-09			3.1227673492


			dsoma [cm]			0.004


			Rmspec [ohms*cm^2]			40000


			Cmspec [mF/cm^2]			0.001


			dcable [cm]			0.001


			l= [cm]			0.06


			Rispec [ohms*cm]			100									Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms


			Rm2spec [ohms*cm^2]			40000									D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


			Cm2spec [mF/cm^2]			0.001						Cable Area			cable length			L (?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap


															0.02			0.0632455532			1.28E-10			1.25664E-10			101.7278607508						0.02			0.0632455532			1.65E-10			1.63363E-10			101.0327821435						0.02			0.0632455532			2.26E-10			2.26195E-10			99.744613321						0.02			0.0632455532			3.09E-10			3.14159E-10			98.3310168004


															0.06			0.1897366596			2.48E-10			2.51327E-10			98.4874661094						0.06			0.1897366596			2.81E-10			2.89027E-10			97.3554246783						0.06			0.1897366596			3.35E-10			3.51858E-10			95.3457475328						0.06			0.1897366596			4.07E-10			4.39823E-10			92.4437845097


															0.1			0.316227766			3.54E-10			3.76991E-10			93.8584445896						0.1			0.316227766			3.83E-10			4.14690E-10			92.2871994711						0.1			0.316227766			4.27E-10			4.77522E-10			89.5158600844						0.1			0.316227766			4.83E-10			5.65487E-10			85.4377333894


															0.2			0.632455532			5.22E-10			6.91150E-10			75.5232164001						0.2			0.632455532			5.31E-10			7.28849E-10			72.8697767073						0.2			0.632455532			5.41E-10			7.91681E-10			68.3638689841						0.2			0.632455532			5.47E-10			8.79646E-10			62.191840291


															0.4			1.2649110641			5.73E-10			1.31947E-09			43.454756205						0.4			1.2649110641			5.80E-10			1.35717E-09			42.7143130949						0.4			1.2649110641			5.89E-10			1.42000E-09			41.4850739452						0.4			1.2649110641			6.00E-10			1.50796E-09			39.8007387083


															0.6			1.8973665961			6.12E-10			1.94779E-09			31.4055828576						0.6			1.8973665961			6.13E-10			1.98549E-09			30.8642734356						0.6			1.8973665961			6.14E-10			2.04832E-09			29.9933836926						0.6			1.8973665961			6.16E-10			2.13628E-09			28.8407949096


															1			3.1622776602			5.87E-10			3.20442E-09			18.3063760366						1			3.1622776602			5.87E-10			3.24212E-09			18.0938813268						1			3.1622776602			5.87E-10			3.30496E-09			17.750526597						1			3.1622776602			5.87E-10			3.39292E-09			17.2907109101








			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0





Current Step


Voltage Step


Voltage Ramp (slope = 4 V/s)


Voltage Ramp (slope = .08 V/s)


L


% max cap


% max cap vs. L (d2 =.02 cm)


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0





Current Step


Voltage Step


Voltage Ramp (slope = 4 V/s)


Voltage Ramp (slope = .08 V/s)


L


% max cap


% max cap vs. L ( d2 = .04 cm)


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0





Current Step


Voltage Step


Voltage Ramp (slope = 4 V/s)


Voltage Ramp (slope = .08 V/s)


L


% max cap


% max cap vs. L


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0





Current Step


Voltage Step


Voltage Ramp (slope = 40 V/s)


Voltage Ramp (slope = .08 V/s)


L


% max cap


% max cap vs. L


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0







0


20


40


60


80


100


0 0.0005 0.001 0.0015 0.002 0.0025 0.003


Dendrite Area (cm


2


)


Percent Actual Capacitance





_1227884888.unknown

_1227874968.unknown

_1227883767.unknown

_1227883789.unknown

_1227873301.unknown

_1227802705.unknown

_1227809618.unknown

_1227868019.ppt














Chart1


			0.0005			0.0005			0.0005			0.0005


			0.0015			0.0015			0.0015			0.0015


			0.0025			0.0025			0.0025			0.0025


			0.0035			0.0035			0.0035			0.0035


			0.0045			0.004			0.0045			0.0045


			0.0055			0.0045			0.0055			0.0055


			0.008			0.0055			0.008			0.008


			0.0125			0.008			0.0125			0.0125


			0.02			0.0125			0.02			0.02


			0.03			0.02			0.03			0.03


			0.06			0.03			0.06			0.06


						0.06





Current Step


Voltage Step


Voltage Ramp (dV/dt = 4 V/s)


Voltage Ramp (dV/dt = .08 V/s)


Dendrite Diameter (cm)


Percent Actual Capacitance


99.9958335167


99.9436


100.3148219526


99.19025761


99.9956860509


99.6644


100.2107544093


98.87228314


99.9935932953


91.9749


99.9254131377


98.4435912


99.9853427991


77.0966


99.3441211117


97.2002336057


99.9959349279


69.3265


97.7206960103


95.5017468175


99.9959872034


62.0281


93.3346527674


94.2734088426


99.9961740331


49.4883


70.3249989293


88.679144854


99.9966636071


29.1971


31.4198190992


73.0044878933


99.9979531439


13.7148


16.5247210673


39.9102444507


100.0006405147


5.7067


9.4999168532


18.8564900076


100.015129997


2.5963


2.7733188975


5.542482865


0.6584





Change in D2


			


												Current Clamp																								Voltage Clamp @1e-5 gain


			Parameters									diamter(d2)			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap						D2 diameter (cm)			% Max Cap (VC)


			gain [siemens]			1e-5-1e-6						5.00E-04			0			40			783.96211			783962110000			0.0000000001			99.9958335167						5.000E-04			99.9436


			dsoma [cm]			0.004						1.50E-03			0			39.99997			698.04896			698048960000			0.0000000001			99.9956860509						1.500E-03			99.6644


			Rmspec [ohms*cm^2]			40000						2.50E-03			0			39.99954			572.56284			572562840000			0.0000000001			99.9935932953						2.500E-03			91.9749


			Cmspec [mF/cm^2]			0.001						3.50E-03			0			39.99785			450.97473			450974730000			0.0000000001			99.9853427991						3.500E-03			77.0966


			dcable [cm]			0.001						4.50E-03			0.0000000001			40.00002			351.43111			351431110000			0.0000000001			99.9959349279						4.000E-03			69.3265


			l= [cm]			0.06						5.50E-03			0.0000000001			40.00003			275.44593			275445930000			0.0000000001			99.9959872034						4.500E-03			62.0281


			Rispec [ohms*cm]			100						8.00E-03			0.0000000002			40.00007			159.24204			159242040000			0.0000000003			99.9961740331						5.500E-03			49.4883


			Rm2spec [ohms*cm^2]			40000						1.25E-02			0.0000000005			40.00017			73.95839			73958390000			0.0000000005			99.9966636071						8.000E-03			29.1971


			Cm2spec [mF/cm^2]			0.001						2.00E-02			0.0000000013			40.00043			30.6232			30623200000			0.0000000013			99.9979531439						1.250E-02			13.7148


												3.00E-02			0.0000000028			40.00096			13.90729			13907290000			0.0000000029			100.0006405147						2.000E-02			5.7067


												6.00E-02			0.0000000113			40.00386			3.52272			3522720000			0.0000000114			100.015129997						3.000E-02			2.5963


																																				6.000E-02			0.6584


												Voltage Ramp @ 1e-6 gain @ 4mV/ms															Voltage Ramp @ 1e-6 gain @ .08 mV/ms


												D2 Diameter (cm)			Measured						% Max Cap						D2 Diameter (cm)			Measured						% Max Cap


												5.000E-04			5.12E-11			5.10509E-11			100.3148219526						5.000E-04						5.10509E-11			99.19025761


												1.500E-03			5.75E-11			5.73341E-11			100.2107544093						1.500E-03						5.73341E-11			98.87228314


												2.500E-03			6.98E-11			6.99004E-11			99.9254131377						2.500E-03						6.99004E-11			98.4435912


												3.500E-03			8.82E-11			8.87500E-11			99.3441211117						3.500E-03			8.63E-11			8.87500E-11			97.2002336057


												4.500E-03			1.11E-10			1.13883E-10			97.7206960103						4.500E-03			1.09E-10			1.13883E-10			95.5017468175


												5.500E-03			1.36E-10			1.45299E-10			93.3346527674						5.500E-03			1.37E-10			1.45299E-10			94.2734088426


												8.000E-03			1.77E-10			2.51327E-10			70.3249989293						8.000E-03			2.23E-10			2.51327E-10			88.679144854


												1.250E-02			1.70E-10			5.41139E-10			31.4198190992						1.250E-02			3.95E-10			5.41139E-10			73.0044878933


												2.000E-02			2.16E-10			1.30690E-09			16.5247210673						2.000E-02			5.22E-10			1.30690E-09			39.9102444507


												3.000E-02			2.73E-10			2.87770E-09			9.4999168532						3.000E-02			5.43E-10			2.87770E-09			18.8564900076


												6.000E-02			3.15E-10			1.13600E-08			2.7733188975						6.000E-02			6.30E-10			1.13600E-08			5.542482865


												Voltage Ramp @ 1e-7 gain @ 4mV/s


												D2 Diameter (cm)			Measured						% Max Cap


												5.000E-04			5.02E-11			5.10509E-11			98.3461977334


												1.500E-03			5.61E-11			5.73341E-11			97.8318894572


												2.500E-03			6.72E-11			6.99004E-11			96.0835201069


												3.500E-03			8.14E-11			8.87500E-11			91.6974725751


												4.500E-03			1.11E-13			1.13883E-10


												5.500E-03			1.36E-13			1.45299E-10


												8.000E-03			1.77E-13			2.51327E-10


												1.250E-02			1.70E-13			5.41139E-10


												2.000E-02			2.16E-13			1.30690E-09


												3.000E-02			2.73E-13			2.87770E-09


												6.000E-02			3.15E-13			1.13600E-08








Change in D2


			





Current Pulse


Voltage Pulse


Voltage Ramp (slope = 4 V/s)


Voltage Ramp (slope = .08 V/s)


Dendrite Diameter (cm)


Percent True Capacitance





Change in Dsoma


												Current Clamp																								Voltage Clamp @ 1e-5 gain


			Parameters									Dsoma Diameter (cm)			xpp cap soma			Tau			delta V			R			C=Tau/R			% cap						Dsoma Diameter (cm)			% Max Cap


			gain [siemens]			1e-5-1e-6						1.000E-03			0			40.00001			749.37529			749375290000			0.0000000001			99.9958927192						1.000E-03			43.7102


			d2 [cm]			0.004						2.000E-03			0			40.00002			636.96896			636968960000			0.0000000001			99.9959234482						2.000E-03			51.9121


			Rmspec [ohms*cm^2]			40000						3.000E-03			0			40.00002			509.57516			509575160000			0.0000000001			99.9959250181						3.000E-03			61.2035


			Cmspec [mF/cm^2]			0.001						4.000E-03			0.0000000001			40.00002			398.1056			398105600000			0.0000000001			99.9959234482						4.000E-03			69.3265


			dcable [cm]			0.001						5.000E-03			0.0000000001			40.00002			310.71656			310716560000			0.0000000001			99.9959253321						5.000E-03			75.6854


			l= [cm]			0.06						6.000E-03			0.0000000001			40.00002			244.98806			244988060000			0.0000000002			99.9959240762						6.000E-03			80.4565


			Rispec [ohms*cm]			100						7.000E-03			0.0000000002			40.00002			195.99045			195990450000			0.0000000002			99.9959230558						7.000E-03			83.9995


			Rm2spec [ohms*cm^2]			40000						8.000E-03			0.0000000002			40.00002			159.24224			159242240000			0.0000000003			99.9959234482						8.000E-03			86.6386


			Cm2spec [mF/cm^2]			0.001						9.000E-03			0.0000000003			40.00002			131.3338			131333800000			0.0000000003			99.9959281578						9.000E-03			88.6038


												1.000E-02			0.0000000003			40.00002			109.82223			109822230000			0.0000000004			99.9959275299						1.000E-02			90.0167


																											The data set below is probably wrong.


												Voltage Ramp @ 1e-6 gain @ 4mV/ms															Voltage Ramp @ 1e-6 gain @ 4mV/s


												Dsoma Diameter (cm)			Measured						% Max Cap						Dsoma (cm)			Measured						% Max Cap


												1.000E-03			5.24E-11			5.34071E-11			98.1667688991						1.000E-03			5.24E-14			5.34071E-11			0.0981667689


												2.000E-03			6.18E-11			6.28319E-11			98.3581527181						2.000E-03			6.18E-14			6.28319E-11			0.0983581527


												3.000E-03			7.74E-11			7.85398E-11			98.5885294983						3.000E-03			7.74E-14			7.85398E-11			0.0985885295


												4.000E-03			9.93E-11			1.00531E-10			98.7667084307						4.000E-03			9.93E-14			1.00531E-10			0.0987667084


												5.000E-03			1.27E-10			1.28805E-10			98.8773374926						5.000E-03			1.27E-13			1.28805E-10			0.0988773375


												6.000E-03			1.62E-10			1.63363E-10			98.9189504635						6.000E-03			1.62E-13			1.63363E-10			0.0989189505


												7.000E-03			2.02E-10			2.04204E-10			98.9026768706						7.000E-03			2.02E-13			2.04204E-10			0.0989026769


												8.000E-03			2.48E-10			2.51327E-10			98.831539202						8.000E-03			2.48E-13			2.51327E-10			0.0988315392


												9.000E-03			3.01E-10			3.04734E-10			98.7047782376						9.000E-03			3.01E-13			3.04734E-10			0.0987047782


												1.000E-02			3.59E-10			3.64425E-10			98.5097066407						1.000E-02			3.59E-13			3.64425E-10			0.0985097066








Change in Dsoma
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Current Pulse


Voltage Pulse


Voltage Ramp (slope = 4 V/s)


Voltage Ramp (slope = .08 V/s)


Soma Diameter (cm)


% Max Cap


Percent Maximum Capacitance vs. Soma Diameter





Change in L


																		Voltage Clamp																					Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms


																								%Max Cap															D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


			Parameters															cable length			L			D2 diameter 20e-4			D2 diameter 40e-4			D2 diameter 60e-4			D2 diameter 80e-4						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap


			gain [siemens]			1e-5-1e-6												0.02			0.0632455532			100.0085			88.0			63.3031			44.0232						0.02			0.0632455532			6.29E-11			6.28319E-11			100.1601845613						0.02			0.0632455532			1.00E-10			1.00531E-10			99.630671092						0.02			0.0632455532			1.61E-10			1.63363E-10			98.5157467185						0.02			0.0632455532			2.38E-10			2.51327E-10			94.555145353


			dsoma [cm]			0.004												0.04			0.1264911064			98.9567			75.9			49.9051			33.3107						0.04			0.1264911064			6.29E-11			6.28319E-11			100.1272394881						0.04			0.1264911064			9.98E-11			1.00531E-10			99.2922927623						0.04			0.1264911064			1.56E-10			1.63363E-10			95.3442171968						0.04			0.1264911064			2.08E-10			2.51327E-10			82.7382887158


			Rmspec [ohms*cm^2]			40000												0.06			0.1897366596			97.1965			69.3			44.2803			29.1966						0.06			0.1897366596			6.29E-11			6.28319E-11			100.0955676544						0.06			0.1897366596			9.93E-11			1.00531E-10			98.7667581666						0.06			0.1897366596			1.47E-10			1.63363E-10			89.8472503162						0.06			0.1897366596			1.77E-10			2.51327E-10			70.3249989293


			Cmspec [mF/cm^2]			0.001												0.08			0.2529822128			95.4277			65.4			41.2052			27.0245						0.08			0.2529822128			6.29E-11			6.28319E-11			100.0638958207						0.08			0.2529822128			9.84E-11			1.00531E-10			97.8565162319						0.08			0.2529822128			1.36E-10			1.63363E-10			83.495743818						0.08			0.2529822128			1.51E-10			2.51327E-10			60.1526107416


			dcable [cm]			0.001												0.1			0.316227766			93.8678			62.8			39.2693			25.6825						0.1			0.316227766			6.29E-11			6.28319E-11			100.032383142						0.1			0.316227766			9.70E-11			1.00531E-10			96.5210570516						0.1			0.316227766			1.26E-10			1.63363E-10			77.3027801285						0.1			0.316227766			1.32E-10			2.51327E-10			52.3520290933


			l= [cm]			0.06												0.12			0.3794733192			92.5406			60.9			37.9391			24.7713						0.12			0.3794733192			6.28E-11			6.28319E-11			100.0007113083						0.12			0.3794733192			9.53E-11			1.00531E-10			94.8386400954						0.12			0.3794733192			1.17E-10			1.63363E-10			71.7090960132						0.12			0.3794733192			1.17E-10			2.51327E-10			46.4302715482


			Rispec [ohms*cm]			100												0.14			0.4427188724			91.4186			59.5			36.969			24.1121						0.14			0.4427188724			6.28E-11			6.28319E-11			99.9685620098						0.14			0.4427188724			9.34E-11			1.00531E-10			92.9238071863						0.14			0.4427188724			1.09E-10			1.63363E-10			66.81324511						0.14			0.4427188724			1.05E-10			2.51327E-10			41.9070880655


			Rm2spec [ohms*cm^2]			40000												0.16			0.5059644256			90.4667			58.4			36.2303			23.6132						0.16			0.5059644256			6.28E-11			6.28319E-11			99.9349803168						0.16			0.5059644256			9.14E-11			1.00531E-10			90.8829434566						0.16			0.5059644256			1.02E-10			1.63363E-10			62.5919663117						0.16			0.5059644256			9.65E-11			2.51327E-10			38.4121250927


			Cm2spec [mF/cm^2]			0.001												0.18			0.5692099788			89.6532			57.6			35.6491			23.2223						0.18			0.5692099788			6.28E-11			6.28319E-11			99.8986929898						0.18			0.5692099788			8.93E-11			1.00531E-10			88.8107460976						0.18			0.5692099788			9.64E-11			1.63363E-10			58.9983089101						0.18			0.5692099788			8.96E-11			2.51327E-10			35.6578294363


																		0.2			0.632455532			88.9522			56.9			35.1798			22.9079						0.2			0.632455532			6.27E-11			6.28319E-11			99.8577901694						0.2			0.632455532			8.72E-11			1.00531E-10			86.7471033167						0.2			0.632455532			9.14E-11			1.63363E-10			55.9186607613						0.2			0.632455532			8.41E-11			2.51327E-10			33.4658679826


																		0.3			0.9486832981			86.5476			54.7			33.749			21.9554						0.3			0.9486832981			6.25E-11			6.28319E-11			99.5312042262						0.3			0.9486832981			7.81E-11			1.00531E-10			77.6693032501						0.3			0.9486832981			7.49E-11			1.63363E-10			45.8743923027						0.3			0.9486832981			6.83E-11			2.51327E-10			27.1850966746


																		0.4			1.2649110641			85.1534			53.6			33.0204			21.4738						0.4			1.2649110641			6.22E-11			6.28319E-11			98.9343731896						0.4			1.2649110641			7.14E-11			1.00531E-10			71.0398035675						0.4			1.2649110641			6.65E-11			1.63363E-10			40.7300148345						0.4			1.2649110641			6.14E-11			2.51327E-10			24.4271404545


																		0.5			1.5811388301			84.2476			52.9			32.579			21.1831						0.5			1.5811388301			6.16E-11			6.28319E-11			98.0981731186						0.5			1.5811388301			6.67E-11			1.00531E-10			66.3588577475						0.5			1.5811388301			6.18E-11			1.63363E-10			37.8012578144						0.5			1.5811388301			5.78E-11			2.51327E-10			22.9865096983


																		0.6			1.8973665961			83.6129			52.4			32.2829			20.9886						0.6			1.8973665961			6.10E-11			6.28319E-11			97.1204843032						0.6			1.8973665961			6.34E-11			1.00531E-10			63.0219754218						0.6			1.8973665961			5.88E-11			1.63363E-10			35.9864017556						0.6			1.8973665961			5.57E-11			2.51327E-10			22.1501504724


																		1			3.1622776602			82.2647			51.5			31.6863			20.5978						1			3.1622776602			5.85E-11			6.28319E-11			93.0803360728						1			3.1622776602			5.66E-11			1.00531E-10			56.2638586508						1			3.1622776602			5.38E-11			1.63363E-10			32.9211387651						1			3.1622776602			5.23E-11			2.51327E-10			20.8269362755


																		3			9.4868329805			80.8043			50.5			31.0838			20.2047						3			9.4868329805			5.28E-11			6.28319E-11			84.071529674						3			9.4868329805			5.13E-11			1.00531E-10			51.0180122547						3			9.4868329805			5.08E-11			1.63363E-10			31.0835725202						3			9.4868329805			5.06E-11			2.51327E-10			20.1240682581


																		10			31.6227766017			80.2648			50.2			30.8716			20.0665						10			31.6227766017			5.07E-11			6.28319E-11			80.749011082						10			31.6227766017			5.05E-11			1.00531E-10			50.210002503						10			31.6227766017			5.04E-11			1.63363E-10			30.8726922206						10			31.6227766017			5.04E-11			2.51327E-10			20.0594115625


												Current Clamp


												D2=20e-04																											Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms																		Voltage Ramp @ .08mv/ms


												length(l)			L			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap						D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


												0.02			0.0632455532			1.256*10^-11			40			636.9692			6.37E+11			6.28E-11			99.9958357734						cable length			L (?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap						cable length			L(?)			Measured						% Max Cap


												0.06			0.1897366596						40			636.96915			6.37E+11			6.28E-11			99.9958436228						0.02			0.0632455532			1.28E-10			1.25664E-10			101.7278607508						0.02			0.0632455532			1.65E-10			1.63363E-10			101.0327821435						0.02			0.0632455532			2.26E-10			2.26195E-10			99.744613321						0.02			0.0632455532			3.09E-10			3.14159E-10			98.3310168004


												0.1			0.316227766						40.00001			636.96911			6.37E+11			6.28E-11			99.9958749012						0.06			0.1897366596			2.48E-10			2.51327E-10			98.4874661094						0.06			0.1897366596			2.81E-10			2.89027E-10			97.3554246783						0.06			0.1897366596			3.35E-10			3.51858E-10			95.3457475328						0.06			0.1897366596			4.07E-10			4.39823E-10			92.4437845097


												0.2			0.632455532						40.00002			636.96899			6.37E+11			6.28E-11			99.9959187386						0.1			0.316227766			3.54E-10			3.76991E-10			93.8584445896						0.1			0.316227766			3.83E-10			4.14690E-10			92.2871994711						0.1			0.316227766			4.27E-10			4.77522E-10			89.5158600844						0.1			0.316227766			4.83E-10			5.65487E-10			85.4377333894


												0.4			1.2649110641						40.00003			636.96876			6.37E+11			6.28E-11			99.9959798446						0.2			0.632455532			5.22E-10			6.91150E-10			75.5232164001						0.2			0.632455532			5.31E-10			7.28849E-10			72.8697767073						0.2			0.632455532			5.41E-10			7.91681E-10			68.3638689841						0.2			0.632455532			5.47E-10			8.79646E-10			62.191840291


												0.6			1.8973665961						40.00004			636.9685			6.37E+11			6.28E-11			99.9960456603						0.4			1.2649110641			5.73E-10			1.31947E-09			43.454756205						0.4			1.2649110641			5.80E-10			1.35717E-09			42.7143130949						0.4			1.2649110641			5.89E-10			1.42000E-09			41.4850739452						0.4			1.2649110641			6.00E-10			1.50796E-09			39.8007387083


												1			3.1622776602						40.00007			636.96794			6.37E+11			6.28E-11			99.9962085704						0.6			1.8973665961			6.12E-10			1.94779E-09			31.4055828576						0.6			1.8973665961			6.13E-10			1.98549E-09			30.8642734356						0.6			1.8973665961			6.14E-10			2.04832E-09			29.9933836926						0.6			1.8973665961			6.16E-10			2.13628E-09			28.8407949096


												10			31.6227766017						40.00116			636.93286			6.37E+11			6.28E-11			100.0044410484						1			3.1622776602			5.87E-10			3.20442E-09			18.3063760366						1			3.1622776602			5.87E-10			3.24212E-09			18.0938813268						1			3.1622776602			5.87E-10			3.30496E-09			17.750526597						1			3.1622776602			5.87E-10			3.39292E-09			17.2907109101


												D2=40e-04						capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap


												length(l)			L			5.024*10^-11


												0.02			0.0632455532						40.00001			398.10571			3.98E+11			1.00E-10			99.9958708195


												0.06			0.1897366596						40.00002			398.1056			3.98E+11			1.00E-10			99.9959234482


												0.1			0.316227766						40.00003			398.10548			3.98E+11			1.00E-10			99.9959785887


												0.2			0.632455532						40.00006			398.10518			3.98E+11			1.00E-10			99.9961289397


												0.4			1.2649110641						40.00012			398.10448			3.98E+11			1.00E-10			99.9964547603


												0.6			1.8973665961						40.00019			398.10368			3.98E+11			1.00E-10			99.9968306995


												1			3.1622776602						40.00033			398.10171			3.98E+11			1.00E-10			99.9976755212


												10			31.6227766017						40.00733			397.87539			3.98E+11			1.01E-10			100.0720657328


												D2=60e-04						capacitance(C=Cmspec*3.14*d2*d2)


												length(l)			L			1.1304*10^-10			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap


												0.02			0.0632455532						40.00001			244.98809			2.45E+11			1.63E-10			100.0203896224


												0.06			0.1897366596						40.00004			244.98793			2.45E+11			1.63E-10			100.0205299604


												0.1			0.316227766						40.00006			244.98777			2.45E+11			1.63E-10			100.0206452934


												0.2			0.632455532						40.00013			244.98732			2.45E+11			1.63E-10			100.0210040505


												0.4			1.2649110641						40.00027			244.98627			2.45E+11			1.63E-10			100.0217828099


												0.6			1.8973665961						40.00043			244.985			2.45E+11			1.63E-10			100.0227014084


												1			3.1622776602						40.00077			244.98177			2.45E+11			1.63E-10			100.0248703682


												10			31.6227766017						40.02039			244.50818			2.45E+11			1.64E-10			100.2677656828


												D2=80e-04						capacitance(C=Cmspec*3.14*d2*d2)


												length(l)			L			2.0096*10^-10			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap


												0.02			0.0632455532						40.00002			159.24222			1.59E+11			2.51E-10			100.0118614628


												0.06			0.1897366596						40.00007			159.24204			1.59E+11			2.51E-10			100.0120995266


												0.1			0.316227766						40.00011			159.24185			1.59E+11			2.51E-10			100.0123188685


												0.2			0.632455532						40.00024			159.24132			1.59E+11			2.51E-10			100.0129767779


												0.4			1.2649110641						40.0005			159.24005			1.59E+11			2.51E-10			100.0144245051


												0.6			1.8973665961						40.00078			159.23848			1.59E+11			2.51E-10			100.016110689


												1			3.1622776602						40.00141			159.23439			1.59E+11			2.51E-10			100.0202549069


												10			31.6227766017						40.04005			158.57067			1.59E+11			2.53E-10			100.5359244124
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Change in D2


			


												Current Clamp																								Voltage Clamp @1e-5 gain


			Parameters									diamter(d2)			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap						D2 diameter (cm)			% Max Cap (VC)


			gain [siemens]			1e-5-1e-6						5.00E-04			0			40			783.96211			783962110000			0.0000000001			99.9958335167						5.000E-04			99.9436


			dsoma [cm]			0.004						1.50E-03			0			39.99997			698.04896			698048960000			0.0000000001			99.9956860509						1.500E-03			99.6644


			Rmspec [ohms*cm^2]			40000						2.50E-03			0			39.99954			572.56284			572562840000			0.0000000001			99.9935932953						2.500E-03			91.9749


			Cmspec [mF/cm^2]			0.001						3.50E-03			0			39.99785			450.97473			450974730000			0.0000000001			99.9853427991						3.500E-03			77.0966


			dcable [cm]			0.001						4.50E-03			0.0000000001			40.00002			351.43111			351431110000			0.0000000001			99.9959349279						4.000E-03			69.3265


			l= [cm]			0.06						5.50E-03			0.0000000001			40.00003			275.44593			275445930000			0.0000000001			99.9959872034						4.500E-03			62.0281


			Rispec [ohms*cm]			100						8.00E-03			0.0000000002			40.00007			159.24204			159242040000			0.0000000003			99.9961740331						5.500E-03			49.4883


			Rm2spec [ohms*cm^2]			40000						1.25E-02			0.0000000005			40.00017			73.95839			73958390000			0.0000000005			99.9966636071						8.000E-03			29.1971


			Cm2spec [mF/cm^2]			0.001						2.00E-02			0.0000000013			40.00043			30.6232			30623200000			0.0000000013			99.9979531439						1.250E-02			13.7148


												3.00E-02			0.0000000028			40.00096			13.90729			13907290000			0.0000000029			100.0006405147						2.000E-02			5.7067


												6.00E-02			0.0000000113			40.00386			3.52272			3522720000			0.0000000114			100.015129997						3.000E-02			2.5963


																																				6.000E-02			0.6584


												Voltage Ramp @ 1e-6 gain @ 4mV/ms															Voltage Ramp @ 1e-6 gain @ .08 mV/ms


												D2 Diameter (cm)			Measured						% Max Cap						D2 Diameter (cm)			Measured						% Max Cap


												5.000E-04			5.12E-11			5.10509E-11			100.3148219526						5.000E-04			5.36E-11			5.10509E-11			104.9123920071


												1.500E-03			5.75E-11			5.73341E-11			100.2107544093						1.500E-03			5.98E-11			5.73341E-11			104.2982021807


												2.500E-03			6.98E-11			6.99004E-11			99.9254131377						2.500E-03			7.22E-11			6.99004E-11			103.2717441704


												3.500E-03			8.82E-11			8.87500E-11			99.3441211117						3.500E-03			9.05E-11			8.87500E-11			102.0215297898


												4.500E-03			1.11E-10			1.13883E-10			97.7206960103						4.500E-03			1.15E-10			1.13883E-10			100.6175354986


												5.500E-03			1.36E-10			1.45299E-10			93.3346527674						5.500E-03			1.44E-10			1.45299E-10			99.0779954706


												8.000E-03			1.77E-10			2.51327E-10			70.3249989293						8.000E-03			2.38E-10			2.51327E-10			94.6120432451


												1.250E-02			1.70E-10			5.41139E-10			31.4198190992						1.250E-02			4.56E-10			5.41139E-10			84.3562777327


												2.000E-02			2.16E-10			1.30690E-09			16.5247210673						2.000E-02			7.86E-10			1.30690E-09			60.1787029702


												3.000E-02			2.73E-10			2.87770E-09			9.4999168532						3.000E-02			1.31E-09			2.87770E-09			45.3730587762


												6.000E-02			3.15E-10			1.13600E-08			2.7733188975						6.000E-02			3.15E-10			1.13600E-08			2.7733188975


												The data set below is probably wrong. Disregard it.


												Voltage Ramp @ 1e-6 gain @ 4mV/s


												D2 Diameter (cm)			Measured						% Max Cap


												5.000E-04			5.12E-14			5.10509E-11			0.100314822


												1.500E-03			5.75E-14			5.73341E-11			0.1002107544


												2.500E-03			6.98E-14			6.99004E-11			0.0999254131


												3.500E-03			8.82E-14			8.87500E-11			0.0993441211


												4.500E-03			1.11E-13			1.13883E-10			0.097720696


												5.500E-03			1.36E-13			1.45299E-10			0.0933346528


												8.000E-03			1.77E-13			2.51327E-10			0.0703249989


												1.250E-02			1.70E-13			5.41139E-10			0.0314198191


												2.000E-02			2.16E-13			1.30690E-09			0.0165247211


												3.000E-02			2.73E-13			2.87770E-09			0.0094999169


												6.000E-02			3.15E-13			1.13600E-08			0.0027733189
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Change in Dsoma


												Current Clamp																								Voltage Clamp @ 1e-5 gain


			Parameters									Dsoma Diameter (cm)			xpp cap soma			Tau			delta V			R			C=Tau/R			% cap						Dsoma Diameter (cm)			% Max Cap


			gain [siemens]			1e-5-1e-6						1.000E-03			0			40.00001			749.37529			749375290000			0.0000000001			99.9958927192						1.000E-03			43.7102


			d2 [cm]			0.004						2.000E-03			0			40.00002			636.96896			636968960000			0.0000000001			99.9959234482						2.000E-03			51.9121


			Rmspec [ohms*cm^2]			40000						3.000E-03			0			40.00002			509.57516			509575160000			0.0000000001			99.9959250181						3.000E-03			61.2035


			Cmspec [mF/cm^2]			0.001						4.000E-03			0.0000000001			40.00002			398.1056			398105600000			0.0000000001			99.9959234482						4.000E-03			69.3265


			dcable [cm]			0.001						5.000E-03			0.0000000001			40.00002			310.71656			310716560000			0.0000000001			99.9959253321						5.000E-03			75.6854


			l= [cm]			0.06						6.000E-03			0.0000000001			40.00002			244.98806			244988060000			0.0000000002			99.9959240762						6.000E-03			80.4565


			Rispec [ohms*cm]			100						7.000E-03			0.0000000002			40.00002			195.99045			195990450000			0.0000000002			99.9959230558						7.000E-03			83.9995


			Rm2spec [ohms*cm^2]			40000						8.000E-03			0.0000000002			40.00002			159.24224			159242240000			0.0000000003			99.9959234482						8.000E-03			86.6386


			Cm2spec [mF/cm^2]			0.001						9.000E-03			0.0000000003			40.00002			131.3338			131333800000			0.0000000003			99.9959281578						9.000E-03			88.6038


												1.000E-02			0.0000000003			40.00002			109.82223			109822230000			0.0000000004			99.9959275299						1.000E-02			90.0167


																											The data set below is probably wrong.


												Voltage Ramp @ 1e-6 gain @ 4mV/ms															Voltage Ramp @ 1e-6 gain @ 4mV/s


												Dsoma Diameter (cm)			Measured						% Max Cap						Dsoma (cm)			Measured						% Max Cap


												1.000E-03			5.24E-11			5.34071E-11			98.1667688991						1.000E-03			5.24E-14			5.34071E-11			0.0981667689


												2.000E-03			6.18E-11			6.28319E-11			98.3581527181						2.000E-03			6.18E-14			6.28319E-11			0.0983581527


												3.000E-03			7.74E-11			7.85398E-11			98.5885294983						3.000E-03			7.74E-14			7.85398E-11			0.0985885295


												4.000E-03			9.93E-11			1.00531E-10			98.7667084307						4.000E-03			9.93E-14			1.00531E-10			0.0987667084


												5.000E-03			1.27E-10			1.28805E-10			98.8773374926						5.000E-03			1.27E-13			1.28805E-10			0.0988773375


												6.000E-03			1.62E-10			1.63363E-10			98.9189504635						6.000E-03			1.62E-13			1.63363E-10			0.0989189505


												7.000E-03			2.02E-10			2.04204E-10			98.9026768706						7.000E-03			2.02E-13			2.04204E-10			0.0989026769


												8.000E-03			2.48E-10			2.51327E-10			98.831539202						8.000E-03			2.48E-13			2.51327E-10			0.0988315392


												9.000E-03			3.01E-10			3.04734E-10			98.7047782376						9.000E-03			3.01E-13			3.04734E-10			0.0987047782


												1.000E-02			3.59E-10			3.64425E-10			98.5097066407						1.000E-02			3.59E-13			3.64425E-10			0.0985097066
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Change in L


																		Voltage Clamp																					Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms																		Voltage Ramp @ 4mv/ms


																								%Max Cap															D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


			Parameters															cable length			L			D2 diameter 20e-4			D2 diameter 40e-4			D2 diameter 60e-4			D2 diameter 80e-4						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap


			gain [siemens]			1e-5-1e-6												0.02			0.0632455532			100.0085			88.0			63.3031			44.0232						0.02			0.0632455532			6.29E-11			6.28319E-11			100.1601845613						0.02			0.0632455532			1.00E-10			1.00531E-10			99.630671092						0.02			0.0632455532			1.61E-10			1.63363E-10			98.5157467185						0.02			0.0632455532			2.38E-10			2.51327E-10			94.555145353


			dsoma [cm]			0.004												0.04			0.1264911064			98.9567			75.9			49.9051			33.3107						0.04			0.1264911064			6.29E-11			6.28319E-11			100.1272394881						0.04			0.1264911064			9.98E-11			1.00531E-10			99.2922927623						0.04			0.1264911064			1.56E-10			1.63363E-10			95.3442171968						0.04			0.1264911064			2.08E-10			2.51327E-10			82.7382887158


			Rmspec [ohms*cm^2]			40000												0.06			0.1897366596			97.1965			69.3			44.2803			29.1966						0.06			0.1897366596			6.29E-11			6.28319E-11			100.0955676544						0.06			0.1897366596			9.93E-11			1.00531E-10			98.7667581666						0.06			0.1897366596			1.47E-10			1.63363E-10			89.8472503162						0.06			0.1897366596			1.77E-10			2.51327E-10			70.3249989293


			Cmspec [mF/cm^2]			0.001												0.08			0.2529822128			95.4277			65.4			41.2052			27.0245						0.08			0.2529822128			6.29E-11			6.28319E-11			100.0638958207						0.08			0.2529822128			9.84E-11			1.00531E-10			97.8565162319						0.08			0.2529822128			1.36E-10			1.63363E-10			83.495743818						0.08			0.2529822128			1.51E-10			2.51327E-10			60.1526107416


			dcable [cm]			0.001												0.1			0.316227766			93.8678			62.8			39.2693			25.6825						0.1			0.316227766			6.29E-11			6.28319E-11			100.032383142						0.1			0.316227766			9.70E-11			1.00531E-10			96.5210570516						0.1			0.316227766			1.26E-10			1.63363E-10			77.3027801285						0.1			0.316227766			1.32E-10			2.51327E-10			52.3520290933


			l= [cm]			0.06												0.12			0.3794733192			92.5406			60.9			37.9391			24.7713						0.12			0.3794733192			6.28E-11			6.28319E-11			100.0007113083						0.12			0.3794733192			9.53E-11			1.00531E-10			94.8386400954						0.12			0.3794733192			1.17E-10			1.63363E-10			71.7090960132						0.12			0.3794733192			1.17E-10			2.51327E-10			46.4302715482


			Rispec [ohms*cm]			100												0.14			0.4427188724			91.4186			59.5			36.969			24.1121						0.14			0.4427188724			6.28E-11			6.28319E-11			99.9685620098						0.14			0.4427188724			9.34E-11			1.00531E-10			92.9238071863						0.14			0.4427188724			1.09E-10			1.63363E-10			66.81324511						0.14			0.4427188724			1.05E-10			2.51327E-10			41.9070880655


			Rm2spec [ohms*cm^2]			40000												0.16			0.5059644256			90.4667			58.4			36.2303			23.6132						0.16			0.5059644256			6.28E-11			6.28319E-11			99.9349803168						0.16			0.5059644256			9.14E-11			1.00531E-10			90.8829434566						0.16			0.5059644256			1.02E-10			1.63363E-10			62.5919663117						0.16			0.5059644256			9.65E-11			2.51327E-10			38.4121250927


			Cm2spec [mF/cm^2]			0.001												0.18			0.5692099788			89.6532			57.6			35.6491			23.2223						0.18			0.5692099788			6.28E-11			6.28319E-11			99.8986929898						0.18			0.5692099788			8.93E-11			1.00531E-10			88.8107460976						0.18			0.5692099788			9.64E-11			1.63363E-10			58.9983089101						0.18			0.5692099788			8.96E-11			2.51327E-10			35.6578294363


																		0.2			0.632455532			88.9522			56.9			35.1798			22.9079						0.2			0.632455532			6.27E-11			6.28319E-11			99.8577901694						0.2			0.632455532			8.72E-11			1.00531E-10			86.7471033167						0.2			0.632455532			9.14E-11			1.63363E-10			55.9186607613						0.2			0.632455532			8.41E-11			2.51327E-10			33.4658679826


																		0.3			0.9486832981			86.5476			54.7			33.749			21.9554						0.3			0.9486832981			6.25E-11			6.28319E-11			99.5312042262						0.3			0.9486832981			7.81E-11			1.00531E-10			77.6693032501						0.3			0.9486832981			7.49E-11			1.63363E-10			45.8743923027						0.3			0.9486832981			6.83E-11			2.51327E-10			27.1850966746


																		0.4			1.2649110641			85.1534			53.6			33.0204			21.4738						0.4			1.2649110641			6.22E-11			6.28319E-11			98.9343731896						0.4			1.2649110641			7.14E-11			1.00531E-10			71.0398035675						0.4			1.2649110641			6.65E-11			1.63363E-10			40.7300148345						0.4			1.2649110641			6.14E-11			2.51327E-10			24.4271404545


																		0.5			1.5811388301			84.2476			52.9			32.579			21.1831						0.5			1.5811388301			6.16E-11			6.28319E-11			98.0981731186						0.5			1.5811388301			6.67E-11			1.00531E-10			66.3588577475						0.5			1.5811388301			6.18E-11			1.63363E-10			37.8012578144						0.5			1.5811388301			5.78E-11			2.51327E-10			22.9865096983


																		0.6			1.8973665961			83.6129			52.4			32.2829			20.9886						0.6			1.8973665961			6.10E-11			6.28319E-11			97.1204843032						0.6			1.8973665961			6.34E-11			1.00531E-10			63.0219754218						0.6			1.8973665961			5.88E-11			1.63363E-10			35.9864017556						0.6			1.8973665961			5.57E-11			2.51327E-10			22.1501504724


																		1			3.1622776602			82.2647			51.5			31.6863			20.5978						1			3.1622776602			5.85E-11			6.28319E-11			93.0803360728						1			3.1622776602			5.66E-11			1.00531E-10			56.2638586508						1			3.1622776602			5.38E-11			1.63363E-10			32.9211387651						1			3.1622776602			5.23E-11			2.51327E-10			20.8269362755


																		3			9.4868329805			80.8043			50.5			31.0838			20.2047						3			9.4868329805			5.28E-11			6.28319E-11			84.071529674						3			9.4868329805			5.13E-11			1.00531E-10			51.0180122547						3			9.4868329805			5.08E-11			1.63363E-10			31.0835725202						3			9.4868329805			5.06E-11			2.51327E-10			20.1240682581


																		10			31.6227766017			80.2648			50.2			30.8716			20.0665						10			31.6227766017			5.07E-11			6.28319E-11			80.749011082						10			31.6227766017			5.05E-11			1.00531E-10			50.210002503						10			31.6227766017			5.04E-11			1.63363E-10			30.8726922206						10			31.6227766017			5.04E-11			2.51327E-10			20.0594115625


												Current Clamp


												D2=20e-04																											This data below is probably wrong.																		This data below is probably wrong.																		This data below is probably wrong.																		This data below is probably wrong.


												length(l)			L			capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap						Voltage Ramp @ 4mv/s																		Voltage Ramp @ 4mv/s																		Voltage Ramp @ 4mv/s																		Voltage Ramp @ 4mv/s


												0.02			0.0632455532			1.256*10^-11			40			636.9692			6.37E+11			6.28E-11			99.9958357734						D2 diameter 20e-4 cm																		D2 diameter 40e-4 cm																		D2 diameter 60e-4 cm																		D2 diameter 80e-4 cm


												0.06			0.1897366596						40			636.96915			6.37E+11			6.28E-11			99.9958436228						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap						cable length			L			Measured						% Max Cap


												0.1			0.316227766						40.00001			636.96911			6.37E+11			6.28E-11			99.9958749012						0.02			0.0632455532			6.29E-11			6.28319E-11			100.1601845613						0.02			0.0632455532			1.00E-10			1.00531E-10			99.630671092						0.02			0.0632455532			1.61E-10			1.63363E-10			98.5157467185						0.02			0.0632455532			2.38E-10			2.51327E-10			94.555145353


												0.2			0.632455532						40.00002			636.96899			6.37E+11			6.28E-11			99.9959187386						0.04			0.1264911064			6.29E-11			6.28319E-11			100.1272394881						0.04			0.1264911064			9.98E-11			1.00531E-10			99.2922927623						0.04			0.1264911064			1.56E-10			1.63363E-10			95.3442171968						0.04			0.1264911064			2.08E-10			2.51327E-10			82.7382887158


												0.4			1.2649110641						40.00003			636.96876			6.37E+11			6.28E-11			99.9959798446						0.06			0.1897366596			6.29E-11			6.28319E-11			100.0955676544						0.06			0.1897366596			9.93E-11			1.00531E-10			98.7667581666						0.06			0.1897366596			1.47E-10			1.63363E-10			89.8472503162						0.06			0.1897366596			1.77E-10			2.51327E-10			70.3249989293


												0.6			1.8973665961						40.00004			636.9685			6.37E+11			6.28E-11			99.9960456603						0.08			0.2529822128			6.29E-11			6.28319E-11			100.0638958207						0.08			0.2529822128			9.84E-11			1.00531E-10			97.8565162319						0.08			0.2529822128			1.36E-10			1.63363E-10			83.495743818						0.08			0.2529822128			1.51E-10			2.51327E-10			60.1526107416


												1			3.1622776602						40.00007			636.96794			6.37E+11			6.28E-11			99.9962085704						0.1			0.316227766			6.29E-11			6.28319E-11			100.032383142						0.1			0.316227766			9.70E-11			1.00531E-10			96.5210570516						0.1			0.316227766			1.26E-10			1.63363E-10			77.3027801285						0.1			0.316227766			1.32E-10			2.51327E-10			52.3520290933


												10			31.6227766017						40.00116			636.93286			6.37E+11			6.28E-11			100.0044410484						0.12			0.3794733192			6.28E-11			6.28319E-11			100.0007113083						0.12			0.3794733192			9.53E-11			1.00531E-10			94.8386400954						0.12			0.3794733192			1.17E-10			1.63363E-10			71.7090960132						0.12			0.3794733192			1.17E-10			2.51327E-10			46.4302715482


																																							0.14			0.4427188724			6.28E-11			6.28319E-11			99.9685620098						0.14			0.4427188724			9.34E-11			1.00531E-10			92.9238071863						0.14			0.4427188724			1.09E-10			1.63363E-10			66.81324511						0.14			0.4427188724			1.05E-10			2.51327E-10			41.9070880655


												D2=40e-04						capacitance(C=Cmspec*3.14*d2*d2)			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap						0.16			0.5059644256			6.28E-11			6.28319E-11			99.9349803168						0.16			0.5059644256			9.14E-11			1.00531E-10			90.8829434566						0.16			0.5059644256			1.02E-10			1.63363E-10			62.5919663117						0.16			0.5059644256			9.65E-11			2.51327E-10			38.4121250927


												length(l)			L			5.024*10^-11																					0.18			0.5692099788			6.28E-11			6.28319E-11			99.8986929898						0.18			0.5692099788			8.93E-11			1.00531E-10			88.8107460976						0.18			0.5692099788			9.64E-11			1.63363E-10			58.9983089101						0.18			0.5692099788			8.96E-11			2.51327E-10			35.6578294363


												0.02			0.0632455532						40.00001			398.10571			3.98E+11			1.00E-10			99.9958708195						0.2			0.632455532			6.27E-11			6.28319E-11			99.8577901694						0.2			0.632455532			8.72E-11			1.00531E-10			86.7471033167						0.2			0.632455532			9.14E-11			1.63363E-10			55.9186607613						0.2			0.632455532			8.41E-11			2.51327E-10			33.4658679826


												0.06			0.1897366596						40.00002			398.1056			3.98E+11			1.00E-10			99.9959234482						0.3			0.9486832981			6.25E-11			6.28319E-11			99.5312042262						0.3			0.9486832981			7.81E-11			1.00531E-10			77.6693032501						0.3			0.9486832981			7.49E-11			1.63363E-10			45.8743923027						0.3			0.9486832981			6.83E-11			2.51327E-10			27.1850966746


												0.1			0.316227766						40.00003			398.10548			3.98E+11			1.00E-10			99.9959785887						0.4			1.2649110641			6.22E-11			6.28319E-11			98.9343731896						0.4			1.2649110641			7.14E-11			1.00531E-10			71.0398035675						0.4			1.2649110641			6.65E-11			1.63363E-10			40.7300148345						0.4			1.2649110641			6.14E-11			2.51327E-10			24.4271404545


												0.2			0.632455532						40.00006			398.10518			3.98E+11			1.00E-10			99.9961289397						0.5			1.5811388301			6.16E-11			6.28319E-11			98.0981731186						0.5			1.5811388301			6.67E-11			1.00531E-10			66.3588577475						0.5			1.5811388301			6.18E-11			1.63363E-10			37.8012578144						0.5			1.5811388301			5.78E-11			2.51327E-10			22.9865096983


												0.4			1.2649110641						40.00012			398.10448			3.98E+11			1.00E-10			99.9964547603						0.6			1.8973665961			6.10E-11			6.28319E-11			97.1204843032						0.6			1.8973665961			6.34E-11			1.00531E-10			63.0219754218						0.6			1.8973665961			5.88E-11			1.63363E-10			35.9864017556						0.6			1.8973665961			5.57E-11			2.51327E-10			22.1501504724


												0.6			1.8973665961						40.00019			398.10368			3.98E+11			1.00E-10			99.9968306995						1			3.1622776602			5.85E-11			6.28319E-11			93.0803360728						1			3.1622776602			5.66E-11			1.00531E-10			56.2638586508						1			3.1622776602			5.38E-11			1.63363E-10			32.9211387651						1			3.1622776602			5.23E-11			2.51327E-10			20.8269362755


												1			3.1622776602						40.00033			398.10171			3.98E+11			1.00E-10			99.9976755212						3			9.4868329805			5.28E-11			6.28319E-11			84.071529674						3			9.4868329805			5.13E-11			1.00531E-10			51.0180122547						3			9.4868329805			5.08E-11			1.63363E-10			31.0835725202						3			9.4868329805			5.06E-11			2.51327E-10			20.1240682581


												10			31.6227766017						40.00733			397.87539			3.98E+11			1.01E-10			100.0720657328						10			31.6227766017			5.07E-11			6.28319E-11			80.749011082						10			31.6227766017			5.05E-11			1.00531E-10			50.210002503						10			31.6227766017			5.04E-11			1.63363E-10			30.8726922206						10			31.6227766017			5.04E-11			2.51327E-10			20.0594115625


												D2=60e-04						capacitance(C=Cmspec*3.14*d2*d2)


												length(l)			L			1.1304*10^-10			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap


												0.02			0.0632455532						40.00001			244.98809			2.45E+11			1.63E-10			100.0203896224


												0.06			0.1897366596						40.00004			244.98793			2.45E+11			1.63E-10			100.0205299604


												0.1			0.316227766						40.00006			244.98777			2.45E+11			1.63E-10			100.0206452934																																										D2 diameter 60e-4 cm


												0.2			0.632455532						40.00013			244.98732			2.45E+11			1.63E-10			100.0210040505																																										cable length			L			Measured						% Max Cap


												0.4			1.2649110641						40.00027			244.98627			2.45E+11			1.63E-10			100.0217828099																																										0.02			0.0632455532			1.64E-10			1.63363E-10			100.1565386888


												0.6			1.8973665961						40.00043			244.985			2.45E+11			1.63E-10			100.0227014084																																										0.04			0.1264911064			1.62E-10			1.63363E-10			99.268821387


												1			3.1622776602						40.00077			244.98177			2.45E+11			1.63E-10			100.0248703682																																										0.06			0.1897366596			1.61E-10			1.63363E-10			98.2521236951


												10			31.6227766017						40.02039			244.50818			2.45E+11			1.64E-10			100.2677656828																																										0.08			0.2529822128			1.59E-10			1.63363E-10			97.4773102977


																																																																											0.1			0.316227766			1.58E-10			1.63363E-10			96.4275114383


												D2=80e-04						capacitance(C=Cmspec*3.14*d2*d2)																																																									0.12			0.3794733192			1.56E-10			1.63363E-10			95.5493128263


												length(l)			L			2.0096*10^-10			slowest Tau (in origin)			delta V (mV) (coeff of slowest tau)			R (M-ohms) (delta V/iext)			cap (in origin) (Tau/R)			%max cap																																										0.14			0.4427188724			1.55E-10			1.63363E-10			94.6887742917


												0.02			0.0632455532						40.00002			159.24222			1.59E+11			2.51E-10			100.0118614628																																										0.16			0.5059644256			1.53E-10			1.63363E-10			93.8448705093


												0.06			0.1897366596						40.00007			159.24204			1.59E+11			2.51E-10			100.0120995266																																										0.18			0.5692099788			1.53E-10			1.63363E-10			93.565702945			0.0000000002


												0.1			0.316227766						40.00011			159.24185			1.59E+11			2.51E-10			100.0123188685																																										0.2			0.632455532			0.0000000002			1.63363E-10			93.0041192191


												0.2			0.632455532						40.00024			159.24132			1.59E+11			2.51E-10			100.0129767779																																										0.3			0.9486832981			1.44E-10			1.63363E-10			88.2048863847			1.53E-10


												0.4			1.2649110641						40.0005			159.24005			1.59E+11			2.51E-10			100.0144245051																																										0.4			1.2649110641			1.38E-10			1.63363E-10			84.3084936324


												0.6			1.8973665961						40.00078			159.23848			1.59E+11			2.51E-10			100.016110689																																										0.5			1.5811388301			1.31E-10			1.63363E-10			80.4362385636


												1			3.1622776602						40.00141			159.23439			1.59E+11			2.51E-10			100.0202549069																																										0.6			1.8973665961			1.25E-10			1.63363E-10			76.7048350073


												10			31.6227766017						40.04005			158.57067			1.59E+11			2.53E-10			100.5359244124																																										1			3.1622776602			1.05E-10			1.63363E-10			64.1801147239


																																																																											3			9.4868329805			6.90E-11			1.63363E-10			42.2323449425


																																																																											10			31.6227766017			5.47E-11			1.63363E-10			33.4888352651
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