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I. Abstract

It has been observed that the measurement methods for capacitance in the cell membranes of neurons produce an order of magnitude difference within Cancer borealis neuron cells.  We believe that this difference is due to the geometry of the branching nature of neurons.  The three methods of measurement (Current Step, Voltage Clamp, and Voltage Ramp) have been mathematically modeled and were simulated with differing parameters imitating different morphologies of the neuron.  The data shows that the branching nature does significantly contribute to the error seen among the different methods, but more importantly the data reveals that the Current Step method is the most accurate method of measurement of the three, because of its independence of the morphology of the neuron.  

II. Introduction

Countless experiments and modeling studies call for knowing what the capacitance values of cell membranes are for the cells being studied.  Because the membrane capacitance is directly proportional to the surface area, experimenters are able to determine the properties of the cell that relate to the surface area.  Since capacitance is a fundamental cell property, it is extremely important that a universal method is utilized so capacitive measurements are routinely attained across many different experiments and studies.  
Cell membranes contain resistive and capacitive properties that affect the functioning of the cell.  Knowing this, scientists are able to measure these properties through different methods.  Currently there are three well-known methods that are used to measure the capacitive and resistive properties of the cell: the Current Step, Voltage Step, and Voltage Ramp method.  In principle, all three methods should provide the same capacitive value independent of the method of measurement, but there is an order of magnitude difference seen among the three methods.  Therefore, there is a dissonance between different experiments and the different methods of measurement.  There seems to be very little literature available on this issue.

In attacking the problem, the Stomatogastric Nervous System of the Crab, Cancer borealis, was used because of its accessibility, the use of several innovative techniques to accurately measure cell properties, and the abundance of research already accumulated on it (Nusbaum & Beenhakker 2002).  The neurons of the Cancer borealis are also bigger than most other animal neurons and therefore much easier to impale and record measurements.


It is our hypothesis that the differing of the measurements per method is due to the branching nature of the neurons and therefore the branching contributes differently to each method.  Each method in theory, measures the capacitance but it does not take the branching into consideration.  All three methods were designed and developed on the premise of isopotential cells: cells that have the same voltage throughout the cell.

For this study, we retrieved experimental data by taking intracellular recordings from the Stomatogastric Nervous System using the three methods of measurement.  Afterwards several mathematical models were created and verified by the parameters of the experimental data.  Once the validity of the mathematical models was established, different parameters were altered concerning the geometry of the neuron to observe their affect on the capacitive measurements of the cell membrane.

After analyzing our results, we found that the Current Step method provided the most accurate results compared to the Voltage Step and Voltage Ramp methods.  Through our finding, the Current Step consistently provided the most accurate results as different parameters of the cell neuron were changed.  For the most part, the Current Step method was independent of the cell morphology.  Our data shows that the Current Step method is the best method for retrieving the capacitive value of the cell membrane.
III. Methods

Cell Membrane as a Circuit
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Figure 1: The representation of the cell membrane as an equivalent circuit
The biological properties of the cell membrane can be represented equivalently to an electric circuit, as seen in Figure 1 (Johnson & Wu, 1995).  The membrane capacitance represents the membrane dielectric property from the lipid bilayer and is totally independent of variations of permeation channels due to action potentials.  The membrane resistance represents the ion permeation through protein molecules that cross the cell membrane. Unlike the membrane capacitance, the resistance is dependent on cross-membrane voltage and time.  These cross-membrane voltage and time control the electrical signals that take place in excitable cells (Johnson & Wu, 1995).

Using the equivalent circuit representation and Kirchhoff’s laws, one can write differential equations that solve for the total flow across the membrane,
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2.1
As seen in equation 2.1, the sum of the currents produces a differential equation where 
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The practice of representing the biological components of the cell membrane as electrical components has provided a straightforward means of calculating the capacitance of cell membranes. 
Methods of Measurement

There are three methods of measurement used to find the capacitance of a cell membrane.  All methods involve insertion of two electrodes into a cell.  One electrode injects current while the other is used to measure different variables, such as voltage or current at the site of the second electrode.  
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Figure 2: The data plots of the Current Step Method
The first method is called the Current Step.  When a cell is in current clamp, a fixed current is injected for a certain amount of time (Iext) as shown in Figure 2. This allows the cell membrane to become fully charged as the charge is stored throughout the cell membrane. When the current is shut off the cell membrane voltages returns to rest (Vrest).  The data is plotted on a current vs. time graph as well as a voltage vs. time graph.  It is observed that the rise or decay of the voltage vs. time graph follows an exponential rise or decay.  This is due to the capacitive nature of the cell membrane.  
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2.2

The charging or discharging of the capacitance of the cell rises or decays with a time constant of 
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, which is equal to the product of the resistance of the membrane (
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 is found through fitting an exponential curve on the voltage vs. time graph, it is then divided by 
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, the capacitive value of the cell membrane. 

Voltage clamp is the second type of measurement used.  This method again uses two electrodes.  With one electrode placed inside the cell, it is able to measure and compare that voltage to the voltage that is set by the experimenter on the amplifier.  The clamp amplifier then passes current back into the cell through the other intracellular electrode.  The feedback arrangement allows the membrane potential to reach the desired command voltage.  Even with constant changes due to action potentials, the voltage clamp allows the membrane potential to stay at the desired command voltage.  This method allows for the simultaneous measurement of the current needed to keep the cell at the desired voltage.  Equation 2.3 shows the mathematical steps taking in finding the capacitance of the cell through the voltage clamp:
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2.3
A voltage vs. time graph, shown in Figure 3, is created and from it the change in voltage (
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) is computed. Then a current vs. time graph is produced and there the area underneath the spike (the shaded region) is calculated 
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Figure 3: The data plots of the Voltage Step method

Voltage ramp is the last type of measurement that is used and is similar to the voltage clamp.  The same feedback response is used but instead of stepping the voltage to a desired value, the voltage is ramped, or held at a constant increase, until it reaches the desired voltage value and is then ramped down at the same constant decrease, as shown in Figure 4.  
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Figure 4 shows the resulting current vs. time graph as the voltage is ramped up and down.  It is important to note that at the onset of the ramping of voltage a slight jump downward in current(
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) occurs and then is proceeded by a steady increase in current.  Then once the ramp direction is reversed an upward rise in current (
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) is shown at the depth of the current vs. time graph. Finally after the voltage ramp has reached its resting value, the current jumps back down to its original value before any ramping occurred.    Just as the spike in the current vs. time graph of voltage clamp represented the capacitive nature of the cell membrane being charged, the small jumps seen in the current vs. time graph of the voltage ramp represent the capacitive nature being charged.
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Figure 5: The current vs. time graph of the Voltage Ramp method

As shown in equation 2.4, that jump in current is equal to the constant value of the ramp (
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) times the capacitance of the cell (
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).  A third graph is created to help visualize the jumps as a current vs. voltage graph, as shown in Figure 5.  The distance between the lines is equal to twice the ramp constant times the capacitance,
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.  Therefore to find the capacitance of the cell through voltage ramp, the distance between the two curves divided by twice the ramp constant yields the value of capacitance for the cell (
[image: image33.wmf]2

c

i

C

k

=

).
Experimental

Cancer borealis crabs were purchased from Ocean Seafood (Newark, New Jersey) and were kept alive in artificial sea water tanks at 12-15° C until the experiment was conducted.  Before the experiment took place, the crabs were placed in ice for thirty minutes as a means of anesthea.  The Stomatogastric Nervous System (STNS), with the STG, was excised using standard methods (Harris-Warrick 1992).  The STNS was pinned to a Sylgard coated dish and the STG was desheathed.  The preparation was immersed in a physiological saline pH=7.4 and at a temperature range of 10-13° C.  Two microelectrodes were pulled using a Flaming-Brown micropipette puller.  One microelectrode that was used to inject current had a resistance of ~15-20Ω, while the other microelectrode that was used to measure the voltage had a resistance of ~ 25-30Ω.  As part of the procedure, the electrode injecting the current should have less resistance because too high of a resistance would impede the injected current.  Both electrodes were filled with a solution of .6M K2SO4 and 20 mM KCL.
After the STG was located through the microscope, a healthy, viable cell was chosen to be impaled.  Two electrodes would be used in the data collection; one to inject current while the other recorded the voltage.  One at a time, the electrodes were driven closer to the cell until the electrode punctured the cell membrane and a constant negative resting value was achieved.  The cell was left for a couple of minutes to ensure that the electrode was secure and would not slip out and that the normal resting value of the cell remained constant.  If everything was normal, the data collection would begin.
Using the program pClamp, ten sweeps of data was recorded per method and then averaged.  That averaged waveform was then used to find the capacitance.

For the current clamp measurements, the averaged waveform was analyzed using Clampfit.  A cursor was placed at the start of the initial rise of current and a second cursor was placed at a point along the plateau reached by the voltage after at least three time constants.  The distance between the cursors was maintained at a length chosen by the experimenter but that distance remained constant in all subsequent measurements of the current clamp.
Once the cursors were placed at the desired points along the current vs. time waveform, Clampfit was used to produce a best fit line.  Clampfit then gave a value for 
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.  Now, only the resistance (R) is needed to solve for capacitance.  Rm was retrieved by taking the change in voltage and dividing it by the current that the experimenter injected.  With that, the capacitance of a cell membrane is computed in current clamp.
For voltage clamp waveforms, the data again was analyzed in Clampfit.  Two waveforms were recorded; a current vs. time graph as well as a voltage vs. time graph.  The benchmark for the voltage vs. time graphs is a large spike, which will be called the capacitive artifact that represents the capacitive nature of the cell membrane being charged.   As seen in the methods of measurement section, integration underneath that curve is needed to solve for the capacitance of the cell.  With the change in voltage read from the voltage vs. time graph, the capacitance can now be computed.  The area of the capacitive artifact is divided by the change in voltage, yielding the capacitive value of the cell membrane according to voltage clamp. 

The voltage ramp waveforms were analyzed again using Clampfit and again a current vs. time and voltage vs. time waveform was recorded.  A graph was created to plot current vs. voltage.  Then a best fit line, in the form of 
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, was created for each of the slant lines seen in the Figure 5.  
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2.5
Equation 2.5 shows the steps taken to calculate C.  Since both lines had approximately the same slope, the only variation in the two lines was seen in b.  The difference between the two b’s were taken and then divided by twice the slope of the ramp yielding the capacitance of the cell membrane according to voltage ramp. 
Models

[image: image37]
Figure 6: The first model which consists of two isopotential spheres connected by a resistive cable
Three separate mathematical models were constructed.  The first model was created modeling neurons as two isopotential cells separated by a resister as seen in Figure 6.  One isopotential cell represents the soma of a neuron while the other isopotential cell represents the dendrites found at a distance from the soma.  A cable was placed between the two compartments as a means to represent the distance between them and was given a resistance to represent the current lost as the current moves from the soma to the dendrite.


[image: image38]
Figure 7: The second model which consists two isopotential spheres connected 

by a non-isopotential, compartmentalized cylinder
After the first model was simulated, we then moved on to the second model.  The second model, shown in Figure 7, is more realistic than the first model by virtue of having a cable that not only contains a resistive value but also a capacitive value.  A real neuron connects the soma, or cell body, to the dendrites at the end of the neuron through an axon.  The axon contains a cell membrane and therefore has both resistive and capacitive qualities.  Therefore, the second model now contains a non-isopotential cable connecting two isopotential spheres. 

[image: image39]
Figure 8: The third model which consists of an isopotential sphere and two non-isopotential, compartmentalized cylinders

The third and last model is even more realistic by replacing the isopotential dendrite compartment with a non-isopotential cylinder, shown in Figure 8.  This presents a more accurate representation of the neuron because of the fact that a dendrite is long and slender and not an isopotential sphere.


[image: image40]
Figure 9: Visual representation of current strength and movement through any compartment of a non-isopotential cylinder

By introducing compartmentalized cylinders in the second and third models, the concept of non-isopontential cells is introduced.  The compartments were indexed using j. Figure 9 shows how a typical compartment has three currents flowing in or out.  The currents are shown in equation 2.6:
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2.6

The first term (
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) reveals the current entering the jth compartment and flowing out of the jth compartment through the axial resistance (Ri), respectively.  The last term (
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) shows the current leaving through the membrane resistance (Rm) of the jth compartment.  As shown in Figure 9, the magnitude of the current decreases through each subsequent compartment.  As a result, the voltage in each compartment is less thereby creating non-isopotential cylinders.
 Mathematical Equations
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2.7
The mathematical model of the voltage changes in the cell membrane are based on the differential equations seen in equation 2.7 according to Cable Theory (Rall et al., 1995).  As the models became more complex and called for indexing of compartments, equation 2.6 was added to the mathematical code of equation 2.7.  The differential program XPP (Ermentrout, 2002) was used to numerically solve the various stated equations.  The parameters that were used for each method can be seen in Table 1 
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Membrane Resistivity
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C
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Membrane Capacitene
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R

ispec

Axial Resistivity
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2

R

m2spec

Membrane Resistivity
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Ω·cm

2

C

m2spec

Membrane Capacitene

0.001

mF/cm

2

d

soma

diameter of soma

0.004

cm

d

2

diameter of dendrite

0.004

cm

l

cable

cable length

0.06

cm

d

cable

diameter of cable

0.001

cm


Table 1: The values and parameters used for the mathematical models
In the Current Step model, the data points were plotted with a non-linear curve fit.  The data was fitted with two exponentials given by the equation 2.8: 
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2.8

Any number of exponentials could have been used to fit the data but two exponentials gave the most suitable fit.  The largest 
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was found and used to solve for the capacitance as described in the Experimental Methods section.

For the Voltage Step model, the time step was extremely small due to the need for many points so that an accurate integration could take place.  The model was run and the data points were saved and imported into Matlab.  It is there that the trapezoidal method was used in finding the area underneath the current vs. time curve, the capacitive artifact.  The capacitance of the cell membrane through the Voltage Step model was calculated the same way as the experimental data was solved in the Experimental Methods section. 

In the Voltage Ramp model, a step function was utilized so that the voltage would rise with a constant slope and then descended with the same constant slope.  After XPP was run with the desired parameters, a current vs. voltage graph was created.  The capacitance of the cell membrane through the Voltage Ramp model was solved exactly as was done for the experimental data as described in the Experimental Methods section.
IV. Results

Experimental


The results for the experimentally measured capacitance in eight healthy, clean recordings are shown in Table 2:

	Experiment 
	Current Clamp (nF)
	Voltage Clamp (nF)
	Voltage Ramp (nF)

	1
	11.766
	3.115
	2.622

	2
	159.822
	3.527
	3.449

	3
	15.489
	2.482
	2.397

	4
	19.013
	1.625
	1.943

	5
	36.304
	2.539
	2.380

	6
	8.738
	3.188
	2.687

	7
	14.399
	3.728
	3.582

	8
	10.115
	2.728
	2.708

	Average
	34.45575
	2.866
	2.721


Table 2: The experimental results for the capacitive value of the cell membrane 

for each method of measurement
From Table 2, it is clear that the current clamp measurements are extremely different to that of the voltage ramp and voltage clamp.  There is more than an 85% difference between the average voltage clamp and ramp and current clamp, while the average difference between voltage clamp and voltage ramp is approximately 5%.  A single experiment carried out all three methods of measurement on the same cell.  Therefore, all three methods should have produced approximately the same capacitance values for each method.  Voltage clamp and voltage ramp were very close to each other, while current clamp produced radically different capacitive values for the same cell.

Mathematical Models

For all of the graphs shown below, the percent actual capacitance was plotted against a change in one particular parameter.  The percent actual capacitance is the measured capacitance (as solved in the Methods section) divided by the total membrane capacitance.  Each model had its own total membrane capacitance.  The total membrane capacitance of model one is shown in equation 3.1:
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3.1

Model 1 contained only two isopotential spheres and the total membrane capacitance was easily calculated with the parameters set by the experimenter.  Then each method of measurement was run for Model 1 and the membrane capacitance calculated for each method was divided by the total membrane capacitance.  That percentage illustrates how accurate the method of measurement was in calculating the actual membrane capacitance of each model.  Equations 3.2 and 3.3 show the total membrane capacitance of Model 2 and Model 3, respectively:


[image: image50.wmf]2

2

Total 

msomamspecificsoma

mdendritemspecificdendrite

mcablemspecificcablecable

mmsomamdendritemcable

cCd

cCd

cCdl

cccc

p

p

p

=××

=××

=×××

=++


3.2
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3.3

Refer back to Figures 6-8 for the visual representation of each model.
Model 1

To understand how the geometry of the cell affected the measured capacitance, we first varied only the diameter of the second compartment of the neuron, ddendrite of Table 1.  We ranged the ddendrite from 5 microns to 600 microns and left all other parameters the same across the three different methods.  Figure 10 reveals how much of the actual capacitive value was measured through the model as the dendrite diameter increased.

It is obvious that the Current Step method consistently stays at 100% of its actual capacitive value no matter how large ddendrite in the range given.  This shows that the Current Step is independent of the morphology of the dendrite area as an isopotential sphere.  

All other methods decrease rapidly as ddendrite is increased.  It is interesting to note that the speed of the Voltage Ramp (the steepness of k) has a profound effect on the calculated membrane capacitance.  The slow Voltage Ramp (k = 0.08 V/s) produced more accurate results than the Voltage Step, while the fast Voltage Ramp (k = 4 V/s) produced worse results than the Voltage Step.  An important note is that all graphs will contain only the slow Voltage Ramp measurements from here on. 
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The same measurements were done again except leaving ddendrite constant at 40 microns and instead ranging lcable from 0.02 centimeters to 1 centimeter.  Figure 11 shows the relationship of the percentage of the maximum capacitance measured as the length of the cable is increased.  Again we see that the Current Step method does not change as the length is changing and stays at 100% of the actual capacitance.  The slow Voltage Ramp starts off close to 100% but trails off as lcable increases.  The Voltage Step does not even start at 100% but closer to 65% and decreases from there.  A certain arrangement will start to occur as the Current Step is the most accurate, then the slow Voltage Ramp, and then the Voltage Step.
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Figure 11: The percent actual capacitance vs. cable length plot for Model 1 as lcable is increased
Model 2


For the Model 2, where the resistive cable in Model 1 has been substituted with compartmentalized non-isopotential cylinder, we ran similar simulations as in Model 1.  Figure 12 shows the effect of increasing ddendrite therefore increasing the area of the isopotential dendrite sphere.  ddendrite was ranged from 5 microns to 600 microns, which was the same range for Figure 10.  Figure 10 and Figure 12 generally follow the same curves as both ddendrite were ranged correspondingly.

Figure 13 reveals the dependence on the soma area on the percent actual capacitance.  The plot shows that there is not much of a dependence for the three methods, but the Current Step method was at 100% throughout the ranging of dsoma.  The Voltage Step and Voltage Ramp became more accurate as dsoma increased but these methods still never reached to 100% of its actual capacitance even at very large soma areas.    
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Figure 12: The percent actual capacitance vs. dendrite area plot for Model 2 as ddendrite is increased
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Figure 13: The percent actual capacitance vs. soma area plot for Model 2 as dsoma is increased
Figures 14 and 15 show how the properties of the cable influence the calculations of the membrane capacitance.  In Figure 14, lcable is ranged from 0.02 cm to 1 cm just as in Figure 11 for Model 1, but we see for the first time that the Current Step method produces results that are not consistently at 100% of its actual capacitance.  When the parameters of the soma and dendrite were altered, it was shown that there was no effect on the Current Step method, but Figure 11 shows that there is a dependence seen as the cable length is increased.  The Current Step method decreases in accuracy as the length is increased, but it is still more accurate than the other methods.  Figure 15 shows what happens when dcable is increased.  All methods become more accurate as the diameter increases.
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Figure 14: The percent actual capacitace vs. cable length plot for Model 2 as the lcable is increased
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Figure 15: The percent actual capacitance vs. cable diameter plot for Model 2 as dcable is increased
Model 3


For Model 3, the isopotential sphere that represented the dendrite was changed to a non-isopotential compartmentalized cylinder.  In Figure 16, we see that increasing the dendrite diameter has very little influence on the percent actual capacitance.  The Current Step method shows little dependence on the morphology of the dendrite representation.    
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Figure 16: The percent actual capacitance vs. dendrite diameter plot for Model 3 as ddendrite is increased
V. Discussion
Experimental

Automatically from looking at Table 2, one would think that the Voltage Step and Voltage Ramp methods are much more accurate methods of measurement than the Current Step method, but the discrepancy seen in the abnormally large capacitive values in the Current Step is not due to the method itself, but how the data is later measured in pClamp.

As mentioned in the methods section, cursors were placed at the beginning and end of the exponential rise that were chosen arbitrarily by the experimenter.  That poses a problem because there is no universally accepted place to position the first and second cursor.  There were plenty of times where we measured the capacitance using current clamp for the same experiment but got extremely different values for 
[image: image59.wmf]t

, which lead to different values of capacitance.  On the other hand, voltage clamp and ramp produced precise results for the same experiment.  This raises an issue in reading current clamp results from available literature, because experimenters can perform the same exact experiments and produce different capacitive values when in fact, they are doing everything the same and should be formulating the same capacitive values.

The experimental part of this research confirmed that there was a difference in capacitance values between the three methods.  Even though in theory, they are supposed to produce the same exact results, they differed from each other.  This part of the experiment did nothing really to help prove or disprove the hypothesis, but only reaffirmed the original finding that the three methods of measuring capacitive in a cell differ greatly.  The mathematical model gives us a much better understanding and perspective in deciding if the hypothesis is supported or rejected.
Model


Figure 10 compares the percent maximum capacitance vs. dendrite diameter and shows us how accurate each method is as the dendrite diameter increases.  From there we see that, contrary to the experimental results, the Current Step method hovers around 100% maximum capacitance.  The Voltage Step and Voltage Ramp methods both drop drastically as the dendrite diameter increases.  The mechanisms concerning this have to do with how each method measures the capacitance mathematically and physically.

When a cell is injected with current, some of that current distributes along the cable and throughout the cell while some of that current is used to charge the capacitive and resistive nature of the cell (Winslow & Miller, 1989).  

[image: image60.emf]
Figure 17: Visualization of different time constants in a non-isopotential cell
In the Current Step method, we understand that the smallest time constants found in the voltage vs. time graph correspond to the distribution of the charge throughout the cable and body of the cell.  We also know that the larger time constant refers to the time it takes for the cell membrane to charge or discharge.  That is why in the Current Step method, the fitted exponential line uses two time constants, where the smaller time constant corresponds to the distribution of charge across the cell and the other larger time constant refers to the charging of the cell membrane.  Since the capacitance of the cell membrane is the sought after value, the larger time constant should be used in all the computations to find capacitance.  

The Current Step method is the only method that allows for the clear separation to be seen between the two time constants and that is why current clamp produces the most accurate result.  In the Voltage Ramp method, the current is always changing as it is being steadily increased, therefore never allowing for the equalization of the current to take place.  There is no clear distinction between the distribution of charge throughout the cell and the desired charging of the cell membrane.  
The less than stellar results of voltage clamp are due to the same reasons mentioned above plus the nature of computing the capacitive artifact presented in the method.  The capacitive artifact presents a problem as computer softwares attempt to find the area underneath the curve found in Figure 3.   Computer programs integrate underneath the specified curves by approximating the area into small rectangles as seen in Figure 18.
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Figure 18: Representation of basic method of numerical integration by software
The areas of the small rectangles are then added up to give an approximation of the area underneath the curve.  Unless the limit of width of the rectangles approaches zero, the area will always be an approximation and contain an error.  The combination of the sharpness of the curve plus the width of the rectangles contributes to the error already present due to the unclear separation between the larger and smaller time constants.  

In Figures 11, 12, 13, and 16, the Current Step methods hover around 100% maximum capacitance as lcable, dsoma, and ddendrite are increased.   For the same reasons found above, the Current Step method proves to be very accurate over any change in those parameters because of the ability to clearly separate the two time constants.  The slow Voltage Ramp method would consistently be second in accuracy while the Voltage Clamp method would come last.   

Figures 14 and 15 were the only ones where the Current Step method did change with varying parameters, but it is interesting to note that those parameters dealt with the cable length and diameter.  In Figure 14, we see that as the length of the cable increased the Current Step method’s accuracy started to decrease.  If we look at what is happening physically we might understand why this is so.  As the length of the cable is increased, the dendrites become further way from the site of measurement (the soma).  As the dendrite cell moves farther, the measurement of the capacitance decreases since our measurements become more unaware of what is happening at the end of the model.

Even though in Figure 11, the length of the cable increases but the Current Step methods stay constant at 100%, we believe it doesn’t decrease in accuracy because the cable doesn’t contain a capacitive nature, only a resistive one.  Therefore, current is lost in charging the cable and the current can get to the dendrite cell much easier.


In Figure 15, we see that he dcable is increased, which increases the Current Step method’s accuracy.  This makes sense because at very small cable diameters, we can imagine the model to be pinching off the second part of the cell model, the dendrite.  But as the diameter increases, current is allowed to flow and charge the cable and dendrite membranes allowing for accurate measurements.


It is surprising to note that the majority of all capacitance measurements are done with the Voltage Step method, which we found to be the least accurate measurement.  It is even more interesting to note that the Current Step method was developed for use in isopotential cells, but it still works effectively and correctly in non-isopotential cells.

Either way, the data from the mathematical model supports the hypothesis that the differences seen in the different methods of measurement are due to the geometry of the neuron, at least in the cases of Voltage Step and Voltage Ramp methods.  Both these methods present different capacitive values based on the diameter of the soma or dendrite compartment or by the length of the cable in between the two.  Because these two methods fail to clearly differentiate between the charging of the cell membrane and the distribution of charge throughout the cable and compartments, they provide inaccurate results that vary and depend on the specific geometry of the cells.


On the other hand, the Current Step method gives accurate results independent of the geometry of the cell due to its ability to clearly separate the two time constants.  This research supports the fact that, in theory, the Current Step method of measuring capacitance provides the most accurate results.  Precision, in contrast, is an issue that needs further research as a universal way of measuring experimental data needs to be decided upon so that a tiny change in the cursor within a fitting program does not change the calculations of 
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, and therefore capacitance.

Further research should be done by adding branches of non-isopotential compartmentalized cylinders to Model 3.  They could be spread along the cable or bunched up as a group of fanning out at the end of the cable like the tail of a bird.  This is a more complicated model, but it is more analogous to a real neuron as the axon of the neuron has a cell membrane and therefore contains both a resistive and capacitive quality.   
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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





Change in D2

		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 Pulse

Voltage Pulse

Voltage Ramp (slope = 4 V/s)

Voltage Ramp (slope = .08 V/s)

Dendrite Diameter (cm)

% Maximum Capacitance

% Maximum Capacitance vs. Dendrite Diameter

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



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





Change in 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



Current Pulse

Voltage Pulse

Voltage Ramp (slope = 4 V/s)

L

% Maximum Capacitance

% Maximum Capacitance vs. L
Denderite Diameter =20 micrometers

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		1

		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 Pulse

Voltage Pulse

Voltage Ramp (slope = 4 V/s)

Voltage Ramp (slope = ???)

L

% Maximum Capacitance

% Maximum Capacitance vs. L
 Denderite Diameter = 40 micrometers

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		0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0



Current Pulse

Voltage Pulse

Voltage Ramp (slope = 4 V/s)

L

% Maximum Capacitance

% Maximum Capacitance vs. L
Dendrite Diameter = 60 micrometers

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		0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0



Current Pulse

Voltage Pulse

Voltage Ramp (slope = 4 V/s)

L

% Maximum Capacitance

% Maximum Capacitance vs. L
Dendrite Diameter = 80 micrometers

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		0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0

				0		0



Current Step
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Current Step

Voltage Step

Voltage Ramp

Cable Length (cm)

Percent Actual Capacitance

Percent Actual Capacitance vs. Cable Length
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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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Current Step

Voltage Step

Voltage Ramp (slope = 4 V/s)
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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

								0.0000628319		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

								0.0001884956		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

								0.0003141593		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

								0.0006283185		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

								0.0012566371		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						0.0018849556		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				0.0031415927		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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		0.00008		0.00008		0.00008
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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										Current Clamp

				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				cable diameter		L				slowest Tau (in origin)		delta V (mV)		R (M-ohms)		measured cap		%max cap

						1.256*10^-11																0.02		0.0632455532		99.8266		99.5		98.7261		97.6329				8.00E-05		6.71E-01		1.15611E-10		39.41873		362.50769		362507690000		0.0000000001		94.0562615301

				0.02				40		318.47269		318472690000		0.0000000001		99.9995753418		0.0447213595				0.06		0.1897366596		97.5803		96.6		94.1347		88.3033				1.00E-04		6.00E-01		1.19381E-10		39.69746		341.56833		341568330000		0.0000000001		97.3535189283

				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				2.00E-04		4.24E-01		1.38230E-10		39.95576		289.97346		289973460000		0.0000000001		99.6824253094

				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				3.00E-04		3.46E-01		1.57080E-10		39.98379		254.90266		254902660000		0.0000000002		99.8595749773

				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				4.00E-04		3.00E-01		1.75929E-10		39.99193		227.53563		227535630000		0.0000000002		99.9045000947

				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				5.00E-04		2.68E-01		1.94779E-10		39.99526		205.4974		205497400000		0.0000000002		99.9218878626

				0.6				34.05027		26.48894		26488940000		0.0000000013		66.0289882631		1.3416407865				1		3.1622776602		5.5416		5.5		5.3731		5.2338				9.00E-04		2.00E-01		2.70177E-10		39.9988		148.13644		148136440000		0.0000000003		99.9393993265

				1				28.23684		27.22652		27226520000		0.000000001		32.3812894158		2.2360679775																		2.00E-03		1.34E-01		4.77522E-10		39.99695		83.81417		83814170000		0.0000000005		99.9346201041

																																				4.00E-03		9.49E-02		8.54513E-10		39.99952		46.83471		46834710000		0.0000000009		99.946632864

				D2=40e-04																																8.00E-03		6.71E-02		1.60850E-09		39.99992		24.88072		24880720000		0.0000000016		99.9485148428

				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																Voltage Ramp @ .08 mv/ms

				0.02				39.99999		244.97906		244979060000		0.0000000002		100.0240263913		0.0316227766				D2 diameter 40e-4 cm

				0.06				39.99912		138.47455		138474550000		0.0000000003		100.0053278461		0.0948683298				cable diameter		L		Measured				% Max Cap

				0.1				39.99331		96.52764		96527640000		0.0000000004		99.9709907606		0.158113883				8.00E-05		6.71E-01		6.05E-11		1.15611E-10		52.3306642721

				0.2				39.8905		55.07756		55077560000		0.0000000007		99.426236783		0.316227766				1.00E-04		6.00E-01		6.52E-11		1.19381E-10		54.6220602349

				0.4				38.29923		31.26919		31269190000		0.0000000012		90.2968963284		0.632455532				2.00E-04		4.24E-01		1.01E-10		1.38230E-10		73.2980856094

				0.6				33.77409		26.39902		26399020000		0.0000000013		64.470030973		0.9486832981				3.00E-04		3.46E-01		1.34E-10		1.57080E-10		85.3688016152

				1				28.1897		27.23914		27239140000		0.000000001		31.9369234824		1.5811388301				4.00E-04		3.00E-01		1.59E-10		1.75929E-10		90.542110304

																						5.00E-04		2.68E-01		1.81E-10		1.94779E-10		93.1364458913

				D2=60e-04																		9.00E-04		2.00E-01		2.62E-10		2.70177E-10		96.959782226

				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				2.00E-03		1.34E-01		4.72E-10		4.77522E-10		98.8343820025

				0.02		2.26E-10		39.99996		176.9294		1.77E+11		2.26E-10		99.999403123		0.025819889				4.00E-03		9.49E-02		8.49E-10		8.54513E-10		99.3150250032

				0.06		3.52E-10		39.99686		113.74975		1.14E+11		3.52E-10		99.98337126		0.0774596669				8.00E-03		6.71E-02		1.60E-09		1.60850E-09		99.4444846766

				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				Voltage Clamp

				0.4		1.42E-09		36.70618		30.57689		3.06E+10		1.20E-09		84.5819700228		0.5163977795				D2 diameter 40e-4 cm

				0.6		2.05E-09		30.6575		27.21191		2.72E+10		1.13E-09		55.0301209337		0.7745966692				cable diameter		L		% Max Cap

				1		3.30E-09		26.33879		27.84352		2.78E+10		9.46E-10		28.6369191584		1.2909944487				8.00E-05		6.71E-01		47.3411

																						1.00E-04		6.00E-01		47.2605

				D2=80e-04																		2.00E-04		4.24E-01		51.9736

				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						3.00E-04		3.46E-01		64.1515

				0.02		3.14E-10		39.99993		127.38926		1.27E+11		3.14E-10		99.9992559042		0.0223606798				4.00E-04		3.00E-01		76.9197

				0.06		4.40E-10		39.99423		91.00342		9.10E+10		4.39E-10		99.9728198878		0.0670820393				5.00E-04		2.68E-01		85.9192

				0.1		5.65E-10		39.96511		70.81336		7.08E+10		5.64E-10		99.8535841119		0.1118033989				9.00E-04		2.00E-01		95.9578

				0.2		8.79E-10		39.60841		45.82838		4.58E+10		8.64E-10		98.302649644		0.2236067977				2.00E-03		1.34E-01		98.4072

				0.4		1.51E-09		35.99378		29.45653		2.95E+10		1.22E-09		81.0727653961		0.4472135955				4.00E-03		9.49E-02		99.1605

				0.6		2.14E-09		30.06093		27.13137		2.71E+10		1.11E-09		51.8910104363		0.6708203932				8.00E-03		6.71E-02		99.5939

				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

												D2 diameter 40e-4





		0.0447213595		0.0447213595		0.0447213595		0.0447213595

		0.1341640786		0.1341640786		0.1341640786		0.1341640786

		0.2236067977		0.2236067977		0.2236067977		0.2236067977

		0.4472135955		0.4472135955		0.4472135955		0.4472135955

		0.894427191		0.894427191		0.894427191		0.894427191

		1.3416407865		1.3416407865		1.3416407865		1.3416407865

		2.2360679775		2.2360679775		2.2360679775		2.2360679775



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)

99.9995753418

99.8266

101.7278607508

101.7278607508

99.9937622836

97.5803

95.2952158383

98.4874661094

99.9748047172

91.2915

68.3055879597

93.8584445896

99.5423835331

47.2633

28.6394979505

75.5232164001

91.2846323018

18.9407

12.5908991241

43.454756205

66.0289882631

11.4719

7.3196898537

31.4055828576

32.3812894158

5.5416

3.3064595462

18.3063760366



		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



		0.0223606798		0.0223606798		0.0223606798		0.0223606798

		0.0670820393		0.0670820393		0.0670820393		0.0670820393

		0.1118033989		0.1118033989		0.1118033989		0.1118033989

		0.2236067977		0.2236067977		0.2236067977		0.2236067977

		0.4472135955		0.4472135955		0.4472135955		0.4472135955

		0.6708203932		0.6708203932		0.6708203932		0.6708203932

		1.1180339887		1.1180339887		1.1180339887		1.1180339887



Current Step

Voltage Step

Voltage Ramp (slope = 40 V/s)

Voltage Ramp (slope = .08 V/s)

L

% max cap

% max cap vs. L

99.9992559042

97.6329

96.1719208424

98.3310168004

99.9728198878

88.3033

61.2221319592

92.4437845097

99.8535841119

67.4192

39.8389579995

85.4377333894

98.302649644

33.491

21.9590622268

62.191840291

81.0727653961

16.5514

11.0168377899

39.8007387083

51.8910104363

8.3124

6.6751455544

28.8407949096

27.8590062992

5.2338

3.1227673492

17.2907109101



		0.00008		0.00008		0.00008

		0.0001		0.0001		0.0001

		0.0002		0.0002		0.0002

		0.0003		0.0003		0.0003

		0.0004		0.0004		0.0004

		0.0005		0.0005		0.0005

		0.0009		0.0009		0.0009

		0.002		0.002		0.002

		0.004		0.004		0.004

		0.008		0.008		0.008



Current Step

Voltage Step

Voltage Ramp

Cable Diameter (cm)

Percent Acutal Capacitance

Percent Actual Capacitance vs. Cable Diameter

94.0562615301

47.3411

52.3306642721

97.3535189283

47.2605

54.6220602349

99.6824253094

51.9736

73.2980856094

99.8595749773

64.1515

85.3688016152

99.9045000947

76.9197

90.542110304

99.9218878626

85.9192

93.1364458913

99.9393993265

95.9578

96.959782226

99.9346201041

98.4072

98.8343820025

99.946632864

99.1605

99.3150250032

99.9485148428

99.5939

99.4444846766
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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

Soma Area (cm2)

Percent Actual Capacitance

Percent Actual Capacitance vs. Soma Area

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
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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
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		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
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Current Step

Voltage Step

Voltage Ramp (slope = 4 V/s)

Voltage Ramp (slope = .08 V/s)

Dendrite Diameter (cm)

Percent Actual Capacitance

Percent Actual Capacitance vs. Dendrite Diameter
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99.9979531439

13.7148
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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
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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





Change in Dsoma

		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 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

0

0

0

1

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



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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		Notation		Description		Value		Units

		gain		gain		1.00E-05		Ω-1

		Rmspec		Membrane Resistivity		40000		Ω·cm2

		Cmspec		Membrane Capacitene		0.001		mF/cm2

		Rispec		Axial Resistivity		100		Ω·cm2

		Rm2spec		Membrane Resistivity		40000		Ω·cm2

		Cm2spec		Membrane Capacitene		0.001		mF/cm2

		dsoma		diameter of soma		0.004		cm

		d2		diameter of dendrite		0.004		cm

		lcable		cable length		0.06		cm

		dcable		diameter of cable		0.001		cm
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Chart1

		0.000000785		0.000000785		0.000000785

		0.000007065		0.000007065		0.000007065

		0.000019625		0.000019625		0.000019625

		0.000038465		0.000038465		0.000038465

		0.000063585		0.000063585		0.000063585

		0.000094985		0.000094985		0.000094985

		0.00020096		0.00020096		0.00020096

		0.000490625		0.000490625		0.000490625

		0.001256		0.001256		0.001256

		0.002826		0.002826		0.002826

		0.00377		0.00377		0.00377



Current Step

Voltage Step

Voltage ramp

Dendrite Diamter (cm)

Percent Actual Capacitance

Percent Actual Capacitance vs. Dendrite Diameter

99.7156138743

97.5888

98.7709205021

99.0740208911

94.285

97.1798780488

99.4482943516

95.8497

96.753875969

99.7497800953

95.3734

96.344765343

99.9072887821

94.7842

95.6125827815

99.9139508408

94.0414

94.7043413174

100.091507448

91.2878

91.9034090909

99.4145514768

83.4192

83.3333333333

100.014541851

63.1654

61.5950998234

99.3739190702

33.9588

32.5078965229

99.7307894447

23.4264

8.2844999064



Sheet1

												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 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

		gain [siemens]		1e-5-1e-6								0.02		0.0632455532		99.8266		99.5		98.7261		97.6329						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		2.26195E-10		99.5823636985		0.02		0.0632455532		3.02E-10		3.14159E-10		96.1719208424

		dsoma [cm]		0.004								0.06		0.1897366596		97.5803		96.6		94.1347		88.3033						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		3.51858E-10		66.468504135		0.06		0.1897366596		2.69E-10		4.39823E-10		61.2221319592

		Rmspec [ohms*cm^2]		40000								0.1		0.316227766		91.2915		87.4		79.3205		67.4192						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		4.77522E-10		50.1809253137		0.1		0.316227766		2.25E-10		5.65487E-10		39.8389579995

		Cmspec [mF/cm^2]		0.001								0.2		0.632455532		47.2633		43.7		38.795		33.491						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		7.91681E-10		24.6627005069		0.2		0.632455532		1.93E-10		8.79646E-10		21.9590622268

		dcable [cm]		0.001								0.4		1.2649110641		18.9407		18.4		17.5833		16.5514						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		1.42000E-09		11.707747473		0.4		1.2649110641		1.66E-10		1.50796E-09		11.0168377899

		l= [cm]		0.06								0.6		1.8973665961		11.4719		11.3		10.9088		8.3124						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		2.04832E-09		6.9447210598		0.6		1.8973665961		1.43E-10		2.13628E-09		6.6751455544

		Rispec [ohms*cm]		100								1		3.1622776602		5.5416		5.5		5.3731		5.2338						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		3.30496E-09		3.2070023609		1		3.1622776602		1.06E-10		3.39292E-09		3.1227673492

		Rm2spec [ohms*cm^2]		40000

		Cm2spec [mF/cm^2]		0.001

																												Voltage Ramp @ .08mv/ms										Voltage Ramp @ .08mv/ms										Voltage Ramp @ .08mv/ms										Voltage Ramp @ .08mv/ms

																												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		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

								k=4V/sec

		Voltage Ramp		Value 1		Value 2		2kC		True C		Measured C		% max cap

		0.02		9.58E-07		8.44E-07		1.80E-06		0.0000000002		2.25E-10		99.6328733192

		0.06		9.58E-07		9.13E-07		1.87E-06		0.0000000004		2.34E-10		66.5022179254

		0.1		1.29E-06		6.27E-07		1.92E-06		0.0000000005		2.40E-10		50.2063778076

		0.2		1.24E-06		3.22E-07		1.56E-06		0.0000000008		1.95E-10		24.6752097867

		0.4		1.12E-06		2.10E-07		1.33E-06		0.0000000014		1.66E-10		11.7136858125

		0.6		1.01E-06		1.28E-07		1.14E-06		0.000000002		1.42E-10		6.9482435231

		1		8.38E-07		9.92E-09		8.48E-07		0.0000000033		1.06E-10		3.2086289991

																								D2=20e-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

																										1.256*10^-11

																						1		0.02				40		318.47269		318472690000		0.0000000001		99.9995753418		0.0447213595

																						2		0.06				39.99958		159.24393		159243930000		0.0000000003		99.9937622836		0.1341640786

																						3		0.1				39.99579		106.17269		106172690000		0.0000000004		99.9748047172		0.2236067977

																						4		0.2				39.91312		58.04373		58043730000		0.0000000007		99.5423835331		0.4472135955

																						5		0.4				38.46703		31.95303		31953030000		0.0000000012		91.2846323018		0.894427191

																						6		0.6				34.05027		26.48894		26488940000		0.0000000013		66.0289882631		1.3416407865

																						7		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

																						1		0.02				39.99999		244.97906		244979060000		0.0000000002		100.0240263913		0.0316227766

																						2		0.06				39.99912		138.47455		138474550000		0.0000000003		100.0053278461		0.0948683298

																						3		0.1				39.99331		96.52764		96527640000		0.0000000004		99.9709907606		0.158113883

																						4		0.2				39.8905		55.07756		55077560000		0.0000000007		99.426236783		0.316227766

																						5		0.4				38.29923		31.26919		31269190000		0.0000000012		90.2968963284		0.632455532

																						6		0.6				33.77409		26.39902		26399020000		0.0000000013		64.470030973		0.9486832981

																						7		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

																						1		0.02		2.26E-10		39.99996		176.9294		1.77E+11		2.26E-10		99.999403123		0.025819889

																						2		0.06		3.52E-10		39.99686		113.74975		1.14E+11		3.52E-10		99.98337126		0.0774596669

																						3		0.1		4.77E-10		39.97983		83.8378		8.38E+10		4.77E-10		99.9143422455		0.1290994449

																						4		0.2		7.91E-10		39.73735		50.7897		5.08E+10		7.82E-10		98.8764954747		0.2581988897

																						5		0.4		1.42E-09		36.70618		30.57689		3.06E+10		1.20E-09		84.5819700228		0.5163977795

																						6		0.6		2.05E-09		30.6575		27.21191		2.72E+10		1.13E-09		55.0301209337		0.7745966692

																						7		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

																						1		0.02		3.14E-10		39.99993		127.38926		1.27E+11		3.14E-10		99.9992559042		0.0223606798

																						2		0.06		4.40E-10		39.99423		91.00342		9.10E+10		4.39E-10		99.9728198878		0.0670820393

																						3		0.1		5.65E-10		39.96511		70.81336		7.08E+10		5.64E-10		99.8535841119		0.1118033989

																						4		0.2		8.79E-10		39.60841		45.82838		4.58E+10		8.64E-10		98.302649644		0.2236067977

																						5		0.4		1.51E-09		35.99378		29.45653		2.95E+10		1.22E-09		81.0727653961		0.4472135955

																						6		0.6		2.14E-09		30.06093		27.13137		2.71E+10		1.11E-09		51.8910104363		0.6708203932

																						7		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

																						Cd2,80=2.0096*10^-10
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Current Step

Voltage Step

Voltage Ramp

Dendrite Area (cm2)

Percent Actual Capacitance

Percent Actual Capacitance vs. Dendrite Area
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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
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