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1. Themembraneapacitancef atypical cellis 1 xF/cn? (i.e., 10~% uncompensatecoulombsof chageon each
sideof 1 cn? of membranearenesdedto producel V acrosshe membrane) Supposéghatthe concentrations
of ionsinsideandoutsidethecell areabout0.1 M, andthatthecell is sphericawith radius10 pm.

(a) How mary ions of surface chage arerequiredto producea transmembranpotentialof 100mV? These
arecalled“uncompensateibns’, becausehey violate space-chae neutrality
(b) Whatis thetotal numbe of ionsinsidethecell?
(c) Whatis theratio of thenumberof uncompensateidnsto thetotal numberof ions?
Thelastnumbershouldbe small, justifying my statemenin lecturethatspace-chaye neutralityis a very good

approximatiorin neurons Also, it meanghatwe can treationic concentrationasconstanin time, eventhough
themembrangotentialand amountof surfacechage mayvary rapidly in time.

2. A membranes permeablé¢o K™ andCl—, but notto alarge organicion R™. Insidethe membranethe initial
concentrationsf RClandKCl areboth150mM. Outsidethe membranetheinitial concentratiorof KCl is 300
mM, while thatof RCl is zero.

(a) Whatarethefinal concentrationsof R*, K+, andCl~ on eachsideof the membrae at equilibrium?
(b) Whatis V,,, atequilibrium?
(c) Will therebearny osmott pressure?® so,in which direction?

Hint: At Donnanequilibrium, the Nernstpotentialsof potassiumandchloridemud bethesame.

3. Thedrawing below depictsthe businessendof a glasscapillary microelectrode The hole at thetip hasradius
ro, andtheradiusr increasedinearly avay from thehole.
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(a) Whatis the resistancelR of the slabshawn in the figure, in termsof the thicknessdz, radiusr, and
resistvity p of theelectrolyte?=romthisresult,it shouldbeclearwhy thetip dominateghetotal resistance
of theelectrode.

(b) Letr = kx, sothatk representshe steepnesef the taperof the pipette. Calculde the total resistance?
by integratingd R from x = ro to x = oo. You canmake the approximatiorthatthe coneabove extends
to infinity, ratherthanturninginto a cylinder, which would be morerealistic. This makeslittle difference
to theresult,sincetheresistancés domnatedby thetip. Your answershouldbeinverselyproportionalto
theholeradiusry andto the steepnesef thetaperk.



(c) Typicalvaluesfor a patchelectrodearep = 1002 cm,rq = 0.5 um andk = 0.2. Substitutehesevalues
into your expression for Ro find the electrode resistancéour result should be on the order of &/

4. Theintegrate-and-fire neuron is a simple model of spiking behaviorthat sacrificesbhiophysicalrealismfor
mathematical simplicityBelow threshold, the membrane potentiabbeys the differential equation

Om% =—gr.(V—-VL)— gsyn(v - Vsyn) + Lapp 1)
If V' reachesthresholdVj, thenthe neuronis saidto spike,andV is instantaneouslyesetto a value of 1,
whereVy < Vy. Theterm I,,, modelsthe currentinjectedthroughan experimenter’snicroelectrode.The
equationaboveis like Eqg. (5.7) in the Dayanand Abbott book, thoughwith slightly different notation. Also,
I've addedanextratermthatmodelssynapticinputasthe productof a synapticconductance.,,,, andadriving
forcethatdependonthereversapotentialV,,,. Let's considerthe caseof anexcitatorysynapsesothat V.,
is above V.

(a) Response as a function of applied curregi, /with no synaptic input (g,,, = 0).

i. Determingthethresholdcurrently (or rheobasepelowwhichtheneuronis inactive,andabovewhich
the neuron fires repetitivelithe sign of } should depend on whetheg 18 above or below }.

ii. If I, is held constanin time abovethreshold the neuronshouldfire actionpotentialsrepetitively.
Find the relationship between frequency of firinand £, above threshold.

iii. Show that vbehaves roughly linearly fdarge 1,,,,,, and determine the slope.
iv. Make a sketch of as a function of J,,, annotating the important features.

(b) Responses a function of synapticinput g.,,, with no appliedcurrent(Z,,, = 0). Supposehatthe
synapticconductancey,,, is constantin time. This could be approximatelytruein vivo whena neuron
receivesa constanbarrageof inputsfrom manyothersourcessothatthe summednputis approximately
constant.

i. Determinethe thresholdsynapticconductance,,, ¢ belowwhich the neuronis inactive,andabove
which the neuron fires repetitively.

ii. Find the relationship between frequency of firingnd ¢, above threshold.
iii. Show that the tbehaves roughly linearly for largg,,,, and determine the slope.
iv. Make a sketch of as a function of g,,,, annotating the important features.

5. Simulatean integrate-and-fir@euronin MATLAB with gy, = 0, I4,, = 1 nA, C,,, = 500 pF, g1, = 25 nS,
Vi, = =70mV, Vp = =54 mV, andV; = —60 mV. To performyour numericalintegration,usea stepsize
of dt = 0.2 ms,andfollow theinstructionsaroundEgs.(5.46)to (5.48)in Dayanand Abbott. As soonasV
exceedd/y, resetit to 14 in the nexttime step. Grapha train of 10 spikes,startingfrom the initial condition
V = V1. Justfor looks, you candrawa verticalline whenevera spikehappensto makeyour graphlook more
realistic(asin Figure5.5 of Dayanand Abbott). Compareyour interspikeinterval with the formulafor v that
you derived above.



