ECE C143A/C243A Midterm

TOTAL POINTS

82.5/107

QUESTION 1
Problem 130 pts

11(a)8/10

+ 2 pts i correct

v + 2 pts ii correct

v + 2 pts iii correct

v + 2 pts iv correct

v + 2 pts v correct
+ 1 pts i partial credit
+ 1 pts ii partial credit
+ 1 pts iii partial credit
+ 1 pts iv partial credit
+ 1 pts v partial credit

+ 0 pts None correct

12(b)a/a
v + 4 pts Correct, leads to unidirectional signaling.

+ 4 pts Correct, prevents Na+ from flowing inside
the cell, enabling the action potential voltage to
decrease back to a resting state when K+ ion
channels open. Note, it was not enough to say it
aided in repolarization, but the particular dynamics of
how the inactive state aided needed to be described
here to get full points.

+ 2 pts A true statement about what happens during
an action potential, but without an explicit and correct
explanation about why the inactivate state
contributed to the stated event. Or else some
statement related to how repolarization helps it not
be as excitable.

+ 2 pts A statement that it limits the rate of signaling
in the nervous system, but without an explicit
statement why limiting the firing rate is beneficial.

+ 1 pts Description of what the inactivate state is

(i.e., prevents a channel from staying open

indefinitely) but not why it is critical for nervous
system signaling. Remember K+ voltage gated ion
channels don't have an inactivate state!

+ 1 pts Incorrect statement that it helps with
depolarization (actually, it helps with
hyperpolarization), or that it helps with concentration
regulation (that's the job of the ion pumps; if you
stated that the voltage would not decrease to a level
that the voltage gated ion channels would be closed,

you received rubric item +2).

1.3(C)2.5/4
+ 4 pts Correct, drift and diffusion currents propel

the ion into the cell.
v + 2.5 pts Correct statement that the Na+ ions bond
to the binding site because it's more favorable than
shedding waters; or statement about related to
shedding waters due to the lipid bilayer. These don't
receive full credit because the question was asking
why doesn't it get stuck to the binding site.

+ 0 pts No answer

1.4 (d)(i)3/3
v + 3 pts Correct, not exponential because it's an
inhomogeneous Poisson process

+ 0 pts Incorrect.

1.5 (d)(ii) 3/3
v + 3 pts Correct
+ 2 pts Statement that the firing rate is constant, but
no statement on if this implies exponential ISls or
incorrect statement that the ISls are not exponential

+ 0 pts Incorrect

1.6 (d)(ii)6/6
v + 6 pts Correct, with a justification that the



variance of the spike counts will be lower since the
spike counts are Poisson distributed

+ 4 pts Correct, but without explicit justification that
there are lower variance spike counts

+ 2 pts Incorrect, with the argument that having
more spikes gives a more robust estimate or getting
the variance distribution wrong.

+ 2 pts Incorrect, with an argument for why the
neuron is similarly accurate at 10ft and 100ft; the most
common one is that the tuning function is injective,
but this ignores firing rate variance.

+ 0 pts Incorrect without justification, or no answer

QUESTION 2
Problem 2 35 pts

21(a)6/6

v - 0 pts Correct

- 2 pts $$\frac[RTYF} \times In \frac{a}{b} = 25mV
\times In10 \times log_{10\frac{a}{b} = (58
log_{10\frac{a)}b}) mV$$

- 3 pts Math mistake.

- 4 pts $$[F-1_i = 10mM$$ is incorrect. Extracellular
corresponds to space outside the neuron.

- 6 pts No attempt.

22(b)7/7
v - 0 pts Correct
-1pts $$V_{pp}$$ is always positive.
- 3 pts Incorrect $$V_{pp}$$.
- 5 pts Incorrect $$E_{Na"+$$.

23(c)a/s

- 0 pts Correct

- 1 pts Incorrect final value. (Math mistake)

- 2 pts Did not state the Goldman equation.

- 2 pts Correct verbal reasoning. Did not find the
relationship between $$P_{F}$$ and $$P_{Na}$$.

- 3 pts Incomplete justification. Argument still based
on known quantities.
v - 4 pts Goldman equation is incorrect.

- 8 pts Did not attempt.

24(d)o/a
- 0 pts Correct
- 1 pts Math mistake.
- 2 pts Goldman equation is incorrect.
- 3 pts Incorrect/insufficient reasoning.

v - 4 pts Incorrect answer.

@ Must take [FL_i in numerator

25(e)i)a/a
v - 0 pts Correct
- 2 pts Did not mention that resting potential is
**LESS** than the equilibrium potential.
- 3 pts Insufficient reasoning.

- 4 pts Incorrect or no attempt

2.6 (e)ii)a/a
v - 0 pts Correct
- 2 pts Incorrect direction or no mention of diffusion
force.
- 2 pts Incorrect direction or no mention of drift
force.
- 3 pts Insufficient reasoning.

- 4 pts Incorrect.

2.7 (e)(iii) 2/ 2
v - 0 pts Correct
- 1 pts Insufficient reasoning.

- 2 pts Incorrect

QUESTION 3
Problem 335 pts

31(@)5/5
v - 0 pts Correct
- 2 pts Did not mention poisson distribution

- 3 pts Incorrect parameter for poisson distribution

32(b)5/5
v - 0 pts Correct
- 3 pts Incorrect parameter for Poisson distribution

- 2 pts Incorrect probability value for the event



3.3(c)(i) 15 /15
v - 0 pts Correct
- 5 pts Incorrect event for the numerator
- 2 pts Incorrect poisson parameter for N(t)

- 2 pts Incorrect poisson parameter for N(2) - N(t)

3.4 (c)(iijo/s
- 0 pts Correct
- 2 pts Incorrect derivative
v - 5 pts Not attempted

3.5 (c)(iiiy4/5
- 0 pts Correct
v -1 pts Incorrect expected value

- 5 pts Not attempted

QUESTION 4
4Bonus 0/7
- 0 pts Correct

v -7 pts Incorrect
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1. True/False and Short Answer. (30 points)

(a) (10 points) True / False. Answer whether these questions are true or false. Each correct
answer is worth +2 point. In this question, you do not need to justify your answers,
but we may award partial credit on incorrect answers based on justification.

i. A squid axon neuron, like the one we studied in lecture, is capable of firing over
700 spikes per second.

T‘( AL

ii. Ligand-gated ion channels, which open when neurotransmitters bind to them at
dendrites, are the key type of ion channel that open quickly in a positive feedback
loop, leading to action potential generation.

\:.7\\39’ vo\'h/\ge —&/d!é \un e vulw\u\tc\ \0\/ reermlvore. Po‘**”“"‘b\\
Attdn  ptrkal enetndion

ili. During action potential generation, K* voltage-gated ion channels open, leading
to an increase in membrane potential, and then enter the inactive state.

Fo\\se, Nen + Vo\’rzxﬁe—ﬂo\éd, on dreancs open oefore iho\c-chHhﬂ

~

iv. Consider a neuron with multiple ion species (e.g., Nat, K+, Cl—, Ca*?). For this
neuron, all of these ion species can move from inside to outside the cell and vice

versa. At steady state, the K* ions must always have equal and opposite drift and
diffusion currents.

F‘(A\sq" C\Q\W"\“Tj on “‘\\4 C(H‘H' Cuvret v~ \\UN +Lq,( <Y3-c¢‘ts V-2

Col\L«r\"'\w\"(l, wit conld e +k0\+ 0‘”{"‘ W\A Jl#uulov\ o ._H,(
ANLCWF\
v. Myelination increases membrane capacitance and reduces axial resistance, overall
increasing action potential speed.

Seaxnce

F-,;\\sa’ Action Fs\o:\-{"o\\ S(secé 6 nereated oo n\\/c\rnmwbn c\w\reow;g
—_—

me mbYrne CA\OM"{'W\CC

S



11(a)8/10

+ 2 pts i correct

v + 2 pts ii correct

v + 2 pts iii correct

v + 2 pts iv correct

v + 2 pts v correct
+ 1 pts i partial credit
+ 1 pts ii partial credit
+ 1 pts iii partial credit
+ 1 pts iv partial credit
+ 1 pts v partial credit

+ 0 pts None correct

Page 5



(b) (4 points) Explain why the inactive state of Nat voltage-gated ion channels is critical
for signaling in the nervous system. Answer in no more than 4 sentences.

T irocie stode of Naw avses fom fhe vefudory peried
o U\niAf\rechvr\m\ siﬁm\hxg in Yhe nervowes

\N\’\\d— VS Y{S‘)pr\bi\O\G
Comrr\vmttwkon woe U\«\C\ en OPU\I'\" e

6\75*@«. \f\! \'h\m,:" ‘\l\ g\c’i’N{)\‘\‘Nf\/ newnror

e problems,

(c) (4 points) When an Na™ ion passes through a sodium ion channel, it sheds a shell of
waters around it to bind to a higher energy bonding site. Why does the Na+ ion flow
through the ion channel, as opposed to “getting stuck” (i.e., maintaining its bond) at
the bonding site? Answer in no more than 4 sentences.

Erst dhe  codions 0 4he  channc! elec"\rbs*uhcal|7 ottt dhe heguire

dhovge  on oxjogn 08 e W0 buedd fo Na+ i A ot o, Then,

the N+ s sl et\cna\f‘\ CON\F(Nw_é 4 K+ Hhat + con T+ 'H\Vuuﬂ\\

-H\L Yon c\\()(\h?.(. ’“\(J( "\’VO ?\(\:PCVW) P(@ VQ‘\+ H‘ '@rbﬂ’\ gcﬁ‘h\ﬂ S\'M-Ck.

e




12(b)a/a
v + 4 pts Correct, leads to unidirectional signaling.

+ 4 pts Correct, prevents Na+ from flowing inside the cell, enabling the action potential voltage to decrease
back to a resting state when K+ ion channels open. Note, it was not enough to say it aided in repolarization,
but the particular dynamics of how the inactive state aided needed to be described here to get full points.

+ 2 pts A true statement about what happens during an action potential, but without an explicit and correct
explanation about why the inactivate state contributed to the stated event. Or else some statement related to
how repolarization helps it not be as excitable.

+ 2 pts A statement that it limits the rate of signaling in the nervous system, but without an explicit
statement why limiting the firing rate is beneficial.

+ 1 pts Description of what the inactivate state is (i.e., prevents a channel from staying open indefinitely) but
not why it is critical for nervous system signaling. Remember K+ voltage gated ion channels don't have an
inactivate state!

+ 1 pts Incorrect statement that it helps with depolarization (actually, it helps with hyperpolarization), or that
it helps with concentration regulation (that's the job of the ion pumps; if you stated that the voltage would not

decrease to a level that the voltage gated ion channels would be closed, you received rubric item +2).
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(b) (4 points) Explain why the inactive state of Nat voltage-gated ion channels is critical
for signaling in the nervous system. Answer in no more than 4 sentences.

T irocie stode of Naw avses fom fhe vefudory peried
o U\niAf\rechvr\m\ siﬁm\hxg in Yhe nervowes

\N\’\\d— VS Y{S‘)pr\bi\O\G
Comrr\vmttwkon woe U\«\C\ en OPU\I'\" e

6\75*@«. \f\! \'h\m,:" ‘\l\ g\c’i’N{)\‘\‘Nf\/ newnror

e problems,

(c) (4 points) When an Na™ ion passes through a sodium ion channel, it sheds a shell of
waters around it to bind to a higher energy bonding site. Why does the Na+ ion flow
through the ion channel, as opposed to “getting stuck” (i.e., maintaining its bond) at
the bonding site? Answer in no more than 4 sentences.

Erst dhe  codions 0 4he  channc! elec"\rbs*uhcal|7 ottt dhe heguire

dhovge  on oxjogn 08 e W0 buedd fo Na+ i A ot o, Then,

the N+ s sl et\cna\f‘\ CON\F(Nw_é 4 K+ Hhat + con T+ 'H\Vuuﬂ\\

-H\L Yon c\\()(\h?.(. ’“\(J( "\’VO ?\(\:PCVW) P(@ VQ‘\+ H‘ '@rbﬂ’\ gcﬁ‘h\ﬂ S\'M-Ck.

e




1.3(c) 2.5/4
+ 4 pts Correct, drift and diffusion currents propel the ion into the cell.
v + 2.5 pts Correct statement that the Na+ ions bond to the binding site because it's more favorable than
shedding waters; or statement about related to shedding waters due to the lipid bilayer. These don't
receive full credit because the question was asking why doesn't it get stuck to the binding site.

+ 0 pts No answer
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(d) (12 points) You are studying the Porg species in a galaxy far he Porgis a
species capable of flying. You find a Porg neuron that is perfectly modeled by a Poisson
process, and is ulated by how high the Porg flies. The Porg neuron’s firing rate, \,

is related to the altitude (flying height) of the Porg (in units of feet), h, according to
the following tuning curve: e m———

1
/\—-1—0h

Answer the following questions about this Porg neuron:

i. (3 points) The Porg flies from a height of 10 feet to 100 feet. During this flight,
are the inter-spike intervals of the Porg neuron exponentially distributed? Justify
your answer in no more than 2 sentences.

No s AW ndt cendtont,  we krow That 4his is  on

To\\omo‘ﬁwou\s Polwon  Process ood  will  vof be  exponestially

distmibuted £ TSTs,

ii. (3 points) You find that the Porg has very precise flight capabilities, and can hover
at the exact same height. You record from the Porg neuron as the Porg is hovering
at the same height for a minute. During this time, are the inter-spike intervals of
the Porg neuron exponentially distributed? Justify your answer in no more than 2
sentences.

Y@S 'ﬁ)\f this SPCC?{W_ '1(\+1YW\\ ‘H'\Er ‘G\”B v-u*( s Lm\S"‘o{&‘. _n\‘u 1‘!\4;’&&4@-}-

ormed will  fhan  be o homogenons Rison  Process  wheh we
|

[ moéc\ "’\\Wwﬁ\\ 9%1;;\([\‘“{7\-\ ISIS_




1.4 (d)(i)3/3
v + 3 pts Correct, not exponential because it's an inhomogeneous Poisson process

+ 0 pts Incorrect.
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(d) (12 points) You are studying the Porg species in a galaxy far he Porgis a
species capable of flying. You find a Porg neuron that is perfectly modeled by a Poisson
process, and is ulated by how high the Porg flies. The Porg neuron’s firing rate, \,

is related to the altitude (flying height) of the Porg (in units of feet), h, according to
the following tuning curve: e m———

1
/\—-1—0h

Answer the following questions about this Porg neuron:

i. (3 points) The Porg flies from a height of 10 feet to 100 feet. During this flight,
are the inter-spike intervals of the Porg neuron exponentially distributed? Justify
your answer in no more than 2 sentences.

No s AW ndt cendtont,  we krow That 4his is  on

To\\omo‘ﬁwou\s Polwon  Process ood  will  vof be  exponestially

distmibuted £ TSTs,

ii. (3 points) You find that the Porg has very precise flight capabilities, and can hover
at the exact same height. You record from the Porg neuron as the Porg is hovering
at the same height for a minute. During this time, are the inter-spike intervals of
the Porg neuron exponentially distributed? Justify your answer in no more than 2
sentences.

Y@S 'ﬁ)\f this SPCC?{W_ '1(\+1YW\\ ‘H'\Er ‘G\”B v-u*( s Lm\S"‘o{&‘. _n\‘u 1‘!\4;’&&4@-}-

ormed will  fhan  be o homogenons Rison  Process  wheh we
|

[ moéc\ "’\\Wwﬁ\\ 9%1;;\([\‘“{7\-\ ISIS_




1.5 (d)(ii) 3/3
v + 3 pts Correct
+ 2 pts Statement that the firing rate is constant, but no statement on if this implies exponential ISIs or
incorrect statement that the ISls are not exponential

+ 0 pts Incorrect
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iii. (6 points) You are able to wirelessly record from this neuron as the Porg flies. You
want to use the neuron to decode the altitude of the Porg by estimating the firing
rate and computing h = 10X. To estimate A, you count the number of spikes in
a 1 second window. Of the possible three choices, when would your decode of the
Porg’s altitude (height) be most accurate? Choose one of these three, justifying

your answer in no more than 4 sentences.
A. It doesn’t matter; the Porg neuron has the same accuracy across all altitudes.

@When the Porg is at a height of 10 feet.
C. When the Porg is at a height of 100 feet.

|
We kEro~ from prior thet N E. ToD Noise 15  an tm,oof*‘mﬁ“‘

Lo Yo covider  herg, oand the standowd denintion S “‘re

At 8 A(,Pmc\ux'f or The meen Sr o~ Polgsen

hD‘ISQ
miatrize  owr ’ﬁ*r‘irﬁ rote v

Therefore, we wAll Wt Ao
+ 4he w&‘\‘ acoarate \'\l«i‘s\*\'

PFDLU).

minimize  the  rohe osgocrnied +e %



1.6 (d)(iii)6 /6

v + 6 pts Correct, with a justification that the variance of the spike counts will be lower since the spike counts
are Poisson distributed

+ 4 pts Correct, but without explicit justification that there are lower variance spike counts

+ 2 pts Incorrect, with the argument that having more spikes gives a more robust estimate or getting the
variance distribution wrong.

+ 2 pts Incorrect, with an argument for why the neuron is similarly accurate at 10ft and 100ft; the most common
one is that the tuning function is injective, but this ignores firing rate variance.

+ 0 pts Incorrect without justification, or no answer

Page 15



2. Membrane Potential. (35 points)

The US Space Force is studying an alien neuron in one of the labs at Area 51. They observe
that the membrane of this neuron is only permeable to Na* and F~. Intrigued, they get their
best team, Alice and Bob, to analyse the neuron further. Alice is an expert in measuring the
chemical properties of neurons and Bob’s expertise is in measuring their electrical properties.

(a) (6 points) Alice’s experiments take more time than Bob’s. By the time she finds that
the extracellular steady-state concentration of F~ is 10mM, Bob has already measured
the equilibrium potential of F~ and found that it is 116mV. Alice determines she does
not need to spend time measuring the cytoplasmic (i.e., inside the neuron) concentra-
tion of F~. What is the cytoplasmic concentration of F'~7?

Hint: You should use the Nernst equation, considering RT/F at room temperature
(25°C)

RT [X]o
B = = loggies
X o l0310 [X]1
_ 58mV o &
= 2 210 [X]1

The valence, z, of an ion with negative charge is also negative.

=
"
G
5
= |
v

o O
\03 1,
ol = 1o



21(a)6/6
v - 0 pts Correct
- 2 pts $$\frac{RTYF} \times In \frac{a}{b} = 25mV \times In10 \times log_{10)\frac{a}{b} = (58
log_{10\frac{a)}b}) mV$$
- 3 pts Math mistake.
- 4 pts $$[F"-1_i = 10mM$$ is incorrect. Extracellular corresponds to space outside the neuron.

- 6 pts No attempt.
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(b) (7 points) It is faster for Alice to measure a ratio of the steady-state ion concentrations
across the membrane. Doing this for Na* ions, she finds that they are 10 times more
—————

concentrated inside the neuron than outside it. What is the maximum peak-to-peak
voltage of the action potentla.l that this neuron can fire?

58 B!
ENcA+ 3 —T . \O‘ﬁ Ea\ :
DO”‘ji

= — 53 mV

Peok -do-Peae = Wb +58 =] |74 ™V




22(b)7/7
v - 0 pts Correct
-1pts $$V_{pp}$$ is always positive.
- 3 pts Incorrect $$V_{pp}$$.
- 5 pts Incorrect $$E_{Na"+]$$.
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(c) (8 points) Bob measured the resting membrane potential of this neuron and he finds
that it On noticing that this is very close to the equilibrium potential of F~,
Bob quickly concludes that the membrane of the neuron is certainly more permeable
to F'~ than Na*. Given just the observations up to this point, Alice argues that there
still is a possibility that Bob could be wrong. Show a mathematical justification for
why Alice is rightfully cautious.

Hint: You should use the Goldman equation to find a relationship between P, the
permeability for F~, and Pyn,, the permeability for Na*.

- -BI\ K?P [-F__}D + PNo\LNvU\*‘]u
=m - Pe LE g # PNO\[NN]i

PF— EFrla e ?Nw EN‘A+1°

= 25\n <
0o = 2 ( —F‘F‘E;_:—j—,"v_f_ \:N,\LNO\*];

LT, *+ Pun CN' e

R

Pl + Prn CNAY N

Sk, 2

S LB LE), — Fe CFT]), = Pun CNA 1, = 546 B, (Na*);

e (56 LE - L8 L) & P (D, - 5460015 )

P (Nt Y - 546 LNaD;
Pua veueLe cdo T BT,

ard e ‘-xrm\af\nw world v have e Mo & F°

e DFL or [FN ane bo by, dhen B[Ry, <




23(c)a/s
- 0 pts Correct
- 1 pts Incorrect final value. (Math mistake)
- 2 pts Did not state the Goldman equation.
- 2 pts Correct verbal reasoning. Did not find the relationship between $$P_{F1$$ and $$P_{Na}$$.
- 3 pts Incomplete justification. Argument still based on known quantities.
v - 4 pts Goldman equation is incorrect.

- 8 pts Did not attempt.
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(d) (4 points) Wary of Bob’s hasty conclusion, Alice decides to gather more information to
correctly estimate the permeability of the membrane. She now measures the extracel-

lular steady-state concentration of Na* and finds that it is 1mM. Is the membrane
more permeable to F'~7?

Fybet dy 2 A LNU\+1" B e (1= I ) [F—:\; = (ooo

)

Fro~ The ‘:MVIOM CCLV‘(/"“O”

_fi - - SL\'(?U?\ -5 We con c\ew(7 sce T membvune

Prren 54. (:COW) - 10 s chmemﬂt .

(e) (10 points) Finally, Alice concludes the experiment and states the following facts about

o

0% Nt

w N VO

the steady-state of the neuron. For each of these true statements, provide a brief ex-
planation (no more than 4 sentences each) for why it is true.

(4 points) The chemical diffusion force on F~ is greater than the electric drift force
on it.

Due 40 suh & \ovge  conceptodion of E\:‘].I e 2 EF']°
the é"@e\rb\ul\ fvee  witl be Geazitie Thon the  drts

cunee~t
OPPDN\‘S dhis S ffusion, wWe cen sce Qol/ud\f‘mrium Pa{zﬂ\—tm\ oo =g
g 3o Then Wt\.\,,ynm ‘:»fh!ﬂ’rfm 5t The membrene, l\ﬂJme'N\l\(\/) ‘l’\\z
reat

cherte A dithrsin €ovee \s \o\(gév-_

ii. (4 points) The net electro-chemical force on Nat pushes it out of the cell

The ‘évY'H- cwrect Qwu\\e_l Nat ont  as the r't,g'(‘“r‘(.\)) ‘)o'}v\*‘v\\

S o~ positve V00 mV, The diffasion covrtat  puhey Nt

ot 8 thee B lOx moe rade Fhab owdstde,

iii. (2 points) The alien neuron has ion-pumps that maintain the ion concentrations
They pump Na* and F~ into the cell.

(& QA‘AD\H‘\NCI Pvf‘)r ‘au""h ‘:‘_ w No\-" ove ‘3'\5\\?,4 Uvd' OF %

cele \n oder o wllow  for  acten poteetols, S-Hw!; Sede i

\’vv\\’ wed W\(\mky The Ton  pumps ?A_; e"‘zfljy Vi - s 5734(‘“ s
ot concaNucdrin "\\V“\‘J ety L Theye P p Nar ond - Agoon o
TRt ele o = dhemi el -Foré(’,s.



24(d)o/a
- 0 pts Correct
- 1 pts Math mistake.
- 2 pts Goldman equation is incorrect.
- 3 pts Incorrect/insufficient reasoning.

v - 4 pts Incorrect answer.

@ Must take [FL_i in numerator
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(d) (4 points) Wary of Bob’s hasty conclusion, Alice decides to gather more information to
correctly estimate the permeability of the membrane. She now measures the extracel-

lular steady-state concentration of Na* and finds that it is 1mM. Is the membrane
more permeable to F'~7?

Fybet dy 2 A LNU\+1" B e (1= I ) [F—:\; = (ooo

)

Fro~ The ‘:MVIOM CCLV‘(/"“O”

_fi - - SL\'(?U?\ -5 We con c\ew(7 sce T membvune

Prren 54. (:COW) - 10 s chmemﬂt .

(e) (10 points) Finally, Alice concludes the experiment and states the following facts about

o

0% Nt

w N VO

the steady-state of the neuron. For each of these true statements, provide a brief ex-
planation (no more than 4 sentences each) for why it is true.

(4 points) The chemical diffusion force on F~ is greater than the electric drift force
on it.

Due 40 suh & \ovge  conceptodion of E\:‘].I e 2 EF']°
the é"@e\rb\ul\ fvee  witl be Geazitie Thon the  drts

cunee~t
OPPDN\‘S dhis S ffusion, wWe cen sce Qol/ud\f‘mrium Pa{zﬂ\—tm\ oo =g
g 3o Then Wt\.\,,ynm ‘:»fh!ﬂ’rfm 5t The membrene, l\ﬂJme'N\l\(\/) ‘l’\\z
reat

cherte A dithrsin €ovee \s \o\(gév-_

ii. (4 points) The net electro-chemical force on Nat pushes it out of the cell

The ‘évY'H- cwrect Qwu\\e_l Nat ont  as the r't,g'(‘“r‘(.\)) ‘)o'}v\*‘v\\

S o~ positve V00 mV, The diffasion covrtat  puhey Nt

ot 8 thee B lOx moe rade Fhab owdstde,

iii. (2 points) The alien neuron has ion-pumps that maintain the ion concentrations
They pump Na* and F~ into the cell.

(& QA‘AD\H‘\NCI Pvf‘)r ‘au""h ‘:‘_ w No\-" ove ‘3'\5\\?,4 Uvd' OF %

cele \n oder o wllow  for  acten poteetols, S-Hw!; Sede i

\’vv\\’ wed W\(\mky The Ton  pumps ?A_; e"‘zfljy Vi - s 5734(‘“ s
ot concaNucdrin "\\V“\‘J ety L Theye P p Nar ond - Agoon o
TRt ele o = dhemi el -Foré(’,s.



25(e)i)a/a
v - 0 pts Correct
- 2 pts Did not mention that resting potential is **LESS** than the equilibrium potential.
- 3 pts Insufficient reasoning.

- 4 pts Incorrect or no attempt
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(d) (4 points) Wary of Bob’s hasty conclusion, Alice decides to gather more information to
correctly estimate the permeability of the membrane. She now measures the extracel-

lular steady-state concentration of Na* and finds that it is 1mM. Is the membrane
more permeable to F'~7?

Fybet dy 2 A LNU\+1" B e (1= I ) [F—:\; = (ooo

)

Fro~ The ‘:MVIOM CCLV‘(/"“O”

_fi - - SL\'(?U?\ -5 We con c\ew(7 sce T membvune

Prren 54. (:COW) - 10 s chmemﬂt .

(e) (10 points) Finally, Alice concludes the experiment and states the following facts about

o

0% Nt

w N VO

the steady-state of the neuron. For each of these true statements, provide a brief ex-
planation (no more than 4 sentences each) for why it is true.

(4 points) The chemical diffusion force on F~ is greater than the electric drift force
on it.
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ii. (4 points) The net electro-chemical force on Nat pushes it out of the cell
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iii. (2 points) The alien neuron has ion-pumps that maintain the ion concentrations
They pump Na* and F~ into the cell.
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2.6 (e)ii)a/a
v - 0 pts Correct
- 2 pts Incorrect direction or no mention of diffusion force.
- 2 pts Incorrect direction or no mention of drift force.
- 3 pts Insufficient reasoning.

- 4 pts Incorrect.
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(d) (4 points) Wary of Bob’s hasty conclusion, Alice decides to gather more information to
correctly estimate the permeability of the membrane. She now measures the extracel-

lular steady-state concentration of Na* and finds that it is 1mM. Is the membrane
more permeable to F'~7?
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(e) (10 points) Finally, Alice concludes the experiment and states the following facts about
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the steady-state of the neuron. For each of these true statements, provide a brief ex-
planation (no more than 4 sentences each) for why it is true.

(4 points) The chemical diffusion force on F~ is greater than the electric drift force
on it.
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g 3o Then Wt\.\,,ynm ‘:»fh!ﬂ’rfm 5t The membrene, l\ﬂJme'N\l\(\/) ‘l’\\z
reat

cherte A dithrsin €ovee \s \o\(gév-_

ii. (4 points) The net electro-chemical force on Nat pushes it out of the cell
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S o~ positve V00 mV, The diffasion covrtat  puhey Nt
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iii. (2 points) The alien neuron has ion-pumps that maintain the ion concentrations
They pump Na* and F~ into the cell.
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2.7 (e)(iii) 2/ 2
v - 0 pts Correct
- 1 pts Insufficient reasoning.

- 2 pts Incorrect
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(a) (5 points) Find the distribution of the number of spikes fired on a given day.

Hint: If you think of 10am as the starting time of the process, then this part of the
problem is asking you to compute the distribution of N(8).

Fu\( 728 -\(\\\umu%d\owj PP

s
N(g) ~ ?P( j;\uc\ A+\

o, Bisahe (ét‘l\“\ + ()M + 5 2N2) + (D) +‘3_(2\LL|\+'2(1>)(2\)

PRI
\ ~ Poisson LQH)

(b) (5 points) Find the probability @ sYn—kes are fired @ Again, you can
assume without loss of generality that the process starts at 10am. You may leave your
answer in terms of e.
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31(a)5/5
v - 0 pts Correct
- 2 pts Did not mention poisson distribution

- 3 pts Incorrect parameter for poisson distribution
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(a) (5 points) Find the distribution of the number of spikes fired on a given day.

Hint: If you think of 10am as the starting time of the process, then this part of the
problem is asking you to compute the distribution of N(8).

Fu\( 728 -\(\\\umu%d\owj PP

s
N(g) ~ ?P( j;\uc\ A+\

o, Bisahe (ét‘l\“\ + ()M + 5 2N2) + (D) +‘3_(2\LL|\+'2(1>)(2\)

PRI
\ ~ Poisson LQH)

(b) (5 points) Find the probability @ sYn—kes are fired @ Again, you can
assume without loss of generality that the process starts at 10am. You may leave your
answer in terms of e.
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32(b)5/5
v - 0 pts Correct
- 3 pts Incorrect parameter for Poisson distribution

- 2 pts Incorrect probability value for the event
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(c) (25 points) Assume that exactly two spikes have been fired from 10am-12pm. In this
part of the problem, we will walk you through the steps for finding the expected firing
time of the second spike. For this part of the problem too, you can assume without loss
of generality that the process starts at 10am. You may leave your answer in terms of e.

i. (15 points) Let’s define the random variable T as the firing time of the second [ ¢ o

spike with units of hours.” Also, let’s define the event A that ex es  pumh!)' ’
ha‘zmw. With these definitions, compute the cumulative

distribution function (CDF) of T, conditioned on the event A i.e find Fr, 4(t|A).
—_—— .

Hint: Frp,4(t|A) = P(T, < t|A), where 0 <t < 2.
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3.3(c)(i) 15 /15
v - 0 pts Correct
- 5 pts Incorrect event for the numerator
- 2 pts Incorrect poisson parameter for N(t)

- 2 pts Incorrect poisson parameter for N(2) - N(t)
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ii. (5 points) Use the conditional CDF computed in the previous part to compute
the probability density function (PDF) of T5 conditioned on the event A i.e. find

fry14(t|A).

Hint: fr, a(t|A) = & Fr, a(t|A), where 0 <t < 2.

iii. (5 points) Use the conditional PDF to compute E[T|A] and then use it to compute
the expected firing time of the second spike conditioned on event A.

Hint: Elfiring time of second spike|A] = 10am + E[T5|A].
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3.4(c)(ii)o/5
- 0 pts Correct
- 2 pts Incorrect derivative
v - 5 pts Not attempted
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ii. (5 points) Use the conditional CDF computed in the previous part to compute
the probability density function (PDF) of T5 conditioned on the event A i.e. find

fry14(t|A).

Hint: fr, a(t|A) = & Fr, a(t|A), where 0 <t < 2.

iii. (5 points) Use the conditional PDF to compute E[T|A] and then use it to compute
the expected firing time of the second spike conditioned on event A.

Hint: Elfiring time of second spike|A] = 10am + E[T5|A].
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3.5 (c)(iiiy4/5
- 0 pts Correct
v -1 pts Incorrect expected value

- 5 pts Not attempted
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4Bonus 0/7
- 0 pts Correct

v -7 pts Incorrect
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