
ECE C143A/C243A Midterm
Brandon Hsu

TOTAL POINTS

82.5 / 107

QUESTION 1

Problem 1 30 pts

1.1 (a) 8 / 10

   + 2 pts i correct

✓ + 2 pts ii correct

✓ + 2 pts iii correct

✓ + 2 pts iv correct

✓ + 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

1.2 (b) 4 / 4

✓ + 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.

✓ + 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

✓ + 3 pts Correct, not exponential because it's an

inhomogeneous Poisson process

   + 0 pts Incorrect.

1.5 (d)(ii) 3 / 3

✓ + 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 ISIs are not exponential

   + 0 pts Incorrect

1.6 (d)(iii) 6 / 6

✓ + 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

2.1 (a) 6 / 6

✓ - 0 pts Correct

   - 2 pts $$\frac{RT}{F}  \times ln \frac{a}{b} = 25mV

\times ln10 \times log_{10}\frac{a}{b} = (58

log_{10}\frac{a}{b}) mV$$

   - 3 pts Math mistake.

   - 4 pts $$[F^-]_i = 10mM$$ is incorrect. Extracellular

corresponds to space outside the neuron.

   - 6 pts No attempt.

2.2 (b) 7 / 7

✓ - 0 pts Correct

   - 1 pts $$V_{pp}$$ is always positive.

   - 3 pts Incorrect $$V_{pp}$$.

   - 5 pts Incorrect $$E_{Na^+}$$.

2.3 (c) 4 / 8

   - 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.

✓ - 4 pts Goldman equation is incorrect.

   - 8 pts Did not attempt.

2.4 (d) 0 / 4

   - 0 pts Correct

   - 1 pts Math mistake.

   - 2 pts Goldman equation is incorrect.

   - 3 pts Incorrect/insufficient reasoning.

✓ - 4 pts Incorrect answer.

1      Must take [F]_i  in numerator

2.5 (e)(i) 4 / 4

✓ - 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) 4 / 4

✓ - 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

✓ - 0 pts Correct

   - 1 pts Insufficient reasoning.

   - 2 pts Incorrect

QUESTION 3

Problem 3 35 pts

3.1 (a) 5 / 5

✓ - 0 pts Correct

   - 2 pts Did not mention poisson distribution

   - 3 pts Incorrect parameter for poisson distribution

3.2 (b) 5 / 5

✓ - 0 pts Correct

   - 3 pts Incorrect parameter for Poisson distribution

   - 2 pts Incorrect probability value for the event



3.3 (c)(i) 15 / 15

✓ - 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)(ii) 0 / 5

   - 0 pts Correct

   - 2 pts Incorrect derivative

✓ - 5 pts Not attempted

3.5 (c)(iii) 4 / 5

   - 0 pts Correct

✓ - 1 pts Incorrect expected value

   - 5 pts Not attempted

QUESTION 4

4 Bonus  0 / 7

   - 0 pts Correct

✓ - 7 pts Incorrect
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1.1 (a) 8 / 10

   + 2 pts i correct

✓ + 2 pts ii correct

✓ + 2 pts iii correct

✓ + 2 pts iv correct

✓ + 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
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1.2 (b) 4 / 4

✓ + 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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1.3 (c) 2.5 / 4

   + 4 pts Correct, drift and diffusion currents propel the ion into the cell.

✓ + 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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1.4 (d)(i) 3 / 3

✓ + 3 pts Correct, not exponential because it's an inhomogeneous Poisson process

   + 0 pts Incorrect.
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1.5 (d)(ii) 3 / 3

✓ + 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 ISIs are not exponential

   + 0 pts Incorrect
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1.6 (d)(iii) 6 / 6

✓ + 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
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2.1 (a) 6 / 6

✓ - 0 pts Correct

   - 2 pts $$\frac{RT}{F}  \times ln \frac{a}{b} = 25mV \times ln10 \times log_{10}\frac{a}{b} = (58

log_{10}\frac{a}{b}) mV$$

   - 3 pts Math mistake.

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

   - 6 pts No attempt.
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2.2 (b) 7 / 7

✓ - 0 pts Correct

   - 1 pts $$V_{pp}$$ is always positive.

   - 3 pts Incorrect $$V_{pp}$$.

   - 5 pts Incorrect $$E_{Na^+}$$.
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2.3 (c) 4 / 8

   - 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.

✓ - 4 pts Goldman equation is incorrect.

   - 8 pts Did not attempt.
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2.4 (d) 0 / 4

   - 0 pts Correct

   - 1 pts Math mistake.

   - 2 pts Goldman equation is incorrect.

   - 3 pts Incorrect/insufficient reasoning.

✓ - 4 pts Incorrect answer.

1      Must take [F]_i  in numerator
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2.5 (e)(i) 4 / 4

✓ - 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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2.6 (e)(ii) 4 / 4

✓ - 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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2.7 (e)(iii) 2 / 2

✓ - 0 pts Correct

   - 1 pts Insufficient reasoning.

   - 2 pts Incorrect
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3.1 (a) 5 / 5

✓ - 0 pts Correct

   - 2 pts Did not mention poisson distribution

   - 3 pts Incorrect parameter for poisson distribution
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3.2 (b) 5 / 5

✓ - 0 pts Correct

   - 3 pts Incorrect parameter for Poisson distribution

   - 2 pts Incorrect probability value for the event
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3.3 (c)(i) 15 / 15

✓ - 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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3.4 (c)(ii) 0 / 5

   - 0 pts Correct

   - 2 pts Incorrect derivative

✓ - 5 pts Not attempted
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3.5 (c)(iii) 4 / 5

   - 0 pts Correct

✓ - 1 pts Incorrect expected value

   - 5 pts Not attempted

Page 39



4 Bonus  0 / 7

   - 0 pts Correct

✓ - 7 pts Incorrect
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