
22W-MATH-32B-LEC-4 Final Exam

JOHANNA BAI

TOTAL POINTS

177 / 200

QUESTION 1

25 pts

1.1 (a) 7 / 7

✓ - 0 pts Correct

   - 5 pts described the image of S under G

   - 3 pts Only described the corner points

   - 7 pts Incorrect or incorrect work

1.2 (b) 8 / 8

✓ + 6 pts Correct Jacobian matrix

   + 4 pts Minor error in Jacobian matrix

✓ + 2 pts Correct Jacobian (determinant calculation)

   + 1 pts Minor calculation error in Jacobian

(determinant calculation)

1.3 (c) 10 / 10

✓ - 0 pts Correct answer (of pi^4/3)

   - 0 pts Correct (given error in part a or part b)

   - 2 pts did not take absolute value of Jacobian, so

off by sign

   - 2.5 pts incorrect or missing Jacobian

   - 10 pts Incorrect

QUESTION 2

25 pts

2.1 (a) 5 / 5

✓ + 5 pts Correct sketch of $$D$$ (more or less)

   + 2 pts Correct drawing but wrong region labeled

   + 0 pts Incorrect or blank

2.2 (b) 10 / 10

✓ + 10 pts Correct region(s)

   + 10 pts Used complement (correctly) instead

   + 0 pts Incorrect or blank

   + 5 pts One correct region

   + 3 pts Partial credit (e.g. only complement)

   + 0 pts These are curves, not regions

2.3 (c) 10 / 10

✓ + 10 pts Correct answer

   + 10 pts Incorrect but based on incorrect answer to

part (b)

   + 7 pts Computational error(s)

   + 0 pts Incorrect or blank

QUESTION 3

25 pts

3.1 (a) 10 / 10

✓ + 10 pts Correct

   + 8 pts Correct, except used the upward normal

   + 8 pts Partial credit (computation error)

   + 5 pts Partial credit

   + 0 pts Incorrect or blank

3.2 (b) 15 / 15

✓ + 15 pts Correct (either parameterization or div.

thm.)

   + 14 pts Wrong sign

   + 11 pts Partial credit (computation)

   + 5 pts Partial credit (parameterization)

   + 3 pts Partial credit

   + 0 pts Incorrect or blank

QUESTION 4

25 pts

4.1 (a) 5 / 5

✓ + 5 pts Correct drawing (more or less)

   + 3 pts Partially correct drawing (e.g. missing a lot of
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the region, or both paraboloids go through 0)

   + 2 pts Wrong region labeled

   + 0 pts Incorrect or blank

4.2 (b) 10 / 10

✓ + 10 pts Correct

   + 7 pts Forgot $$r$$

   + 6 pts Computation errors or bound errors

   + 3 pts Integrate over square or cylinder

   + 0 pts Incorrect or blank

   + 10 pts Wrong W but consistent with (a)

4.3 (c) 10 / 10

✓ + 10 pts Obtain $$8$$ vol $$W$$

   + 0 pts Incorrect or blank

   + 7 pts Error computing divergence

   + 5 pts Partial credit: use/state divergence theorem

   + 2 pts Assume field has a vector potential and get

0

QUESTION 5

25 pts

5.1 (a) 10 / 10

✓ + 10 pts Correct

   + 0 pts Incorrect (see point adjustment for partial

credit)

5.2 (b) 12 / 15

✓ + 10 pts Correct answer (using integral from part

(a))

   + 5 pts Cited Fubini's theorem to change order of

integration

   + 0 pts None of the above

+ 2 Point adjustment

mentioned that region is vertically & horizontally

simple

QUESTION 6

25 pts

6.1 (a) 5 / 5

✓ + 5 pts Correct.

   - 2 pts Minor mistake in form of quotient rule.

   - 1 pts Dropped a negative in derivatives.

   + 0 pts Incorrect.

6.2 (b) 1 / 5

   + 1 pts Parameterized curve

   + 2 pts Setup integral

   + 2 pts Evaluated integral correctly.

   - 1 pts Minor mistake

   + 0 pts Incorrect

✓ + 1 pts Set up Green's theorem.

NOTE: you cannot use Green's theorem because

$$F$$ is not smooth at the origin, which is

contained in the circle.

ALTERNATE : Show that $$F$$ is conservative.

   + 4 pts Showed that $$F$$ is conservative by

finding potential function.

   + 1 pts Concluded result.

   - 1 pts Minor mistake in calculation of potential

function.

1      Green's theorem cannot be used here because

$$F$$ is not smooth at the origin, which is contained

in the circle.

6.3 (c) 12 / 15

Green's Theorem Method

   + 2 pts Correct general formula for Green's theorem

   + 1 pts Choose $$R$$ so that $$C_R$$ is within

$$Q$$

   + 10 pts Correct boundary to apply Green's theorem

   + 2 pts Conclude based on previous part

   - 1 pts Minor mistake

Conservative Method

✓ + 10 pts Show that $$F$$ is conservative

✓ + 5 pts Conclude that the integral is $$0$$

   - 4 pts Significant error in finding potential function

   - 1 pts Small mistake in computing potential function

   + 0 pts Incorrect or no valid justification

- 3 Point adjustment



Claimed that Green's theorem could be applied.

2      Green's theorem cannot be applied here because

$$F$$ is not smooth at the origin, which is contained

in the curve.

3      This is a correct method

QUESTION 7

25 pts

7.1 (a) 7 / 9

   + 9 pts Correct (found a potential function or drew

level curves)

   + 0 pts Incorrect or no explanation

✓ + 7 pts Provided evidence that F was path

independent on the domain or that all circulation

integrals in the domain will be 0.

   + 7 pts Showed curl was 0/cross partials condition,

**and** tried to determine if the **domain of the vector

field** was simply connected or not

   + 4 pts Showed curl was 0 or checked cross partials

condition.  This is not sufficient to answer the

question.

7.2 (b) 1 / 8

   + 5 pts Observed that F is path independent

   - 2 pts Incorrect interpretation of path

independence

   + 2 pts Observed that A & Q, and B&P have the

same potential value (observing the distances AB and

PQ are the same is not sufficient)

✓ + 1 pts Observed that C1 goes from A to B, while

C2 goes from Q to P

   + 0 pts Incorrect or no work

7.3 (c) 4 / 8

   - 0 pts Correct

   - 8 pts Incorrect or no reasoning

✓ - 4 pts Partially correct reasoning (does not

describe sign)

QUESTION 8

25 pts

8.1 (a) 9 / 9

✓ - 0 pts Correct (F is not conservative)

   - 9 pts Incorrect or no reasoning.

   - 4 pts Did not prove path dependence/ or did not

prove that there is a curve with nonzero circuation

   - 4 pts Invalid or no justification for why curl is non-

zero

   - 6 pts incorrectly stated curl = 0 (and did not check

simply-connectedness)

   - 6 pts incorrectly stated level curves exist

8.2 (b) 8 / 8

✓ - 0 pts Correct

   - 8 pts Incorrect or no explanation

   + 4 pts Incorrect/unexplained answer, but

interpreted divergence correctly

8.3 (c) 8 / 8

✓ - 0 pts Correct

   - 1 pts interpreted CCW circulation correctly, but

said negative curl

   - 8 pts Incorrect or no explanation.

   + 4 pts Incorrect/unexplained answer, but

interpreted curl correctly

   - 3 pts correct reasoning but incorrect answer

(claimed that F was conservative)

   - 2 pts correct reasoning (but did not (or incorrectly)

explain why $$\frac{\partial F_2}{\partial x}$$ is

positive)
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1.1 (a) 7 / 7

✓ - 0 pts Correct

   - 5 pts described the image of S under G

   - 3 pts Only described the corner points

   - 7 pts Incorrect or incorrect work
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1.2 (b) 8 / 8

✓ + 6 pts Correct Jacobian matrix

   + 4 pts Minor error in Jacobian matrix

✓ + 2 pts Correct Jacobian (determinant calculation)

   + 1 pts Minor calculation error in Jacobian (determinant calculation)
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1.3 (c) 10 / 10

✓ - 0 pts Correct answer (of pi^4/3)

   - 0 pts Correct (given error in part a or part b)

   - 2 pts did not take absolute value of Jacobian, so off by sign

   - 2.5 pts incorrect or missing Jacobian

   - 10 pts Incorrect
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2.1 (a) 5 / 5

✓ + 5 pts Correct sketch of $$D$$ (more or less)

   + 2 pts Correct drawing but wrong region labeled

   + 0 pts Incorrect or blank
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2.2 (b) 10 / 10

✓ + 10 pts Correct region(s)

   + 10 pts Used complement (correctly) instead

   + 0 pts Incorrect or blank

   + 5 pts One correct region

   + 3 pts Partial credit (e.g. only complement)

   + 0 pts These are curves, not regions
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2.3 (c) 10 / 10

✓ + 10 pts Correct answer

   + 10 pts Incorrect but based on incorrect answer to part (b)

   + 7 pts Computational error(s)

   + 0 pts Incorrect or blank
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3.1 (a) 10 / 10

✓ + 10 pts Correct

   + 8 pts Correct, except used the upward normal

   + 8 pts Partial credit (computation error)

   + 5 pts Partial credit

   + 0 pts Incorrect or blank
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3.2 (b) 15 / 15

✓ + 15 pts Correct (either parameterization or div. thm.)

   + 14 pts Wrong sign

   + 11 pts Partial credit (computation)

   + 5 pts Partial credit (parameterization)

   + 3 pts Partial credit

   + 0 pts Incorrect or blank
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4.1 (a) 5 / 5

✓ + 5 pts Correct drawing (more or less)

   + 3 pts Partially correct drawing (e.g. missing a lot of the region, or both paraboloids go through 0)

   + 2 pts Wrong region labeled

   + 0 pts Incorrect or blank
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4.2 (b) 10 / 10

✓ + 10 pts Correct

   + 7 pts Forgot $$r$$

   + 6 pts Computation errors or bound errors

   + 3 pts Integrate over square or cylinder

   + 0 pts Incorrect or blank

   + 10 pts Wrong W but consistent with (a)
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4.3 (c) 10 / 10

✓ + 10 pts Obtain $$8$$ vol $$W$$

   + 0 pts Incorrect or blank

   + 7 pts Error computing divergence

   + 5 pts Partial credit: use/state divergence theorem

   + 2 pts Assume field has a vector potential and get 0
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5.1 (a) 10 / 10

✓ + 10 pts Correct

   + 0 pts Incorrect (see point adjustment for partial credit)
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5.2 (b) 12 / 15

✓ + 10 pts Correct answer (using integral from part (a))

   + 5 pts Cited Fubini's theorem to change order of integration

   + 0 pts None of the above

+ 2 Point adjustment

mentioned that region is vertically & horizontally simple
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6.1 (a) 5 / 5

✓ + 5 pts Correct.

   - 2 pts Minor mistake in form of quotient rule.

   - 1 pts Dropped a negative in derivatives.

   + 0 pts Incorrect.
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6.2 (b) 1 / 5

   + 1 pts Parameterized curve

   + 2 pts Setup integral

   + 2 pts Evaluated integral correctly.

   - 1 pts Minor mistake

   + 0 pts Incorrect

✓ + 1 pts Set up Green's theorem.

NOTE: you cannot use Green's theorem because $$F$$ is not smooth at the origin, which is contained in the

circle.

ALTERNATE : Show that $$F$$ is conservative.

   + 4 pts Showed that $$F$$ is conservative by finding potential function.

   + 1 pts Concluded result.

   - 1 pts Minor mistake in calculation of potential function.

1      Green's theorem cannot be used here because $$F$$ is not smooth at the origin, which is contained in the

circle.
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6.3 (c) 12 / 15

Green's Theorem Method

   + 2 pts Correct general formula for Green's theorem

   + 1 pts Choose $$R$$ so that $$C_R$$ is within $$Q$$

   + 10 pts Correct boundary to apply Green's theorem

   + 2 pts Conclude based on previous part

   - 1 pts Minor mistake

Conservative Method

✓ + 10 pts Show that $$F$$ is conservative

✓ + 5 pts Conclude that the integral is $$0$$

   - 4 pts Significant error in finding potential function

   - 1 pts Small mistake in computing potential function

   + 0 pts Incorrect or no valid justification

- 3 Point adjustment

Claimed that Green's theorem could be applied.

2      Green's theorem cannot be applied here because $$F$$ is not smooth at the origin, which is contained in

the curve.

3      This is a correct method
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7.1 (a) 7 / 9

   + 9 pts Correct (found a potential function or drew level curves)

   + 0 pts Incorrect or no explanation

✓ + 7 pts Provided evidence that F was path independent on the domain or that all circulation integrals in the

domain will be 0.

   + 7 pts Showed curl was 0/cross partials condition, **and** tried to determine if the **domain of the vector

field** was simply connected or not

   + 4 pts Showed curl was 0 or checked cross partials condition.  This is not sufficient to answer the question.
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7.2 (b) 1 / 8

   + 5 pts Observed that F is path independent

   - 2 pts Incorrect interpretation of path independence

   + 2 pts Observed that A & Q, and B&P have the same potential value (observing the distances AB and PQ are

the same is not sufficient)

✓ + 1 pts Observed that C1 goes from A to B, while C2 goes from Q to P

   + 0 pts Incorrect or no work
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7.3 (c) 4 / 8

   - 0 pts Correct

   - 8 pts Incorrect or no reasoning

✓ - 4 pts Partially correct reasoning (does not describe sign)
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8.1 (a) 9 / 9

✓ - 0 pts Correct (F is not conservative)

   - 9 pts Incorrect or no reasoning.

   - 4 pts Did not prove path dependence/ or did not prove that there is a curve with nonzero circuation

   - 4 pts Invalid or no justification for why curl is non-zero

   - 6 pts incorrectly stated curl = 0 (and did not check simply-connectedness)

   - 6 pts incorrectly stated level curves exist
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8.2 (b) 8 / 8

✓ - 0 pts Correct

   - 8 pts Incorrect or no explanation

   + 4 pts Incorrect/unexplained answer, but interpreted divergence correctly
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8.3 (c) 8 / 8

✓ - 0 pts Correct

   - 1 pts interpreted CCW circulation correctly, but said negative curl

   - 8 pts Incorrect or no explanation.

   + 4 pts Incorrect/unexplained answer, but interpreted curl correctly

   - 3 pts correct reasoning but incorrect answer (claimed that F was conservative)

   - 2 pts correct reasoning (but did not (or incorrectly) explain why $$\frac{\partial F_2}{\partial x}$$ is positive)
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