
21W-MATH33B-2 Final Exam
JOE PINTO, SR

TOTAL POINTS

96 / 100

QUESTION 1

Q1 8 pts

1.1 1a 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect

1.2 1b 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect

1.3 1c 0 / 2

   - 0 pts Correct

✓ - 2 pts Incorrect

1.4 1d 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect

QUESTION 2

2 Q2 5 / 8

   - 0 pts Correct

   - 1 pts Sign error / doesn't satisfy the initial condition

   - 1 pts Misc. error

   - 2 pts Didn't write y explicitly

   - 2 pts Computational error

   - 3 pts Didn't use the initial condition (or applied it in

a way that doesn't make sense)

✓ - 3 pts Error in part 1 that throws off the rest

   - 4 pts Subsequent parts unfinished

   - 4 pts No constant in part 2

   - 8 pts Incorrect or blank

y is also a function of x, so (xy)' = xy' + y

QUESTION 3

3 Q3 10 / 10

✓ - 0 pts Correct

   - 2 pts Did not rule out possibility that top entry of

an eigenvector is $$0$$

   - 1 pts Minor errors

   - 3 pts Moderate errors

   - 5 pts Did not consider eigenvectors at all

   - 5 pts Believed eigenvectors could be chosen at

will

   - 6 pts Did not consider $$p_1$$ at all, and thus did

not consider top row at all

   - 5 pts Believed $$p_1$$ solution had eigenvectors,

and thus never considered top row

   - 6 pts Showed $$p_1=p_M$$, and made no further

claims

   - 1 pts Correctly found eigenvectors, but did not

mention reduction to top row only

   - 5 pts Claimed one eigenvector was

$$\begin{pmatrix} 1 \\ 1 \end{pmatrix}$$, nothing

mentioned about the other

   - 3 pts Correctly found eigenvectors, but claimed

that combining vectors and scalars could reduce to

the other solution

   - 4 pts Did not find eigenvectors, and claimed that

they could be combined with scalars to arrive at

$$p_1$$ solution

   - 3 pts Eigenvectors would not work if 0 is an

eigenvalue, also did not properly indicate top row and

absorption of constants

   - 4 pts Began work on eigenvectors but could not

finish

   - 6 pts Believed both versions led to eigenvectors

both being $$\begin{pmatrix} 1 \\ 1 \end{pmatrix}$$

   - 8 pts Complete misunderstanding of matrix

version, or did not attempt matrix version at all



QUESTION 4

Q4 10 pts

4.1 4a 5 / 5

✓ - 0 pts Correct

   - 1 pts Incorrect definition of matrix exponential.

4.2 4b 5 / 5

✓ - 0 pts Correct

   - 1 pts Incorrect value of $$\alpha$$.

   - 0.5 pts Using $$\alpha A$$ instead of $$A$$ in

the formula.

   - 0.5 pts Matrix computation errors.

QUESTION 5

Q5 46 pts

5.1 5a 3 / 6

   - 0 pts Correct

   - 1 pts Minor errors with mass

   - 2 pts Errors with signs

   - 2 pts Had damping terms for other masses

   - 4 pts No attempt at damping terms

✓ - 3 pts Had damping attached to position instead

of velocity

   - 4 pts Had $$c$$ present on all terms?

   - 4 pts Had damping listed as a constant, tried to

write as inhomogeneous?

   - 5 pts Serious mistakes

   - 2 pts One damping term incorrect

   - 2 pts Attached $$x_1,x_2$$ to $$c$$ in the matrix

(but in the correct places)?

   - 2 pts Missing one $$\frac{k_2}{m_i}$$ term

   - 2 pts Simple mistake with $$x'$$ vs $$y'$$

   - 3 pts No mass terms

   - 2 pts Included $$x,x',y,y'$$ terms in the matrix

   - 2 pts Errors with $$k_i$$'s

5.2 5b 4 / 4

✓ - 0 pts Correct

   - 1 pts Believed in a fixed sign for $$\beta$$

   - 2 pts Complex, unsure of $$\alpha$$ sign

   - 2 pts Claimed $$\alpha>0$$

   - 2 pts Claimed $$\alpha=0$$

   - 4 pts Nothing helpful

   - 2 pts "Complex and negative"

   - 1 pts Claimed $$\alpha>0$$ to maintain the minus

sign in the quadratic formula

   - 3 pts "Small distinct eigenvalues,

$$\alpha>0,\beta<0$$"

   - 1 pts Claimed $$\alpha\leq 0$$ only

5.3 5c 3 / 4

   - 0 pts Correct

✓ - 1 pts Implied only two eigenvalues

   - 2 pts Real, but sign wrong (or

unmentioned/unclear)

   - 4 pts Nothing helpful

   - 3 pts Believed complex with negative $$\beta$$

   - 2 pts Believed half of the eigenvalues were

complex

5.4 5d 4 / 4

✓ - 0 pts Correct

5.5 5e 6 / 6

✓ - 0 pts Correct

   - 1 pts Incorrect value of $$(A - \lambda I)^2$$.

5.6 5f 6 / 6

✓ - 0 pts Correct

   - 3 pts Checked eigenvalue but not eigenvector

   - 3 pts Computed A- lambda I but did not apply to

the vector

   - 6 pts Incorrect or no work

5.7 5g 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect / no answer

   - 1 pts Click here to replace this description.

5.8 5h 10 / 10

✓ - 0 pts Correct

   - 2 pts error in solution associated to generalized



eigenvector w

   - 3 pts incorrect solution associated to w

   - 5 pts Does not give real valued solutions

associated to complex conjugate pair of eigenvectors

   - 1 pts incorrect solution associated to v

   - 2 pts error in solutions associated to complex

conjugate pair

   - 4 pts incorrect/incomplete solutions associated to

complex conjugate pair

   - 10 pts Incorrect / no work

5.9 5i 4 / 4

✓ - 0 pts Correct

   - 4 pts Incorrect / no work

   - 2 pts Does not indicate long term behavior or

incorrect assessment

   - 2 pts Incorrect solutions x(t), y(t)

   - 1 pts Does not indicate long term behavior

approaches (0,0)

   - 1 pts error in one of the solutions

QUESTION 6

Q6 18 pts

6.1 6a 4 / 4

✓ + 2 pts y = 2

✓ + 2 pts $$x = \pi k, k\in\mathbb Z$$

   + 1 pts Only finitely many solutions for x

   + 0 pts Incorrect or blank

6.2 6b 8 / 8

✓ + 4 pts Even multiples of $$\pi$$: saddle

✓ + 4 pts Odd multiples of $$\pi$$: spiral sink

   + 0 pts Incorrect or blank

   + 4 pts Med. partial credit (e.g. sign error/results

backwards)

   + 2 pts Partial credit

   + 1 pts Compute Jacobian but no other progress

6.3 6c 6 / 6

✓ + 1 pts $$A = 0$$

✓ + 1 pts $$A = 1$$

✓ + 1 pts $$A = -1$$

✓ + 1 pts $$A = 0$$ is inconclusive for any $$k$$

✓ + 1 pts $$A = 1$$ is inconclusive for odd $$k$$

✓ + 1 pts $$A = -1$$ is inconclusive for even $$k$$

   + 0 pts Incorrect or blank

   + 2 pts Some progress but not specific, or partial

progress due to errors in (b)

6.4 6d(bonus) 5 / 0

✓ + 5 pts Correct

   + 3 pts Right idea, but some issues with explanation

   + 2 pts Believes non-saddles are always one type of

sink

   + 2 pts Believes non-saddles can be either source

or sink

   + 1 pts Believes non-saddles are always source

   + 1 pts On the right track, but with some

incomplete/incorrect elements

   - 0 pts Nothing helpful
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1.1 1a 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect
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1.2 1b 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect
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1.3 1c 0 / 2

   - 0 pts Correct

✓ - 2 pts Incorrect
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1.4 1d 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect
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2 Q2 5 / 8

   - 0 pts Correct

   - 1 pts Sign error / doesn't satisfy the initial condition

   - 1 pts Misc. error

   - 2 pts Didn't write y explicitly

   - 2 pts Computational error

   - 3 pts Didn't use the initial condition (or applied it in a way that doesn't make sense)

✓ - 3 pts Error in part 1 that throws off the rest

   - 4 pts Subsequent parts unfinished

   - 4 pts No constant in part 2

   - 8 pts Incorrect or blank

y is also a function of x, so (xy)' = xy' + y
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3 Q3 10 / 10

✓ - 0 pts Correct

   - 2 pts Did not rule out possibility that top entry of an eigenvector is $$0$$

   - 1 pts Minor errors

   - 3 pts Moderate errors

   - 5 pts Did not consider eigenvectors at all

   - 5 pts Believed eigenvectors could be chosen at will

   - 6 pts Did not consider $$p_1$$ at all, and thus did not consider top row at all

   - 5 pts Believed $$p_1$$ solution had eigenvectors, and thus never considered top row

   - 6 pts Showed $$p_1=p_M$$, and made no further claims

   - 1 pts Correctly found eigenvectors, but did not mention reduction to top row only

   - 5 pts Claimed one eigenvector was $$\begin{pmatrix} 1 \\ 1 \end{pmatrix}$$, nothing mentioned about the

other

   - 3 pts Correctly found eigenvectors, but claimed that combining vectors and scalars could reduce to the other

solution

   - 4 pts Did not find eigenvectors, and claimed that they could be combined with scalars to arrive at $$p_1$$

solution

   - 3 pts Eigenvectors would not work if 0 is an eigenvalue, also did not properly indicate top row and absorption

of constants

   - 4 pts Began work on eigenvectors but could not finish

   - 6 pts Believed both versions led to eigenvectors both being $$\begin{pmatrix} 1 \\ 1 \end{pmatrix}$$

   - 8 pts Complete misunderstanding of matrix version, or did not attempt matrix version at all
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4.1 4a 5 / 5

✓ - 0 pts Correct

   - 1 pts Incorrect definition of matrix exponential.
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4.2 4b 5 / 5

✓ - 0 pts Correct

   - 1 pts Incorrect value of $$\alpha$$.

   - 0.5 pts Using $$\alpha A$$ instead of $$A$$ in the formula.

   - 0.5 pts Matrix computation errors.
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5.1 5a 3 / 6

   - 0 pts Correct

   - 1 pts Minor errors with mass

   - 2 pts Errors with signs

   - 2 pts Had damping terms for other masses

   - 4 pts No attempt at damping terms

✓ - 3 pts Had damping attached to position instead of velocity

   - 4 pts Had $$c$$ present on all terms?

   - 4 pts Had damping listed as a constant, tried to write as inhomogeneous?

   - 5 pts Serious mistakes

   - 2 pts One damping term incorrect

   - 2 pts Attached $$x_1,x_2$$ to $$c$$ in the matrix (but in the correct places)?

   - 2 pts Missing one $$\frac{k_2}{m_i}$$ term

   - 2 pts Simple mistake with $$x'$$ vs $$y'$$

   - 3 pts No mass terms

   - 2 pts Included $$x,x',y,y'$$ terms in the matrix

   - 2 pts Errors with $$k_i$$'s
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5.2 5b 4 / 4

✓ - 0 pts Correct

   - 1 pts Believed in a fixed sign for $$\beta$$

   - 2 pts Complex, unsure of $$\alpha$$ sign

   - 2 pts Claimed $$\alpha>0$$

   - 2 pts Claimed $$\alpha=0$$

   - 4 pts Nothing helpful

   - 2 pts "Complex and negative"

   - 1 pts Claimed $$\alpha>0$$ to maintain the minus sign in the quadratic formula

   - 3 pts "Small distinct eigenvalues, $$\alpha>0,\beta<0$$"

   - 1 pts Claimed $$\alpha\leq 0$$ only
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5.3 5c 3 / 4

   - 0 pts Correct

✓ - 1 pts Implied only two eigenvalues

   - 2 pts Real, but sign wrong (or unmentioned/unclear)

   - 4 pts Nothing helpful

   - 3 pts Believed complex with negative $$\beta$$

   - 2 pts Believed half of the eigenvalues were complex
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5.4 5d 4 / 4

✓ - 0 pts Correct
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5.5 5e 6 / 6

✓ - 0 pts Correct

   - 1 pts Incorrect value of $$(A - \lambda I)^2$$.
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5.6 5f 6 / 6

✓ - 0 pts Correct

   - 3 pts Checked eigenvalue but not eigenvector

   - 3 pts Computed A- lambda I but did not apply to the vector

   - 6 pts Incorrect or no work
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5.7 5g 2 / 2

✓ - 0 pts Correct

   - 2 pts Incorrect / no answer

   - 1 pts Click here to replace this description.
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5.8 5h 10 / 10

✓ - 0 pts Correct

   - 2 pts error in solution associated to generalized eigenvector w

   - 3 pts incorrect solution associated to w

   - 5 pts Does not give real valued solutions associated to complex conjugate pair of eigenvectors

   - 1 pts incorrect solution associated to v

   - 2 pts error in solutions associated to complex conjugate pair

   - 4 pts incorrect/incomplete solutions associated to complex conjugate pair

   - 10 pts Incorrect / no work
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5.9 5i 4 / 4

✓ - 0 pts Correct

   - 4 pts Incorrect / no work

   - 2 pts Does not indicate long term behavior or incorrect assessment

   - 2 pts Incorrect solutions x(t), y(t)

   - 1 pts Does not indicate long term behavior approaches (0,0)

   - 1 pts error in one of the solutions
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6.1 6a 4 / 4

✓ + 2 pts y = 2

✓ + 2 pts $$x = \pi k, k\in\mathbb Z$$

   + 1 pts Only finitely many solutions for x

   + 0 pts Incorrect or blank
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6.2 6b 8 / 8

✓ + 4 pts Even multiples of $$\pi$$: saddle

✓ + 4 pts Odd multiples of $$\pi$$: spiral sink

   + 0 pts Incorrect or blank

   + 4 pts Med. partial credit (e.g. sign error/results backwards)

   + 2 pts Partial credit

   + 1 pts Compute Jacobian but no other progress
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6.3 6c 6 / 6

✓ + 1 pts $$A = 0$$

✓ + 1 pts $$A = 1$$

✓ + 1 pts $$A = -1$$

✓ + 1 pts $$A = 0$$ is inconclusive for any $$k$$

✓ + 1 pts $$A = 1$$ is inconclusive for odd $$k$$

✓ + 1 pts $$A = -1$$ is inconclusive for even $$k$$

   + 0 pts Incorrect or blank

   + 2 pts Some progress but not specific, or partial progress due to errors in (b)
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6.4 6d(bonus) 5 / 0

✓ + 5 pts Correct

   + 3 pts Right idea, but some issues with explanation

   + 2 pts Believes non-saddles are always one type of sink

   + 2 pts Believes non-saddles can be either source or sink

   + 1 pts Believes non-saddles are always source

   + 1 pts On the right track, but with some incomplete/incorrect elements

   - 0 pts Nothing helpful
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