
Homework groups:

You will complete each of seven homework assignment as part of a three- or four-person group. Group
members are assigned randomly from your section and will remain the same for the duration of the quarter.
Each group turns in one homework, and each participating group member receives the same grade on the
assignment. One member of the group is responsible for writing the homework (the writer), and this writer
rotates for every assignment.

Homework groups work best if: Each member of the homework group finishes (or honestly at-
tempts) the homework independently. At some appointed time, well before the due date, the group meets
and everyone compares answers. Any discrepancies are discussed until a consensus is achieved. The writer
notes the group consensus and makes sure she or he understands how to do the problem. After the meeting,
but before class, the writer neatly and clearly writes the homework according to the Homework guidelines.

Homework groups don’t work if: One or more of the members skips meetings; each group member
does not honestly attempt the homework prior to the meeting; a consensus in not reached for each assigned
problem. If a group member does not adequately participate in the homework, write a note on the homework
and alert your TA. That person will not receive credit.

Homework guidelines for writers:

(Adapted from the website of Professor Andy Ruina). To get full credit, please do these things on each
homework.

1. As a group writer, hand homework in to your TA during section, the day it is due. Homework is
available on my website Thursday night after section, and is due the following week in section (unless
stated otherwise). At the discretion of the TA grading the homework, late homework may or may not
be accepted for reduced credit.

2. On the first page of your homework, please do the following to facilitate sorting. On the top left corner,
please put the course information, your section, TA, homework number and date, e.g.:

MAT17C
Section 4
TA: Doc McStuffins
HW 4
Due May 10, 2018.

On the top right corner, please put your group number, the names of your group members, with the
writer at the top and clearly indicated. Also indicate any non-participating group members, e.g.:

Group 12
Tycho Brahe (writer)

Dame Judi Dench
Rosalind Franklin

James Van der Beek (did not participate)

3. Please put a staple at the top left corner. Folded interlocked corners fall apart. Paperclips fall off.

4. CITE YOUR HELP. At the top of each problem, clearly acknowledge all help you got from TAs,
faculty, students or any other source (with exceptions for lecture and the text, which need not be cited).
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You could write, for example: “Mary Jones pointed out to me that I had forgotten to divide by three
in problem 2,” or “Nadia Chow showed me how to do problem 3 from start to finish,” or “I copied
this solution word for word from Jane Lewenstein” or “I found a problem just like this one, number
9, at cheatonyourhomework.com, and copied it,” etc. You will not lose credit for getting and citing
such help. Don’t violate academic integrity rules: be clear about which parts of your presentation you
did not do on your own. Violations of this policy are violations of the UC Davis Code of Academic
Conduct.

5. Your work should be laid out neatly enough to be read by someone who does not know how to do the
problem. For most jobs, it is not sufficient to know how to do a problem, you must convince others
that you know how to do it. Your job on the homework is to practice this. Box your answers.

6. Grading and regrading. We have a reasonable grading a regrading policy.
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DUE: May 10, 2018. To be handed in during your section.
The topics of this homework are definite double integrals (not covered in Neuhauser) and coupled linear
ODEs (§11.1 of Neuhauser). This builds on topics you learned in Math 17B; you may wish to review
eigenvalues/eigenvectors and first order ODEs (§8 and 9 of Neuhauser)

Problems 1-8 are all or nothing; there is no partial credit available. Make sure you check your answers
carefully, since you will receive no credit even for minor errors. Together, these 8 problems are worth 40
points (five points each).

1. Write the following integral as a sum over a grid with spacing ∆x = 0.01 and ∆y = 0.001∫ 1

0

∫ 1

0

xydxdy

2. Evaluate your sum from problem 3.

(Hint: This is a tricky problem. It may be useful to remember the following properties of sums:

N∑
i=1

i =
N(N + 1)

2

and
N∑
i=1

ai = a

N∑
i=1

i

where a is a constant).

3. Evaluate the integral in problem 3 exactly. Compare your answer to your approximation (your answer
to problem 4).

4. Using polar coordinates (r, θ), write the volume of a sphere of radius R as a double integral.

5. Convert the following integral to polar coordinates and evaluate it.∫ 1

0

∫ √1−y2

0

(√
1− x2 − y2

)
dxdy

6. Write the following equation in matrix vector form (i.e. as dx/dt = Mx)

dx1
dt

= 3x1 +−2x2

dx2
dt

= x1

7. For your matrix-vector equation from question 6, sketch the flow direction (i.e. the vector dx/dt) at
several points along the line x1 = x2.
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8. Based on your drawing in 2, what can you conclude about the vector v =

[
1
1

]
?

(Hint: Your answer to question 6 will be of the form dx/dt = Mx. In question 7, you looked at sev-
eral values of dx/dt along the vector v, this is equivalent to looking at Mv. What would you conclude if
Mv = av, where a is a constant? What would your drawing in question 2 look like?)

Problems 9, 10 and 11 do have partial credit. Together, these 3 problems are worth 60 points (20 points
each).

9. Mathematical Biochemistry.
As you know, enzymes are proteins that catalyze chemical reactions in your body (and the bodies of all living
things). Without them, life is impossible. One focus of biochemistry is understanding how these enzymes
work.

Enzymes often exist in several different three dimensional structures, or “configurations.” Their functionality
depends on their configuration. Biochemists are therefore often interested in how an enzyme moves between
these configurations.

Suppose there’s an enzyme that exists in two states. One, the A state, causes a particular reaction to occur
at a rate k2/3. The other, the B state, causes a particular reaction to occur at a rate 3k2 (a nine-fold increase
over the A state). The enzyme switches between the two states at a rate k1. The system is shown in Fig. 1.
Note that k1 and k2 are positive constants.

A B

k

k
k  /3 3k

1

1
22

Figure 1:

Let’s say that you can measure the concentration of enzyme in the A and B states. Further, suppose that
when an enzyme in either state catalyzes a reaction, it “disappears.” (Biochemists have clever ways to do
these things; ask me if you are interested).

The concentrations of A and B that you measure would then satisfy the following differential equations:

dA

dt
= −

(
k2
3

+ k1

)
A+ k1B

dB

dt
= k1A− (k1 + 3k2)B (1)

a. Write Eq. 1 as a matrix-vector equation, of the form dx/dt = Mx, where x =

[
A
B

]
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b. Suppose that the enzyme does not switch states – that is, k1 = 0. Solve the differential equation for x(t)

given the initial condition x(0) =

[
A0

B0

]
, where A0 and B0 are positive constants.

c. Looking at the kinetic mechanism in Fig. 1, you can see that if the enzyme cannot switch between
conformations, then enzyme in state A will disappear at a constant rate k2/3. Similarly, enzyme in state B
will disappear at a constant rate 3k2. In a short paragraph, relate this intuitive description to the eigenvalues
and eigenvectors in your solution to part b.

d. Now suppose that the enzyme switches configuration at a rate k1 = k2. You measure the concentration
of A as a function of time, starting with an initial concentration of A = 1, and B = 0. What equation should
describe your measurement?
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10. A Mass on a Damped Spring.

Consider a particle bouncing on a spring in the presence of frictional damping. The general picture looks
like this:

Spring, k

Mass, m

Damper, b

x

Figure 2:

Where a particle (of mass m) moves in one dimension, and is attached to a spring (of stiffness k) and a
damper (of damping constant b). The position of the particle is given by x(t).

The following matrix-vector equation describes the position and velocity of the particle[
dv/dt
dx/dt

]
=

[
−b/m −k/m

1 0

] [
v
x

]
(2)

Suppose k/m = 9 and b/m = 10.

a. Write the general solution for x(t) =

[
v
x

]
. (Your answer will be of the form x = as1e

λ1t + bs2e
λ2t,

where si and λi are the eigenvectors and associated eigenvalues of the matrix in Eq. 2).

b. Solve the equation for x =

[
v
x

]
, given that x(0) = 1 and v(0) = 0.

c. Sketch a plot with v on the horizontal axis and x on the vertical axis. On these axes, draw the two
eigenvectors s1 and s2. Indicate the fixed point at x = 0, v = 0. Draw two trajectories, one starting on each
eigenvector, and draw arrows indicating how they approach the fixed point.

d. Draw a new plot with v on the horizontal axis and x on the vertical axis. On these axes, draw the two
eigenvectors s1 and s2. Indicate the fixed point at x = 0, v = 0. Sketch the trajectory you found in part b,
starting at x = 1, v = 0, and draw arrows indicating how it approaches the fixed point.

e. Sketch v(t) and x(t) as a function of time t from your answer to part b.
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11. a) Turn in a completed version of Worksheet 4
b) Turn in a completed version of Worksheet 5.
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