
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 via Smartsite 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 F1
TA: Ralph Macchio
HW 2
Due April 19, 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 3
Jaromir Jagr (writer)
Sarah Jessica Parker

Michelle Wie
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, office hours and the text, which need
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not be cited). 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, see the syllabus.

DUE: April 19, 2018. To be handed in during your section.
The topic of this homework is: partial derivatives (§10.3) and tangent planes/linearization (§10.4).

These topics are covered in §10.3–4 in 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. Suppose g(x, t) = ax3 cos(xt), where a is a constant. Calculate ∂g/∂t and ∂g/∂x.

2. Suppose g(x, t) = x3 cos(xt) (the same function as problem 1, with a = 1). Linearize g(x, t) about x = 1,
t = π/4.

(For problems 3 and 4) In your cells, small molecules experience forces as water molecules collide with
them. These forces make the molecules “dance” or perform a “random walk.” Consequently, a large number
of molecules, all starting near one another, will slowly move apart. This process is called diffusion.

Suppose we start with a very concentrated chemical located at x = 0. As time increases, the random forces
cause the chemical to spread. One can keep track of the concentration c at a particular position x at a
particular time t: c(x, t). This concentration obeys the following partial differential equation:

D
∂2c

∂x2
=
∂c

∂t
(1)

where D is a constant, called the “diffusion constant.” For the following, suppose D = 1 and neglect units.
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By directly calculating the partial derivatives, in problems 3 and 4 you will show that

c(x, t) =
a√
4t

exp

(
−x

2

4t

)
satisfies the partial differential equation (Eq. 1), where a is a constant.

3. Given c(x, t) = a√
4t

exp
(
−x2

4t

)
, calculate

∂2c

∂x2
(to get full credit, you must show your work).

4. Calculate
∂c

∂t
and show that it is equal to your answer from part 3 (to get full credit, you must show

your work).

(For problems 5 and 6) You will sketch some contours of c(x, t) = a√
4t

exp
(
−x2

4t

)
where we will now

assume a = 1.

5. Sketch vertical slices through c(x, t) at t = 1, t = 2 and t = 3. Be sure to label your axes. These represent
snapshots of the concentration of the chemical as time progresses. In your plots, you should see the chemical
spread out.

6. Sketch vertical slices through c(x, t) at x = 0, x = 1 and x = 2. Be sure to label your axes. These show
the concentration of the chemical at a particular position as a function of time.

7. Linearize f(x, y) = xy2 about the point x = 1, y = 1.

8. Use your answer to problem 7 to approximate (1.02)(1.03)2. Compare your answer to the exact value.

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

9. Determining Steepness. Suppose that you’re standing on a surface described by the function

z = f(x, y) = −x2 −
(y

2

)2
You are located at x = 1, y = 1 (and therefore at altitude z = −1− (1/2)2 = −5/4).

a. If you’re facing toward the +y direction, how steep is it to your right (i.e. at your position, what’s the
slope in the +x direction)?

b. If you’re facing toward the +y direction, how steep is it in front of you (i.e. at your position, what’s the
slope in the +y direction)?
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c. Find the equation for the tangent plane at your position (note: this is equivalent to linearizing the func-
tion f(x, y) about your position, x = 1, y = 1).

d. This tangent plane can tell you how steep it is in any direction. Here’s how.

Your tangent plane equation should look like z = ax + by + c, where a, b and c are numbers. Suppose you
take a step of size ` in some direction. No matter what direction you step, you could get to that same
point by first stepping a distance ∆x along the x-axis and then a step of size ∆y parallel to the y-axis. The
pythagorean theorem tells us that `2 = ∆x2 + ∆y2. (Note that a step directly along the +x axis would have
∆x = `, ∆y = 0, while a step directly along the +y axis would have ∆x = 0, ∆y = `)

The change in height for this step is then

∆z = z(x+ ∆x, y + ∆y)− z(x, y)

= a∆x+ b∆y

= a∆x+ b
√
`2 −∆x2

The slope is the change in height divided by the step size

s =
∆z

`
=
a∆x+ b

√
`2 −∆x2

`

i. Plug in the numbers from your answer to part c. and show that a step directly to the right (∆x = `) gives
you your answer from part a.

ii. Plug in the numbers from your answer to part c. and show that a step directly forward (∆x = 0) gives
you your answer from part b.

iii. Describe how you would find the value of ∆x that would give the maximum slope (just write a few
sentences, you don’t need to write or solve any equations).
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10. Finding Fixed Points. Linearization is an extremely useful tool. There are lots of applications for
it (we’ll see a few as the course continues). Here, we’ll examine one application: finding fixed points of
non-linear differential equations. You saw some biological/medical applications of these equations in 17B;
you’ll see more in 17C.

Recall from 17B that if you had a differential equation of the form

dx

dt
= f(x)

then a fixed point occurs at x∗ if f(x∗) = 0. Thus, to find all fixed points, one must simply solve f(x∗) = 0.
Sometimes, you can’t solve this equation with algebra, for example f(x) = x − e−x. So, what do you do
then?

One thing you can do is approximate the value of x∗ using a linearization. Here’s how.

a. Suppose f(x) = x− e−x. Linearize this equation about x = 0.55.

b. Your answer to part a. should look like f(x) ≈ mx + b, where m and b are numbers. Now, using this
linear approximation, solve for f(x∗) = 0 (i.e. solve mx∗ + b = 0, where you use the values of m and b you
calculated in part a). NOTE: the “exact” solution is x = 0.56714329041.

Maybe this technique isn’t so impressive for functions of one variable since you could just plot the function
on a graphing calculator and look for where the curve crosses the x-axis. But, this technique also works for
functions of two variables.

Suppose that

dx

dt
= f1(x, y) = 3x2 − 2xy + 7y2 − 8 + y

dy

dt
= f2(x, y) = −3x2 + 4x− 3y + 2y2

and you want to find the fixed point (x∗, y∗) that satisfies f1(x∗, y∗) = f2(x∗, y∗) = 0.

c. Linearize both f1(x, y) and f2(x, y) about x = 0, y = 0.

d. Write your answer to part c. so that it looks like

f1(x, y) = ax+ by + c

f2(x, y) = dx+ ey + f

where a, b, c, d, e, and f are all numbers. Then, write the equation in matrix-vector form as f = Mx + b.
Your answer should look like [

f1(x, y)
f2(x, y)

]
≈
[
m11 m12

m21 m22

] [
x
y

]
+

[
b1
b2

]
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where m11, m12, m21 m22 b1 and b2 are all numbers.

(NOTE: The final step in the process would be to solve the equation Mx∗ + b = 0 by rearranging the
equation to be x∗ = −M−1b, but you don’t have to do this).

11. Please turn in a completed version of worksheet 2.
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