
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, homework number and date, e.g.:

MAT/BIS27A
HW 3
Due: January 31, 2019.

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)

Taylor “Tay-tay” Swift
Serena Williams

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
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
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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: January 31, 2019. To be handed in at the beginning of lab.
The topics of this homework are: elimination with matrices, .

These topics are covered in §2.3-2.5 of Strang.

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. (Problem 14, page 67) This 4x4 matrix will need elimination matrices E21 and E32 and E43. What are
these matrices?

A =


2 −1 0 0
−1 2 −1 0
0 −1 2 −1
0 0 −1 2


Note: the notation E21 means that some multiple of row 1 will be added/subtracted from row 2.

2. (Problem 27, page 69) Choose the numbers a, b, c, and d in this augmented matrix so there is a) no
solution, and b) infinitely many solutions.

[A b] =

 1 2 3 a
0 4 5 b
0 0 d c


Which of the numbers, a, b, c or d have no effect on the solvability?

3. (Problem 2, page 77) What rows or columns or matrices do you multiply to find
a) The second column of AB?
b) The first row of AB?
c) The entry in row 3, column 5 of AB?
d) The entry in row 1, column 1 of CDE?
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4. (Problem 6, page 78) Show that (A + B)2 is not equal to A2 + 2AB + B2 when

A =

[
1 2
0 0

]
and B =

[
1 0
3 0

]
Write the correct rule for (A + B)(A + B) = A2+ +B2.

5. (Problem 11, page 79) If you do a row operation on A and then a column operation, this result is the
same is if you do a column operation first. (Try it). Why is this true?

Note: A row operation is adding/subtracting one row from another; a column operation adding/subtracting
one column from another.

6. (Problem 32, page 82). Suppose you solve Ax = b for three special right sides, b:

Ax1 =

 1
0
0

 Ax2 =

 0
1
0

 Ax3 =

 0
0
1


If these solutions are the columns of X = [x1 x2 x3], what is A times X?

7. (Problem 1, page 92). Find the inverses (directly from the 2x2 formula) of A, B and C:

A =

[
0 3
4 0

]
B =

[
2 0
4 2

]
C =

[
3 4
5 7

]

8. (Problem 7, page 92) If A has row 1 + row 2 = row 3, show that A is not invertible.

a) Explain why Ax =

 0
0
1

 cannot have a solution. (Add equation 1 and equation 2).

b) Which right sides

 b1
b2
b3

 might allow a solution to Ax = b.

c) In elimination, what happens to equation 3?
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Problems 9, 10 and 11 have partial credit. Together, these 3 problems are worth 60 points (20 points each).

9. Wicked smaht. Example 2.4A (page 76 of the textbook) concerns graph theory. Graph theory is a
branch of mathematics, and linear algebra is a useful tool in this field. Like most mathematics, graph theory
has a variety of real-world applications. It is most useful for describing networks, where a variety of discrete
entities, called “nodes,” interact with each other. One could imagine, for example, Facebook accounts as
being nodes, and we are interested in whether the accounts are friends with one another.

Here, for example, is a simple network with four nodes: Using our Facebook example, we could imagine

1

2 3

4

four different accounts, numbered 1-4. Individual 1 is friends with individuals 2 and 3; individual 2 is friends
with individuals 1, 3 and 4, and so on. Obviously this is a simplified example, but it will allow us to see how
the tools of linear algebra apply.

One thing that we can do, which will prove to be useful, is to represent this graph with a matrix. This
matrix is called the adjacency matrix for the graph, and well denote it by A. The entries of the matrix,
which are all ones or zeros, tell us whether two nodes are connected. If node i is connected to node j (i.e.
individual i is friends with individual j), then Aij = 1; if node i is not connected to node j (i.e. individual i
is not friends with individual j), then Aij = 0.

For this particular graph, the adjacency matrix is

A =


0 1 1 0
1 0 1 1
1 1 0 1
0 1 1 0



a) Note that all of the diagonal entries of matrix A are zero. In the context of the example, a Facebook
network, what does this mean? Does it make sense? Write your answers to these questions in a couple of
sentences.

b) Note that the matrix is symmetric, that is Aij = Aji. In the context of the example, a Facebook network,
what does this mean? Does it make sense? Write your answers to these questions in a couple of sentences.

Consider starting, say, at node 1 in the network. Now imagine moving to a nearby node to which node 1
is connected (i.e. either 2 or 3). This is a “one step walk.” Imagine repeating this process, to produce two
step walks, three step walks, etc. One interesting property of the adjacency matrix is that A2 gives you the
number of two step walks between nodes, A3 the number of three step walks, and so on. More specifically,
An

ij is the number of the number of n-step walks between nodes i and nodes j.
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To see how this works, let’s square A for our example network:

A2 =


0 1 1 0
1 0 1 1
1 1 0 1
0 1 1 0




0 1 1 0
1 0 1 1
1 1 0 1
0 1 1 0

 =


2 1 1 2
1 3 2 1
1 2 3 1
2 1 1 2


The entry of that matrix in the second row, third column, A2

23 = 2. Therefore, there should be two distinct
two-step walks between nodes 2 and nodes 3. Perhaps you can see that if you start at node 2, you could
arrive at node three either via node 1 (2-1-3) or via node 4 (2-4-3).

Note that, in the Facebook example, A2
ij tells you the number of friends that individual i and individual

j share. E.g., accounts 2 and 3 share two friends (1 and 4), so that A2
23 = 2.

c) Write out the three two-step walks that start and end at node 2.

d) How many three-step walks start at node 1 and end at node 4? Write them out.

Here, is a slightly more complex network with four nodes:

4

1 2 3

Figure 1: The graph, G

Note that nodes 2 and 3 are connected twice. That means that the adjacency matrix has zeros where nodes
are not connected, ones where nodes are singly connected, and twos where nodes are doubly connected.

Perhaps you have seen the movie Good Will Hunting. In it, Will (Matt Damon) plays a young janitor
who solves a problem that Fields-medal-winning Professor Lambeau (Stellan Skarsg̊ard) has written on a
hallway blackboard, as a challenge for his graduate class. Below are the first two parts of that problem:

e) Write the adjacency matrix A of the graph G.

f) Find the matrix giving the number of three step walks in G.
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10. Mass matrix. As you’ve seen in previous homework, linear algebra comes up frequently in classical
mechanics. You’ve seen several problems in statics, i.e. when the mechanical system has come to rest in
some equilibrium configuration. Here, you’ll see how linear algebra arises in dynamics, i.e. the mechanical
system’s time-dependent approach to that equilibrium.

One place that linear algebra – and inverse matrices – arises is in a “mass matrix.” The idea is that
one typically wants to solve Newton’s second law, F = ma, for acceleration, a. By doing so, one can then
find position as a function of time, x(t), by using a numerical integrator to integrate acceleration twice with
respect to time. With a scalar equation, this process if easy, one simply divides by m, and Newton’s second
law becomes a = F/m. However, with a vector equation, one must invert a mass matrix.

Here’s an example to show how it’s done. Consider the mechanical system, pictured below. It is similar,
but not identical, to the mechanical system you looked at on your last homework.

Here, two masses, attached to springs, slide frictionlessly on a vertical wire. The springs have rest length `i
and stiffness ki. The masses are located a distance yi from the top of the wire. Gravity points straight down
the wire.

For this system, Newton’s second law gives us

m1
d2y1
dt2

= −k1y1 + m1g + k2y2

m2
d2y1
dt2

+ m2
d2y2
dt2

= −k2y2 + m2g

where, for simplicity, we assume `1 = `2 = 0. Note that the left hand side of both equations is mass times
acceleration. The second equation has two terms, because the position of the second mass is y1 + y2 (its
acceleration is the second time derivative of position). The right hand side of both equations are the forces
from the springs and from gravity.

a) Write Newton’s second law as a matrix-vector equation of the form Ma = f , where a =

[
d2y1

dt2
d2y2

dt2

]
.

b) Solve the equation in part a) for acceleration, a. Leave your answer in terms of M , a and f .

c) Your answer to part b) should involve the inverse of the matrix M . Calculate it using Gauss-Jordan
elimination. Your answer will include the variables m1 and m2, which you may assume are non-zero.
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d) I have provided some Matlab code. Download it, and save it to the appropriate directory. Type in the
inverse of the mass matrix, the one you calculated in part c, into line 42 of the program. Save it. Now, in
the command line, type

>> X = Problem10_HW3;

What happens? Are the results consistent with your intuition? Briefly (in a few sentences) explain.

Optional: On lines 48 and 49, there is some code commented out. Uncomment the code (by deleting
the “%”). Rerun it as before. You should now see how the system behaves with friction, so that it settles
down to a steady equilibrium. Try different values for the damping coefficient, c, and see how the system’s
behavior changes.

11. Worksheet. Please turn in a completed version of worksheet 3.
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