
Homework, MA 213 Due: 2014-Nov-17

You may work with others to figure out how to do questions, and you are welcome to look for
answers in the book, online, by talking to someone who had the course before, etc. However, you
must write the answers on your own. You must also show your work (you may, of course, quote
any result from the book).

1. Find the determinant.

(a)

∣∣∣∣1 4
2 8

∣∣∣∣
The formula for 2×2 determinants gives 1 · 8− 2 · 4 = 0.

(b)

∣∣∣∣∣∣
2 1 1
1 1 0
6 4 1

∣∣∣∣∣∣
Gauss’s Method

−(1/2)ρ1+ρ2−→
−3ρ1+ρ3

−2ρ2+ρ3−→

2 1 1
0 1/2 −1/2
0 0 −1


followed by multiplying down the diagonal gives the determinant as −1.

2. Consider the linear transformation t : R3 → R3 represented with respect to the standard bases
by this matrix.  1 0 −1

3 1 1
−1 0 3


(a) Compute the determinant of the matrix.

Gauss’s Method

−3ρ1+ρ2−→
ρ1+ρ3

1 0 −1
0 1 4
0 0 2


gives the determinant as 2.

(b) Find the size of the box defined by these vectors. 1
−1
2

  2
0
−1

 1
1
0


What is its orientation?

Find the value of this determinant.∣∣∣∣∣∣
1 2 1
−1 0 1
2 −1 0

∣∣∣∣∣∣ = +6

The orientation is positive.



(c) Find the image under t of the vectors in the prior item and find the size of the box that
they define.

First, find the image of the vectors under the transformation. Since this transformation
is represented by the given matrix with respect to the standard bases, and with respect
to the standard basis the vectors represent themselves, we can just multiply them, from
the left, by the matrix. 1

−1
2

 t7−→

−1
4
5

  2
0
−1

 t7−→

 3
5
−5

 1
1
0

 t7−→

 1
4
−1


Then compute the size of the resulting box.∣∣∣∣∣∣

−1 3 1
4 5 4
5 −5 −1

∣∣∣∣∣∣ = 12

3. Consider this transformation of R3.

t(

x
y
z

) =

x− z
z
2y


Consider also these two bases.

B = 〈

1
2
3

 ,

0
1
0

 ,

0
0
1

〉 D = 〈

1
0
0

 ,

1
1
0

 ,

1
0
1

〉
We will represent the transformation using two similar matrices.

(a) Draw the arrow diagram.

R3
wrt B

t−−−−→
T

R3
wrt B

id

y id

y
R3
wrt D

t−−−−→
T̂

R3
wrt D

(b) Compute T = RepB,B(t).

On each element of the starting basis B find the effect of the transformation1
2
3

 t7−→

−2
3
4

 0
1
0

 t7−→

0
0
2

 0
0
1

 t7−→

−1
1
0


and represented those with respect to the ending basis B

RepB(

−2
3
4

) =

−2
7
10

 RepB(

0
0
2

) =

0
0
2

 RepB(

−1
1
0

) =

−1
3
3


to get the matrix.

T = RepB,B(t) =

−2 0 −1
7 0 3
10 2 3





(c) Compute T̂ = RepD,D(t).

Find the effect of the transformation on the elemnts of D1
0
0

 t7−→

1
0
0

 1
1
0

 t7−→

1
0
2

 1
0
1

 t7−→

0
1
0


and represented those with respect to the ending basis D

RepD(

1
0
0

) =

1
0
0

 RepD(

1
0
2

) =

−1
0
2

 RepD(

0
1
0

) =

−1
1
0


to get the matrix.

T = RepD,D(t) =

1 −1 −1
0 0 1
0 2 0


(d) Compute the matrices for other the two sides of the arrow square.

To go down on the right we need RepB,D(id), so we first compute the effect of the identity
map on each element of D, which is no effect, and then represent the results with respect
to B.

RepD(

1
2
3

) =

−4
2
3

 RepD(

0
1
0

) =

−1
1
0

 RepD(

0
0
1

) =

−1
0
1


So this is P .

P =

−4 −1 −1
2 1 0
3 0 1


For the other matrix RepD,B(id) we can just find the inverse

P−1 =

 1 1 1
−2 −1 −2
−3 −3 −2




