
Determinants II

Name: Unique ID:

Problem 1. Consider the matrix X given by

X =

t− 5 −2 −4
8 t+ 2 10
4 1 t+ 5


Find all values of t for which X is singular.



Problem 2. Consider the system of equations given by

− 8x − y + z = −1
− 6x + y + 4 z = 2
− x + y − 5 z = −5

Use Cramer’s rule to solve this system.



The cross product of v,w ∈ R3 is the “symbolic determinant” given by

v ×w =

∣∣∣∣∣∣
e1 e2 e3
v1 v2 v3
w1 w2 w3

∣∣∣∣∣∣ =
[ ∣∣∣∣v2 v3

w2 w3

∣∣∣∣ −
∣∣∣∣v1 v3
w1 w3

∣∣∣∣ ∣∣∣∣v1 v2
w1 w2

∣∣∣∣ ]⊺
Note that v ×w is a vector.

Problem 3. Let n = v ×w where v =
[
3 −7 5

]⊺
and w =

[
5 4 2

]⊺
. Find n and calculate the inner

products ⟨n,v⟩ and ⟨n,w⟩.

Problem 4. The scalar triple product states that any three vectors v,w,x ∈ R3 satisfy the equation

⟨x,v ×w⟩ =

∣∣∣∣∣∣
x1 x2 x3

v1 v2 v3
w1 w2 w3

∣∣∣∣∣∣
Use this equation to show that v is orthogonal to v ×w.

Hint. What is the rank of the matrix in this equation when x = v?



Problem 5. Consider the parallelogram P formed by two vectors v,w ∈ R3.

v

w P

The area of this parallelogram is given by area(P) = ∥v × w∥. Use this fact to calculate the area of the
following parallelogram

P

P (1, 1, 3)
Q (8,−3,−3)

R (−1,−2,−2)
S (6,−6,−8)


