
12.3 

1. 〈1,2,1〉 ∗ 〈4,3,5〉 = 1 ∗ 4 + 2 ∗ 3 + 1 ∗ 5 = 15 

13. Because 〈1,1,1〉 ∗ 〈1,−2,−2〉 = 1 ∗ 1 + 1 ∗ (−2) + 1 ∗ (−2) = −3 

is negative, the angle between two vectors is obtuse. 

21. 𝑢 = 𝑖 + 𝑗 + 0𝑘 𝑎𝑛𝑑 𝑣 = 0𝑖 + 𝑗 + 2𝑘 , 𝑐𝑜𝑠〈𝑢, 𝑣〉 =
𝑢∗𝑣

|𝑢|∗|𝑣|
=

1

√2∗√5
=

√10
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29. (a) If these two vectors are orthogonal, 〈𝑏, 3,2〉 ∗ 〈1, 𝑏, 1〉 = 0 → 𝑏 +

3 ∗ 𝑏 + 2 = 0. And 𝑏 = −
1

2
. 

(b) 〈4, −2,7〉 ∗ 〈𝑏2, 𝑏, 0〉 = 4 ∗ 𝑏2 − 2 ∗ 𝑏 = 0. We can solve that 𝑏 =

1

2
 𝑜𝑟 0. 

31. 〈0,1,0〉 𝑎𝑛𝑑 〈3,0,2〉. 

57. 𝑢 = 5𝑖 + 7𝑗 − 4𝑘 𝑎𝑛𝑑 𝑣 = 𝑘 𝑉 =
𝑢∗𝑣

|𝑣|2
∗ 𝑣 = −4𝑘 

63. 𝑂𝑃⃗⃗⃗⃗  ⃗ 𝑖𝑠 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑢 𝑎𝑙𝑜𝑛𝑔 𝑣, 𝑂𝑃⃗⃗⃗⃗  ⃗ =
𝑢∗𝑣

|𝑣|2
∗ 𝑣 = 〈4,1〉. 

 

12.4 

1. 𝑑𝑒𝑡 [
1 2
4 3

] = 1 ∗ 3 − 2 ∗ 4 = −5 

5. 𝑑𝑒𝑡
1 2 1
4 −3 0
1 0 1

= det (1 ∗ [
−3 0
0 1

]) − det (2 ∗ [
4 0
1 1

]) +

det (1 ∗ [
4 −3
1 0

]) = (−3) − (2 ∗ 4) + 3 = −8 

13. (𝑖 + 𝑗) × 𝑘 = 𝑖 × 𝑘 + 𝑗 × 𝑘 

21. (𝑢 − 2𝑣) × (𝑢 + 2𝑣) = 𝑢 × (𝑢 + 2𝑣) − 2𝑣 × (𝑢 + 2𝑣) = 𝑢 × 𝑢 +

2(𝑢 × 𝑣) − 2(𝑣 × 𝑢) − 4(𝑣 × 𝑣) = 0 + 4 ∗ 〈1,1,0〉 − 0 = 〈4,4,0〉 

25. According to right-hand rule, 𝑣 × 𝑤 = −𝑢. 



27. 𝑣 = (3,0,0) 𝑎𝑛𝑑 𝑤 = (0,1, −1) 

   𝑤𝑒 𝑎𝑠𝑠𝑢𝑚𝑒 𝑡ℎ𝑎𝑡 𝑢 = (𝑥, 𝑦, 𝑧) 𝑎𝑛𝑑 𝑤𝑒 𝑐𝑎𝑛 𝑔𝑒𝑡 {
3 ∗ 𝑥 = 0
𝑦 − 𝑧 = 0

. 𝑆𝑜, 𝑢 =

(0, 𝑎, −𝑎). 

   𝑊𝑒 𝑐𝑎𝑛 𝑔𝑒𝑡 𝑠𝑖𝑛〈𝑣, 𝑤〉 = 1 𝑓𝑟𝑜𝑚 𝑐𝑜𝑠〈𝑣, 𝑤〉 =
𝑣∗𝑤

|𝑣||𝑤|
= 0 

   |𝑣 × 𝑤| = |𝑣| ∗ |𝑤| ∗ 𝑠𝑖𝑛〈𝑣, 𝑤〉 = 3 ∗ √2, 

       𝑠𝑜, 𝑎 = 3 𝑎𝑛𝑑 𝑢 = (0,3, −3). 

39.  

 

 

 

   Volume of this parallelepiped is 𝑤 ∗ (𝑢 × 𝑣) = 4. 

41. The area of the parallelogram is equal to |𝑢 × 𝑣| = 𝑑𝑒𝑡
𝑖 𝑗 𝑘
1 0 3
2 1 1

=

det (𝑖 ∗ [
0 3
1 1

]) − det (𝑗 ∗ [
1 3
2 1

]) + det (𝑘 ∗ [
1 0
2 1

]) = |−3 ∗ 𝑖 + 5 ∗

𝑗 + 𝑘| = √35 

43.  

 

 

 

The area of triangle 𝑂𝑃𝑄 is half of area of the parallelogram 

spanned by O, P, Q, which equal to 𝑂𝑄⃗⃗⃗⃗⃗⃗ × 𝑂𝑃⃗⃗⃗⃗  ⃗. So, the area of triangle is 

1

2
(𝑂𝑄⃗⃗⃗⃗⃗⃗ × 𝑂𝑃⃗⃗⃗⃗  ⃗) =

1

2
(𝑑𝑒𝑡

𝑖 𝑗 𝑘
3 3 0
0 3 3

) =
9√3

2
. 



45. We assume a= (1,2), b= (3,4), c= (-2,2). 

 𝑎𝑏⃗⃗⃗⃗ = (2,2) 𝑎𝑛𝑑 𝑎𝑐⃗⃗⃗⃗ = (−3,0). And the area is 
|𝑎𝑏⃗⃗⃗⃗  ⃗×𝑎𝑐⃗⃗ ⃗⃗  |

2
=

𝑑𝑒𝑡[
2 2

−3 0
]

2
= 3. 


