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1. Simplify 

(𝐴  × 𝐵⃗⃗) ∙ 𝐶 = 𝜀𝑖𝑗𝑘𝐴𝑖𝐵𝑗𝐶𝑘 = |

𝑖̂ 𝑗̂ 𝑘̂
𝐴𝑥 𝐴𝑦 𝐴𝑧

𝐵𝑥 𝐵𝑦 𝐵𝑧

|

𝑖̂ 𝑗̂
𝐴𝑥 𝐴𝑦

𝐵𝑥 𝐵𝑦

∙ 𝐶

= [(𝐴𝑦𝐵𝑧 − 𝐴𝑧𝐵𝑦)𝑖̂ + (𝐴𝑧𝐵𝑥 − 𝐴𝑥𝐵𝑧)𝑗̂ + (𝐴𝑥𝐵𝑦 − 𝐴𝑦𝐵𝑥)𝑘̂] ∙ 𝐶

= (𝐴𝑦𝐵𝑧 − 𝐴𝑧𝐵𝑦)𝐶𝑥 + (𝐴𝑧𝐵𝑥 − 𝐴𝑥𝐵𝑧)𝐶𝑦 + (𝐴𝑥𝐵𝑦 − 𝐴𝑦𝐵𝑥)𝐶𝑧  
2. Simplify 

(𝐴  × 𝐵⃗⃗) ∙ (𝐶  × 𝐷⃗⃗⃗) = 𝜀𝑖𝑗𝑘𝐴𝑖𝐵𝑗𝑒̂𝑘𝜀𝑙𝑚𝑛𝐶𝑙𝐷𝑚𝑒̂𝑛 = 𝜀𝑖𝑗𝑘𝐴𝑖𝐵𝑗𝜀𝑙𝑚𝑘𝐶𝑙𝐷𝑚

= 𝜀𝑖𝑗𝑘𝜀𝑙𝑚𝑘𝐴𝑖𝐵𝑗𝐶𝑙𝐷𝑚 = (𝛿𝑖𝑙𝛿𝑗𝑚 − 𝛿𝑖𝑚𝛿𝑗𝑙)𝐴𝑖𝐵𝑗𝐶𝑙𝐷𝑚

= 𝐴𝑖𝐵𝑗𝐶𝑖𝐷𝑗 − 𝐴𝑖𝐵𝑗𝐶𝑗𝐷𝑖 = 𝐴𝑖𝐵𝑗(𝐶𝑖𝐷𝑗 − 𝐶𝑗𝐷𝑖) 
3. Simplify 

(𝐴  × 𝐵⃗⃗) ∙ (𝐵⃗⃗  × 𝐶) × (𝐶  × 𝐴) 
First, we need to compute the second and third factors: 

(𝐵⃗⃗  × 𝐶) × (𝐶  × 𝐴) = 𝜀𝑖𝑗𝑘𝐵𝑖𝐶𝑗𝑒̂𝑘𝜀𝑙𝑚𝑛𝐶𝑙𝐴𝑚𝑒̂𝑛 

𝐵⃗⃗  × 𝐶 = |

𝑖̂ 𝑗̂ 𝑘̂
𝐵𝑥 𝐵𝑦 𝐵𝑧

𝐶𝑥 𝐶𝑦 𝐶𝑧

|

𝑖̂ 𝑗̂
𝐵𝑥 𝐵𝑦

𝐶𝑥 𝐶𝑦

= (𝐵𝑦𝐶𝑧 − 𝐵𝑧𝐶𝑦)𝑖̂ + (𝐵𝑧𝐶𝑥 − 𝐵𝑥𝐶𝑧)𝑗̂ + (𝐵𝑥𝐶𝑦 − 𝐵𝑦𝐶𝑥)𝑘̂ 

𝐶  × 𝐴 = |

𝑖̂ 𝑗̂ 𝑘̂
𝐶𝑥 𝐶𝑦 𝐶𝑧

𝐴𝑥 𝐴𝑦 𝐴𝑧

|

𝑖̂ 𝑗̂
𝐶𝑥 𝐶𝑦

𝐴𝑥 𝐴𝑦

= (𝐶𝑦𝐴𝑧 − 𝐶𝑧𝐴𝑦)𝑖̂ + (𝐶𝑧𝐴𝑥 − 𝐶𝑥𝐴𝑧)𝑗̂ + (𝐶𝑥𝐴𝑦 − 𝐶𝑦𝐴𝑥)𝑘̂ 

(𝐵⃗⃗  × 𝐶) × (𝐶  × 𝐴)

= |

𝑖̂ 𝑗̂ 𝑘̂
𝐵𝑦𝐶𝑧 − 𝐵𝑧𝐶𝑦 𝐵𝑧𝐶𝑥 − 𝐵𝑥𝐶𝑧 𝐵𝑥𝐶𝑦 − 𝐵𝑦𝐶𝑥

𝐶𝑦𝐴𝑧 − 𝐶𝑧𝐴𝑦 𝐶𝑧𝐴𝑥 − 𝐶𝑥𝐴𝑧 𝐶𝑥𝐴𝑦 − 𝐶𝑦𝐴𝑥

|

𝑖̂ 𝑗̂
𝐵𝑦𝐶𝑧 − 𝐵𝑧𝐶𝑦 𝐵𝑧𝐶𝑥 − 𝐵𝑥𝐶𝑧

𝐶𝑦𝐴𝑧 − 𝐶𝑧𝐴𝑦 𝐶𝑧𝐴𝑥 − 𝐶𝑥𝐴𝑧

 

 
Like any good computer scientist and software engineer, I will write Win32 C/C++ 
console application to verify my formulas. 
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Exercise 2      5 

Exercise 3      0 

Exercise 4      0.666667 

Exercise 5      1 

Exercise 10     0.648886        0.648886 
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exited with code 0 (0x0). 

Press any key to close this window . . . 


