
14.6 Videos Guide 
 
14.6a 

• The directional derivative of 𝑓(𝑥, 𝑦) in the direction of 𝐮 = 〈𝑎, 𝑏〉, a unit vector:  
𝐷𝐮𝑓(𝑥, 𝑦) = 𝑓"(𝑥, 𝑦)𝑎 + 𝑓#(𝑥, 𝑦)𝑏 

• In ℝ$, for 𝑓(𝑥, 𝑦, 𝑧) and 𝐮 = 〈𝑎, 𝑏, 𝑐〉, a unit vector: 
𝐷𝐮𝑓(𝑥, 𝑦, 𝑧) = 𝑓"(𝑥, 𝑦, 𝑧)𝑎 + 𝑓#(𝑥, 𝑦, 𝑧)𝑏 + 𝑓%(𝑥, 𝑦, 𝑧)𝑐 

 
14.6b 

• The gradient vector 
𝛁𝑓 = 〈𝑓" , 𝑓#〉 or 𝛁𝑓 = 〈𝑓" , 𝑓# , 𝑓%〉 

• The del operator 𝛁 
• Dot product representation of the directional derivative 

𝐷𝐮𝑓 = 𝛁𝑓 ∙ 𝐮 
Exercises: 

• Find the directional derivative of 𝑓(𝑥, 𝑦) = 𝑥𝑦$ − 𝑥& at the point (1, 2) in the direction 
𝜃 = '

$
. 

 
14.6c 

• Find the directional derivative of the function 𝑓(𝑥, 𝑦, 𝑧) = 𝑥𝑦& tan() 𝑧 at the point 
(2, 1, 1) in the direction 𝐯 = 〈1, 1, 1〉. 

• Characteristics of the gradient vector 
o 𝛁𝑓(𝑎, 𝑏) points in the direction of maximum change of 𝑓 
o The maximum rate of change of 𝑓 at (𝑎, 𝑏) is |𝛁𝑓(𝑎, 𝑏)| 

 
14.6d 

• Tangent plane and normal line to a level surface 𝑆: 𝐹(𝑥, 𝑦, 𝑧) = 𝑘 at the point 
(𝑥*, 𝑦*, 𝑧*) 

o Tangent plane:  
𝐹"(𝑥*, 𝑦*, 𝑧*)(𝑥 − 𝑥*) + 𝐹#(𝑥*, 𝑦*, 𝑧*)(𝑦 − 𝑦*) + 𝐹%(𝑥*, 𝑦*, 𝑧*)(𝑧 − 𝑧*) = 0 

o Normal line: "("!
+"("!,#!,%!)

= #(#!
+#("!,#!,%!)

= %(%!
+$("!,#!,%!)

 

Exercise: 
• Find equations of (a) the tangent plane and (b) the normal line to the surface  

𝑥 = 𝑦& + 𝑧& + 1 at the point (3, 1, −1). 


