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Lecture Six 

Vector-Valued Functions and Motion in Space 

6.1. Curvature and Normal Vectors of a Curve  

In this section we study how a curve turns or bends. We look first at curves in the 

coordinate plane, and then at curves in space.  

6.1.1. Curvature of a Plane Curve 

As a particle moves along a smooth curve in 

the plane, 𝑇⃑ =
𝑑𝑟

𝑑𝑠
 turns as the curve 

bends. Since 𝑻⃑⃑  is a unit vector, its length 

remains constant and only its direction 

changes as the particle moves along the 

curve. The rate at which 𝑻⃑⃑  turns per unit of 

length along the curve is called the 

Curvature. 
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Along a straight line, 𝑻⃑⃑  always points in the same direction. The curvature |
𝑑𝑇⃑ 

𝑑𝑠
| is zero. 

 

Ex. 

Ex. 
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This formula enables us to find 𝑵⃑⃑  without 

having to find k and s first. 

 

 

Ex. 

Sol. 

(2) 
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6.1.2. Curvature and Normal Vectors for Space Curves 

 

 

 Ex. 

Sol. 
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Note: Exercises 13.4. in Thomas Calculus 12th edition have the similar problems 

above. 

6.2. Tangential and Normal Components of Acceleration 

When an object is accelerated by gravity, 

brakes, or a combination of rocket motors, 

we usually want to know how much of the 

acceleration acts in the direction of 

motion, in the tangential direction 𝑻⃑⃑ . We 

can calculate this using the Chain Rule to 

rewrite 𝒗⃑⃑  as 

 

 

Then we differentiate both ends of this string of equalities to get 

 

Ex. 

Sol. 

Prev. Ex. 

Prev. Ex. 
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The tangential and normal components of the acceleration of an object that is speeding up 

as it moves counterclockwise around a circle of radius 𝝆. 

 

 

  

Ex. 
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Note: Exercises 13.5. in Thomas Calculus 12th edition have the similar problems 

above. 

Sol. 

 



 

Page 58 of 9 
 

University of Anbar 

College of Engineering 

Dept. of Electrical Engineering 

Calculus_III (2st Stage) 

Abdullah Fawzi Shafeeq 

Lecture Six  

 

 

 


