Lecture Notes Name: CMMP
Math 2400 - Calculus 111
Spring 2024

10.2 Derivatives and Integrals of Vector Functions

Definition. What is the derivative of a vector function 7(¢)?
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Question. Explain the derivative of a vector function geometrically.
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Definition. What is the unit tangent vector?

Theorem. If #(t) = (f(t),g(t), h(t)), where f, g, and h are differentiable functions, show that

7(t) = (f'(t),g'(t), W' (t)).
- To find ?"(t)) di{Cereptrate each ComeM‘\'

/(D

"

TM'JM& Nector ok P PR
TM)M‘\' lne aF P: Line thowh e ’mllel P FD
D

|7 @)

—_
Unik «\—an:)u\' veckor 1 T (¢) =

. | -
\lm —_f— F‘(‘t"’/}‘t) - F“['t)] & DQQ\M']?M
At=>o 4 of derivarive

At=>o

a(ﬂ-bt) - 3(.*) lim h(t+A1) ~h (D

); £(E+A6) - F(O ,
(m Jim ,
At>0 At

bt> AL ’ at>o At

C W, g, W

S
b 23 [ Chlteaty- 800, Jltt -9(0), hlE+48) -»ub]

v



Example.
(a) Find the derivative of 7(t) = (1 + t3)i 4 te~'} + sin 2tk.

(b) Find the unit tangent vector at the point where ¢ = 0.
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Example. For the curve #(t) = Vi + (2 — )7, find 7/(¢) and sketch the position vector (1) and
the tangent vector 7#/(1).
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Example. Find parametric equations for the tangent line to the helix with parametric equations
xr = 2cost y =sint z=t

at the point (0,1, 7/2).
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Definition. What is the second derivative of a vector function 77 What is the second derivative
of the function in the previous example?
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Theorem. Suppose # and v are differentiable vector functions, ¢ is a scalar, and f is a
real-valued function. Find differentation formulas for the following expressions.
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Example. Show that if 7(¢) has constant length, then 7(t) and 7/(¢) are orthogonal for all .
What does this result mean geometrically?
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Definition. What is the definite integral of a continuous vector function 7(¢)?

Question. How can we extend the Fundamental Theorem of Calculus to continuous vector
functions?

Example. Find fgﬁ/2 7(t) dt if 7(t) = 2 cos ti + sint] + 2tk.



