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Section 13.1: Vector Functions and Space Curves
Math 163: Calculus Il (Fall 2022)

Vector Functions and Space Curves
In general, a function is a rule that assigns to each element in the domain an element in the range.

In this section we will look at vector functions in 3D. These are functions whose domain is a set of real

numbers and whose range is a set of vectors, V.

t € %) _is used to indicate the independent variable (input) because it often (but not always) represents

time. 7 (t) eV} is the dependent variable (output) defined as:

F(0)=(f(1).g(0).h(0))=f (1) +g(t)j+h(r)k

Where f,g and h are real-valued functions called the component functions of 7 .

Example 1: Find the domain of 7 (t) = ( o

[1] Ifr() = (£, g(2), h(r)), then

lim r(z) = (lim (), lim g(7), lim h(t)>
t—a t—a t—a t—a

provided the limits of the component functions exist.
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A vector function 7 is continuous at a if lim7 (t) = F%. That is if and only if its component functions

1—a

are continuous at a.
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There is a close connection between parametric equations and
space curves.

o Paramettic equations: v = f sk y=glel 2= 5]

o SpassewrverFlr)id f%\}fef{f},i’if}/

R N

For the given space curve, 7 (t) is the position vector of the point 7 K\\}

PonC. 4 y

?{f§~<—it+?

= (t2 - 2t)f+ (t+1)7

where 1 = <1,0> and ] =<0,1>. "ZJ 5 c DZA

We need to be able to identify and explain curves whose vectors are given and vice versa. For example,

we have learned to write and identify the parametric e

1Caliica o FQCIRLLY UIC P

Example 4: Sketch the curve whose vector equation is: 7 (t) = (3 cost); + (3 sin t)] + %
x G \
: N
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This curve is called a helix.
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Into the helix: A helix is a shape like a corkscrew or spiral staircase. It is a type of smooth space curve
with tangent lines at a constant angle to a fixed axis. Helices are important in biology, as the DNA
molecule is formed as two intertwined helices, and many proteins have helical substructures, known as
alpha helices. The word helix comes from the Greek word for "twisted, curved". A "filled-in" helix — for
example, a "spiral" (helical) ramp — is a surface called helicoid. The pitch of a helix is the height of one
complete helix turn, measured parallel to the axis of the helix.

Example 4: Graph the following functions using technology.

a) 7(t)= <(sin 31)(cost),(sin3¢)(sin t),t> b) 7 () =(cost,sint,sin 2r)

Example 5: Sketch the curve 7 (t) =17+ j +é. Indicate the direction and think about its projection

on xy -plane. ‘ﬂ_)j&%‘ cv ﬁ)
. Lo deroy
t’ = (¢ )’L £ < (f")
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Example 6: Find a vector equation and parametric equations for the line segment that joins P(l,—l, 8)

nd Q831 7 () ';(74;)9}9 > & @ ar xSt<é)
"/2(1‘:) = (1**&) <’7’7,g> + —t—<g?2,)>
( vector 67"""7”” M) :

X=(-€)+8& = 2] (Paramka
= - - - UL — UMONA)

W= (-6 ¥ = B 49/,

2= (168 + = -F +8 O2tE

Example 7: Find a vector valued function that represents the curve of intersection of the two surfaces:

2

The parabeloid 2 = 9x® w9 and the parabolic eviinder y = 4x” .

choase, PaMMMer X =
Pay"a‘ behe 027“0’0‘“‘ : Y = ye”

«Famka/o\‘ D=9 L/)z—ﬁ (9&)°

o dhe cvre of )= < £ <, 9&»@7
folersectiorr 25 -
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