Vector Functions

A vector function 1s a vector whose

components are real-valued functions of a
common variable (parameter), usually .

=2 We’ve seen a vector function before... the
parametric equations of a line

—

r(t)=(x, +at,y, +bt,z, +ct)

A general vector function would be

—

r(6)=(f(1).g(t).h(t))= 1 (t)i+g(t)i+h(r)k



These are vector functions because, when
we evaluate r(7) at a value of ¢, the result 1s
a vector.

The domain of r(7) 1s the intersection of the
domains of the component functions.



Ex. Consider ;(t) = <t3,1n(3 —t),\/;>, find
a) r(2) =<2> 4p-2),/= ) =<8, 0,z

b)Ir(0)] = J(£) t [#-2]" >

¢) the domain of r(t)
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Limits behave as we’d expect.

Ex. Find lim;(t) where ;(t) = <1 + t3,te_t,%>
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Ex. Represent the curve as a vector function:

a) y=x  zlD- kA7



The graph of a vector function 1s called a
space curve.

Ex. Sketch and indicate the orientation of the
curve whose vector equation 1s
r(¢)=(2t,t—3) (first find rectangular)
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Ex. Describe the curve whose¢ vector equation
is 7(¢)=costi+sint j+rk
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Ex. Find the vector function for the curve of
intersection of the cylinder x> + y? =1 and

the plane y + z = 2.
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Derivatives and integrals behave as we’d like.

Ex. Consider ;(t) = <1 + t3,te_t,sint> . find

a) 1(f) = (A, RSO et
- (3t e F(-£) o2 >

b) The unit tangent vector at the point where
p— 2/(0)= Co, 1, 1> R forirlz
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Ex. Find the parametric equations of the line
tangent to ’”,(L) — <2 COS?Z,sIn t,t> at (O,lgg)
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_ ~ 2 t=|
Ex. The functions ri (t) = <t2 ,t,t4> and

) t = ef e e > intersect at the point (1,1,1).
(1: ind the angle of intersection.
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A space curve given by the vector function
r(¢) 1s smooth 1f r'(7) 1s continuous and

r'(t) # 0.

Ex. Find all values of ¢ where ;(t) = <1 + t3,t2>
1S not smooth.




Look on p. 844 for the properties of vector
function derivatigs (sum, product, etc. rules)



Ex. Show that if |r(z)| = ¢, then r'(¢) 1s
orthogonal to r(¢) for all 7.
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Ex. Find the antiderivative of

-/

7 (z‘) — <COS ZI,ZSiIl t’ﬁ> that satisties

—

r(0)=(3,-2,1)
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It

r(¢) = displacement vector, then

r'(¢) = velocity v(?)
r"(¢) = acceleration a(t)

Ir'(2)]| = speed (1)



Ex. Find the velocity, acceleration, and speed of a
particle with position vector r(¢)= <t2 e tef>

T 2k, o ketreti ) < (ak et o)
Tl1)z (2o, Ml ket = (2, LK) D

i (B)2 |+ () [ oo T




Ex. A particle starts with nitial position ;(O) = <1,0,0> and
initial velocity v(0)=(l,—L1). Ifits acceleration is
Zz( t) — <4t, 61,1> , 1ind the position and velocity functions.
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Newton’s Second Law of Motion:

F(¢) = ma({)



Ex. A projectile 1s fired with muzzle speed 150 m/s and an
angle of 45° from a position 10m above the ground.
Where does the projectile hit the ground, and with what

speed? 2 (0)= (o, 10>

S[0) = (150 = Y5, 150,645 )
(757,753
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