Standard 04: NecYor - valued Functions

Common Quadric Surfaces

The previous two standards focused on lines and planes, today we wont to consider surfaces that commonly
appear. Tn particular we will focus on quadric surfaces, ie. graphs of any equation that con be put into the
gene,m\ form ACP+Byt+Ce F Dxy rExe t Fye FGxt HyrIe + 3=0 wheve A,.,T3 are constants.
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The genexval equation of an ellipsoid is
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The general equation of a cylinder is ot ¥ %7 = 1.
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hyperboloid of one sheet

The general equation of o hyperboloid of one sheet is T =1,




hyperboloid of two sheets

The general equation of o Wwperboloid of two sheebs is —oE v fer =1,

elliptic pavaboloid .
The aeneral equation of an elliptic paraboloid is Wt

hyperbolic paraboloid

2 2
The gene,\ral equah'on of a hyperbolic_paraboloid is 2T -vicE.

Domain of Mulkivariable Functions

Recall from high school algebra that the domain of a function of a single. variable, y=F1x), consisted of all the values of x that we can
plug into the function Yo receive o veal number. Tn this case tne domain of the funchion is an interval (or intervals) of values
from the number line. The domain of a function of two variables, 2= fix,y). are Yegions from oo dimensional space and consist of all
e coovdinate pairs, (x,y), that we con plug info the Lunction Yo receive a real number.

Determine 4he domoin of each of the Following:
L) Flx,)= X +yito o) flxy)= Ixry ) flx =X+ Iy (dY Exy) = Inl x2ey? -3)




Similarly, a function of three variables, w=F(xy,2), will have a vegion in three dimensional space as a domain.
1

Determine the domain of | fix,y,2) = Tifryre-a .

Parameterization

We. have already seen our First example of vector-valued functions when we handled equations of lines. The equation of a line, n

vector and parametric form, Yook in a volue t and spit out o position vector ¥.\We aim fo do that heve with more than just lines.

vector- valued functions

A vector -valued function Yakes in one or more variables and veturns a vector. We will mosHy see single variable vector-valued functions,

but theve are coses we will deal with wore. A vector-valued funcion of o single vorioble in R and ®R* have the form, ¥ (£)= <kie),g (6>

ond ¥ =2 £16), g ), hl1)?, respectively, where £),g(e), hit) ave called component functions.

Our goal in this section is Yo identify vector-volued functions, graph them, and identify the graph given e vector-valued function.
We stark by identifying theiv domains,ie. the et of all t's thak give o vea) volue when plugged into all component funchions.
Deterwmine fhe domain of Hhe vector-valued funchion | F6)=2coslt), nlU-¢), JE+T >

let us start with graphs of 2-dimensional vector valued functions. To skekch the graph all we need to do is plugin some values of

t thot fit the domain and plot points that correspond o the resulting position vector.

Sketrch the graph of each of the Qo\\ouo‘ms vector funckions. v
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parametric equations

Notice that our third exomple graphed anellipse. Tf we ‘oreak the vector-valued function into the component functions, x=bcos(t)
and \=3sinlt), then we con move clearly see why an elipse appears. This may have even been covered in calculus T when

0ping over povametric equations, it is one set of parametric equations that gives on ellipse. Any vector-valued funclion con be broken
down into the povametric equations x=F(t), \= g(td, 2=hit).

infersection of surfaces

Given two surfaces, it is common to ask for their intevsechion if one exists. We have olready seen on example of this in

standavd 03: ploves when asked 1o find the line of intersection behoeen Ywo ploves. ITn this sechion we have seen examples
of surfaces that have a non-zero curvature. Tmagine what happens Yo two intersecting planes i you “bend" them to

be o pavaboloid and a cylinder. Naturally, as you “end the surface, the intersection become ‘bent: We call these "bent”

lines curves and offen pavameterize them for eose of reoding

Find the curve of intersechon for e two surfaces z=x* and XFiy=4.

The! cuvve of intersechion lis the curve, ¢xwd) yig), 2 >} that sakishies| both equations.

Sometimes we aren't so lucky Yo vecieve one variable equal to an expression of another or an equation we know ihe
parameterization for already. Sometimes we have o make our own luck Yoy solving an equation for one variable and
choosing the “innermost” varidble o e our porameter t.

Find the curves of intersection for the hwo surfaces xtytz=1 oand z:zel




