Section 9.7

Cylindrical and Spherical Coordinates




Polar Coordinates

X =rcoso y = r sin 6
rr=x>+ vy tanH—y
X

VA
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Cylindrical
Coordinates

ZA

/H—?\,
y
X (I‘, 9, O)




ZA

e P(r,0,z)
Cylindrical
Coordinates
X = rcos 6 y = rsin 0 z =17z
e _y
re=x"+y tan 0 = x




Converting

X =rcos 6 y = rsin 0 z =7z
re=x>+y’ tan = = 7=
X
Cylindrical to Rectangular Rectangular to Cylindrical
x =rcosé r=./x%4+y?
: Y
y =rsinf tan 0 = —
X
=X =X
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Example




(c,0,0)
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Spherical Coordinates

ZA

P(p, 0, )




Spherical Coordinates

Z=pcosaq |. r=psin ¢

FIGURE 7 Use trigonometry to compute x, y, and z in terms of p, 8, and 9.
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Converting

X = psin ¢ cos 0

y = psin ¢ sin 0

Z = pCcos ¢

pP=x* 4y + 2




Example

ZA

(2, /4, 7/3)
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O0<c</2 mR<c<
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Activities

* [Pescribe Me

* Mathematica:
Coordinates




Section 10.1

Vector Functions and Space Curves




What is a Vector Funetion?

P(f(1),g(t), h(t))
C//@
X / r(r) =(f(t), g(r), h(r)) 7

C 1s traced out by the tip of a moving
position vector r().




Vector Functions and
Parametric Equations

* rltl=<ti * Maple: Parametric
Graphs
* x(t)=t
y(t)=t2 * plot(Lx(tly(t)t=a..nl)

Kk ysxz




Examples
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Problems
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Problems
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30 Example

rit)=<1+t 2+5¢ -1+6

* el :

* y=2+51 e

* z=-1+6t

* Line 7
* direction <1,96> “ E

* through point
P(1,2-1) mm m—
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Using Surfaces to Graph
Vector Functions

* r(t)=<coslt) sin(t)hH

* lies on x2+y2=1




* r(t)=<coslt) sinlt)t

X

FIGURE 3 Plotof r(¢) = (cost, sint, 1).

I —

—

Projections

)/

\\\
~
~

A) Projection
onto xz-plane

(C) Projection
’onto yz-plan

(B) Projection onto xy-plane
FIGURE 2 Projections of the helix r(¢) = <cos t,sint, t}.

[— —
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Using Surfaces to Graph
Vector Functions

* rit)=<t121%

* cylinder: y=x2 z 01

* cylinder: z=x3

* |ntersection of the x

two cylinders

* Show Maple




Traces rit)=cti24%>

(a)
_1 4 1 4
0 x z 0+ .
| 4 ¢ 4
2 —8 : g
0 | 2 3 4 2 | 0 —1 -9 0 1 ’ 3 4
y X ;
(d) © .
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Traces and Projections

* Handout: Projections




Spacecurve Problems

* Mathematica: Space )
Curves and Surfaces 41

=15
-10




Section 10.2

Derivatives and Integrals of Vector Functions




Derivatives

d

r
— r'(1) = i
=1

Iim

h—0

r(t + h) — r(?)

h




Geometry




|-

Tangent Vector

r(f+h)—r(r)

.




Theorewm

2

Theorem If r(r) = ( f(1), g(1), h(t)) = f(r)i + g(r) j + h(r) k, where f, g,

and h are differentiable functions, then

r'(t) = (f'@).g' (0, Q@) =fOi+g®j+ hk
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Differentiation Rules

3

2.

3.

4.

5.

Theorem Suppose u and v are differentiable vector functions, c is a scalar,

and f 1s a real-valued function. Then

% [u) + v()] = u'(t) + v'(1

< [eu(n] = cu'()

L] = 0w + F0u)

% [u(n) - V()] = W) - V(1) + ul) - V(0

% [u(®) X v())] =a'(r) X v(2) + a(z) X v'(1)

. % lu(f ()] = f'(Ha'(f(r))  (Chain Rule)
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r(ty+h) —r(t)
— h\
r(ty+ h)
X Y
(A) (B)
_Iil_(iU RE 2 The difference quotient points in the direction of Ar = r(tg + h) — r(@)_..

Tangent Vector
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O

Vector pointing in
direction tangent

- 1'(1))
/ to the curve at the
point to
0

FIGURE 3 The difference quotient converges to a vector 1’ (¢), tangent to the curve r(z).

—

——

Tangent line at r(7g):

L(r) = r(tp) + tx'(19)
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Theorewm

* |f a vector function has constant
length, then its derivative is
perpendicular to the vector

* Exawmple: r(t)=<cos(t) sin(t)




Unit Tangent

* The Unit Tangent has constant length 1.

* The only quantity that changes over
time is its direction.

* Abs(dT/dt) measures the rate of change
of the direction of the unit tangent
vector.

* Example: r(t)=<t? 1%




Integrals

Lb r(¢) dt = ( Lb f(1) dt) i+ ( Lb g(1) dt) j + ( Lb h(t) dt) k

| v ar = RO]; = R®) - R@)




