
 
 

Lecture 5

Title Surface Area

ection Stewart 15.5



 

Lengths of curves

Noth o f a b IR differentiable fan

Thegraph of f is a curve in IR

n

Ouestion What is the length of this curve graph

Answer Length
Jab ltCF.lt dx



 

Rem If 7 x M X t b then

7 x
y

Fit se

I I

Length from a to b ftp.T



 

Divide a b up into n subintervals Xi i Xi w

widths Sti Set Af f Xi 7 Xi

Approximate thegraph of f by secant line segments

in
I t t t t t t t lyXi Xz X3

As n O red segments hug graph of f more and more

length of red segments approx length of graph



 

Reimann sum 8 Zit fits length of linesegments

E.IT iIxiT ai I IIgivesample
Ei Mtf Ax

by mean
Reimann sum for My value than

Length
Jab ltlf.lt dx



 

ample what is the length of the graph of FA Fx
from 1 to 1

Sohn compute F 7 x x Fx

Use formula

length Si Itxth x dx

Ji FÉÉ dx

Ji Tae dx

arcs in x It
IT 2 L T z

IT



 

uestion Given graph of f x y how do we compute its

surface area



 

eview of partial derivatives

Notn f x y fan in two variables

Jefe the partial derivative of f wrt x is

7 27 2x X derivative of f w viewing

y as constant

The partial derivative of f wit y is

f 2712 Y derivative of f wi viewing
X as constant



 

xample f x y 3 x'y sin xy
27 2x 6 Xy t y cos xy
27 24 3 2 x cos Xy

icture

em 27 2x infinitesimal change of f in X direction
27 24 f y



 

Surface Area

theorem The surface area of the graph of f over a

region D is

SA SS M 71371

Idea given a plane ax by c fix y the SA

over a rectangle Xo x x yo y is

It a t b Ax Ay

where DX X Xo Ay Yi yo



 

Why 8 We use that the area of parallelogram

spanned by vectors E and B is taxi l
a ax i a sx K 5 by j t b ay I

2 Divide region D up into rectangles Rig of size Ax ay
SA ZI Ej SA of a tangentplane off over Rig

I
EI EI SA Tig
Ei Ej ltfxlxi.pl 7y1xi y IX Ay
Reimann sum for FFF

Tig Fx x y x Xt Fy xt y y y f xi

for some samples Xi y in Rij



 

7 As size of rectangles go to zero Reimann sum becomes

SA SS TEEJ da

Picture



 

sample compute surface area of plane 3 24 2 6

that lies above the triangle w vertices

0,0 1,0 1,1

Soln View as integral problem
SA ofgraph of f x y 3 24 6

Draw picture of D

x Y

9 0

Determine bounds 8 0 EYE X O Elk X



 

Set up integral and solve
SA Si si Tat dy dx

So f T dyde
Ty So y to dx

Ty fo x dy
Ty x2 2 1
5412



 

xercise compute the surface area of the graph of f x y Xy
over the part of the dish of radius I in the

first quadrant

Soln Draw picture

o

Describle domain in polar coord

D r 01 I o e re 1 0 0 E E



 

Set up integral and solve

SA SS Tty da

S fo r ter drdo
f le I r2

ft i t Tu dudo du a ar

ft I u i do
I 2312 1312

I F 1



 

ample What is the surface area of Z x y

that lies under the plane z 2y as an integral

So n Draw picture
View from X O plane

2 24

U
Z x y

2

Find intersection

x y 2y x y 1
2

1

So they intersect over the cylinder



 

Reduce to integral problem

SA under Z 2y is SA of f x y
over D inside of x y I x y

2 2

x y E 2y
Draw D

y

y't y
2 24

X

Find polar bounds
D r E 2 sin O O E O E IT



 

Set up integral and solve

SA SS Tty da

Sifts
into

r Ttr dr do

So's t Tu du do y u t tr

du 8 r d

St I it 4 r 132 1 do

So I I 16sin20 1 do



 

Fact fog SS Fda E JS g da
SS Ida Area D

If m e f M then

m Area D E SS f da t M Area D


