Lecture 10

. . ] Where to find this material:
Topics: Double integrals - polar coordinates, general

changes of variables, center of mass

Adams and Essex 14.4, 14.7
Corral, 3.5, 3.6

Guichard, 15.2, 15.3 15.7
Active Calculus. 11.4, 11.5, 11.9

¢ Introduced polar coordinates. Showed geometrically that dA=rdrd
theta

e Examples of double integrals in polar coordinates, including
o Showed where the normlaization factor of sqrt(pi) comes from in
the definition of the "normal distribution" in the following way. We
computed the integral from -infity to -infinity of exp(-x*2) by
relating it ot the double integral over the whole xy-plane of exp(-x*
2 -y~2). This later calculation can be done in polar coordinates but
is impossible to do directly in cartesian coordinates.

¢ Disucssed changes of variable in general and that the change in area of a
small piece is given by multiplication by the absolute value of the
determinant of the Jacobian matrix. This was obtained from the area of a
parallelogram and computing its area using the cross product.

¢ Introduced the concept of center of mass. In the one variable case,
starting with the case of discrete masses and using a Riemann sum, we
derived the integral formula for center of mass. Derived the center of
mass formuila in 2D. An example will be given next class.
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https://en.wikipedia.org/wiki/Normal_distribution

Polar coordinates
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Area in polar coordinates 2 00
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Examples
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Examples (2) Xsrwo |, g=rhie
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General changes of variable

Let's look at polar coordinates again as a function R? —» R?
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Change of variables continued
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More of the change of variables formula
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Center of mass

Aim: Find a formula for the center of mass of 2-dimensional
regions (lamina) with density p(x, y)\ .
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Center of mass (2)

dfeng,"fj :_/O(x,j)

Amass = oMy

iy =~ /)(Xi,“j\ﬂ Af\i‘j
Tatel mass = m

1
S
N~—
e
D
<
—
S
>

A Moment éouf‘ = AMU j
'f'be)(qx:; Awm

Total woment ghost = M. — % 4)of
f‘&fxt{l:sao i ff‘(ﬂ/oj)/q

Total mowedl gyt

fhc \9 ~AXIS

= My :f/ X/"[Y,fj)of/]

LY
WIRNS

g = Mm

X =

C€Vl+e/ of mals = (;(.,‘5)

N_oJr(. We ofo not discuss The mowenT

O{l MB/‘*H)\ .7/1“'5 1§ ﬂ){ J\M WjOWIéViT: 01|,§+9\- Mo §

Lecture 10 Page 10



