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Mechanics formulas

o I D is & lamina with mass density §(z,y) then
— The mass is M = //DJ(x,y) dA
— The y-x:noment is M, = f/pm §{z,y)d4
— The z-moment is M, = ffﬂyd(m,y} dA _
— The center of mass is (zouM, youm) = (%, %)
— The moment of inertia about the z-axis is I; = / /D ¥ 8(z,y) dA
— The moment of inertia about the y-axis is I, = ] /;; 22 8z, y) dA

— The polar moment of inertia is Iy = f [ (z® +y*) 6(z,y) dA
D

Probability formulas

s If a continuous random variable X has probability density function px(x) then

R (s o]
— The total probability ] px(z)de =1
-0
b
— The probability that a < X < bisPla < X < b] = / px(z) dx
@
e
— If f: R - R, the expected value of f(X) is E[f(X)] = [ f(x)ypx(z) d.
—00
o If continuous random variables X,Y have joint probability density function px,yv(z,y) then
‘ ) o0 oQ
— The total probability / / pxy{z,y)dedy =1
—o0 J —oo
— The probability that (X,Y) € Dis P{X,Y) € D] = // pxy(z,y) dA
D

— T §: B? - R, the expected value of F(X, V) is E[f(X,Y)] = f f £, 9) Dy () dedy
—00 J o0
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1. (6 points) Let C be the boundary of the rectangle P = {2 <z <2, —1 <y < 1} oriented

counterclockwise and let

F(z,y) = <ew3*m — 4y, sin(e¥) + 3m2y>.

jIgF-dr.
C

Evaluate the line integral
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2. (14 points) The lamina D is a parallelogram with corners (—3, —1), (0,
distance is measured in meters) and with mass density 6(z,y) = 75(3y

total mass of D.

0, (1,6),(—2,5) {where

— ) kgm™2, Find the
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3. (12 points) Find the area of the part of the paraboloid z = 9 — z% - 4% outside the cylinder
z? 4+ 3% = 1 and above the plane z = 5.
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4. (8 points) Let D C R? be bounded by a smooth, simple, closed curve C oriented counterclock- .
wise, with outward pointing unit normal n.

I g i EgIELbiCI'l [:} paItS formuia or otherwise ShOW th&t fOI SO0 scalar ions
; y th function
f(‘r‘cﬁy)j g{z“:y) WE h&we the ldentity

]/Df_AgdA_ffDQAfdA=jngQ'ndS—jégi-nds.

(Hint: Recoll that Af = divV f ) ‘
et e &ff* ire b5 farmela  §ierey
i
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(b} Suppose that f(z,v), g(z,y) are smooth, non-zero, scalar functions satisfying the equations
Af=Af forall (z,9) € D,
Ag=ypg forall (z,y) €D,

where A, u <0 are real numbers. Suppose also that f(z,y), g{z,y) satisfy the boundary
condition

flz,y)y=0 for &l (z,y) €C,
g(z,y) =0 for all (z,y) € C.

Using your answer to part (a), show that whenever A £ u we have

f]ﬂ flz,y)9(z,y)dA=0.
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