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35. (a) If f(P, A) is the probability that an individual at A will be infected by an individual at P, and k dA is the number of
infected individuals in an element of area d A, then f(P, A)k dA is the number of infections that should result from
exposure of the individual at A to infected people in the element of area d A. Integration over D gives the number of
infections of the person at A due to all the infected people in D. In rectangular coordinates (with the origin at the city’s

center), the exposure of a person at A is

E://Dkf(P,A)dA:k//D%[20~d(P,A)]dA:k://D [1- VG meP T =) da

(b) If A = (0, 0), then

E= k// 1—— m2+y]dA m
,
2n P10 10 8
~k// (1 — &r) rdrdo = 2nk[%r® — &0°], \—/
=2k (50 — ) = 20k ~ 209k

For A at the edge of the city, it is convenient to use a polar coordinate system centered at A. Then the polar equation for

r=20cos 8

the circular boundary of the city becomes » = 20 cos @ instead of r = 10, and the distance from A to a point P in the city

is again r (see the figure). So

w/2 20 cos 6 /2 =20 cos
E= k/ / (1— &r)rdrds = k/ [1r? - &r%720" dp
x/2Jo —m/2 =

=k [717, (200c0s? 0 — 422 cos® 6) df) = 200k [™/7, [3 + § cos 20 — 2(1 — sin® 0) cos 6] df
:200k[%9+%sin29—%sin0+%-%sin‘q'@]”/z =200k[3+0—24+2+24+0— 2+ 2]
= 200k(F — §) ~ 136k

Therefore the risk of infection is much lower at the edge of the city than in the middle, so it is better to live at the edge.

15.5 Surface Area

1. Here z = f(z,y) = 10 4 z + y° and D is the triangle with vertices (0, 0), (0, —2), and (2, —2). By Formula 2, the area of

the surface is

AS) = [fo V@) E+ Fole, )2 + 1dA = [°, [7¥ T2+ (2y)° + 1dady
_.f Jo ¥ V2 +4y? dmdy*f V24 dy? | m”"ydy_—f yy/2 + dy? dy

102 na2]’ 18222 543-2v2  13V2
8 {3(“43’) T2 T 12 T3

-2
@ Here z = f(x,y) = 3 4+ 2y and D is the circle z? 4+ y? < 1. By Formula 2, the area of the surface is

A(S) = / V(@92 + [fulz, )2 + 1dA = // Vy2+22+1dA  [Switch to polar coordinates]
D z24+y%<1

27 (LT Trdrdd = [27 dO [} T F Irdr = 2r- -[ ? +1)3/2] 0:%,,(23/2_1)
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@Here z = f(z,y) = bz + 3y + 6 and D is the rectangle [1, 4] X {2, 6]. By Formula 2, the area of the surface is
AS) = [fp VIfe(z, )] + [fu(z, )P+ 1dA = [[ V52 + 32+ L1dA = \/ggffDdA
=+35A(D) =354 —1)(6-2)=1235

4. Here 2z = f(z,y) = ~ — 3z — 2y and D is the disk 2® + y* < 25. By Formula 2, the area of the surface is

A(S) = [[p V(=32 + (=2 +1dA = VI1 [, dA = VI1A(D) = VId(r - 5°) = 25 VTdx

@The surface S is given by z = f(z,y) = 6 — 3z — 2y which intersects the zy-plane in the line 3z + 2y = 6, so D is the

triangular region given by {(z,y) |0 < # < 2,0 <y < 3 — £z}. By Formula 2, the surface area of S is

AS) = [[, V3P + (-2 + 1dA= V4 [[,dA = VIAA(D) = VT4 (} -2-3) =3V1d

6. z = f(z,y) = 22 — Ly + 2, and D is the triangular region given by {(z,y) |0 < z < 2, 0 < y < 2z}. By Formula 2,

AS) = [/ (32)* + (-3)* +1dA = 7 77\ [ha? + Sdydo = 3 3VaTFB [y]'r do
2
=3Jo 2eVa? +5de = §- 32 +5)3/2]o = 4H9¥? - 5¥?) =9 §\/5

1637

7. The paraboloid intersects the plane z = —2 when1 —2® — ¢ = -2 & a2®+y® =3,50 D ={(z,9) | 2 +3? < 3}.

Here z = f(z,y) =1 —2% ~y%> = fo=-2, f, =—2yand
A(S) = [fp V(—22)% + (—2y)2 + 1dA = [[, /A(2® +32) + 1dA:f02Wf0\/5 VArZ +1rdrdf
V3
= a0 [ /T Tar = [0]2 [ + 1)) = 2m - & (1392 1) = £ (13VI3 - 1)

®L2 +22=4 = z=+4-z2(sincez >0), 50 fo=—2(d—2a2)"V2 f,=0 and

A(S)..// VI-a(4—a2)-1/2]2 4 02+1dyda:..// Vs + 1 dyds

1)t 1
—/0 mdm/ dy = [23111 5}0 [y]o—( Z-0W)=%
9. z = f(z,y) =4* ~ 2® with 1 < 22 4 y* < 4. Then
AS) = [[, VA2 + 4y + 1dA = [ [P VB2 ¥ Irdrdd= [7"df [} r V&2 +1dr

= [0)2" [+ 1)3/2]1 — £ (17T - 55)
10. 2 = f(z,y) = 2(z*2 +y¥*) and D = {(2,9) |0 < < 1,0 < y < 1}. Then f, = @*/2, f, = y"/? and

A= [ \/(ﬁ)2+(¢@)2+1d,4=/01/01 mdvdm/ol ECER R

y=

= %/01 [(73 +2)*% — (@ + 1)3/2] dz = %[%(z +2)%% — 2(z + 1)5/2]

— %(35/2 - 25/2 _ 25/2 + 1) I %(35/2 . 27/2 4 1)
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M. z=f(z,y) =aywitha® +y* < Lso fa =y, fy =2 =

AS) = [[, VPET @ +1dA= [ [}/ Firdrdd= [ [%(r2+1)3/2}::d9
=[ievi-1)do=2(2v2-1)

@ Given the sphere 2 +y® + 2% =4, when z = 1, we get z° + 3> = 350 D = {(z,y) | 2° +¢y* < 3} and

z= f(z,y) = /4 — 22 — y2. Thus
A4S = [[ Viaa—e -y 1 (e o -y o+ 1da

27 V3 2 2 V3 2 2
_ T . r*4+4—r
—/0 /0 ”4~T2+17‘d7’d9—/(; /0 \/ yp—e) rdrdb
27
/ / dr df
—1"2

r=v3
= 2 [ 204 — 2)1/2]@ df = [2"(~2+4) df = 26] = drr

1. 2= /0% — 22 — 32, 2, = —x(a® — 2? — y?)" V2, 2, = —y(a® — 2 — y?)" V3,

A(S)w// e il +y _+1dA
7\'/2 G.COSB r=acosg
/ / \/ +1’rd’rd9
/2 a
/2 acos OU
——drdf ’

—Q

= /M2 —a(\/a2 —azcosgﬂ—a) df = 2a? /ﬂ/2 (1 — /1 —cosze) dé
0
/2

/2 /2
=2a2/ d9—2a2/ \/sin20d9:a27r~—2a2/ sinfdf = a*(w — 2)
0 0 0

(=

(=]

14, To find the region D: z = &* + y* implies z 4 2 = 4z or 2> — 3z = 0. Thus z = 0 or z = 3 are the planes where the
surfaces intersect. But 2® 4 y% 4+ 2% = 4z implies 2% 4 y* 4+ (2 — 2)® = 4, s0 z = 3 intersects the upper hemisphere. Thus
(z—2%=4—2* —y? orz =2+ /4 — 22 — y2. Therefore D is the region inside the circle * + y* + (3 — 2)? = 4, that

is, D = {(=z,y) | =* +y* < 3}.

46 = [[ Vicaa=e s ap s (ot )R 1A

21 2 V3 27 re=y/3
/ / N +1rdrd0-/ / 2r dr d9=/ 204 -2 """ a
,___7«2 o r=0

T(~2+4)df = 20]2" = dm
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