53. Note that here the variables are m and b, and f(m,b) = 3. [yi — (ma: + b)]*. Then

i=1
n 123 n

fmn = E _‘21'1[:']1' - (mmi +b)] = 0 implies Z (:L‘,'Ii —mx? — bll) =0or Z Tiyi = m Z 1;? +b Z T

i=1 i=1 i=1 i=1 i=1
n

and fo = 3 -2y — (mai +b)] = 0implies 3 yi=m ) T+ 3 b= m(_}: xi) + nb. Thus we have

=1 =1 i=1 i=1 =1

n n n
the two desired equations. Now frnm = 3. 227, fop = 5. 2=2nand finp = 2. 22, And frum(m,b) >0

=1 1=1 r=1

n T 2 n r 2
always and D(m, b) = 4n< > r?) - 4( > a'i> =4 {n < ) .T‘-> - < > 7,)
i=1 =1 {=1 i=1

[¥]

> 0 always so the

7
solutions of these two equations do indeed minimize 5 dF.
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Sy =" ' gley) =2® 47 =1 = V= (22,-2%) AVg = (200, 20y

i . Then 2z = 2\z implies
T=00rA=11Ifz=0thena? 4+ y*> =1 impliesy = £l and if A = 1, then —

2y = 2Ay implies y = 0 and thus

T = =£1. Thus the possible points for the extreme values of fare (£1,0), (0, £1). But f (+1 0) = 1 while

f(O, +1) = —1 so the maximum value of fonz? 4+ 4% =11is S(£1,0) = 1 and the minimum value
is f(0,£1) = —1.
3y 2) =20+ 6y + 102, gz, y,2) =2 + 2 + 22 =35 = Vf=1(2610),

AVg = (2Xx,2Ay, 2Az). Then 2Ax = 2, 2Ay = 6, 2Az = 10 imply z = % y = % and z = ; But

35 = 22 + o2 4 22 1)? 3\’ 5\’ .35
=z +y 2" = " + " -+ X = BDZF = X = %1, 50 f has possible extreme values

at the points (1,3, 5), (—1, =3, —5). The maximum value of f on 2% + y2 + 2% = 35 is £(1,3,5) = 70, and the
minimum is f{—-1,~3, -5) = —70.

flzy,2) =2+ + 25 gla,y, ) =2 +y' + 20 =1 =

V= (22,2y,22), \WWg = (422%, 4)y° 422%).

Case I: Itz #£ 0,y = 0and z £ 0, then Vf = AVg implies A = 1/(222) = 1/(2°) = 1/(22%) or
2

— 2 = 52 4 __ U S Y i RS S 1 1
rf =y° = 2" and 3z _lorx—i%_glvmg[hepomts (:t%, %,%),(i%, %,\/5)

all with an f-value of V3.

'S

(iL 1 __1_> (iL _.L _L)
3TV 3 V3 ¥ s

Case 2: 1t one of the variables equals zero and the other two are not zero, then the squares of the two nonzero

coordinates are equal with common value % and corresponding f value of V2.

Case 3: If exactly two of the variables are zero, then the third variable has value &1 with the corresponding f value

of 1. Thus on z* + y4 + 2% = 1, the maximum value of f is \/§ and the mintmum value js 1.

fEy2) = et 20.9(0,y,2) =ty tz=1Lhle,y,2) =12 + 2= 4 = Vf=(1.2.0)
AVg = (A, A \) and uVh = (0,2py,2uz). Then1 = A, 2 = A + 2uyand 0 = A + 2pz so py = 3= —pzor
v=1/(2u), 2 = ~1/(2p). Thusz + y + z = 1 implies z = 1 and y* + 2% = 4 implies ;0 = iﬁ. Then the
possible points are (1, +v/2, Fv/2) and the maximum value is F{1,V2, ~V2)=14+2V2

value isf(l,—\/i,\/i) =1-22

and the minimum

P(L,K) =bL K", g(L,K) =mL+nK =p = VP = (bl 'K'™* (1 - a)bL*K ™),

AVyg = (Am, An). Then ob(K/L)' ™ = dmand (1 —~ a)b(L/K)* = Anand mL +nkK =p. so -
ab(K/L)'=%/m = (1 — a)b(L/K)*/norna/[m(l ~ )] = (L/K)*(L/K)' " or L = Kna/[m(1 - o).
Substituting into mL + nK = p gives K = (1 — o)p/n and L = ap/m for the maximum production.

flz,y,2) = zyz, g(z,y,2) =4z +y+2) =c = Vf=(yz,zz,2y). \Vg = (4X, 4, 4)). Thus

dIN=yz=zz=zyorc=y=2= ﬁc are the dimensions giving the maximum volume.
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3. (a) The subrectangles are shown in the figure. Since AA = 77 /4, we estimate )T

g- \ [fasin(z +v)dA =~ > i
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9. (a) Withm =n = 2, we have A4 = 4. Using the contour map lo estimate the value of f at the center of each
subrectangle, we have

Halley) dAm 5 5 J(207,) 04 = AA[L 1) + 7(1,3) + f(3.1) + £(3.3)]

t=17=1
~4(27 +4 414 +17) = 248
(0) fae = sty [fn f(2,v) dA ~ 5(248) =155

M. 2=3>0,50wecan interpret the integr

al as the volume of the solid .S that lies below the plane z = 3
the rectangle {—2,2] x [1,6]. Sisa rectangular solid, thus ff,3d4 =4 5.3 = 60,

and above




7. f; f01(23: + y)3dz dy

212 +y)°]7
/ [5(_%&} dy  [substitwtew =2r+y = dz=idu]
0

2 z=0
S‘ . 1 2 1 2+ vy 10 le 2
[ =1§/[(2+U)9—(0+y)9]dy=ﬁ[%—1—0
[¢] 0
= s[(a10 = 210y _ (210 _ 010)] = 101652 _ 201632
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11. folﬂfolnse”_ydrdy = (f(;nse“ da:)( ()]"Qe”ydy> = [%821]:5 [~e"’]]0“2
S (B-phe =

oy’ P e [ Ea /3 *d
15'//Hx2+1d /0/_3x2+1 4 /0332—+-1 3

1

= [Lin(=® + )], [32°]°, = 40n2 - 1n1) - 3(27 +27) = 9In2

3

2 2 j=1
19, fle-yexzy dA= f02f01 myex y dxdy — fOZ [%ex y] dy _ %f;(ey _ 1) dy
=0

=3[ —vlo =3 —2) - (1-0)] = £(c* - 3)

36. (a) Loosely speaking, Fubini’s Theorem says that the order of integration of a function of two variables does not
affect the value of the double integral, while Clairaut’s Theorem says that the order of differentiation of such a
function does not affect the value of the second-order derivative. Also, both theorems require continuity (though

Fubini’s allows a finite number of smooth curves to contain discontinuities).

(b) To find gz, we first hold y constant and use the single-variable Fundamental Theorem of Calculus, Part 1:

z v v
gz = a glz,y) = 4 / / f(s,t)dt ) ds = f(z,t) dt. Now we use the Fundamental Theorem
dx . dx /, ¢ .

. d v
wgain: 6oy = - [ Fla)dt = f(z,0).
¥ Je
To find gy, we first use Fubini’s Theorem to find that [ [¥ f(s,t)dtds = [? [7 f(s,t)dtds, and then use

the Fundamental Theorem twice, as above, to get g,z = f(z,9). S0 gzy = gy= = f(z,7).




