
Solutions for simpli�ed version of Math 20C Midterm 2/20, 96. Okikiolu.1. V = xyz. dV = Vx dx+ Vy dy + Vz dz = yz dx + xz dy + xy dz. Sin
e x = 20, y = 10 and z = 5we get dV = 50 dx + 100 dy + 200 dz and sin
e for the maximum error dx = dy = dz = 0:2 we getdV = 50 � 0:2 + 100 � 0:2 + 200 � 0:2 = 70.2. (a) We know that Duf(2; 3) = rf(2; 3) � u = 5 and Dvf(2; 3) = rf(2; 3) � v = �2 If we writerf(2; 3) = ha; bi the above to equations simply be
ome ha; bi�h1; 0i = a = 5 and ha; bi�h0; 1i = b = �2,whi
h gives that rf(2; 3) = h5;�2i.(b) The dire
tional derivative Dwf(2; 3) = rf(2; 3) �w = h5;�2i �w = 0 in the dire
tion h2; 5i.3. The equation of the tangent plane at the point (1; 2; 0) is Fx(1; 2; 0)(x� 1) + Fy(1; 2; 0)(y� 2) +Fz(1; 2; 0)(z � 0) = 0. Sin
e rF = hFx; Fy; Fzi = h2x; �2y; 1i we have rF (1; 2; 0) = h2;�4; 1i sothe equation of the tangent plane is 2(x� 1)� 4(y � 2) + (z � 0) = 0.4. (a) Now fx = 6x + 4y = 0 and fy = 24y + 4x = 0 implies that the only 
riti
al point is(x; y) = (0; 0). Sin
e D = fxxfyy � f2xy = 6 � 24 � 42 > 0 and fxx = 6 > 0 it follows that (0; 0) is alo
al minimum with f(0; 0) = 0.(b) We need to �nd all (x; y) and � su
h that rf(x; y) = �rg(x; y) and g(x; y) = 8, i.e.(2) 6x+ 4y = �2x; 24y + 4x = �8y; x2 + 4y2 = 8If we multiply the �rst equation by y and the se
ond by x=4 we get 6xy+4y2 = 2�xy = 6xy+ x2 so4y2 = x2, i.e. x = �2y. Plugging this into the last equation in (2) gives 4y2 + 4y2 = 8 so y = �1.We have found four point that satisfy (2); (x; y) = (2; 1); (�2;�1); (�2; 1); (2;�1). The maximumof f on the 
urve is f(2; 1) = f(�2;�1) = 32 and the minimum is f(�2; 1) = f(2;�1) = 16.(
) The absolute max is f(2; 1) = f(�2;�1) = 32 and the absolute min is f(0; 0) = 0.5. We want to minimize the distan
e squared; d2 = G(x; y; z) = x2+y2+z2 subje
t to the 
onstraintthat (x; y; z) is on the surfa
e; F (x; y; z) = z� y2 + x2 +3 = 0. Using Lagrange multipliers we must�nd all (x; y; z) and � su
h that rG(x; y; z) = �rF (x; y; z) and F (x; y; z) = 0, i.e.(3) 2x = 2�x; 2y = �2�y; 2z = �;and F (x; y; z) = z�y2+x2+3 = 0. The �rst equation says that � = 1 or x = 0, the se
ond equationsays that � = �1 or y = 0 and the �rd equation says that z = �=2. It is now natural to divide into3 
ases depending on the value of �.(I): If � = 1 then the equations (3) simply says that y = 0 and z = 1=2 so (x; y; z) = (x; 0; 1=2).Furthermore F (x; 0; 1=2) = 1=2+ x2+3 > 0 for all x so these points are ex
luded sin
e they are noton the surfa
e F (x; y; z) = 0.(II) If � = �1 then the equations (3) says that x = 0 and z = �1=2 and F (0; y;�1=2) = �1=2 �y2 + 3 = 0 if y2 = 5=2 so y = �p5=2 and G(0;�p5=2;�1=2) = 11=4.(III) If � 6= 1 and � 6= �1 then by (3) x = 0 and y = 0 and z = �=2 so we get (x; y; z) = (0; 0; �=2)and F (0; 0; �=2) = �=2 + 3 = 0 if � = �6 and G(0; 0;�3) = 9 > 11=4.In 
on
lusion: The two 
losest points are (0;�p5=2;�1=2).


