Math 21a Practice Hourly 2 Answers

1. a) The tangent plane is the plane through the given point which is orthogonal to the gradient.
Here[dg = (-3y +z + 2, 2y - 3x, x - 1). At (-1, 0, -1), one h&g= (1, 3, -2). Thus,
the tangent plane consists of the points (X, y, z) which obey x + 3y - 2z - 1 = 0.

b) A normal vector to the plane where x =y is the vector (1, -1, 0). This is proportional to
Ogwhenx=1andz=y+ 1. Furthermore, a point (1,y, z=y + 1) has g = 0 only when
y?-3y+2=0,whichhasy=1ory=2. Thus,P=(1,1,2)orP=(1, 2, 3).

c) L(x,y,z)=x+3y-2z-1 hasthe same value as g at (-1, 0, -1) and the same gradient.

d) Any vector ofu which obeyslgeu = 0. Thusu = (-3a + 2b, a, b)/(16a 517 - 12ab}”
where both a and b are not zero. For instamee(-3, 1, 0)/(10%2

2. a) The hottest point on the surfacevid/g, 0, 1/2).

b) The hottest point inside or on the surface&/&10, 0, 10).

c) The coldest point is\(3/2, 0, -1/2).

The extreme points on the surface are obtained by solving the Lagrange multiplier equations for
those points where®» y* + Z = 1 andOT = A Og where g(x, Yy, z) =%+ y* + Z. Here,

OT =10¢/3,0, 1) - 100 (%, y, z) andg = (2x, 2y, 2z). The extreme point inside is obtained by
solving for the points whereéx y* + Z < 1 andIT = 0.

3. @ r(0=i+j and r”(0) = 2j.

b) s(0)=-j ands”’(0) = -i.

c) WriteT = ai + bj. Then we are told thaiTer (0) =a + b =3 andlTes' (0) = -b = -1.
Thus,b=1and a=2 andl =2i +j at (1, 0).

4. a) The critical points occur whel# = (2xy - 4y, X - 4x + y) = 0. These are (2, £2), (0, 0)
and (4, 0).

b) (2, 2) is a local minimum, (2, -2) is a local maximum, (0, 0) is a saddle, (4, 0) is a saddle.
The 2 derivative test establishes these assertions since the matrix"f defigatives has
det(f"") and trace(f”") > 0 at (2, 2), and det(f"") > 0 and trace(f"") < 0 at (2, -2) and det(f"")
<0at (0, 0) and (4, 0).

c) The direction of maximum increase is (1y2)/ That of maximum decrase is (-1, ¥2/

d) Any vector of the form (a, 0) withza0.

5. The best linear approximation to f at (0, 25) is L(x, y) = 5 + 5x +{19) 25). UsingL to
estimate f gives 5 + .5 + .03 = 5.53.

6. After doing the y integration, one is left with integrating»? (1 - ¥) between 0 and 1. The
integral is 1/24.



7. Do they integral first. (There is no closed form expression for the x integral if that one is done
first.) The range for the y integral is fromy = 0 to y = x. The resulting x integral is for the
function 2xe*" with the range going from x = 0 to x = 1. Changing variables toiskows
that this is the same as the integral‘df@m u=0tou =1, whichis e - 1.



