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SOLUTIONS
Problem 1: The gradient V f (vector!!) is
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and the value of the gradient at (1,1) is Vf(1,1) = (—1,1). Thus, at point (1,1)
df = fo(1,1)dz + f}(1,1)dy = —dz + dy

To write down the equation of a tangent plane at (1,1), we need to replace df —
z— 20, dr — x — x9 and dy = y — yo. Since zo = f(1,1) = 0, we have

z=—(z-1)-(y—-1)=y—2, z-—y+2=0

The normal vector to this plane is 77 = (1, —1,1) and the equation of a line normal
to this plane and passing through (1,1,0) is

r—1=t, y—1=—t, z=1t, = :?

Problem 2: Vf(xg,y0) = (2x0 — 2y0), df = 2xodx — 2ypdy and the equation of
a tangent plane at (zg,yo) is

2 — 29 = 2xo(x — 20) — 2y0(y — yo) or 2z = 2xox — 20y — T2 + Y2,
where we have used that zgp = 22 — y2. To find the intersection of this plane with
the surface z = 22 — 32, we need to solve

z =2 —y® = 2wom — 2yoy — x5 + 5, (x—m0)® = (y — w0)”
Thus, the desired two lines are

r—xo=y—1yY andzx—1x9=—Y+ Yo.

Problem 3: To find the steepest descent curves, we need to solve the differential

: dy _ I oy . .
equation = = ﬁ = 5. Separating variables, we have

dy dx
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To recognize the type of the curves, we transform them as follows

4, Cz
Cr+1

- 1
x+C—1

y=0C

and the curves are hyperbolas (vy = —C~2) shifted by the vector (—C~1,C~1).
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