Calculus — Homework 11 (Spring 2026)

1. Find the directional derivative at the point 7 in the direction i.
(@) flxy) = x> +3y% P=0, i=3(1,-D.
(b) f(x,y) = x%y + tany; B=(Ln/4), i=-5(1,-2).
© feoy.g=xy+yz+z  p=0,-L1D, d= (1,21
d) f(x,9,2) = (x+y> + 2% F=0,-1,1), i= %(1, 1,0).

2. Let f(x,y) = x> — xy. Set@ = (0,1) and b = (1,3). Find a point  on the line segment connecting @ and b for
which . .
f®) - f@=Vf)-(b-a.

3. Let f be a smooth function on R?. Show that if f(d@) = f (l;), then there exists a point ¢ between d@ and b for
which V@) L (b - @).

4. Find the rate of change of f with respect to ¢ along the curve .
@ fly)=x%y, Y@O)=eT+e ]
(b) f(x,y) = arctan(y®> — x?), () =sint7+cost j
©) fx,y.2) =In(x2+y*+75), (1) =sint+cost j+ e* k.
(d) f(x.y.2) = ysin(x+2), (1) = 2t7+cost j+ £ k.
5. Find du/ds and du/ot.
(@) u=x*—xy; x=scC0St,y=tsins.
(b) u=x’tany; x=s5ty=s+1.
(c) u=7*sec(xy); x=2st,y=s—1,7=st

d u= xeyzz; x =1In(st),y = £B,z2=5s*+1.

6. Let f be a continuously differentiable function of one variable, and

Show that

7. Let
X =rcosf and y = rsiné.

Suppose u = u(x,y) is a smooth function.
(a) Show that

Vu = a—u_’, + l(?_ué,g’
or r 06
where r # 0,
é-=cosfr+sinfj]  and &y = —sinf7+ cosb J.

(b) Show that
02u+62u_62u+ 1(3‘2u+ 1 Ou
x2  ay:  orr 28> ror
8. Find a normal vector and a tangent vector at the point 7. Write an equation for the tangent line and an equation
for the normal line.
@ X*+xy+y*=3; p=(-1,-1).
(b) y-x*=2x F=@2,4.
© X+y =2x% pg=@1,1.



9. Find an equation for the tangent plane at the point g and scalar parametric equations for the normal line.
@ z=+y)s F=(01,1,4).
(b) »y*+22=12; F=(1,2,2).
(¢) z=sinx +siny +sin(x+y); p=(0,0,0).
10. Find the point(s) of the surface at which the tangent plane is horizontal.
(@) z=4x+2y— x>+ xy -y
(b) z=xy.
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