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Problem 1. Use the chain rule for functions of several variables to compute — © v

at ' ar
(1) z=+/1+ 2y, x = tant, y = arctant.
(2) w:xexp(g),x:tQ,yzl—t,Z:l—l—Zt.
z
(3) w=In+/2%2 4 y%>+ 22, x =sint, y = cost, z = tant.
(4) w=uzycosz, x =t,y=t* z = arccost.

(5) w=2ye® —Inz, x =1In(t> + 1), y = arctant, z = e’.

Problem 2. Use the chain rule for functions of several variables to compute % and 0z

ot
(1) z = arctan(z? + y?), z = slnt, y = te*.
(2) z= arctang, x = scost, y = ssint.
(3) z=¢€"cosy, x = st, y = s>+ 1%
Problem 3. Assume that z = f(ts S) a—f(m y) = zy, Zf (x,y) = — Fmd — and %

Problem 4. Find the partial derivatives 6—; and oz at given points.

(1) sin(z +y) +sin(y + z) +sin(z + 2) = 0, (z,y,2) = (7,7, 7).
(2) ze¥ +ye* +2Inx —2—-3In2 =0, (x,y,2) = (1,In2,In 3).
(3) z=-¢€"cos(y + 2), (z,y,2) = (0,—1,1).

Problem 5. Let f be differentiable, and z = é[f(a: —y) + g(z +y)]. Show that
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Problem 6. Let f be differentiable, and z =

[f(aw +y)+ glax — y)} Show that

Wz_a@(zw>

ox2 420 oy

Problem 7. Suppose that we substitute polar coordinates x = rcosf and y = rsiné in a differen-
tiable function z = f(z,y).

(1) Show that Zi = frcost + f,sinf and 12; —fzsin@ + f, cos 0.



0
(2) Solve the equations in part (1) to express f, and f, in terms of % and 5—2

(3) Show that (f,)?+ (f,)* = (gi)z + ;(Z;)z.

(4) Suppose in addition that f, and f, are differentiable. Show that
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Problem 8. Let f(z,y) = ¥xy.
(1) Show that f is continuous at (0, 0).

(2) Show that f, and f, exist at the origin but that the directional derivatives at the origin in all
other directions do not exist.

Problem 9. Let

3

flay) =4 o +v°
0 if (x,y) = (0,0).

if (x,y) # (0,0),

(1) Show that the directional derivative of f at the origin exists in all directions u, and

(D.N0.0) = (L0.0.Z0.0) .

(2) Determine whether f is differentiable at (0,0) or not.
Problem 10. Let u = (a,b) be a unit vector and f be twice continuously differentiable. Show that
Dif = fot® + 2fuyab+ fy,b°,
where D2f = Dy (D.,f).

Problem 11. Show that the operation of taking the gradient of a function has the given property.

Assume that v and v are differentiable functions of x and y and that a, b are constants.
(1) V(au+ bv) = aVu + bVo.

(2) V(uwv) =uVov+ovVu.

vVu — uVo
—

(4) V(u") = nu"'Vu.



