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Chemistry 230
Problem Set # 1 — Fall, 1999

Three resistors connected in parallel produce aresistance R givenby R-1=R;~1+ Ryl + R3~L. Find
TR/MIR2. EvaluateR and this partia if R1 = 100 ohm, R> = 200 ohm, and R3 = 50 ohm.

(@ Find fw/fzif w = (xy)Z

(b) Obtain fw/fx and fw/fy for: (i)w =eXcosy; (ii)w =In (x2 + y2)L/2,

Find the partia derivatives of f with respect to each independent variable, for

_ 2 2vi3 . _ I (2—cos2q)
(@ f(x,y,z,w) = x2 ey*+3Z cos 4w; (b) f(r,q,2) 212

Express the spherical coordinatesr , g, f interms of the Cartesian coordinates x, y, and z; and then
determine (a) 1Ir /1%, (b) Tg/1y, and (c) 1f /9x.

Let thevector R beR =ix +jy + kf(X,y), where i, j, and k are unit vectors pointed along the x, y, and
z axes, respectively. What can you say about the directions of the vectors, (a) TR/fx, and (b) TR/Mly ?

Suppose W = e2X+3Y cos 4z, and X, y, and zare all functionsof t, given by x = Int, y = In (t2+1), z=t.
Find dw/dt by

(a) expressingw explicitly asafunction of t and differentiating.
(b) using the chain rule (with partia differentiation).

If we substitute polar coordinatesx =r cosq andy =r sin g inafunction w = f(x,y), show that
(a) Tw/qr = fx cosq + fy sing; and (b) r1 fiw/q =—fx sinq + fy cosq (fx and fy are the partials with
respect to x and y, respectively).

Consider the functionw = x2 + y2 + 72, Expressthetotal differential dw in terms of the independent
variablesx, y, and z.

Now supposethat x =r coss, y =rsins, and z=r. Expressthetotal differentialsdx, dy, and dzin
terms of the independent variablesr and s, and substitute in your previous result for dw to show that
dw = 4r dr.

Alternatively, substitute for x, y, and z in w and obtain the exact differential dw in terms of the
independent variablesr and s. Y ou should obtain the same result.

(&) Givenx =rcosq, y =rsin(, express dx and dy interm of dr and dq. (b) Solve the equations of
part (a) for dr and dg in terms of dx and dy. (c) In the answer to part (b) suppose A and B are the
coefficients of dx and dy in the expression for dr, i.e., dr = A dx + B dy. Verify by direct computation
that A = {r/lx and B = r/ly, where r2 = x2 + y2,

In amultivariate function, maximaand minima (if they exist) are found by setting the partial derivative
with respect to each independent variable equal to zero and solving the resulting set of equations. Find
any maximaor minimafor the following functions: (a) z=x2 + xy + y2 + 3x — 3y + 4;
(b)z=x2+xy +3x + 2y + 5.

(@ If w=cos(x+y) + sin (x-y), show that 2w/fx2 = T2w/1ly2.

(b) If cisaconstant and w = f(x + ct) + g(x — ct), where f(u) and g(v) are twice-differentiable functions
of u=x+ ctandv = x —ct, respectively, show that

Tow _ o T2 _ o e "
(=P e =20 W g'W)).
(c) Verify that wyxy = wyy for (i) w = In (2x + 3y); (i) w = xy2 + x2y3 + x3y4,

Apply the Euler reciprocity relation to determineif the following are exact differentials: (a) &/ dx +
x(e¥+1) dy; (b) (2x+y) dx + (x+2y) dy; (c) (1+eX) dy + e(y—x) dx. If the expression isan exact
differential, df, find f.



