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1(a) Match the functions f with the plots of their gradient vector fields labeled I-IV.
(i) f(z,y) =2> +¢°
(i) f(z,y) = 2(z +y)
(iii) f(z,9) = (z +y)°
(iv) f(z,y) = sin /2% + 32
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(b) A path C and a vector field F are shown below. Estimate the numerical value of / F -dr.
[You can ignore the units.] ¢
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2. Find the maximum of f(z,y) = 2z + y — 3zy on the unit square 0 < z,y < 1.
(a) What are the critical points?
(b) What other points are relevant? Explain.

(¢) Find the maximum.
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3(a) Find the area of one loop of the curve r = sin(26), shown in the figure below. [What is the
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3(b) The figure below shows a vector field F = (P,Q). Let C be the square, traversed in the
counter-clockwise direction (ADCB).

(i) Is the line integral [, F - dr positive, negative, or zero? Explain.

(ii) Is this vector field conservative?

(iii) What can you say about the function Q, — P, inside the square? Explain.
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4(a) Let F(z,y,2) = (2%yz,zy?z,2y2?). Use the Divergence Theorem to calculate the surface
integral [, s F -ndS, where S is the surface of the box bounded by the coordinate planes and the

planes z =2,y =3, and z = 4. R
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(b) Find the equation of the tangent plane to the graph of f(z,y) = e™*¥ cosy at the point (,0,1).
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5(a) Let F(z,y,z) = (zy, —z,ye"*) and let S be the parallelogram with parametrization r(u,v) =
(u+v,u —v,1+ 2u+ v), with domain 0 <u < 2,0 < v <1, and with the upward orientation for
n. Express f s F - dS as an ordinary double integral in v and v. Do not solve the integral.
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5(b) Find the area of the triangle with corners at the points (1,1,5), (3,4,3), and (1,5,7). [Hint:
this is not an integration problem.|
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6(a) The function f(z,y) has level curves shown below.
(i) Is £ larger at P or at Q? What about f,? Explain.
(ii) At P is f, positive, negative, or zero? Explain.
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6(b) Find the cosine of the angle between the planes ¢ +y +2 =4 and -3z +y — 2z = 2.
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