Math 241 review for the final (2nd corrected edition)
Prof. Eugene Lerman 12/7/09

1. Suppose z is given implicitly as a function of x and y by the equation
232 +ycosz + % =0.

Find %2.

2. Let S be the set of points in R? described by the equation
sin(zy) + e + 2%y = 1.

At what points of S can z be described as a function of x and y?

3. What is the second Taylor polynomial of f(z,y) = e***¥ at (0,0)?

4. Show that the surfaces z = 7x? — 12z — 5y? and xyz? = 2 intersect orthogonally at (2,1, —1).

5. For what values of the parameter k does the function
2 2 ko
flzyy, 2) = ka® + kaz — 2yz — y* + 5%
have a nondegenerate local maximum at (0,0,0)? What about a nondegenerate local minimum?

6. Find the point on the intersections of the two planes x — 2y + 3z = 8 and 2z — y = 3 which is closest to
the point (2,5, —1).

7. fol f;’y cos(x?) dx dy =?

8. Compute ffD(Qx + y)2e*~Y dA where D is the region enclosed by 2z +y =1, 2r +y =4, v —y = —1
and z —y = 1.

9. Is the vector field F = (e*siny, e” cosy, 322 + 2) conservative? If it is, find a potential for F.
10. Let @ = M(z,y) dz + N(x,y) dy be a 1-form in R? \ {(0,0)}.

If da = 0, is it true that fc a = 0 for any simple closed curve C? Explain.

Is fc a =0 if da = 0 and C does not enclose the origin? Explain.
11. Compute fc xyzds where C is the line segment in R? with end points (0,0,0) and (2,4, 6).

12. Show that for any simple closed curve C
/ (—y® dx + (23 + 2z + sin(y?)) dy) # 0.
C

13. Compute [ [ (2% +y* + 22)dS where ¥ = {(z,y,2) | 2* + y* + 2* = a*}



14. Compute [ [ zdS where ¥ = {(z,y,2) | 2> +y* =1,0 < 2? < 5}

15. Let S, denote the sphere in R3 of radius r centered at the origin and oriented with outward normal.
Suppose F is a vector field on R? such that [ [ F-dS = 2r +6. Compute

[f]5 v

where D = {(x,y, 2) | a® < 2% + y? + 22 < b?} for some constants a,b > 0 with a? < b%.
16. Is v(t) = (cos(t),sin(t)) a flow line of the vector field F(z,y) = (y, —z)?

17. Let & = {(z,y,2) | z = €!=* =¥, 2 > 1} be oriented with upward normal. Compute

//Z(x,y,2722)~dt5'.

X i {(z,y2) [2? +y* +2° <1} = RY X(2,9,2) = (2,y,2,2° +y° + 2%)

18. Is the parameterization

of a 3-manifold M in R* compatible with the orientation form Q = zdy A dz A dw — ydx A dz A dw + zdx A
dy N\ dw — wdzx A dy A dz?
Compute fM dx N\ dy N dz where M is oriented by €.

19. Compute
/ x3dxy A dxo A dxg A\ dxs + xadxy A dxo A dxs A dxs
S4

where S* = {(z1, 22,23, 24,75) | 23 + 23 + 2% + 27 + 22 = 5} is oriented as the boundary of the region
D = {(z1, 22, 73,74, 5) | #3 + 23 + 23 + 23 + 22 <5} .

20. Let ¥ C R? be a surface and F = (22y, —23, cos z) a vector field. Find a 2-form w so that

e

21. Let C be a curve in R*. Find a 1-form « so that

/(cosx,siny,zsinw,wZ) - ds :/ Q.
c

c



