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NAMC . SOLUTons 2
3
MATH 423 (Spring 2004) Exam 1, March 8th t
No calculators, books or notes! 5y
Show all work and give complete explanations for all your answers.
This is a 75 minute exam. It is worth a total of 75 points. T
(1) [15 pts]

(a) Calculate the 1-form df, for the function f(z,y) = #® + cos(y),
and evaluate df (v,), where p = (2,7/2), and v = (4,5).
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/ (b) Compute the covariant derivate Vy W, of the vector field W = (zy,z* +3°) on R? with respect to the
4 vector field V = (y,z) at the point p = (2,3).
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(2) [15 pts] Let 8 : I — R? be the unit speed curve
B(s) =

/ (a) Compute the Frenet frame and the curvature and torsion of g3
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/4 (b) Find the equation of the osculating plane of 3 at s = 0.

Norr i ™ Puavg

A= Bo = (0 -3, 2D

e
—]
&

I
W
o\



(3) [15 pts] Let B : I — R? be a unit speed curve with curvature & > 0.

/\O (a) Assuming that T, N, and B are a frame, and that T/ = kN and B’ = —7N, prove that
N = —«kT + 7B
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(b) Express B” in terms of T, N, and B. ’
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4) [15 pts] One way to define a system of coordinates for the sphere S? given by
24y +(z-17 =1
is to consider the stereographic projection mapping
7:8%~{N}—R?
whose domain is the complement of the north pole N = (0,0, 2) in S?. This mapping is defined as follows.

Given a point p on S? ~ {N}, draw a line from the north pole, N, through the pomt p. The point 7(p) is
the point where this line intersects the plane z = 0.

The stereographic coordinate patch is defined to be the function x : R*> — S$% ~ {N} given by the
inverse function to 7, i.e., x = 7.

If p = (z,y, z) and 7(p) = (u,v), then we have x(u,v) = (z,y, 2).

(a) Show that
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/ (b) Let x. : Tun)R? = Tx(u)S? be the tangent map of x. Compute X, (W(you)) Where w = (1,0) and
Y wow=0,2)
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(5) [15 pts] Let Z = {(z,,2) € R® | f(z,y, z) = 0}, be the zero set of the funcfi$
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Pledge: I have neither given nor received aid on this exam
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