Math 450/586: Quiz # 5
Fall 2009

e Write your name and Student ID number in the space provided below and sign.

Name, Last Name:
ID Number:

Signature:

e You have 60 minutes.

e You may use any statement which has been proven in class, except for the cases where you are

asked to reproduce the proof of that statement.

e You may ask any question about the quiz within the first 5 minutes. After this time for any
question you may want to ask, 5 points will be deduced from your grade (You may or may not

get an answer to your question(s).)
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1. Give the definition of the following objects. (15 points)

1.a) An integral curve of a vector field:

1.b) A geodesic in a C*°-manifold with an affine connection:

1.c) A Riemannian manifold:



2. Let X = xQB%l + x1% be a vector field on R?, where (2!, 2%) are coordinates of points in

R? in a coordinate system. Find the Lie derivative of the following fields along X.
2.a) The scalar field f : R* — R defined by f(z',2%) = 2! —2?: (10 points)

2.b) The vector field Y = 2?% — z'5%: (10 points)

2.c) The one-form w = z2dx' — z'dz?*: (15 points)
Hint: Recall that Lxda' = X7 da’.



3. Let the Christoffel symbols for an affine connection on R? be given by
Fh =zt F%Q = F%l = ' 2%, F;2 = —227,
'y =2* ThL=T3=a2"—2° TI5=0,

v : [0,1] — R? be the curve defined by y(t) = (£,¢), and Vy = 32 belong to the tangent

space of R? at v(0). Find the components V* of the tangent vector V* a?;i obtained by parallel
transportation of the vector V4 along + to the point v(1). (50 points)
v’ - dr?

Hint: The equation for parallel transportation is o + szﬁvk =0.



