Math 511: Linear Algebra
CGood Problems 1

Due: Thursday, 13 March 2014

LATE SUBMISSIONS WILL NOT BE ACCEPTED

Name: Ke" V

Instructions: Complete all 5 problems. Each problem is worth 20 points.

Show enough work on the paper provided (this paper), and follow all instructions
carefully. Write your name on each page.

You may use any electronic (or other) aids that you wish, but you are expected
to show all relevant details of any calculations. A correct “answer” is not good
enough; I want to see how you got it!

Good Luck!
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Liquid benzene burns in the atmosphere. If a cold object is placed directly over the
benzene, water will condense on the object and a deposit of carbon will also form on
the object. The chemical equation for this reaction is

xICSHG + 111202 = 3?30 -+ $4HQO.

(a.) Write a system of equations that must be satisfied for the equation to be balanced
(equal numbers of each atom on each side).

(b.) Solve the system to find (z1, 2, 23, T4).
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In coding a message, a blank space was represented by 0, an A by 1, Bby 2, Cby 3,
etc. The message was collected in a 4 x 7 matrix, and transformed by multiplying on
the left by the matrix

-1 -1 -1 0

1 1 -1 0

s 0 0 -1 1
1 0 0 -1

The encoded message is hidden in the matrix:

—44 —27 —21 —-14 -34 -32 —42
4 23 19 -10 10 32 6
1 10 4 7 =12 0 18
-2 13 13 -18 3 21 19

M =

What is the original message?
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3. Let v(t) = (21(t), za(t), z3(t))” be a particle in space. The velocity vector field of the
particle is given by

(o) = (S0 G L)

The norm of a vector x is given by ||x|| = VxTx. The unit tangent vector field along

a particle «y is defined to be
i
5@

T/
Let (t) = (sin(t), cos(t), t) be a particle in space.

T(t)

(a.) Find the velocity field + along 7.

(b.) Find the unit tangent field T along 1.

(c.) Show that || T(t)|] = 1 for all t.

What does this particle look like? How are the velocity field and tangent field related?
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4. Determine whether the following are subspaces of Py. If so, prove it. If not, show or
explain why.

(a.) The set of all polynomials in Py of even degree.

(b.) The set of all polynomials of degree 3.
(c
(

¢.) The set of all polynomials p € Py such that p(0) = 0.
d.) The set of all polynomials in P having at least one real root.
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5. Prove the following results.

(a.) Any finite set of vectors that contains the zero vector must be linearly dependent.

(b.) If x; and x, are two vectors in a vector space V, then x; and X, are linearly
dependent if and only if (both directions!) one is a scalar multiple of the other.

(c.) Any nonempty subset of a linearly independent set of vectors {xi,Xa,...,Xn} i
also linearly independent.
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