Math 2280-1
Practice Second Midterm
(modified exam 2 spring 2006)

This exam is closed-book and closed-note. You may use a scientific calculator, but not one which is
capable of graphing or of solving differential or linear algebra equations. In order to receive full or
partial credit on any problem, you must show all of your work and justify your conclusions. There
are 100 points possible, and the point values for each problem are indicated in the right-hand margin.

Good Luck!
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1a) Find the eigenvalues and eigenvectors of A. (Hint: you should get 0 and -3 for the eigenvalues.)
(10 points)

1) Let A be the matrix
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ic) Find all solutions to the nonhomogeneous system of differential equations
dx
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(10 points)
Use the method of undetermined coefficients. (Hint: for a particular solution, guess a constant vector).
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1d) Find the matrix exponential e for the matrix A in this problem, using your work from parts
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le) Find all solutions to 1c) using variation of parameters - I'd recommend using the matrix expenen_t}a?
formula which we derived by mimicing the algorithm for scalar first order linear DEs.

(10 points)
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2) Consider a mass-spring system consisting of two masses coupled together with one spring and sliding
along a frictionless plane, as indicated in the sketch below.
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2a) Derive the second order system of differential equations which govems the motion of this system,
for the two displacement functions x{t), y{t}.
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2b) What is the dimension of the solution space t0 this sytem of differential equations?
{2 points)
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Z¢) Suppose the spring constant is 4 Newtons/meter, that m, = 2 kg and that m, =4 kg. Show thatin
this case your general system from 2a) can be rewritten as

(4 points)
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2d) Find the general solution to the system in (2c). Notice that the matrix is exactly the one you used in

problem (1}, so you already know its eigenvalues and eigenvectors from (1a). (Hint: For the case @ =0
you may need to think about the train motion in order to find a second linearly independent solution?)
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33 For the matrix

Maple says
© » aigenvectors(B);
Use this information to find a basis of real vector-valued functions, for the system
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4) Pind the matrix exponential ¢, for

r2 ]
C :m§

o o
(Hint: you will either need to use chains or the fact that C=214N.}

C=2T+N, N*(’Q E'} ;o ONF= {o ﬁ]
o9 o b

Giewit 2TE Nt A+B
& = € e ( € ' ﬂefﬁeg W%A‘RBWmﬁi&)
“*(:elti)(lfr%&&«r o )
T

O\ii %\»«\5}'\0\ Owﬁik-i-ﬁ\wg i
YW Sena RS Al Ero ﬁcLa,ug,&Nli‘-O

)

{10 points)

abmsk s (A1) Q)"
=7 evest is L . {51% bt
K [0'} FHMs: i Limie @{9}:E;

;E:Lh Q-HQ\ bagas érffw "5"‘5'{?"4’%”

ISP

E- _ 11—:.!\}1”@ so i

3,{: 11& é‘fu{i%{l -if;j.} = eli{’hl
(ol :ﬁ‘\,% L]




oo ?{‘:}/f"‘y‘_\ @

= L Lo
5ws{: %Lvsht 3

. -t
aetuat tg e Siaat

5) Consider the forced damped oscillator
vir+2y +5y=cos(t)
5a) Find the general solution to this differential equation
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5b) Exhibit an equivalent first order system of two differential equations, so that the first component
function x, (1) of solutions to the system corresponds to solutions y(t) to the differential equation in this
problem.
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5¢) Use your work in 5a) to exhibit the general solution to the system in 5b).
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