33-231 Physical Analysis Fall 2003
Problems. Set 11 (due Wednesday, November 12, 2003)

Note: InProblems43 through 45, al matrix calculations should be done two ways.
First do them by hand, then check them using Maple. In each problem, some
intermediate results are given as guideposts, to help you stay on track.

43. This problem concerns the same mechanica system as Problem 38. Use the same
coordinates as in Problem 38.

a) Obtanthe M and K matrices, as discussed in class, and write the equations of
motion in matrix form, i.e, intheform M X = - Kx.

3mn O 2k -k
M = , K=
0 2m -k k
b) Formthematrix K - | M, obtainthe secular determinant [K - | M|, setit

equal to zero, and solve the resulting equation to find the possble vdues of |,
i.e., the eigenvalues of the problem. Y ou may want to number them
consistently with your work in Problem 38. (I recommend putting them in
ascending order, with the smallest onefirst.) Compare your valuesof | with
your resultsfrom Problem 38.
k
|1:W12:%, |2:W22:
c) For each eigenvaue find the corresponding eigenvector. Let a bethe

elgenvector correspondingto | 1, andlet b be the eigenvector corresponding
to | 2. Thus show that a and b satidfy the equations

3|~

(K-1:Ma=0 ad (K-1,M)b=0.

o[} (2

d) Formamarix A withtheeagenvectors a and b ascolumns and expressthe
normal-coordinate transformation as a matrix equation, intheform x = Ag.
Obtain expressonsfor x; and X, inteemsof g1 and gy, and compare with
your results from Problem 38. Also obtain the inverse transformation g = A™*x.

(1 1] X =g t0,,
A= , 3
3 -1 X, =50 G-

2

(continued)
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43. (continued)

€) Expressthe equations of mation (in matrix form) in terms of the normd
coordinates, and show that the differentia equations for the g's can be separated
into an equation containing only q; and its derivatives, and an equation
containing only g, and its derivatives.

Mx =-Kx, MAQg=-KAqQ,

amg, + 3my,

k
- Eou - squ’
. y k
3mq1 - 2rrq2 =" qu + 2kq2'
(Add and subtract, with gppropriate multipliers, to obtain uncoupled equations.)

f) Determine the norma-mode frequencies from the separated equations for
and g2, and compare your results with those from part (b).

44. Repeat the caculations of Problem 43, but using a different coordinate system. Let
X1 bethe coordinate of mass 3m in aninertid frame of reference, as before, and let
X2 bethe digplacement of mass 2m reativeto mass 3m, i.e, the dongation of the
right-hand spring. Following are guideposts corresponding to those in Problem 43.

3m O k -k
a) M = , K= )
[Zm ZmJ (O kj
_k _k
b) Il_ﬁ’ Iz_ﬁ.
2 1
1 -2
2 1
d) A=( j X1 =201 + O, X2 =01 — 209
1 -2
€) Mx = - KX, MAg =-KAQ,

GITIjl + 3mQ2 = - kql - 3kq2’
GIqu - 2mq2 = - kql + 2kq2'
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45. Carry out the same calculations as for Problems 43 and 44, for the system of
Problem 39. Following are guideposts as before.

m 0 O 100 k -k O 1 -1 0
a) M={0 m O0|=m0 1 0|, K=|-k 2k -k|=kl-1 2 -1
0 0 m 001 0 -k Kk 0 -1 1
b)
K-1m -k 0
K-1M|=| -k 2k-1Im -k |=(k- Im?2k-1m)- 2k3k- Im).
0 -k k-1
k 3k
[,=0, lo=—, Il3=—.
1 2= 37,
k -k 0)\(a 1
c) Forl (K-IM)a={-k 2k -k|la | =0, a=|1]|.
0 -k kj/la 1
0 -k 0)\(b 1
For 1, (K-IM)b=|-k k -k|/b|=0, b=| 0.
0 -k O0)\b -1
-2k -k 0 \(c 1
For 13, (K-I1M)c=| -k -k -k |c| =0, c=|-2].
0 -k -2k)lc, 1
d) 111 X =0 +0, +0y
A=|1 0 -2, X, =0, - 20,,
1-11 X;=Q - Q, +Q,.

€) Mx = - KX, MAg =-KAQ,

Equationsfor q;, 02, and gz arethe same asfor Problem 39(c). By adding and
subtracting multiples of these equations, separated equations for the g's can be
obtained, just asin Problem 39(c).



