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ME201/MTH281/ME400/CHE400
Assignment #8 Solutions

Challenge Problem

m Challenge Problem (c)

We will use FindRoot here to find the first three frequencies of our string-slider system. We begin by

specifying the parameter values.
L=0.5 (** string length in m xx);
o=4%10"3 (** string density in kg/m =*x);
T = 40.0 (** string tension in N xx);

m=2%10"> (x% slider mass in kg *%);
B:= (oL/m) (#* ratio of string mass to slider mass *%);

The value of S in the present case is

B

1.

As we showed on the handwritten solution sheet, the eigenvalue equation has the form tan(z) = f/z. We repeat

the graph given on the solution sheet.

Plot[{Tan[z], B/ z}, {2z, 0, 37},
PlotStyle » {RGBColor [0, O, 0], RGBColor[1l, 0, 0]},
Ticks -» {{O, Pi/2,Pi, 3Pi/2,2Pi, 5Pi/ 2, 3Pi}}, ImageSize -» 250]

3t
2t
1f
L v —
L 7 3| 5[
[ —+ s —— 27 — 37
-1f
,2:_

We see that there is a root in each interval of length 7. A good initial guess for the nth root would be (n-1)7 +



sol8.nb

0.2. Now we define a function which returns the nth value of z. We call it zval.
zval[n_] :=z /. FindRoot[Tan[z] ==38/2, {2, (n-1) m+0.2}]
We try this out.
zval[1l]

0.860334
We see that this is in the first interval (O to 71/2). We check to see that it satisfies the equation.

Tan[zval[l]]

1.16234

B/ zval[l]
1.16234

Looks good. Now we define a function which gives the frequency in Hz for the nth mode. As we showed

earlier, w = V (T'/0) (z/L), and the frequency in Hz, which we call freq, is w/(27). Then we define

vV (T / o)

freq[n_] := —— zval[n]
2L

The first three frequencies (in Hz) are

freq[1]

27.3853

freq[2]

109.041

freq[3]

204.906



