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1a. Estimate the scaling exponent for the biological data shown in Fig. 1.

1b. Estimate the scaling exponent for the astrophysical data shown in Fig.
2.

2. f1(x) = e−(x−a1)
2/2σ2

, f2(x) = e−(x−a2)
2/2σ2

. Evaluate∫
f1(x)V (x)f2(x)dx

and approximate the result in terms of the potential and its first and second
derivative evaluated as some cleverly chosen point.

3. Convince me that you can approximate the first and second derivatives
of a function on a line, f(x), by evaluating the function at discrete points along
the line spaced a distance ∆ apart, and that

df

dx
|xi

' f(xi + ∆)− f(xi −∆)

2∆

d2f

dx
|xi ' f(xi + ∆)− 2f(xi) + f(xi −∆)

∆2

For other numerical approximations of derivatives, including ∇ and ∇2, see the
pictures in Chapter 25 of Abramowitz and Stegun.

4. Can this integral be evaluated analytically? If so, what is it?

f = 2z ez
2
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Can this integral be evaluated in closed form:

f = 2z ez
2

log z +
ez

2

z
+

log z + 2

[(log z)2 + z]
2 +

(2/z) log z + 1/z + 1

(log z)2 + z

Web search coordinates: Risch algorithm.
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Figure 1: (Two data sets that were used to test Galilean scaling in biological
creatures.
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Figure 2: (Several data sets used to discern information about “dark matter”.
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