
SHES 2303 MATHEMATICS IN BIOLOGY

TUTORIAL 3

1. Use the definition of the derivative to show that d(cosx)/dx = − sinx.

2. Find the derivative of the following functions.
(a). y = x log x− x.
(b). y = log(secx+ tanx).
(c). y = xx.
(d). y = x(sin(log x)− cos(log x)).
(e). y = sec3

√
x.

3. Show that
d(sin−1 x)

dx
=

1√
1− x2

;
d(cos−1 x)

dx
=

−1√
1− x2

.

4. Show that
d(sinhx)

dx
= coshx;

d(coshx)

dx
= sinhx.

Subsequently, find d(tanhx)/dx.

5. Show that

tanh−1 x =
1

2
log

(
1 + x

1− x

)
,

and then sketch this function. Subsequently, find d(tanh−1 x)/dx.

6. Find the maximum and minimum of f(x) = x3 over the interval [−2, 2]. Do they exist if we
change the interval to (−2, 2)?

7. Find critical values of f(x) = xe−x2
. Which one gives the global maximum, and which one

the global minimum?

8. Suppose we sample n diploid individuals from a large population. The total number of alleles
is then 2n for one particular locus. Assume there are only two possible alleles, A and a. The
distribution of the number of A alleles (X) is therefore binomial with probability mass function
given by

P (X = x) =

(
2n

x

)
px(1− p)2n−x.

where x = 0, 1, 2, . . . , 2n, and p is the allele frequency of allele A.
(a). The estimation of p using data x is often of interest. One popular way of doing so is using
the method of maximum likehood (ML), where we choose p such that P (X = x) is maximised.
Show that the ML estimate of p is given by x/(2n).
(b). Sketch the function P (X = x) against p.
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