Programa

1.

—

10.

11.

12.

Introduccién a las ecuaciones diferenciales (0.2 créditos). Generalidades, definicién
y clasificacién. Conceptos de existencia, unicidad y tipos de soluciones.

. Ecuaciones diferenciales ordinarias (EDO) de primer orden (0.8 créditos). Defini-

cién y significado geométrico. Ecuaciones exactas, variables separadas. Factores integrantes.
Ecuaciones separables y lineales. Métodos de transformacién: ecuaciones homogéneas y de
Bernoulli.

. EDO de orden superior (1 crédito). Reduccién de orden. Ecuaciones lineales. Depen-

dencia e independencia lineal de funciones. Ecuaciones lineales homogéneas: sistema fun-
damental de soluciones y férmula de Liouville. Ecuaciones lineales completas: variacion de
constantes. Delta de Dirac: soluciones elementales y funciones generalizadas. Distribuciones.

. Sistemas de EDO (0.8 créditos). Reduccién a una EDO. Integrales primeras. Sistemas

lineales homogéneos y completos. Exponenciales de matrices.

. Transformacién de Laplace (0.8 créditos). Definicién y propiedades bésicas. Convolu-

cién. Aplicacién a la resolucién de problemas de valores iniciales para EDO y sistemas de
EDO con coeficientes constantes.

. Soluciones por series de potencias (1.2 créditos). Puntos ordinarios y singulares re-

gulares. El método de Frobenius. Algunas funciones especiales: polinomios de Hermite y de
Legendre, funciones de Bessel.

. Métodos Aproximados.

. EDO no lineales y teoria de la estabilidad (1.2 créditos). Concepto de estabilidad.

Puntos de equilibrio. Estabilidad lineal alrededor de los puntos de equilibrio. Espacio de
fases.

. Teoria de Sturm-Liouville y funciones de Green (2 créditos). Espacios de funcio-

nes. Funciones ortogonales. Desarrollos en conjuntos de funciones ortogonales. Problemas de
contorno. Teorfa de Sturm-Liouville. Series de Fourier.

Ecuaciones en derivadas parciales (EDP) (2 créditos). Introduccién a las EDP. Pro-
blemas de contorno y separacién de variables. Método de las Caracteristicas de EDP.

Probabilidad (1.2 créditos). Introduccién a la probabilidad. Distribuciones discretas basi-
cas. Distribuciones de probabilidad. Funciones de variable aleatoria. Teorema del limite cen-
tral.

Estadistica (0.8 créditos). Concepto de estadistico. Estimadores. Estimacién por inter-
valos de confianza.
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30.2 Probability ]
Axioms and theorems; conditional probability; Bayes’ theorem

303 Permutations and combinations I - L *

304 Random variables and distributions ! ® '] U\\ -\( L) - 0‘/\-—' v bw M\T .
Discrete random variables; continuous random variables

30.5 Properties of distributions ]

Mean; mode and median; variance and standard deviation; moments; central b3 & \
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30.6 Functions of random variables ]
Geperating fynctigns
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30.8 Important discrete distributions ] "3
Binomial; geometric; negative binomial; hypergeometric; Poisson
30.9 Important continuous distributions
Gaussian; log-normal; exponential; gamma; chi-squared; Cauchy; Breit—
Wigner; uniform
30.10 The central limit theorem ]
30.11 Joint distributions 1
Discrete bivariate; continuous bivariate; marginal and conditional distributions l .?" ¢
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ar R AYAN . 1 31.1 Experiments, samples and populations
Y ] o
u A 31.2 Sample statistics
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/l i J\\M‘K\ ow u\,ﬂ v I&Q 31.3 Estimators and sampling distributions
—5 -.S Consistency, bias and efficiency; Fisher’s inequality; standard errors; confi-

dence limits

Some basic estimators
Mean; variance; standard deviation; moments; covariance and correlation
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» The probability of finding a 1s electron in a hydrogen atom in a given infinitesimal volume
dV is w*yp dV, where the quantum mechanical wavefunction y is given by
—r/ag

p = Ae

Find the value of the real constant A and thereby deduce the mean distance of the electron

from the origin.
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» Find the standard deviation of the PDF for the distance from the origin of the electron
whose wavefunction was discussed in the previous two examples.
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» A biased die has probabilities p/2, p, p, p, p, 2p of showing 1,2, 3, 4, 5, 6 respectively. Find
(1) the mean, (ii) the second moment and (iii) the variance of this probability distribution
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» The PDF for a Gaussian distribution (see subsection 30.9.1) with mean u and variance
a2 is given by

J0) = ——exp [—("_ - )2]
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Obtain an expression for the kth central moment of this distribution.
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lighthouse

» A lighthouse is situated at a distance L from a straight coastline, opposite a point O, and
sends out a narrow continuous beam of light simultaneously in opposite directions. The beam
rotates with constant angular velocity. If the random variable Y is the distance along the !
coastline, measured from O, of the spot that the light beam illuminates, find its probability L

density function.
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L —— O » A lighthouse is situated at a distance L from a straight coastline, opposite a point O, and
sends out a narrow continuous beam of light simultaneously in opposite directions. The beam
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rotates with constant angular velocity. If the random variable Y is the distance along the

2
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coastline, measured from O, of the spot that the light beam illuminates, find its probability

density function.

The situation is illustrated in figure 30.8. Since the light beam rotates at a constant angular
velocity, 0 is distributed uniformly between —n/2 and =n/2, and so f(0) = 1/n. Now

]
= “J'] w y = Ltan 0, which possesses the single-valued inverse 0 = tan~!(y/L), provided that 0 lies
- > between —n/2 and 7/2. Since dy/d0 = Lsec®0 = L(1 +tan?0) = L[l + (y/L)*], from
r—l (30.58) we find
o= L[4 _ 1 for oo < v <
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» The random variable X is Gaussian distributed (see subsection 30.9.1) with mean u and
variance ¢2. Find the PDF of the new variable Y = (X — p)*/o>.
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» Suppose X and Y are independent continuous random variables in the range —oo to oo,
with PDFs g(x) and h(y) respectively. Obtain expressions for the PDFs of Z = X +Y and
W =XY.
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» A general one-dimensional random walk consists of n independent steps, each of which
can be of a different length and in either direction along the x-axis. If g(x) is the PDF for
the (positive or negative) displacement X along the x-axis achieved in a single step, obtain
an expression for the PDF of the total displacement S after n steps.
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Figure 30.11 Some typical binomial distributions with various combinations
of parameters n and p.
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»If a single six-sided die is rolled five times, what is the probability that a six is thrown
exactly three times?
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Figure 30.13 The Gaussian or normal distribution for mean ¢ = 3 and
various values of the standard deviation ¢.
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»If X is described by a Gaussian distribution of mean p and variance o2, calculate the
probabilities that X lies within 1o, 20 and 30 of the mean.
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» Sawmill A produces boards whose lengths are Gaussian distributed with mean 209.4 cm
and standard deviation 5.0 cm. A board is accepted if it is longer than 200 cm but is
rejected otherwise. Show that 3% of boards are rejected.

Sawmill B produces boards of the same standard deviation but of mean length 210.1 cm.
Find the proportion of boards rejected if they are drawn at random from the outputs of A
and B in the ratio 3 : 1.
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