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1 Introduction

This handbook contains information relating to various aspects of studying math-
ematics at junior level at the University of Sydney. It includes a brief description
of the content of each junior unit, and some advice on which units to choose. It
also contains some information on assessment and administrative matters. If you
have a question about junior mathematics, and cannot find the answer in this
book, there are other sources of information.

Where to find out more:

e The Junior Mathematics website:

http://www.maths.usyd.edu.au/u/UG/JM

e The Frequently Asked Questions webpage:
http://www.maths.usyd.edu.au/u/UG/JM/FAQ.html
If there is something you want to know, please check this page before you
contact us.

e The Student Services Office.

Carslaw room 520.
e Phone: 9351 5787

e Email: firstyear@maths.usyd.edu.au
We expect that any emails written to us will be courteous, and will include
your name and SID. We will not respond to anonymous emails.

e The First Year Director.

David Easdown, Carslaw room 534.

1.1 How we communicate with you

There are almost 3000 students doing a first year mathematics unit. When we
have something to tell you we clearly cannot do so on an individual basis. You
will have to take far more responsibility for seeking out information than you may
have been used to doing at school. Here are the ways in which we communicate
with you:



Announcements in lectures

Important announcements relating to all aspects of a unit of study are often made
in lectures. You should listen carefully to all such announcements. If you do not
attend lectures regularly then it is your responsibility to find out the content of
any such announcements in the event that you were absent when they were made.

Web pages

The main page for Junior Mathematics is given above. Each unit has its own web
page, linked to the main page. Many important announcements are made on these
pages. It is essential that you check the main page, and the pages relevant to your
enrolment, at least once a week.

Email

We will sometimes email you at your Unikey email address, either as an individual
student, or as a member of a particular class. You should check for email sent to
your Unikey address on a regular basis.

1.2 Junior units of study

Junior units are offered at four different levels: advanced, normal, fundamental
and introductory. The level at which you study mathematics should be determined
by your mathematical background and your ability.

As a general rule, if you have done HSC Mathematics Extension 2 then you should
take advanced units; if you have done HSC Mathematics Extension 1 then you
should take normal units; if you have done HSC Mathematics then you should
take fundamental units.

Later chapters in this book give more detailed advice as to which level you should
choose.

Advanced, normal and fundamental units are all worth 3 credit points.

Advanced Units of Study in semester 1.

MATH1901 Differential Calculus (Advanced)
MATH1902 Linear Algebra (Advanced)
MATH1906 Mathematics (Special Studies Program) A

Advanced Units of Study in semester 2.

MATH1903 Integral Calculus and Modelling (Advanced)
MATH1905 Statistics (Advanced)
MATH1907 Mathematics (Special Studies Program) B



Normal Units of Study in semester 1.

MATH1001 Differential Calculus
MATH1002 Linear Algebra

Normal Units of Study in semester 2.

MATH1003 Integral Calculus and Modelling
MATH1004 Discrete Mathematics
MATH1005 Statistics

Fundamental Units of Study in semester 1.

MATH1011: Applications of Calculus
MATH1015: Biostatistics

Fundamental Units of Study in semester 2.

MATH1013: Mathematical Modelling
MATH1014: Introduction to Linear Algebra

MATH1111: Introduction to Calculus is a 6 credit point unit of study and is
available only to students who have not done HSC Mathematics, HSC Mathematics
Ext 1 or HSC Mathematics Ext 2 (or equivalent).

1.3 Students in the Faculty of Science

Science students are required to complete at least 12 credit points of mathematics
and/or statistics. Most science students fulfill this requirement by taking 4 junior
units of study.

Students with HSC Mathematics Extension 2 (or equivalent) will generally take
MATH1901, MATH1902, MATH1903 and MATH1905.

Students with HSC Mathematics Extension 1 (or equivalent) will generally take
MATH1001, MATH1002, MATH1003 and either MATH1004 or MATH1005.
Students with HSC Mathematics (or equivalent) will generally take MATH1011,
MATH1014, MATH1013 and MATH1015.

Students with only HSC General Mathematics or with only Year 10 mathematics
will generally enrol in MATH1111 in semester 1. Special permission is required to
enrol in MATH1111. Students enrolling in MATH1111 should discuss their choice

of mathematics units for second semester with an adviser at enrolment.



1.4 Students in the Faculty of Engineering

Engineering students are required to study mathematics in both first and second
year. Different engineering departments have different requirements. Engineer-
ing students should consult the Engineering Handbook as to the requirements of
individual engineering departments.

Most first year engineering students will take MATH1001, MATH1002, MATH1003
and MATH1005.

Engineering students with HSC Mathematics Extension 2 (or equivalent) may
choose the advanced units MATH1901, MATH1902, MATH1903 and MATH1905.
Engineering students who do not have Mathematics Extension 1 (or equivalent)
are strongly advised to do a Bridging Course before semester starts. Details of
Bridging Courses are available from the Student Services Office (Carslaw room
520), or at http://www.maths.usyd.edu.au/u/BC/.

1.5 Students in the Faculties of Arts, Economics and Edu-
cation

Junior mathematics units may be taken by students in these faculties. Consult
the relevant Faculty Handbook for details.

1.6 Intermediate, Senior and Honours Units of Study

It is possible to proceed as far as Honours in any of the three disciplines: Pure
Mathematics, Applied Mathematics or Mathematical Statistics. The School’s in-
termediate and senior units of study are offered at two levels, advanced and normal.
Intending Honours students are encouraged to select advanced units of study.
There are intermediate and senior units of study offered by the School of Math-
ematics and Statistics which complement specialised studies in other discipline
areas. In particular, students who seek to specialise in certain other Science dis-
cipline areas such as Physics and Computer Science, should bear in mind the
requirement to complete intermediate mathematics units in their degree.

1.7 Advice on choice of junior mathematics units

Students intending to specialise in Pure Mathematics or Applied Math-
ematics should take four or five junior units. Students with the appropriate back-
ground should take advanced units, or Special Studies Units if invited to do so.
It is important that one of the units MATH1903, MATH1907 or MATH1003 be
selected: seek the advice of the Mathematics Student Services Office if you do not
wish to do this.



Students who intend to specialise in Mathematical Statistics should take
the following units:

e (MATH1001 or MATH1901 or MATH1906) and (MATH1002 or MATH1902)
and
e (MATH1003 or MATH1903 or MATH1907) and (MATH1005 or MATH1905)

Students who want Mathematics as a support for a major in another
area have a wide range of choices. Some faculties, schools and departments pre-
scribe and/or recommend mathematics units: refer to the appropriate handbooks
or advisers. In general, take as many mathematics units as you can fit in; if you
satisfy prerequisites, take advanced units rather than normal units and normal
units rather than fundamental units. If you intend to take intermediate units in
mathematics, take MATH1903 or MATH1003 or seek the advice of the Mathematics
Student Services Office if you do not wish to do this.

Students who want Statistics as a support for a major in another area
should take MATH1905 or MATH1005 or MATH1015. Students who wish (at a later
stage) to take STAT3012 Applied Linear Models will also need to take MATH1902
or MATH1002.

Students who wish to specialise in Financial Mathematics should take the
following units:

e (MATH1901 or MATH1001 or MATH1906) and (MATH1902 or MATH1002)
and

e (MATH1903 or MATH1003 or MATH1907) and (MATH1905 or MATH1005)

1.8 What to do before semester starts

Once you have your timetable, check whether classes start in week 1 or 2. All
lectures start in week 1, and tutorials start in week 2.

It is not essential to buy textbooks for mathematics units of study before semester
starts, but you may do so if you wish. For several junior units of study the text
is a set of course notes written by lecturers within the School of Mathematics and
Statistics. All such notes may be purchased from KOPYSTOP, 55 Mountain St
Broadway. They are not available from the University Copy Centre. Textbooks
which are not published by the School of Mathematics and Statistics will generally
be available from the Co-op Bookshop on campus.



2 Advanced Units

2.1 Who should take advanced units?

Advanced units of study are designed for students who have both a strong back-
ground and a keen interest in mathematics, and who wish to study mathematics
at a higher level. Advanced units are challenging but rewarding. They treat topics
at a greater depth and with more mathematical rigour than do normal units.

2.2 Assumed knowledge

The assumed knowledge for advanced units is the NSW Mathematics Extension 2
HSC course (or equivalent). The depth of study required for that HSC course is
similar to that needed for advanced units here. Students who achieved Band 4 in
the NSW Extension 1 HSC course (or equivalent) and who are enthusiastic about
mathematics may also consider advanced units, although they will be missing some
background knowledge. A NSW UAI score of at least 90 is desirable. All students
who wish to enrol in advanced units must consult one of the School of Mathematics
and Statistics advisers during the enrolment period.

If you are interested in enrolling in Advanced units, you should try a self-
assessment test at http://www.maths.usyd.edu.au/u/UG/JM/MATH1901/

2.3 Objectives of advanced units

In addition to extending and deepening students’ knowledge in key areas of math-
ematics and statistics, and preparing students for later units in mathematics and
statistics, the advanced units are designed to

e provide challenging and stimulating material for students with an interest
in, and aptitude for, mathematics;

e give students an appreciation of the power and beauty of mathematics;

e provide an insight into the way in which professional mathematicians think
about mathematics;

e develop a student’s ability to reason mathematically;

e give students an appreciation of the need for rigour in mathematics.



2.4 Student outcomes

Students who successfully complete advanced units will:
e be able to think logically and rigorously about mathematical problems;
e demonstrate proficiency in the new skills introduced in this unit;
e demonstrate strong analytical, algebraic and numerical skills;
e be able to construct sound mathematical arguments;
e demonstrate an understanding of the concepts introduced in this unit;
e be able to learn additional mathematics independently;
e be able to use mathematical techniques to solve a wide range of problems;

e be able to express mathematical ideas coherently.

2.5 Special Studies Program (SSP) units

These units are offered to a relatively small group of talented and committed
students. The two SSP units are MATH1906 and MATH1907. MATH1906 in-
cludes all the material in MATH1901 as well as special topics which are not avail-
able elsewhere in the Mathematics and Statistics programs. Students attend the
MATH1901 lectures and complete all MATH1901 assessment tasks, but have their
own seminar and tutorial. The special topics will be assessed by means of assign-
ments.

Similarly MATH1907 has the same lectures as MATH1903 plus seminars on spe-
cial topics. For the purposes of Science Faculty regulations, SSP units count as
Advanced units.

Selection into MATH1906 and/or MATH1907 is based on interest in and commit-
ment to mathematics, and on HSC (or equivalent) results. A NSW ATAR score of
at least 98.5 and a score of 95% in Mathematics Extension 2 is generally expected,
although students with lower scores and a serious commitment to mathematics
may apply for selection. Students interested in obtaining entry to the Special
Studies Program should enrol in MATH1901 (unless informed otherwise) and sub-
sequently apply for entry into MATH1906. Details of how to apply will be available
on the MATH1906 website http://www.maths.usyd.edu.au/u/UG/IM/MATH1906/
by late January or early February.



2.6 Semester 1 Advanced Units

MATH1901 Differential Calculus (Advanced) 3 credit points
Assumed background: HSC Mathematics Extension 2.

Prohibition:

May not be counted with MATH1111, MATH1001, MATH1011, MATH1906.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

This unit begins with complex numbers and functions of a complex variable, and
then builds on the calculus content of HSC Mathematics Extension 1 and 2. The
crucial concepts of limits and continuity are discussed rigorously and the idea of
derivative is extended to functions of two variables. Topics covered include the
following:

Complex Numbers. Definitions, addition and multiplication. Polar form, de
Moivre’s theorem, finding nth roots. Complex exponential function, representing
complex functions of a complex variable.

Functions of one wvariable. Domain and range. Injective and surjective func-
tions. Composition and inverse. The hyperbolic functions. Limits and the limit
laws. Continuity. The intermediate value theorem. Differentiability. Rolle’s theo-
rem. The mean value theorem. L’Hopital’s rule. Taylor polynomials.

Functions of two variables. Curves and surfaces in space. Level curves. Limits
and continuity. Partial derivatives. Tangent planes and linear approximations.
Chain rule. Implicit differentiation. Directional derivatives and the gradient.

Course notes

J Henderson. Lecture Notes for MATH1901 and MATH1906. School of Mathematics
and Statistics, University of Sydney.

References

James Stewart. Calculus. Brooks/Cole Publishing Company, 5th edition, 2003.

G P Monro. Proofs and Problems in Calculus. Carslaw, Sydney, Australia, 1996.

M Spivak. Calculus. W A Benjamin, Addison-Wesley world student edition, 1967.
Hughes-Hallett et al. Calculus. John Wiley and Sons Inc, 3rd edition, 2002.

G B Thomas and R L Finney. Calculus and Analytic Geometry. Addison Wesley, 9th
edition, 1996.

Stanley I Grossman. Calculus. Harcourt Brace College Publishers, 5th edition, 1992.

R F C Walters and K Wehrhahn. Calculus 1. Carslaw, Sydney, Australia, 1989.



MATH1902 Linear Algebra (Advanced) 3 credit points
Assumed background: HSC Mathematics Extension 2.

Prohibition: May not be counted with MATH1002, MATH1012, MATH1014.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

This unit commences with four weeks on geometric vectors, as objects having
magnitude and direction (including, for example, force and velocity). The basic
operations with vectors are addition (described by the parallelogram rule and/or
triangle rule), multiplication by real numbers (or scalars, as they are known in this
subject), the scalar (or dot) product and the vector (or cross) product. Vectors
may be used to describe the positions of points in the plane or in space, and this
provides a simple method of proving several theorems of Euclidean geometry. It
also leads to vector forms of the equations of lines and planes.

The remaining nine weeks are an introduction to linear algebra. A system of simul-
taneous linear equations can be conveniently described by its coefficient matrix:
the rectangular array of numbers that gives the coefficients of all the variables in all
the equations. The system is then solved by means of elementary row operations
on the matrix. This leads on to matrix algebra: rules for addition and multipli-
cation of matrices, multiplication of matrices by scalars, and the basic properties
of these operations. Further topics include invertible (or nonsingular) matrices,
calculation of inverse matrices by means of elementary row operations, and ex-
pressing an invertible matrix as a product of elementary matrices. Determinants
are introduced using an inductive formula, and a cascade of surprising properties
are carefully proved, setting the stage for the final part of the course, which in-
troduces the theory of eigenvalues and eigenvectors. The Fundamental Theorem
of Algebra is proved using a modification of Newton’s Method from calculus, and
the course ends with a discussion of diagonalisation and an introduction to real
and complex Jordan forms. Applications to web search engines will be discussed,
time permitting.

Textbook

David Easdown. A First Course in Linear Algebra. Pearson, 2008.
References

Anton and Busby. Contemporary Linear Algebra. Wiley, USA.

Lay. Linear Algebra and its Applications. Pearson, USA.

Poole. Linear Algebra: A Modern Introduction. Thomson Brooks/Cole, USA.
Strang. Linear Algebra and its Applications. Thomson Brooks/Cole, USA.



MATH1906 Mathematics (Special Studies Program) A. 3 credit points
Assumed knowledge: HSC Mathematics Extension 2.

Entry is by invitation.

Prohibition:

May not be counted with MATH1111, MATH1001, MATH1011, MATH1901.

Classes: 2 lectures, 1 seminar and 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes, assignments, classwork.

Students in MATH1906 attend the same lectures and complete the same assess-
ments as for MATH1901, but have their own seminar and tutorial.

In addition to all the topics for MATH1901, some special topics are discussed in
the seminar. In 2011, the extra topics were:

Maps of the world

The globe cannot be mapped onto a plane without distortion. We look at map
projections of the world and study their properties like for instance area and angle
distortions. We discuss suitability of some maps for navigation and other purposes.

Mathematics and Musical Scales

The Pythagorean scale is based on the frequency ratios 2:1 for the octave and 3:2
for a perfect fifth. Constructing all notes from these ratios leads to inconsisten-
cies, which can be resolved using continued fractions, the theory of which we will
develop.

Symmetries and Patterns in the Plane

What do we mean when we say that something is symmetric? We will begin by
formulating a mathematical answer to this question. We will then describe and
classify the symmetries of all repeating patterns in the plane, using beautiful ideas
from both algebra and topology.

The special topics for 2012 are yet to be announced.

Course notes and references
As for MATH1901. Additional references will be given in seminars.

10



2.7 Semester 2 Advanced Units

MATH1903 Integral Calculus and Modelling (Advanced). 3 credit points
Assumed background: MATH1901, or HSC Mathematics Ext 2, or Credit in MATH1001.
Prohibition: May not be counted with MATH1003, MATH1013, MATH1907.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

Integral Calculus. This part of the course puts the notion of the Riemann
integral onto a solid footing and builds on the introduction to integration given
at highschool level. We rigorously prove the Fundamental Theorem of Calculus,
thereby establishing an extremely powerful connection between the Integral Calcu-
lus and the Differential Calculus from last semester (MATH1901). A wide range of
applications will be discussed, from computing areas, lengths, volumes and surface
areas to showing that 7 is irrational.

This part of the course also contains an introduction to sequences and series, and
a careful study of Taylor polynomials and Taylor series. This is a beautiful area
of mathematics, with many remarkable formulae and theorems. There are also
extensive applications of this theory in applied mathematics. This material will
be built on in later courses, such as MATH2963 (Real and Complex Analysis) and
MATH3969 (Measure Theory and Fourier Series).

Topics covered include: Riemann sums; the definition of the Riemann integral;
The Fundamental Theorem of Calculus; analysis of functions defined by integrals;
area problems; volume problems; surface area problems; lengths of graphs and
curves; classification of discontinuities; improper integrals; tests for convergence of
integrals; definition of sequences and series; tests for convergence of sequences and
series; Taylor polynomials; Taylor’s Theorem; Taylor series. There will also be a
brief review of integration techniques: change of variables (including hyperbolic
substitutions); partial fractions; integration by parts; reduction formulas.
Material from this central course will arise again and again throughout your math-
ematics program, for example in the Vector Calculus component of MATH2961, in
the analysis courses MATH2963 and MATH3964, and in the differential equations
courses MATH2965 and MATH3978.

Differential equations and modelling. Introduction to differential equations
(order, degree, linearity). Separable equations of first order. Applications to
population problems, disease transmission, chemical reactions, radioactive decay,
velocity and acceleration, inverse square law of gravitation, etc.

Linear equations of first order and integrating factors. Applications to population
problems, mixing problems, heat conduction, electrical circuits, etc.

Other classes of first-order equations. Change of variable in a differential equation.
Exact differential equations and integrating factors.

11



Linear equations of second order. Introductory theory, case of constant coefficients,
coupled first-order equations, nonhomogeneous terms, method of undetermined
coefficients. Applications to predator-prey models, arms race, electrical circuits,
radioactive decay in two stages, elastic springs, damping, forced vibrations and
resonance, etc.

Course notes
Dullin, Luckock and Parkinson. Course Notes for MATH1903. School of Mathematics
and Statistics, University of Sydney.

References
As for MATH1901.

MATH1905 Statistics (Advanced) 3 credit points

Assumed knowledge: HSC Mathematics Extension 2.

Prohibition: May not be counted with MATH1005, MATH1015, STAT1021 or ECMT1010.
Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

Data Analysis. Histograms, stem-leaf displays. Introduction to a statistical
computer package. Quartiles, box-plots. Transformations for symmetry. Sum-
mary statistics. Bivariate data: correlation; regression.

Probability. Introduction. Probability rules. Bayes theorem. Integer valued
random variables. Binomial and Poisson distributions. Expectation. Variance.
Probability generating functions. Introduction to continuous random variables.
Normal distribution, use of statistical tables. Sampling distributions. The Central
Limit Theorem. Normal approximation to the binomial.

Inference. Tests for hypotheses about proportions. Sign test (a non-parametric
test). Normal test for hypotheses about the population mean. Omne and two
sample t-tests. Confidence intervals for the population mean and proportions.
Chi-squared tests: goodness of fit. Two way contingency tables.

References

M C Phipps and M P Quine. A Primer of Statistics. Prentice Hall, Australia, 4th
edition, 2001.

J E Freund and G A Simon. Modern Elementary Statistics. Prentice Hall, USA,
9th edition, 1996.

12



MATH1907 Mathematics (Special Studies Program) B. 3 credit points
Qualifying: Distinction in MATH1906 or by invitation.

Prohibition: May not be counted with MATH1003, MATH1013, MATH1903.

Classes: 2 lectures, 1 seminar and 1 tutorial per week.

Assessment: One 1.5 hour examination, assignments, classwork.

Students in MATH1907 attend the same lectures and complete the same assess-
ments as for MATH1903, but have their own seminar and tutorial.

In addition to all the topics for MATH1903, some special topics are discussed in
the seminar. In 2010, the extra topics were:

Fractals

Many objects in nature can be modelled by fractals. Fractal sets or images have
the property that if we look at them under a microscope, using larger and larger
magnifications, we continue to see similar features at all scales. Examples of frac-
tals include biology (blood vessel patterns, structure and development of plants),
physics (statistical mechanics, dynamical systems), computer science (image com-
pression, compression for multimedia), engineering (image encoding, antennae,
signal processing), and chemistry (pattern-forming alloy solidification). We will
look at a number of fractals and discuss how to generate them. We will also study
some of their surprising properties.

Branching Processes

In these lectures we will investigate simple probability models known as Bienayme-
Galton-Watson processes which are used to model the development of biological
populations. In simple terms each individual in generation n independently ” gives
birth” to a random number of offspring according to some probability distribution
to form generation n+1. Apart from biological applications these stochastic pro-
cesses can be used to help understand random phenomena in many areas including
neutron chain reactions in nuclear reactors, chemical chain reactions and cascade
of defects in complcated computer networks.

A model study of cardiac arrhythmia

Cardiac arrhythmia denote any conditions in which the electrical activity of the
heart is irregular. Some arrhythmias are life-threatening that can cause cardiac
arrest and sudden death. We will introduce a mathematical model of cardiac
electrical activity using a discrete dynamical systems approach to understand what
causes and controls their dynamics. The special topics for 2012 are yet to be
announced.

Course notes and references
As for MATH1903. Additional references will be given in seminars.

13



3 Normal Units

3.1 Who should take normal units?

Normal Units of Study are designed for students who have both the necessary
background and interest in mathematics, and who want to study mathematics
beyond junior units, or need to do so in order to satisfy degree requirements.
Normal units cover much the same material as advanced units, but less rigourously.

3.2 Assumed knowledge

The assumed knowledge for MATH1001, MATH1002 and MATH1004 is NSW HSC
Mathematics Extension 1 (or equivalent). Students who have done well in the
equivalent of 2-Unit Mathematics at the NSW HSC may consider enrolling in
these units after discussion with a mathematics adviser during enrolment.

The assumed knowledge for MATH1005 is NSW HSC Mathematics.

The assumed knowledge for MATH1003 is MATH1001 or NSW HSC Mathematics
Extension 2.

Students who have only NSW HSC Mathematics but are required to enrol in nor-
mal units will need to do a bridging course in February. Details of Bridging Courses
are available from the Student Services Office, or from mathematics advisers at
enrolment.

Students with a Distinction in MATH1001 or MATH1002 are encouraged to discuss
the possibility of enrolling in one of the second semester advanced units with the
First Year Director.

3.3 Objectives of normal units

In addition to extending students’ knowledge in key areas of mathematics and
statistics, and preparing students for later units in mathematics and statistics, the
normal units are designed to

e give students an appreciation of the power and beauty of mathematics;

e demonstrate the application of mathematics to a wide variety of physical
problems;

e develop a student’s ability to reason mathematically;

e give students an appreciation of the need for rigour in mathematics.

14



3.4 Student outcomes

Students who successfully complete normal units will:
e be able to think logically and rigorously about mathematical problems;
e demonstrate proficiency in the new skills introduced in this unit;
e demonstrate strong analytical, algebraic and numerical skills;
e be able to follow and extend mathematical arguments;
e have gained a greater appreciation of mathematics and its applications;
e be able to use mathematical techniques to solve a wide range of problems;

e be able to express mathematical ideas coherently in both written and oral
form.

3.5 Semester 1 Normal Units

MATH1001 Differential Calculus 3 credit points

Assumed knowledge: HSC Mathematics Extension 1

Prohibition:

May not be counted with MATH1111, MATH1011, MATH1901, MATH1906.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

This unit begins with a brief introduction to complex numbers, and then builds
on the calculus content of HSC Mathematics Extension 1, focusing on the ideas
underpinning the calculus, and exploring the calculus of functions of two variables.
Topics covered include the following;:

Complex Numbers. Definitions, addition and multiplication. Geometric repre-
sentation, Argand diagram, modulus and argument, conjugates. Solving quadrat-
ics. Polar form, de Moivre’s theorem.

Functions of two variables. Curves and surfaces in space. Level curves. Para-
metric representations. Tangent planes to surfaces. Partial derivatives. Differ-
entials. Chain rule. Continuity and differentiability. Critical points. Directional
derivatives and the gradient. Limits and continuity.

Taylor polynomials and Taylor series. Approximations using Taylor polno-
mials. The remainder term. Euler’s formula. The binimial series.

Course notes
Lecture Notes for MATH1001. School of Mathematics and Statistics, University of Syd-
ney, 2003.
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References

James Stewart. Calculus. Brooks/Cole Publishing Company, 4th edition, 1999.
Hughes-Hallett et al. Calculus. John Wiley and Sons Inc, 3rd edition, 2002.

Stanley I Grossman. Calculus. Harcourt Brace College Publishers, 5th edition, 1992.
G P Monro. Proofs and Problems in the Calculus. Carslaw, Sydney, Australia, 1996.
R F C Walters and K Wehrhahn. Calculus 1. Carslaw, Sydney, Australia, 1989.
Adrian Banner. The Calculus Lifesaver. Princeton University press, 2007.

MATH1002 Linear Algebra 3 credit points
Assumed knowledge: HSC Mathematics Extension 1

Prohibition: May not be counted with MATH1902 or MATH1012.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

Vectors. Addition: parallelogram rule and/or triangle rule. Examples: position
vectors of points in space, velocities, forces, displacements. Geometry using vec-
tors. Vectors in the plane and space. Cartesian representation. Polar forms. Scalar
or dot product. Projection. Vector or cross product. Application to trigonometry.
Lines normal to planes in space; planes normal to lines in space; lines normal to
lines in the plane.

Linear Algebra. Solving systems of linear equations by row reducing aug-
mented matrix. Completely reduced matrices. Addition and multiplication of
matrices. Multiplication by a scalar. Matrix algebra, identity matrix, inverse
matrices. Solving linear equations using inverse matrices. Elementary matrices,
finding inverses by row reduction. Expressing a non singular matrix and its in-
verse as products of elementary matrices. Determinants: expanding by the top
row. Rules for evaluating determinants. Effect of elementary row operations. De-
terminant of: a product of two square matrices; the inverse of a matrix; scalar
product of a matrix. Eigenvectors, eigenvalues. The Leslie population model.

Textbook

David Easdown. A First Course in Linear Algebra. Pearson, 2008.
References

Anton and Busby. Contemporary Linear Algebra. Wiley, USA.

Lay. Linear Algebra and its Applications. Pearson, USA.
Poole. Linear Algebra: A Modern Introduction. Thomson Brooks/Cole, USA.

Strang. Linear Algebra and its Applications. Thomson Brooks/Cole, USA.
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3.6 Semester 2 Normal Units

MATH1003 Integral Calculus and Modelling 3 credit points
Assumed knowledge: HSC Mathematics Extension 2 or MATH1001 or MATH1901.
Prohibition: May not be counted with MATH1903, MATH1013, MATH1907.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

Integration. In this section of the unit the definite integral is defined as a limit
of a Riemann sum, and the Fundamental Theorem of Calculus is discussed. The
logarithm function is defined as an integral, and the exponential function as its
inverse. Applications of integration, such as determining areas and volumes by
slicing, are studied. New techniques of integration are introduced: trigonometric
and hyperbolic substitution; integration by parts; partial fractions.

Differential equations and modelling. An introduction to the use of first
and second order differential equations to model a variety of scientific phenom-
ena. Mathematical modelling is a process by which mathematical relationships
are proposed between physical quantities, based on empirical data and existing
theories. Differential equations are used to model such phenomena as radioactive
decay, population growth, disease transmission, chemical reactions, free fall with
air resistance, motion of a mass on a spring.

Types of differential equations studied include: first order separable (including
logistic), first order linear and second order homogeneous linear. Systems of two
first order linear equations are also studied.

Course notes

N R O’Brian, C J Durrant and D J Galloway. Integral Calculus and Modelling. School of
Mathematics and Statistics, University of Sydney.

References

James Stewart. Calculus. Brooks/Cole Publishing Company, 4th edition, 1999.
Hughes-Hallett et al. Calculus. John Wiley and Sons Inc, 3rd edition, 2002.

G B Thomas and R L Finney. Calculus and Analytic Geometry. Addison Wesley, 9th
edition, 1996.

Stanley I Grossman. Calculus. Harcourt Brace College Publishers, 5th edition, 1992.

R F C Walters and K Wehrhahn. Calculus 1. Carslaw, Sydney, Australia, 1989.
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MATH1004 Discrete Mathematics 3 credit points
Assumed knowledge: HSC Mathematics Extension 1.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

This unit is an introduction to fundamental aspects of discrete mathematics, an
area of mathematics which deals with “things that come in chunks that can be
counted.” Topics covered include the following:

Sets. Functions. Counting principles. Ordered selections. Unordered selections.
The inclusion-exclusion principle. Multinomial coefficients. Boolean expressions.
Karnaugh maps. Logic. Digital Logic. Mathematical induction. Generating
functions. Linear recurrence relations. Graphs and trees.

Textbook K G Choo and D E Taylor. Introduction to Discrete Mathematics.
Longman Cheshire, Australia, 1995.

Reference P F Dierker and W L Voxman. Discrete Mathematics for Computer
Scientists. Harcourt-Brace-Jovanovic, San Diego, CA, USA, 1986.

MATH1005 Statistics 3 credit points
Assumed knowledge: HSC Mathematics.

Prohibition: May not be counted with MATH1905, MATH1015, STAT1021 or ECMT1010.
Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

This unit is divided into three sections as detailed below. Tutorials are conducted
in computer laboratories where students may make use of R, a powerful and freely
available statistical computing environment.

Data Analysis. Histograms, stem-leaf displays. Quartiles, box-plots. Summary
statistics. Bivariate data: correlation; regression.

Probability. Introduction. Probability rules. Integer random variables, binomial
distribution. Expectation. Variance. Introduction to continuous random vari-
ables. Normal distribution. Use of statistical tables. Sampling distributions. The
Central Limit Theorem. Normal approximation to the binomial.

Inference. Tests for hypotheses about proportions. Sign test (a non-parametric
test). Normal test for hypotheses about the population mean. Omne and two
sample t-tests. Confidence intervals for the population mean and for proportions.
Chi-squared tests: goodness of fit.

Textbook M C Phipps and M P Quine. A Primer of Statistics. Prentice Hall,
Australia, 4th edition, 2001.

Reference JE Freund and G A Simon. Modern Elementary Statistics. Prentice
Hall, USA, 9th edition, 1996.
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4 Fundamental Units

4.1 Who should take fundamental units?

Fundamental units are designed for students whose major interest lies outside mathemat-
ics, but who require mathematics and statistics to support the study of other scientific
disciplines. In general, students who take fundamental units will not be interested in
studying mathematics after first year. Students who wish to continue studying mathe-
matics after first year, or who are enrolled in a degree program which requires interme-
diate mathematics, should choose normal junior units.

4.2 Assumed knowledge

HSC Mathematics (or equivalent) is the assumed knowledge for all fundamental units.
Students who wish to enrol in fundamental units without the assumed knowledge will
need to do a Bridging Course in February. Details of Bridging Courses are available from
the Student Services Office, or from mathematics advisers at enrolment.

4.3 Objectives of fundamental units

The fundamental units are designed to:

e illustrate ways in which students’ existing mathematical knowledge can be applied
to problems that arise in the life sciences;

e demonstrate applications of mathematics and statistics;

e give students an appreciation of mathematics as vital to all scientific disciplines.

4.4 Student outcomes

Students who successfully complete fundamental units will:
e demonstrate proficiency in the new skills introduced through this unit;
e communicate mathematical ideas coherently both orally and in writing;

e use a variety of mathematical techniques to solve problems;

be able to choose an appropriate mathematical model to describe certain situations.
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4.5 Semester 1 Fundamental Units

MATH1011 Applications of Calculus 3 credit points
Assumed knowledge: HSC Mathematics.
Prohibition:

May not be counted with MATH1111, MATH1001, MATH1901, MATH1906.

Classes: 2 lectures, 1 tutorial per week.

Assessment: One 1.5 hour examination, quizzes and assigned work.

Functions and Modelling. The use of polynomial, exponential, periodic and logarith-
mic functions to model data, including the scaling of data using log-log and semi-log
transformations.

Optimisation. The use of differential calculus to find and classify critical points, and
hence find local and global maxima and minima of functions of one variable. Partial
derivatives and maxima/minima of functions of two variables. Absolute and relative
growth rates. Word problems and applications.

Integral calculus. Finite sums, indefinite and definite integrals, improper integrals of
infinite type, word problems and applications.

Course notes
Course Notes for Applications of Calculus. School of Mathematics and Statistics, Uni-
versity of Sydney.

References

Adler. Modelling the Dynamics of Life. 2nd edition, Brooks/Cole Publishers, USA, 2005.
Adrian Banner. The Calculus Lifesaver. Princeton University press, 2007.

Bittinger, Brand and Quintanilla. Calculus for the Life Sciences. Pearson, 2006.

Cohen & Henle. Calculus: the Language of Change. Jones and Bartlett Publishers, USA,
2005.

Hughes-Hallett et al. Calculus. John Wiley and Sons Inc, 3rd edition, 2002.

MATH1015 Biostatistics 3 credit points

Assumed knowledge: HSC Mathematics.

Prohibition: May not be counted with MATH1