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AMA145:  Mathematics BI

Semester: 
1

Credits: 
10
Taught by:  Dr R Jain & Dr. E-J Kim
Prerequisites: B Tech Maths/A-level Maths or equivalent.

Corequisites: None.

Aims

· The aims of this module are to help develop the mathematical skills necessary to support engineering modules and to provide the appropriate foundations for further mathematical studies.

Objectives

By the end of the semester you should

· be able to sketch simple functions,

· have an understanding of complex numbers,

· be familiar with the techniques of differentiation and be aware of applications,
· be able to manipulate vectors.
Outline Syllabus

Functions of a real variable. Complex Numbers. Differentiation. Partial Differentiation.Vectors.
Detailed Syllabus

Number Systems & Set Theory (Handout)  Types of real numbers - integers, rational, irrational.  Laws of addition, multiplication and division.  Set theory notation.

Functions of a Real Variable.  Idea of a function.  (Even and odd functions, periodic functions).  Inverse functions.  Formula manipulation. Multivaluedness.  Graphs (lin/lin, ln/lin, ln/ln).  Transformations using graphs: f(t), f(-t), f(t-a), f(at).  Exponential.  Logarithm. ax.  Definitions and properties.  Hyperbolic functions. Graphs.
Complex Numbers  Notion of a complex number.  Real and imaginary parts.  Complex conjugate.  Addition, subtraction, multiplication and division.  Argand diagram - modulus, argument.  Principal argument.  

De Moivre's theorem.  nth roots of complex numbers.  Euler's relation, ez manipulation.  ez where z = f(t), ejt, amplitude, phase.

Differentiation  Introduction to limits.  Continuity (informal).  Derivative.  Rules for differentiation (products, quotients, function of a function, inverse function).  Maxima and minima, greatest and least values, points of inflection.  Graphs using derivatives, limits, etc.

Functions of more than 1 variable, Partial Differentiation  Equation of a surface.  Definition of partial differentiation as a limit.  Higher order derivatives.  Simple examples of finding    ∂ (/ ∂ x, ∂ (/ ∂ y, ∂2(/ ∂ x2,

∂2(/ ∂ x ∂ y, ∂2(/ ∂ y2.

Vectors Definition of a vector.  Magnitude.  Addition and subtraction.  Laws of vector algebra (with proofs).  Unit vector.  The base vectors i,j,k.  Components.  Resolved form of a vector.  Scalar product a.b = |a| |b| cos SYMBOL 113 \f "Symbol".  Interpretation as projection.  Laws of scalar products.  Component form of scalar product. Vector product a x b = |a| |b|sinSYMBOL 113 \f "Symbol"n.  Laws of vector products.  Component form of vector product.  Differentiation of a vector.  Rules for differentiation.  Vector equation of line.

Module format

	Lectures
	
	Tutorial Classes 
	
	Lectures and Tutorial Classes
	


Recommended Books (A-Core text, B-Secondary text, C-Peripheral reading)

B: Croft, A., Davison, R. & Hargreaves, M., Engineering Mathematics, a modern foundation for electronic, electrical and control engineers, (Addison Wesley).

B: Stroud, K.A., Engineering Mathematics, (Palgrave).

Assessment

One two-hour written examination (80%). Format: Section A: short questions; Section B: choice of longer questions. One class test (10%). Two homeworks (10%).
Contents (AMA145)

Week 1

Set Notation, Algebra: Rules for indices. Isolating variables in formulae. Expanding brackets. Quadratics: Factorisation, roots of equations, completing the square.

Trigonometry: Degrees. Radians. Sine, cosine, 

. sin2θ + cos2θ = 1. Special triangles for 

 Sine, cosine, tangent, secant, cotangent, cosecant for any angle.

Week 2

Algebra: Cubics. Binomial Theorem. Inequalities.

Trigonometry: Graphs of sine, cosine. Identities. Addition formulae. Double angle formulae. Solving trigonometric equations. Graphs.


Week 3:

Algebra: Sketch quadratics by translation. 

Trigonometry: a sin θ + b cos θ = r cos (

), sketching. cos P + cos Q.

Week 4:

Algebra: Sketch graphs. Equation of circle 


Function of real variable : domain, range, sine, cosine, tangent, y = 1/x, even and odd functions, periodicity.

Week 5:

Algebra: Intersection of line and circle.  Complex Numbers: z = x + jy conjugate 

, laws for addition, multiplication and division. Argand diagram.

Transformations of graphs f(t), f(-t), f(t-a), f(at).  Inverse functions. Solutions of trigonometric equations.

Exponential and logarithm functions.

Week 6:

Complex numbers: polar representation, modulus, argument, principal argument, multiplication and division in polar form.  Hyperbolic functions: basic definitions, graphs, identities (not inverse hyperbolics here).
Week 7:

Differentiation:  Introduction to simple limits including indeterminate forms and lim (sinx)/x  Basic definition of derivative.  Examples on rules of differentiation (products, quotients, function of a function, inverse function).  Maxima and minima.  Points of inflexion.  Simple curve sketching.
Week 8:

Partial differentiation:  Definition.  Simple examples of finding 1st and 2nd order derivatives.  De Moivre’s Theorem, nth roots, Euler’s relation and its uses.

Week 9:

Vectors: Definition of vector, magnitude, unit vectors, laws of vector algebra; Representation of vectors in i, j, k basis; Vector equation of a line; Scalar product, a.b = |a| |b| cos θ
Week 10, 11:
Geometric interpretation of scalar product, component form of scalar product; Orthogonality of vectors; Vector product, a ( b = |a| |b| sin θ n;  Laws of the vector product, component form of the vector product.

Teaching Method

Since the group is small in these modules the teaching method varies.

In the background topics e.g. algebra more emphasis is on the student “brushing up” their technique.  In later topics the theory and illustrative examples are presented by the lecturer and this is interspersed with tutorial classes.  Problem sheets are provided to enable students to practise technique, test understanding and reinforce learning.

Background

These modules are designed primarily for students who have difficulty with Mathematics and who need revision of and practice at basic algebra and trigonometry.  The remaining topics are common with AMA147 but in these courses more time is allowed for each topic, enabling more illustrative examples to be presented and/or more time for tutorial sessions with the students.  The aim of these Level 1 modules (together with the subsequent semester 2 modules) is to bring these students up to a suitable level by the end of Year 1 to enable them to cope with the Mathematics modules at Level 2.  The schedule indicates the mathematics contribution to these 2 half-modules.
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