Pre-U Physics Part A

1. Mechanics

Content headings mapped to spreads

	Specification heading and statements
	Spread Name and number
	Pages in Advanced Physics
	Comments

	These first sections are suggested as useful preliminary work since Pre-U Physics assumes familiarity with concepts of mass, weight and density and the use of scientific notation and SI units

	Preliminary material
	2.1 Base units and derived units
	24-25
	Worth reviewing

	
	2.2 Dimensions
	26-27
	This is not essential but will be of interest to more able groups and is useful!

	
	2.3 Customized units
	28-29
	Prefixes and unit conversions are worth spending a little time on.

	
	2.4 Scientific Notation
	30-31
	Significant figures.

	
	3.6 Mass, weight and density
	56-57
	Mass and inertia.

Centre of mass.

Centre of Gravity

Teachers should consider integrating the teaching of section 2 (Gravitational Fields) with the mechanics teaching.

	Specification heading and statements
	Spread Name and number
	Pages in Advanced Physics
	Includes

	Scalars and vectors

1.1 to 1.3 (1.10)
	3.3 Vectors
	50-51
	Scalars and vectors

Resolving into components

	
	3.4 Force as a vector
	52-53
	Resolving forces/equilibrium

	Moment of a force

1.4
	3.5 Turning Effects
	54-55
	Principle of moments

Equilibrium

Couples

	Kinematics

1.5 to 1.8
	3.1 Capturing and displaying motion
	46-47


	Graphs of motion

Motion capture techniques

	
	3.2 Equations of motion
	48-49
	Derivation from graphs

How to solve problems

	
	3.9 Falling
	62-63
	Equations of motion applied to free fall (also revises graphical work)

	
	3.10 Projectile motion
	64-65
	Independence of horizontal and vertical components

	Comments: The approach to Newton’s laws of motion in Advanced Physics is to move rapidly on from F = ma with constant mass to the more general expression 
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 This of course reduces to F = ma if the mass is constant but also allows for the application of the principle to a wider range of phenomena and emphasizes the importance of linear momentum. 

The Pre-U course statement 1.11 leaves the actual statements of Newton’s laws open so it is acceptable for students to express them in different ways. The statement is at the top of page 88 is succinct and accurate. 

Advanced Physics unpacks Newton’s 3rd law from the often repeated form, ‘For every action there is an equal and opposite reaction’ to a series of statements that can be found in the centre of page 90. This should aid understanding and avoid the misinterpretations of the 3rd law that lead to students identifying contact forces and gravitation as members of an ‘action-reaction’ pair (e.g. for a book resting on a table). However, a ‘snappy’ statement has the advantage of being easy to remember. This could be: When A exerts a force on B, B exerts an equal but opposite force (of the same kind) on A. The reference to ‘kind of force’ means that action and reaction forces are necessarily part of the same interaction e.g. gravitational.

	Newton’s laws of motion

AND

Conservation of linear momentum

1.11 to 1.18
	3.19 The Newtonian Revolution
	82-83
	Provides a historical perspective useful for those interested in the context for Newtonian ideas.

	
	3.20 Newton’s 1st Law
	84-85
	Interpreting the 1st law

Resultant force

Inertia

	
	3.21 Force and Motion
	86-87
	F = ma and the definition of linear momentum

	
	3.22 Newton’s 2nd Law
	88-89
	In terms of rate of change of linear momentum.

Impulse and momentum.

	
	3.23 Newton’s 3rd Law
	90-91
	Action-reaction pairs as ends of an interaction.

	
	3.24 Interactions and Collisions
	92-93
	Elastic and inelastic interactions.

KE and momentum.

	
	3.26 Newton in Action 1
	96-97
	Propellers jets and rockets.

	
	3.27 Newton in Action 2
	98-99
	2D collisions and momentum conservation.

	Pressure

1.19 and 1.20
	3.15 Fluid Pressure
	74-75
	Definition of pressure.

Pressure and depth.

Flotation.


The detailed Pre-U syllabus statements are listed below with suggested exercises from Advanced Physics:

Learning outcomes

Scalars and vectors: candidates should be able to:

1.
distinguish between scalar and vector quantities and give examples of each.

2.
resolve a vector into two components at right angles to each other by drawing and by calculation.

3.
combine any number of coplanar vectors at any angle to each other by drawing

Exercises:


P51 
Q1-7 

Resolving and adding vectors.

P53 
Q3, 4, 6, 7, 8 
Equilibrium problems using force as a vector

Moment of a Force: candidates should be able to:

4.
calculate the moment of a force and use the conditions for equilibrium to solve problems (restricted to coplanar forces)

Exercises

P55 
Q1-8 
Moments and equilibrium problems

P118 
Q2
Moments and equilibrium of a structure. (Past A-level question)

P118 
Q4
Moments and equibilrium (Past A-level question)

P123 
Q26 
Equilibrium of a crane. (Past A-level question)

Kinematics

5.
construct displacement/time and velocity/time graphs for uniformly accelerated motion.

6.
identify and use the physical quantities derived from the gradients of displacement/time and areas and gradients of velocity/time graphs, including cases of non-uniform acceleration.

7.
recall and use the expressions
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8.
recognise and use the kinematic equations for motion in one dimension

with constant acceleration:
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9.
recognise and make use of the independence of vertical and horizontal motion of a projectile moving freely under gravity.

Exercises

P47 
Q 1-6 
Basic motion calculations

P49 
Q 1-6 
Equations of Motion

P118 
Q 9 
Graphs of motion 
(Past A-level question)

P119
Q9 
Graphs of motion 
(Past A-level question)

P 120 
Q 14 
Projectiles 

(Past A-level question)

Newton’s Laws of Motion and Conservation of Linear Momentum: candidates should be able to:

10.
recognise that internal forces on a collection of objects sum to zero vectorially.

11.
recall and interpret statements of Newton’s laws of motion.

12.
recall and use the relationship 

F = ma
in situations where mass is constant.

13.
recall and use the independent effects of perpendicular components of a force.

14.
recall and use the expression 

p = mv
and apply the principle of conservation of linear momentum to problems in one dimension.

15.
relate net force to rate of change of momentum in situations where mass is

constant and recall and use:
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16.
recall and use the relationship impulse = change in momentum.

17.
recall and use the fact that the area under a force-time graph is equal to the

impulse.

18.
be able to apply the principle of conservation of linear momentum to problems in two dimensions.

Exercises

P 85 
Q1-7 
Exploring the concepts of force and motion (discursive)

P87 
Q1-7 
Resultant force F = ma
P89 
Q1-3 
Forces and rate of change of momentum

P91 
Q1-7 
Exploring the concepts in Newton’s 3rd Law

P 93 
Q1-3 
Conservation of momentum

P97 
Q1-3 and P99 Q1-7 
synoptic questions on Newton’s laws

P119 
Q 11 
F = ma
(Past A-level question)

P121 
Q 18 
Bouncing ball including impulse and change of momentum (Past A-level question)

P121 
Q19
Collision

Pressure: candidates should be able to:

19.
 recall and use the relationship:
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20.
 recall and use the relationship:

P = ρgh
for pressure due to a liquid.

Exercises

P75 
Q1-4
Practice with pressure equations.

Mathematical support for this section

At the back of Advanced Physics there is a set of spreads which makes up a ‘mathematical toolbox’ (MT). These are particularly helpful for students who may need a little more practice to become competent with the mathematics. They serve two purposes – (i) to support the kind of mathematical techniques used in the course and (ii) to offer examples and practice questions.

	Advanced Physics Spread
	Page nos.
	Comments

	MT2 Equations and approximations.
	596-597
	This spread will help those who are having difficulty rearranging equations e.g. for the kinematic equations. The practice questions on p597 make a useful exercise.

Omit the section on approximations.

	MT4 Vectors
	600-602
	This spread supports the work on forces and momentum.


Extension topics for this section

	Advanced Physics Spread
	Page nos.
	Comments

	3.7 Forces in Buildings
	58-59
	This will be of interest to potential engineers.

	3.25 Friction
	94-95
	Introducing the friction between surfaces (and the coefficient of friction) can lead to some interesting laboratory work.

	3.16 The Bernoulli Equation
	76-77
	These two spreads go into a fair amount of detail and require familiarity with ideas of KE and GPE. However, a qualitative description of the Bernoulli effect in terms of Newton’s second law (if the fluid accelerates it must be moving from higher to lower pressure and therefore has lower pressure where it flows faster) allows for an interesting discussion of the effect. Ideas of fluid viscosity can also be linked (qualitatively) to Newton’s second law. 

	3.17 The Bernoulli effect
	78-79
	

	3.18 The Physics of Flight
	80-81
	The main ideas here can be discussed even if the two spreads on Bernoulli have not been covered.


Additional Exercises to support this section:

P29
Q1-8
questions on units

P31
Q1-6
questions on scientific notation

P597
Q1-2
practice rearranging equations

P57
Q3-6
calculating mass, weight and density.
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