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Course Descriptor

Course Title:  

Preliminary Physics (SEMESTER I) 

Course Code: 
             PHYS110U

Level: 


0


Parent Programme:         PRE - UNIVERSITY PROGRAMME

Credit Points:

3

Type of Course:
Combination of labs, lectures and tutorials 

Date validated: 
             Aug 2007
Date modified: 
             Aug 2008
Total Student Workload:   

85  hrs

The weekly hours committed to the course will include four (4) hours of formal delivery with students expected to manage directed learning and independent study in support of the course. Workload description:

Lectures 




3     hrs

Laboratory 



0.5  hrs

Tutorials 




0.5  hrs

Directed and independent study 

3    hrs 

Prerequisites: 
None 

Description: 
Mathematical Methods for Preliminary Physics Measurement, Mechanics & Heat Fundamental Quantities & Unites, Scientific Notation, Derived Units, Scales, Errors, Simple Pendulum, Area, Density, Graphs, Force, F, Deformation, Vectors, Galileo, Motion in Straight Line, Aristotle, Newton’s Laws, Momentum, Forms of Energy, Conservation, Potential Energy, Ep, Kinetic energy, E, Power, P, Pressure, Temperature, Expansions, Gas Law, Nature of Heat, Specific Heat Capacity, Conduction and Radiation.

Learning Outcomes: At the end of this course the student is expected to gain knowledge and understanding of some basic laws that govern our world. Studying physics as a basic science is not particularly easy, but we believe it is rewarding, particularly for students planning further training in related sciences. 

Knowledge and understanding
1. Explains the principles of motion of a particle, mechanical energy, Newton’s Laws of Motion, Work

2. Knows the processes and transfers of Energy and Power, Heat, Temperature and the Behaviour of Gases

Cognitive skills

3. Computes / performs operations to solve measurement, mechanics and heat problems

Specific Practical skills

4. Interprets and executes laboratory based experiments

5. Demonstrates the proper use of some scientific measurement instruments

Transferable skills

6. Applies problem-solving methodologies

Syllabus / Areas of Study: 
	Topic
	Specific Objectives
	Content/ Explanatory Notes
	Suggested Practical Activities

	Mathematical Methods for Preliminary Physics 

Fundamental Quantities and Units

Prefixes

Scientific Notation

Derived Units


	Recall some of the fundamental mathematical methods including the following: addition, subtraction and the rest of the numerical operations.

Recall operations of fractions with addition, multiplication, and division. Also recall, division of whole numbers with fractions.

Recall operations of changing the subject of the formula.

Demonstrate exercises  with the use of a scientific calculator including all basic numeric operations. Also demonstrate the use of Scientific Notation, decimal places and conversion from fractions to decimals.

Recall some of the fundamental quantities of the International system (S.I. system) and their related symbols;

1.1 Recall that a physical quantity is usually expressed as the product of a number and a unit;

1.2 Recall the base units for some fundamental quantities in the S.I. system and their related symbols; 

1.3 Explain the need for, and importance of, standard units in measurements;

1.4  express standard units using prefixes or their symbols:

1.5 use numbers expressed in standard form;

1.6 recall that derived quantities and their related units are produced by multiplying and dividing fundamental quantities and their units;

1.7 recall the special names given to the units for some derived quantities;

          express derived units using the index notation.

1.9    express derived units using the index notation.


	Mass, m; length, l; time, t; current, I; temperature, T.

Kilogram, (kg); metre, (m); ampere, (A); second, (s); Kelvin, (K).

Non-standard units should, if possible, relate to body parts, for example, hand size of students for length, so that the comparisons can be easily done to show the variation for the non-standard units, as against the consistent value for standard units.

Mega (M); kilo (k); centi ©; milli (m); micro (u)

Conversions to and from standard from.

Note how unit may be derived from the definition of the quantity, for example:

IJ = 1 Nm;

IC = 1 As:

IW = 1 Js

kgms = N.

most examples should involve only two base units, for example, ms¹, kgm-3
	Comparisons of various dimensions expressed in standard and non-standard units, for example, length of a table in metres us ‘hands’.

Conversions of given quantities from one standard unit to another, for example, 10 cm to 0.10 m.

Conversion of units for given quantities into base units.

	Scales

Errors

Simple Pendulum

Area

Density

Graphs

Force, F

Deformation
	2.1 differentiate between linear and non-linear scales;

2.2 differentiate between analogue and digital scales;

2.3 express the result of a measurement or calculation to an appropriate number of significant figures or decimal places;

2.4 discuss possible sources of error in any measurement, including those made with digital instruments, and ways of reducing such errors;

2.5 explain how parallax errors may be minimized;

2.6 use a variety of instruments to measure different quantities;

2.7    assess the suitability of instruments on the basis of sensitivity, accuracy and range;

2.8 investigate the factors which might affect the period of a simple pendulum;

2.9 measure the area of both regular and irregular shapes;

2.10  measure the volume   of both regular and irregular solids which float or sink in water;

2.11 determine density using P=

 2.12  calculate the relative density for different materials

3.1 plot, interpret and use graphs of experimental data;

3.2 draw a line of ‘best fit’ for a set of plotted values;

3.3 determine the gradient and intercept of a straight line graph.

4.1 recall that a force can cause a change in the size, shape or motion of a body;

4.2 identify situations in which electric, magnetic, nuclear or gravitational forces act;

4.3 determine the weight of objects using the relationship: weight = mass x gravitational field strength that is, W=mg;

4.4 identify situations in which a turning effect on a body will result from the application of a force;

4.5 define the moment of a force;

4.6 state the principle of moments and use it to solve problems on equilibrium; 

4.7 explain the action of common tools and devices as levers:

4.8 determine the location of the centre of gravity of a body;

4.9 relate the stability of an object to the position of its centre of gravity and its weights:

4.10  investigate the relationship between extension and force, for springs and elastic bands;

4.11 Solve problems involving the proportional relationship between a force and the extension it causes.
	Examples of both types of scales.

Comparisons: for example, accuracy of reading for each type, cost of the measuring instrument.

Discussion should involve how different reading positions lead to different values for the same measurement.

Measurements should include length – rulers, vernier callipers, micrometer screw gauge; mass – balances.  Force – spring balances and other force measurers, for example, Newton – meters; volume – measuring cylinders; burettes, beakers; time – clocks, stop clocks or watches; temperature – thermometers of different types.

Similar instruments should be compared in the discussion, for example, ammeters of different ranges to measure a current, different types of thermometers to measure a particular temperature.

Restrict factors to length of string, mass of bob, size of initial angle of displacement.

Calculations using mathematical formulae, and estimation using unit squares, should both be done.

Displacement method should be included.

Density, defined as mass per unit volume, should be determined for liquids and for both regular and irregular solids of different materials.

Use density of water as the base quantity for the comparisons.  Relative density is an example of a quantity that has not unity

Allow students to generate their own data.

use      or X to denote plotted points.

Reasons why ‘best fit’ line is the ‘best’ average of the data.

Use a triangle that covers at least half of the ‘best fit’ line.  Include examples that do not pass through the origin.  Include the derivation of the unit of the gradient.

On earth, g =10 Nkg

Note that Nkg = ms

Situations that are relevant to everyday life for example, opening a door, a ‘seesaw”, a spanner.

Moment has units of Nm.  Note that Nm is not equivalent to a Joule.

Oblique forces are excluded.

Use of measuring instruments to indicate the magnitude of the forces in the equilibrium situations.

Identification of load, effort and fulcrum for each device and tool in use.

Centre of gravity of a variety of regular and irregular shaped solids, including lamina.

The orientation of an object can change the position or height of its centre of gravity and affect its stability.

Interpretation of simple force-extension graphs.  Identification of regions where proportionality exists or does not exist.

Problems involving springs and elastic bands only.


	Take readings of a measurement from different eye positions.

Set up work stations for students to take readings using various instruments.

Comparison of readings for the same quantity, for example, given current using the ammeter at different scale settings.

Take readings of the period for the variation of the different factors.

Find areas for a number of given shapes.

Find volumes for a number of different solids of different materials.

Take readings of mass and volume for a variety of objects, then calculate their densities.

Find the relative densities for materials whose densities are known or calculated.

Perform simple experiments to investigate the turning effects of forces on bodies in equilibrium.

Observe situations in which forces are varied to five different equilibrium situations.

Find the centre of gravity for the given objects.

Compare the stability of the same regular solid, for example, cylinder, metre rule, cuboid in different positions, for example, flat, vertical, inclined.

Perform experiments to determine the relationship between applied force and the resulting extensions, for springs and elastic bands.



	Vectors

Galileo

Motion in Straight Line

Aristotle

Newton’s Laws

Momentum

Forms of Energy

Conservation

Potential Energy, Ep

Kinetic energy, E


	5.1 distinguish between scalars and vectors and give examples of each;

5.2 use scale diagrams to combine two vectors so as to find their resultant;

5.3 calculate the resultant of vectors which are parallel anti-parallel and perpendicular:

5.4 explain common situations using the fact that a single vector may be regarded as equivalent to two other vectors at right angles.

6.1 discuss how the methodology employed by Galileo contributed to the development of Physics;

6.2 define the terms: distance, displacement, speed, velocity, acceleration;

6.3 draw, interpret and use displacement-time and velocity-time graphs to solve problems;

6.4     determine the acceleration due to gravity using a free fall method.

7.1 recall Aristotle’s arguments in support of his “law of motion, that is, v ∞ F”;

7.2 state Newton’s three laws of motion;

7.3 define force;

7.4 use Newton’s laws to explain dynamical systems;

7.5 define linear momentum;

7.6 describe situations that demonstrate the law of conservation of linear momentum;

7.7 state the law of conservation of linear momentum and use to solve given problems;

7.8 relate the presence of an unbalanced force to uniform circular motion;

7.9 identify the unbalanced force acting on a body moving at constant speed in a circle.

8.1 identify the various forms of energy;

8.2 define the joule;

8.3 calculate transferred energy using the relationship: work = force x displacement;

8.4 describe the energy transformation(s) in a given situation;

8.5 discuss the use of energy from alternative sources, and its importance to the Caribbean;

8.6 state the law of conservation of energy and apply to problems;

8.7 define potential energy as the energy stored by an object by virtue of its position or state;

8.8 calculate the change in gravitational potential energy using  Ep = mg  h;

8.9 define kinetic energy as the energy possessed by a body by virtue of its motion;

8.10    calculate kinetic energies using the expression: Ek = ½ mv²


	Everyday examples for each type for example, motion of a ship as vector.

Oblique vectors included

Limit calculations to 4 or less vectors.

Everyday examples of motion, force, for example, velocity of a ball thrown through the air.

Relate the scientific method to the methodology employed by Galileo.

Distance and displacement, s or x: speed and velocity, v; acceleration, a.

Finding the gradient for straight lines only.

Provision of any of the equations of motion needed.

Discussion on why Artistotle’s law was eventually discredited.

F = ma and so

N= kg ms².

Everyday examples – rockets, garden sprinklers, trampolines.

Units of kg ms¹ = Ns.

Qualitative demonstrations are adequate.

Oblique collisions are excluded.

Qualitative only.

For example, satellite, car going around a bend.

Gravitational, elastic, chemical, electrical, magnetic, electro-magnetic, thermal, nuclear, kinetic, sound.

J+ Nm or kg m²s²

Note that the terms work and energy can be used interchangeably.

Transformations should be limited to one-step or two-step only.  Note that thermal energy is always a product and by-product of every transformation.  Examples of the conversion of electrical energy to other forms and vice versa (Refer to E3.1).

Emphasis on examples relevant to the Caribbean, to include hydroelectricity, geothermal energy, energy from sea waves, solar energy, wind energy, nuclear energy.

Use different energy forms in these problems.

Everyday examples of this form of energy, for example, battery, stretched spring or elastic band, object on shelf.
	Perform experiment to determine the value of ‘g’.

Observe and then give the energy transformations for the particular situation for example, radio playing music, vehicles coming to rest, cooking food in microwave oven.

Project on alternative energy sources.

“Newton’s cradle” to demonstrate conservation in a mechanical system.



	Power, P


	8.11   Recall power as energy converted pre unit time and use this relationship to solve problems;

9.1 define the Watt;

9.2 Recall friction as the force that opposes the relative motion of surfaces in contact and of bodies moving through fluids, and describe how it occurs for given situation;

9.3  Recall that thermal energy is produced when work is done against friction;

9.4  identify a given machine as a force or distance multiplier, and assess its suitability for performing a given task;

9.5 Explain the term efficiency, and recall the factors which affect its value;

9.6  Calculate efficiency in given situations;

9.7  Suggest ways in which energy may be used more efficiently and economically in the Caribbean.


	P= E-t  Refer to E3.4

Note that W=Js¹

Give only everyday situations for example, walking on slippery or rough surfaces, braking of vehicles.

Note that thermal energy is always produced in energy transformations. Refer to B5.4

Examples of relevant machines are levers, pulleys systems, bicycles, the forearm of humans.  Machines should perform similar tasks for example, lifting some object.

Factors affecting efficiency relate to friction, weight of moving parts for pulley systems.

Relevant systems include pulley systems, electric motor, heating systems.

Efficiency =

output value x 100%

input value

Everyday examples, for example, solar water heaters instead of electrical or gas heaters.  This can be linked with the need to reduce wastage of electrical energy Refer to E3.5


	Perform activities to find the power in situations for which the energies and time intervals involved, can be measured or calculated.

For a given machine in operation, observe then identify it as force multiplier and give reasons why it is suitable or not for the task.

Perform activities to measure and calculate input and output quantities, for example, energies, and find the efficiency of the given system.



	Pressure


	10.1 define pressure and use the relationships:

(i)   pressure (p)=Force(F)
          Area

(ii)  (A)  p = pg  h

       (for fluid pressure);

10.2 relate the pressure at a point in a fluid to its depth and the density;

10.3 describe how a manometer is used to measure excess gas pressure;

10.4 recall that pressure is uniformly transmitted through a liquid and cite examples of the application of this principle;

10.5 state and apply Archimedes’ principle;

10.6   apply Archimedes’ principle to predict whether a body would float or sink in a given fluid.
	(Pascal) Pa = Nm²

Refers to A1.8.

Recall that all points on the same horizontal level in a fluid at rest have the same pressure.

Everyday examples, for  example, hydraulic jack or lift and brakes.  Discuss these applications.

Relevant examples include rafts, boats, balloons, and submarines.
	Demonstrate using a can with holes at same and at different levels, to illustrate the principle.

Perform experiments to find pressure differences using a manometer.

Perform experiments to illustrate and demonstrate the principle.

Perform activities to check predictions.



	Temperature

Expansion

Gas Laws


	11.1 relate temperature to the direction of net energy transfer;

11.2 identify physical properties which vary with temperature and which therefore may be used as the basis for measuring temperature;

11.3 relate use of a thermometer to its design;

11.4 define fixed points on the Celsius scale;

11.5 relate temperature of a body to the kinetic energy of molecules;

11.6 explain everyday observations of the effects of thermal expansion;

11.7 relate graphs of pressure or volume against temperature to the establishment of the Kelvin temperature scale;

11.8 Use approximate relationship between Kelvin and Celsius scale.

T/K= / C + 273;

11.9 state and apply to the solution of problems:

a) Boyle’s law

b) Charles’ law;

c) Pressure law;

d) General gas law:

11.10 give qualitative explanations of the gas laws in terms of Kinetic theory.

11.11  Describe a demonstration of Brownian motion;

11.12 Make inferences from observations of Brownian motion;


	Highlight design features which make a thermometer suitable for its particular task.  Note temperature ranges for each.

Lower and upper fixed points.

Curved water pipes, telephone lines.  Application of thermal expansion, for example, opening jars.

Include below zero temperature situations.

PV = k

V = k

T

P =k

T

PV = constant

T

Explain gas pressure in terms of molecular motion.
	Perform activities to observe change in length of liquid column with temperature.

Draw and explain design of:

- laboratory thermometer

- clinical thermometer

- Thermocouple.

Demonstrations which illustrate expansion of solids, liquids, for example, ball and ring, bar breaking, bimetallic strip.

Experiments to investigate the relationships among pressure, volume and temperature of a gas.



	Nature of Heat

Specific Heat Capacity, c


	12.1 differentiate between the caloric and kinetic theories of heat as they existed in the eighteenth century;

12.2 Recall the role of Joule’s experiments in establishing the principle of conservation of energy.

12.3  define specific heat capacity, ‘c’;

12.4 define heat capacity, ‘C’;

12.5     recall E  = mc   and use it to solve problems on specific heat capacity and heat capacity;

12.6     describe activities to determine by electrical methods or method of mixtures the specific heat capacity of metals and liquids;

12.7 distinguish amongst solids, liquids and gases;

12.8 use Kinetic theory to explain the different macroscopic properties of solids, liquids and gases;

12.9 use Kinetic theory to explain the different macroscopic properties of solids, liquids and gases;

12.10 describe a demonstration that shows that temperature remains constant during a phase change;

12.11 define the specific latent heat and use the relationship

E  = ml to solve problems on specific latent heat;

12.12 describe the determination of the specific latent heat of vaporization of water using an electrical method;

12.13  Distinguish between evaporation and boiling.


	Discuss Rumford’s cannon-boring experiments as evidence against the caloric theory.

Note that specific heat capacity and heat capacity are related by the formula C = mc.

Note the differences with respect to inter-molecular forces, motion of molecules, shape and volume of matter.

Use the Kinetic theory to explain evaporation and boiling.

Give example of application of cooling effect of evaporation air conditioners, earthenware vessels, refrigerators, perspiration.


	Perform activities to measure specific heat capacity by method of mixtures.

Perform simple experiments to illustrate the existence of inter-molecular forces, for example, compression of a syringe containing a liquid.

Perform cooling curve demonstration.

Perform activity to determine the specific latent heat of fusion of ice, using method of mixtures with a container of negligible heat capacity.



	Conduction

Radiation
	13.1 Explain the transfer of thermal energy by conduction.  Refer C3.5 phases of matter;

13.2 explain the transfer of thermal energy by convection;

13.3 explain the transfer of thermal energy by radiation;

13.4 describe experiments to investigate the factors on which absorption and emission of radiation depend;

13.5 recall that good absorbers are good emitters;

13.6       relate that principles of thermal energy transfer (conduction, convection, radiation) to the design of devices.
	Relate fact that air is a very poor conductor to the insulation properties of certain materials, for example, expanded polystyrene, hollow blocks.

Relate convection to common phenomena, for example, land and sea breezes.

Recall that radiant energy is electromagnetic (e.m. radiation, for example, infra-red).

Factors limited to: texture of surface (rough, smooth); nature of surface (shiny, dull); colour of surface (black, white); area of surface.

Relate the phenomenon of radiation to everyday practices: black collector panel of solar heaters.

Vacuum flask and solar water heater.  Explanation of the glass house (green house) effect, including role of atmospheric CO


	Perform activity to show that water is a poor conductor.

Perform activity to compare qualitatively the thermal conductivities of different solids.

Perform demonstrations convection in fluids.

Perform demonstration to show that radiant energy does not need a medium for transmission.

Perform experiments to investigate such factors.
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