CHAPTER 1 

 PHYSICS: THE SCIENCE OF ENERGY

Objectives:


*  Describe the nature of science.


*  Describe the basic properties of matter.


*  Discuss the relationship between matter and energy.


*  Describe and discuss the subdivisions of physics.

THE METHODS OF SCIENCE

1.1  Science and Daily Life
*  scientific age

*  discoveries of science and their application to everyday life have direct and 

    profound effects on our standard of living

Ex.  Development of air transportation – Wright brothers made the first flight in 1903, they applied Bernouilli’s principle (1700-1782)

*  connection between our standard of living and the energy required to sustain it

*  search for new energy sources is an important part of science

*  Figure 1-1 shows US energy consumption 1950 =  35 x1018 and 1990 = 90 x 1018
1.2  Science and Engineering
*  science is the search for relationships that explain and predict natural phenomena


Ex.  finding new energy sources

*  engineering is the application of these relationships to our needs and goals


Ex.  developing and utilizing these discoveries

*  government and private industry allocate large sums of money to support research and 

    development

*  Field of engineering is also referred to as technology
*  cooperative effort between science and engineering


Ex.  miniaturized computer (application – supermarket electronic checkout)


        computer-assisted instruction


        banks


        hospitals


        cars

1.3  Scientific Laws and Theories

*  law or principle is a statement that describes the relationship between various 

    phenomena

- scientific laws describe behavior

- scientific law may be stated in words, usually by a mathematical equation

*  theory is a reasonable explanation of observed events that are related


-  imaginary model


-  explains past observations


-  predicts events


-  after publicized, tested, supported, revised, or rejected

1.4  Scientific Hypotheses

*  theoretical scientists work with ideas, use results of other scientists’ observations to 

    develop their theories

Ex.  Albert Einstein (1879-1955)  “If you want to know the essence of scientific method, don’t listen to what a scientist may tell you.  Watch what he does.”

*  science is a way of doing things


-  involves imagination and creative thinking


-  collecting information and performing experiments

*  facts by themselves are not science


Ex.  Jules Henri Poincare (1854-1912) “Science is built with facts just as a house 

is built with bricks, but a collection of facts cannot be called science any more 

than a pile of bricks can be called a house.”

*  1. most scientists start an investigation by finding out what other scientists have 

        learned about the problem

    2.  he or she must formulate possible solutions to the problem = hypotheses

Ex.  Kepler (1571-1630) circular orbits  ( elliptic orbits


-  a leap into the unknown


-  extends the scientists thinking beyond the known facts


-  followed by experiments, calculations, and observations


-  when confirmed, incorporated into theories or laws

*  scientist’s laboratory = any place where an investigation can be conducted

1.5  Certainty in Science
*  no such thing as absolute certainty in science

*  validity is limited by the method of observation, skill of the person, and precision of 

    the apparatus used


Ex.  Neils Bohr (1885-1962)  “Every sentence I utter must be understood not as 

an affirmation but as a question.”

*  6 attitudes necessary for successful work


1.  imagination


2.  thirst for knowledge


3.  regard for data and their meaning


4.  respect for logical thinking


5.  patience in reaching conclusions


6.  willingness to work with new ideas

WHAT IS PHYSICS?

1.6  Matter
*  a description is not a definition

*  matter can be described in terms of its measurable properties


Ex. person = height, weight, eye and hair color

*  unless a property can be measured and compared with some kind of standard, it is of 

    limited use

*  without measurement there can be no science

1.7  Mass
*  important property of matter

*   mass is a measure of the amount of material in an object

*  matter takes up space

*  same size does not mean same mass

*  mass is determined by comparing it with known masses.

1.8  Inertia
*  property of matter 

*  mass can also be measured by inertia

*  inertia is the property of matter that opposes any change in its state of motion


Ex.  1.  inertial balance – vibrates horizontally independent of gravity

 period - time required for a single vibration

        2.  spring balance – depend on gravity

        3.  platform balance – balances known with unknown masses

*  inertial mass – masses of an object is measured by its resistance to a change in its 

    motion

*  gravitational mass – mass measured with a spring or platform balance

*  inertial mass = gravitational mass

*  matter – anything that has mass (both gravitational and inertial)

1.9  Mass Density
*  property of matter

*  mass density – amount of matter in a given amount of space and is defined as the mass 

    per volume of a substance

*  mass density = mass



   volume

*  units – kg per m3, g per cm3, or mass per volume

*  water = 1 g/cm3 

*  specific gravity – comparison of the mass density of a substance to water

*  mass density varies with its environment

*  conditions – describe the environment of an object


Ex.  pressure and temperature

1.10  Energy
*  work is done when an object is lifted against the pull of gravity

*  energy – capacity to do work

*  energy can be transformed into mechanical work, so same units for work and energy

* examples of energy:  light, sound, heat, electric, mechanical, electromagnetic

1.11  Potential Energy
*  potential energy – energy of position


Ex.  book resting on desk

*  arbitrary reference point

*  gravitational potential energy – based on gravity

*  elastic potential energy – push that is exerted on a compressed spring

1.12  Kinetic Energy
*  kinetic energy – energy of motion


Ex.  book falling off desk

*  everything in the universe in is relative motion

*  reference point = arbitrary stationary point (surface of earth)

1.13  Conservation of Energy
*  constant interplay between potential and kinetic energy

*  highest point = highest PE

*  maximum speed = highest KE

*   total amount of energy is always the same – merely changing form

*  law of conservation of energy – total amount of energy in the universe is constant


Ex.  Count Rumford (1753-1814) and James Prescott Joule (1818-1889)

   
        caloric – at that time heat was thought of as a special kind of “fluid” which 

        was able to flow in and out of objects without affecting their weights

         Rumford – in charge of boring of brass cylinders for canon barrels

                            amount of heat seemed limitless



     heat produced was a result of work done

          Joule – established a quantitative relationship between heat and mechanical 

          energy, heat is a form of energy, total amount of energy remains                

          constant

1.14  Relationship Between Matter and Energy
*  all matter contains some form of energy

*  Albert Einstein (1905)  E = mc2  theoretical, no way to verify at this time, now proven

                                          units of mass and energy are directly proportional (c - constant)




      given amount of mass = specific amount of energy

*  rest mass – object is at rest with respect to the observer and instruments

*  when the object is moving, its mass increases

*  relativistic mass – new mass which increases rapidly as the object approaches the   

    speed of light

*  in the mass-energy equation, m is the relativistic mass

*  matter and energy describe different aspects of the same quantity

1.15  Subdivisions of Physics

*  physical science – study of the physical universe

*  chemistry – physical science, it deals with the composition of matter and reactions 

    among various forms of matter

*  physics – physical science, relationship between matter and energy 

*  goal of physics – explain the physical universe in terms of basic interactions an simple 

    particles

*  4 major categories


1.  mechanics and heat


     -  motion, forces, work, power, heat


2.  waves


     -  sound, light


3.  electricity and magnetism


4.  nuclear physics

