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The Physical Setting

The Structure of Matter SPS SC SP
Atoms are made of a positive nucleus surrounded by negative electrons. An atom's electron configuration, particularly the outermost electrons, lab | 3ab
determines how the atom can interact with other atoms. Atoms form bonds to other atoms by transferring or sharing electrons. 2bc | 3e
The nucleus, atiny fraction of the volume of an atom, is composed of protons and neutrons, each almost two thousand times heavier than an lab | 3ab
electron. The number of positive protons in the nucleus determines what an atom's electron configuration can be and so definesthe element. In a 2bc | 3cd
neutral atom, the number of electrons equal's the number of protons. But an atom may acquire an unbalanced charge by gaining or losing electrons. 3e
Neutrons have amass that is nearly identical to that of protons, but neutrons have no electric charge. Although neutrons have little effect on how lab | 3ad

an atom interacts with others, they do affect the mass and stability of the nucleus. Isotopes of the same element have the same number of protons

(and therefore of electrons) but differ in the number of neutrons.

The nucleus of radioactive isotopes is unstable and spontaneously decays, emitting particles and/or wavelike radiation. It cannot be predicted 3ab

exactly when, if ever, an unstable nucleus will decay, but alarge group of identical nuclei decay at a predictable rate. This predictability of decay 3cd

rate allows radioactivity to be used for estimating the age of materials that contain radioactive substances.

Scientists continue to investigate atoms and have discovered even smaller constituents of which neutrons and protons are made.

When elements are listed in order by the masses of their atoms, the same sequence of properties appears over and over again in the list. 4ab | 4ab

Atoms often join with one another in various combinations in distinct molecules or in repeating three-dimensional crystal patterns. An enormous

variety of biological, chemical, and physical phenomena can be explained by changesin the arrangement and motion of atoms and molecules.

The configuration of atomsin a molecule determines the molecul€'s properties. Shapes are particularly important in how large molecules interact

with others.

Therate of reactions among atoms and mol ecules depends on how often they encounter one another, which is affected by the concentration, 5ab

pressure, and temperature of the reacting materials. Some atoms and molecules are highly effective in encouraging the interaction of others.

Energy Transformation SPS SC SP
Whenever the amount of energy in one place or form diminishes, the amount in other places or forms increases by the same amount. 7ab 2ae
Heat energy in amaterial consists of the disordered motions of its atoms or molecules. In any interactions of atoms or molecules, the statistical odds 5ab 6a 2e

are that they will end up with less order than they began-that is, with the heat energy spread out more evenly. With huge numbers of atoms and

molecules, the greater disorder is almost certain.

Transformations of energy usually produce some energy in the form of heat, which spreads around by radiation or conduction into cooler places. 7b 2ae

although just as much total energy remains, its being spread out more evenly means less can be done with it.

When energy of an isolated atom or molecule changes, it does so in a definite jump from one value to ancther, with no possible values in between. 3f

The change in energy occurs when radiation is absorbed or emitted, so the radiation also has distinct energy values. As aresult, the light emitted

or absorbed by separate atoms or molecules (asin a gas) can be used to identify what the substance is.
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The Physical Setting (cont)
Energy Transformation SPS SC SP
Energy is released whenever the nuclel of very heavy atoms, such as uranium or plutonium, split into middleweight ones, or when very light nuclei, 3bc

such as those of hydrogen and helium, combine into heavier ones. The energy released in each nuclear reaction is very much greater than the

energy given off in each chemical reaction.

Motion SPS SC SP
The change in motion of an object is proportional to the applied force and inversely proportional to the mass. 8ab la-h
All motion isrelative to whatever frame of reference is chosen, for there is no motionless frame from which to judge all motion. 8ab lah
Accelerating electric charges produce el ectromagnetic waves around them. A great variety of radiations are el ectromagnetic waves: radio waves, 9bc

microwaves, radiant heat, visible light, ultraviolet radiation, x rays, and gammarays. These wavelengths vary from radio waves, the longest, to

gamma rays, the shortest. In empty space, al electromagnetic waves move at the same speed-the "speed of light."

Whenever one thing exerts a force on another, an equal amount of force is exerted back on it. 8b 1d

The observed wavelength of awave depends upon the relative motion of the source and the observer. If either is moving toward the other, the of

observed wavelength is shorter; if either is moving away, the wavelength islonger. Because the light seen from almost all distant galaxies has

longer wavel engths than comparable light here on earth, astronomers believe that the whole universe is expanding.

Waves can superpose on one another, bend around corners, reflect off surfaces, be absorbed by materials they enter, and change direction when aod 3ac

entering anew material. All these effects vary with wavelength. The energy of waves (like any form of energy) can be changed into other forms of

energy.

Forces of Nature SPS SC SP
Gravitational force is an attraction between masses. The strength of the force is proportional to the masses and weakens rapidly with increasing 8c le
distance between them.

Electromagnetic forces acting within and between atoms are vastly stronger than the gravitational forces acting between the atoms. At the atomic 3e | 4abc

level, electric forces between oppositely charged electrons and protons hold atoms and mol ecules together and thus are involved in al chemical

reactions. On alarger scale, these forces hold solid and liquid materials together and act between objects when they are in contact-as in sticking or

dliding friction.

There are two kinds of charges-positive and negative. Like charges repel one another, opposite charges attract. In materials, there are almost exactly 3bc | 3ab | 4abc

equal proportions of positive and negative charges, making the materials as awhole electrically neutral. Negative charges, being associated with

electrons, are far more mobile in materials than positive charges are. A very small excess or deficit of negative chargesin amaterial produces

noticeabl e electric forces.
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The Physical Setting (cont)

Forces of Nature (cont) SPS SC SP
Different kinds of materials respond differently to electric forces. In conducting materials such as metals, electric charges flow easily, whereasin 10a 4abc
insulating materials such as glass, they can move hardly at all. At very low temperatures, some materials become superconductors and offer no 10b

resistance to the flow of current. In between these extremes, semiconducting materials differ greatly in how well they conduct, depending on their

exact composition.
Magnetic forces are very closely related to electric forces and can be thought of as different aspects of a single electromagnetic force. Moving 10c 4d

electric charges produce magnetic forces and moving magnets produce electric forces. The interplay of electric and magnetic forces is the basis for
electric motors, generators, and many other modern technologies, including the production of electromagnetic waves.
The forces that hold the nucleus of an atom together are much stronger than the electromagnetic force. That is why such great amounts of energy 3b

are released from the nuclear reactions in the sun and other stars.
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