Investigating Matter and Temperature

Review Guide

Vocabulary
Kinetic Energy – Energy of motion.

Potential Energy – Stored energy, or energy of position.
Thermal Energy – The total kinetic energy of all atoms (or molecules) in a substance.
Temperature – The average kinetic energy of all atoms in a substance.

Absolute Zero – A theoretical lowest possible temperature characterized by the complete absence of thermal energy and equivalent to exactly -273.15°C or -459.67°F (0 K or kelvins). More simply, absolute zero is the temperature at which molecular motion stops.

Heat, Source & Sink – Transfer of thermal energy between substances with different temperatures, origin & destination.

Thermal Equilibrium – Equal temperatures.

Dynamic Equilibrium – A constantly-changing state of balance.

Hyper- and Hypothermia – Too much- or too little thermal energy, respectively.

Radiation – Radiation is fundamentally different from both conduction and convection in that the substances exchanging thermal energy do not need to be in contact with each other--in fact, they can be separated by a vacuum. Radiation is a term generally applied to all kinds of electromagnetic-wave phenomena (see reference table, The Electromagnetic Spectrum). 
Radiative Balance – Incoming radiation equals outgoing radiation; as a result, temperature remains constant.

Electromagnetic Spectrum – (see reference table, The Electromagnetic Spectrum)

Infrared Radiation – The prefix “infra-“ means under. Infrared radiation is "under" the red end of the visible light spectrum.
Conduction – Transfer of thermal energy by "direct contact." Works best in solids. Conduction is the only method of heat transfer within solids.
Conductors – Materials capable of transmitting thermal energy by conduction.

Insulators – Materials that are poor conductors.

Convection – Transfer of thermal energy in fluids (liquids and gasses) caused by differences in density.

Fluid – A substance (a liquid or gas) tending to flow or conform to the shape of its container.

Density – Ratio of mass to volume. D = M/V

Phase Changes – Changes in state of matter (solid, liquid, gas).

freezing (liquid ( solid) & melting (solid ( liquid)

condensation (gas ( liquid) & evaporation (liquid ( gas)

deposition (gas ( solid) & sublimation (solid ( gas)
Melting (or Freezing) Point – The temperature at which a substance changes phase from solid to liquid (or from liquid to solid).

Boiling Point – The temperature at which a substance changes phase from liquid to gas. Note: Water has reached its boiling point when bubbles of water vapor (an invisible gas) begin forming inside the liquid water.

Vapor – A substance that readily changes phase from liquid to gas at normal Earth surface temperatures, e.g., water vapor.

Latent Heat Energy – Hidden thermal energy, like “latent fingerprints.”

Dew Point Temperature – The temperature at which water vapor (gas) in the atmosphere condenses to become liquid water.

Important Concepts

The Kinetic Theory of Matter states that for any substance having a temperature above absolute zero, its atoms are constantly in motion. Thermal energy is often transferred by molecule-to-molecule collisions, resulting in the transfer of kinetic energy.

"Hot" and "cold" are subjective, relative, qualitative terms. [Subjective versus objective; relative vs. absolute; qualitative vs. quantitative.] There is no such thing as cold, only more or less thermal energy! “Freezing” is a word commonly used to describe very cold temperatures; technically, freezing is the name for the phase change from liquid to solid.

The temperature of a mixture of liquids depends upon two factors: (1) Initial temperatures of liquids; (2) Amount (mass or volume) of liquids mixed together.

A lake at 10°C contains more thermal energy than a cup of boiling water (100°C).

Thermal energy flows from regions of higher- to lower energy concentration, from heat source to heat sink. The greater the temperature contrast, the greater the rate of heat transfer.

Eventually, all things come into thermal equilibrium with their environment.

Radiation – The method of heat transfer between the Sun & Earth. Radiation is the only method of heat transfer that occurs in a vacuum. All substances emit radiant energy merely by virtue of having a temperature above absolute zero. The higher the temperature, the greater the amount of energy emitted. [The hotter the body, the shorter the wavelength of emitted radiation; the cooler the body, the longer the wavelength.] In addition to emitting radiation, all substances are capable of absorbing radiation—good absorbers are good radiators.

Metals – good conductors
Air, glass, plastic, wood – good insulators
Convection currents are caused by density differences in fluids: Less dense fluids rise; more dense fluids sink.

Water freezes and melts at 0°C. Water boils at 100°C and condenses at the dew point temperature (DPT), which varies, depending upon the humidity of the air (the higher the DPT, the more humid the air). Note: Liquid water may evaporate at any temperature greater than its freezing point and less than its boiling point.

Science Process Skills

Apply correction factors when using inexpensive, mass-produced thermometers, in order for initial temperatures (Time “0”) to be equal. Otherwise, it is impossible to make a meaningful comparison of temperatures read from different thermometers. Best practice suggests we should write correction factors so the sign of the math operation is applied to the “raw” temperature reading. For example, a thermometer with a correction factor of “+2” reads 20°C; its corrected temperature would be 20°C + 2 = 22°C.

Given temperature conversion formulae, be able to convert temperatures from °F to °C and vice versa, as well as °C to K (kelvins) and vice versa.

°C = (°F - 32) x 0. 56
°F = (°C x 1.8) + 32

K = °C + 273


°C = K - 273




Given formula for the temperature of a mixture of liquids (as well as initial temperatures and masses), be able to calculate final temperature after mixing.

Tm = a(Th) + b(Tc) / a + b

Where: Tm = temperature of mixture; Th = temperature of hot liquid; Tc = temperature of cold liquid; a & b = masses of hot & cold liquids, respectively

Calculating change in temperature versus time, or Delta-T (ΔT): positive ΔT = temperature increased with time (highest temp minus lowest temp); negative ΔT = temperature decreased with time (lowest temp minus highest temp).

Line graph interpretation: Steeper slope = greater rate of change; a “plateau” is a flat line segment that indicates the value of the y-axis is constant versus time.

Reference
· Quick-Reference Temperature Scales (plus formulae) – °C to either (F or K

· The Electromagnetic Spectrum (two-sided hand-out)

· Surface Reflectivity versus Color – data table of Vernier LabPro light sensor readings, “Radiation Station” activity extension

Sample Test Items

Virginia State Standards of Learning

Science, Math, and Technology Practice Tests

http://education.jlab.org/solquiz/index.html

Legend: #* = Question features graphic(s); #? = question is of questionable value.
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