CHAPTER 2

MEASUREMENT AND PROBLEM SOLVING

Objectives:


*  Describe the metric units of measure.


*  Define and calculate the accuracy and precision of a group of 

              measurements.


*  Identify and apply appropriate mathematical operations to solve 

              physics problems.

UNITS OF MEASURE

2.1  The Metric System

*  metric system:  system of measurement best suited to scientific purposes



      developed in France near end of 18th century



      decimal basis for multiples and subdivisions of the basic units



      1866, Congress legalized its use in the U.S.


      1975, law passed to promote more extensive use, no date for 

complete conversion

*  modern metric system:  International System of Units (S.I.)




       located in France, internationally owned

*  physical quantity:  measurable aspect of the universe, such as length
*  metric unit for length is the meter
*  7 fundamental units of measure:


1.  length - meter


2.  mass – kilogram


3.  time – second


4.  electric current – ampere


5.  temperature – Kelvin


6.  amount of substance – mole


7.  luminous intensity – candela

*  derived units:  units that consist of combinations of the fundamental units

*  Prefixes:


giga – G - 109


mega – M - 106

kilo – k - 103

hecto – h - 102

deka – da– 101

deci – d – 10-1

centi – c – 10-2

milli – m – 10-3

micro -    - 10-6

nano – n – 10-9

pico – p – 10-12
2.2  The Meter

*  original length of meter = one ten-millionth of the distance from the north pole to the 

    equator

*  until 1960, standard metal bar kept in a vault at IBWM

*  in 1960, specified number of wavelengths of the orange-red light given off by a 

    glowing tube of krypton gas

*  in 1983, 1 meter = the distance light travels in a vacuum in 1/299 792 458th of a second

*  liter: (L) special name for a cubic decimeter (1000 cm3)  1mL = 1cm3
2.3  The Kilogram
*  kilogram:  (kg) SI standard of mass

*  standard kilogram kept by IBWM, duplicates are kept in various other countries

*  only one that still consists of a natural object representing a unit of measure

*  1 mL water = 1 gram, 1 nickel = 5 grams

2.4  Force and Weight
*  newton:  (N) SI unit of force, derived unit

*  a force of about 9.8 newtons is required to lift a mass of 1 kilogram

*  weight is a force, described in newtons

2.5  The Second
*  second:  (s)  unit of time

*  originally, second was defined in terms of the earth’s motion

*  now based on atomic vibrations in a cesium atom, not affected by temperature and 

    gravity

*  1967, 1 second = 9 192 631 770 vibrations of cesium-133 atoms

*  decimal clock never adopted in any country

MAKING AND RECORDING MEASUREMENTS

2.6  Accuracy
*  measurement of a physical quantity is always subject to some degree of uncertainty:


-  limitations inherent in the construction of the measuring device


-  conditions under which the measurements are made


-  different ways in which the person uses or reads the instrument

*  accuracy:  refers to the closeness of a measurement to the accepted value for a specific 

    quantity

*  accuracy is expressed as either:


1.  absolute error:  actual difference between the measured value and the accepted 

                 value   



Ea = | O – A |


     Ea = absolute error


     O = observed (measured) value


     A = accepted value


2.  relative error:  expressed as a percentage, called percentage error



Er = Ea  x 100%



        A


     Er = relative error


     Ea = absolute error


     A = accepted value

2.7  Precision
*  precision:  agreement among several measurements of an object that have been made 

    in the same way

*  it tells how reproducible the measurements are

*  expressed in terms of deviation


1.  absolute deviation:  difference between a single measured value and the 

     average of several measurements made in the same way


Da =  | O – M |

     Da = absolute deviation

     O = observed or measured value

     M = mean, or average of several readings

2.  relative deviation:  percentage average deviation of a set of measurements


Dr =  Da  (average)  x 100%



       M

     Dr = relative deviation

     Da (average) = average absolute deviation of a set of measurements

     M = mean, or average of the set of readings

2.8  Significant Figures
*  significant figures:  digits in a number that are known with certainty plus the first digit 

    that is uncertain


1.  All nonzero figures are significant



Ex.  112.6oC = 4


2.  All zeros between nonzero figures are significant.



Ex.  108.005 m = 6

3.  Zeros to the right of a nonzero figure, but to the left of an understood decimal 

     point, are not significant unless specifically indicated to be significant.


Ex.  109000 km = 3


       109000 km = 5

4.  All zeros to the right of a decimal point but to the left of a nonzero figure are 

     not significant.


Ex.  0.000647 kg = 3

5.  All zeros to the right of a decimal point and following a nonzero figure are 

     significant.


Ex.  0.07080 cm = 4


       20.00 cm = 4

6.  Addition & Subtraction: The rightmost significant figure will be determined by 

     the leftmost place at which an uncertain figure occurs in any measurements


Ex.  13.05   cm


      309.2     cm

                +    3.785 cm
     
      326.035  cm

326.0 cm

7.  Multiplication & Division:  The product or quotient should not have more 

     significant figures than the least precise factor.


Ex.  3.54 cm x 4.8 cm x 0.5421 cm = 9.2113632 cm3
9.2 cm3
8.  Rounding:  If the first figure to be dropped in rounding is four or less, the 

     preceding figure is not changed.  If it is 6 or more, the preceding figure is 

     raised by 1.

*  tolerance:  indicates limitations of an instrument

2.9  Scientific Notation
*  scientific notation:  using powers of ten in writing a number




M x 10n   M = single nonzero figure to the left of the decimal point





     n =  positive or negative exponent

1.  Determine M by shifting the decimal point in the original number to the left or   

     right until only one nonzero digit is to left of it.  M should contain only the 

     significant figures of the original number.

2.  Determine n by counting the number of places the decimal point has been 

     shifted;  if it has been moved to the left, n is positive;  if to the right, n is 

     negative.

*  order of magnitude:  a numerical approximation to the nearest power of ten of a 

    number

SOLVING PROBLEMS

2.10  Data, Equations, and Graphs

*  data usually refer to the numbers, units, and other information recorded when 

    measurements are made

*  first step in solving a problem is to list all the data provided, include correct symbol 

    and unit for each physical quantity, use correct number of significant figures

*  in the lab, data needed must be obtained by direct measurement

*  purpose of a scientific experiment is to discover relationships that may exist among 

    quantities measured, the experimenter controls the conditions of the experiment in 

    order to obtain the most accurate measurements (control & variable)

*  zero point is the origin of the graph

*  x axis:  horizontal line

*  abscissas:  measured distances from the origin on the horizontal line

*  y axis:  vertical line

*  ordinates:  measured distances from the origin on the vertical line

*  direct proportion:  is proportional to, plotting data always results in the graph of a 

    straight line

*  inverse proportion:  two quantities whose product is a constant, hyperbola

*  with a carefully drawn graph you can estimate values between the plotted point 

    (interpolation) and beyond the measurements made in the experiment (extrapolation)

*   make an intelligent guess about the reasonableness of your answer

2.11  Vectors
*  scalar quantities:  quantities that can be expressed completely by single numbers with 

    appropriate units, expressed in magnitude alone

*  scalars are used for length, area, volume, mass, density, and time


Ex.  1.5 m, 54 kg

*  vector quantities:  quantities that require magnitude and direction for their complete 

    description, and whose behavior can be described by certain mathematical rules

*  vector is shown as an arrow

*  length of the arrow represents magnitude, while the orientation shows direction

*  when 2 or more vectors act at the same point, a single vector produces the same effect 

    as the combination

*  component:  each separate vector

*  resultant:  single vector that produces the same result as the combined components

*  when 2 or more vectors act at the same point, the magnitude of the resultant is the 

    algebraic sum of the magnitudes of the components

*  parallelogram method: 

1.  when vectors act at right angles to each other: the diagnol of the parallelogram 

     is the resultant

-  graphic solution: if the vector diagram is drawn to scale, the resultant 

   can be measured directly with a ruler and protractor

-  trigonometric solution:  use of trigonometric ratios


2.  when vectors act at angles other than right angles

-  graphic solution:  head to tail, especially 3 or more, does not matter   

    what sequence, resultant is the arrow made from starting at the tail of 

    the first component and drawing a straight line to the head of the last 

    component

-  trigonometric solution:  law of sines and cosines

2.12  Rules of Problem Solving

1.  Read the problem carefully and make sure that you know what is being asked and that 

     you understand all the terms and symbols that are used in the problem.  Write down all 

     given data.

2.  Write down the symbols for the physical quantity or quantities called for in the 

     problem, together with the appropriate unit symbols.

3.  Write down the equation relating the known and unknown quantities of the problem.  

     This is called the basic equation.  Draw a sketch of the problem and label it with the 

     given data.

4.  Solve the basic equation for the unknown quantity in the problem, expressing this 

     quantity in terms of those given in the problem.  This is called the working equation.

5.  Substitute the given data into the working equation.  Be sure to use the poper units and 

     carefully check the significant figures in this step.

6.  Perform the indicated mathematical operations with the units alone to make sure that 

     the answer will be in the units called for in the problem.  This process is called unit 

     analysis. (This same procedure can also be used with the symbols in a problem.  In 

     that cases, the process is called dimensional analysis.)

7.  Perform the indicated numerical operations.  Be sure to observe the rules of significant 

     figures.

8.  Check the answer for reasonableness.

9.  Review the entire solution.

