
Chapter 1
MEASUREMENT AND ANALYSIS

In an attempt to understand natural phenomena, scientists must determine by experiment the magnitude of fundamental quantities. The process of measurement is thus basic to all sciences, and to physics in particular. We begin our study of physics by considering time, one of the most fundamental physical quantities, and some of the ways in which intervals of time can be measured.

We keep track of time as a routine part of daily life without giving much thought to such questions as:

1.
How old are really old objects such as the sun, or conversely, how brief are events such as the blinking of the eye.

2.
How might we determine the age of the sun or the length of an eye‑blink

This chapter will not answer all your questions about the concept of time and its measurement, but it will raise some issues which should broaden your outlook considerably. It will also serve as a first indicator of the manner in which physicists go about analyzing the workings of the world about them.

We will also see in a bit more detail how scientists express the accuracy to which their measurements have been made and also the kinds of units (meters, feet, seconds, etc) in which the results of measurements are expressed. This is important

In all branches of science (and in most other fields of human endeavor), one seeks relationships between two or more quantities of interest. When one can fairly precisely express how these two or more quantities are related, then there is a great deal of knowledge to be gained.

In physics there are two common ways of displaying such relationships between quantities ‑ graphs and algebraic formulae. Which method the physicist chooses is largely dependent on the nature of what he is trying to describe and to a lesser extent dependent on the audience to which he is describing it. In this chapter we will examine both algebraic and graphical modes of display and apply these to the various specific types of relationships that show up often in describing physical phenomena.

Another topic of this chapter concerns the “scaling” of physical objects. The attempt is to give you a feel for the surprising things that can happen when the size of a familiar object is increased or decreased, or what happens when one attempts to build a “scale model” of an object. You will also see how and why many physical and biological entities have a natural “right size”. All such reasoning will be based on the behavior of simple power law relationships.

Upon completion of this chapter, you will be able to:

1.
measure and interpret short time intervals using photographs and stroboscopic techniques.

2.
express any number in scientific notation.

3.
understand and use proper methods of:


a.
adding and subtracting exponents, and


b.
multiply and divide large and small numbers using scientific notation.

4.
make order of magnitude approximations.

5.
express measurements with the appropriate number of scientific digits.

6.
express calculations from experimental data to the appropriate number of significant digits.

7.
express measurement in appropriate metric units.

8.
distinguish between dependent and independent variables and be able to plot them on the correct axis of a graph.

9.
plot data on a graph.

10.
if the relationship is linear, write the proportionality statement and the equation.

11.
given a graph, interpolate and extrapolate.

12.
interpret the meaning of a straight line, hyperbola, and parabola when plotting graphs.

13.
recognize inverse variations.

14.
replot the data to yield a straight line if the relationship is non‑linear, and write the proportionality statement and the equation of the line.

15..
recognize given the scaling factor, how the area and volume change.

16.
calculate given the scaling factor, how the strength or weight of a volume will change.

