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Summary

Chapter 1 introduces measurement in physics and provides students with many of the tools they will use in manipulating numbers and measurements. The topics discussed include units, systems of units, conversion factors, unit analysis, significant figures, and scientific notation. In addition, problem‑solving methods in physics are addressed and demonstrated.

Major Concepts

By the end of the chapter, students should understand each of the following and be able to demonstrate their understanding in problem applications as well as in conceptual situations. 

· Standard units and systems of units

· Base units and derived units

· Units for length, mass, and time

· SI and the British system

· Metric prefixes

· Unit analysis
· Unit conversions

· Significant figures

· Addition/subtraction and multiplication/division

· Scientific notation

· Problem-solving strategies
Teaching Suggestions and Demonstrations


Many of the students who take a college physics course will have seen much of the material presented in this chapter in previous courses. The general tendency is to skip over this chapter or to have the students read it and not discuss it in class. We don’t recommend doing this. Although many students may have seen the material, most will not have internalized it. It is a good idea to spend a little time introducing these concepts and then talk about them again each time you work an example in class. Many students seem to have trouble remembering to use significant figures correctly.

Sections 1.1 through 1.3

Most students are familiar with definitions of units and systems of units, and so may tend to ignore this material. The list of measurement facts at the beginning of the chapter is a good way to engage them with the concepts of measurement and units. Ask them if they can think of other examples. What, for instance, is a “cubit”?  They will be comfortable with British and metric units of length and time, although they may not be aware of the difference 

between base units and derived units. Also plan to spend a little time on the idea and on the unit of mass; most students will not have heard of the British unit (slug). Point out that mass and weight are not the same. Throughout the discussion, emphasize the importance of units. Table 1.2 has a list of prefixes for metric units; require students to know the most commonly used prefixes.

Insight 1.2 “Global Positioning System (GPS)” provides another attention-grabber. Many students will have used a GPS receiver. Take a moment in class to discuss how the GPS works.
[image: image1.wmf]Demo 1-1
Measure a convenient object (a table is often available and works well). Announce to the class that its length is “two” (or something close to its length in meters). Ask the class if this information conveys anything useful. Usually someone will say “Two what?” which gives you the perfect opening to talk about the importance of units.

Sections 1.4 and 1.5

Unit analysis is an extremely useful tool for students to master. Do some examples, such as Example 1.2 and the associated follow‑up exercise, in class. Throughout the course, whenever you introduce an equation that contains a constant, such as Newton’s Law of Universal Gravitation and the constant G, challenge students to tell you the units of the constant before you define it.

Students generally catch on to basic unit conversion rather quickly, but they have trouble with converting compound units (mi/h to m/s, for example) and powers of units (cm² to m²). Go over these conversions now and be prepared to go over them often. Figure 1.5 and the following demonstration will help convince students that there are not 100 cm² in one square meter.

Demo 1-2
Make a cube measuring 10 cm on a side. Cardboard or Styrofoam work well and are light. Mark off the centimeter lines. You can use this cube to illustrate the relationship between 1 cm and 1 m, between 1 cm² and 1 m², and between 1 cm³ and 1 m³. This is particularly effective if you also have a cube that is 1 m on a side. (However, a 1-m cube is much harder to store.)
Insight 1.3 on unit conversion tells the story of a probe launched by NASA that was lost in the atmosphere of Mars because the engineers who built the engines were working in British units and the scientists who were controlling the engines were working in SI units. (See Resource Information for additional reference.) This makes a good story and (again) lets you emphasize that units are part of every result.

Section 1.6

Most students will also have heard of the concept of significant figures but will have no idea of its importance or what the rules are. It is a good idea to go over the rules and to discuss how they follow common sense. For example, consider a highway engineer with a 100-ft tape measure. The tape is cut accidentally. When the engineer splices it back together, she has lost about half an inch near the beginning of the tape. Does that ½ inch matter? It depends. If she is using the tape to measure flowerbeds for a highway beautification program, then no, the lost ½ inch doesn’t matter. If she is using the tape to measure replacement glass for a garage window, the ½ inch matters a great deal!

You will also need to talk to students about significant figures and calculators. Just because nine digits appear on the display does not mean there are nine significant figures!

Demo 1-3
Election results can provide a source for discussion material on significant figures, especially if you have political science or history majors in your class. Choose a case where the vote count was close and discuss the vote difference in terms of significant figures. (You can begin talking about error analysis with this example, too, but only at a very general level.)

It is sometimes easier to discuss significant figures in the context of scientific notation. The number of significant figures is often more clear when a number is written in scientific notation. Some students may not be comfortable with exponents; you will need to make sure that the class understands that 10 ( 10 = 10², and so forth.

Section 1.7
The end of this chapter has an excellent section on problem solving in physics. You can talk about this in general, but students understand problem-solving techniques best in the context of actually solving a problem. Do Examples 1.9 and 1.10 or others that you create and emphasize the steps involved in solving the problem. A flowchart for the suggested problem-solving procedure (Figure 1.11) is very helpful. Many students new to physics like routine and predictability in class, so repeating the steps as you demonstrate problem solving throughout the early weeks of the course will help them feel more comfortable with attacking problems on their own. The flowchart also helps significantly with the start of a problem if they can’t initially see their way through to the end. Encourage students to use the flowchart and to jump in; it is fine to not do every problem exactly right the first time. Wrong turns and dead ends are often instructive when students are first exploring a new concept in physics.  

The last step in the problem-solving flowchart is checking to see whether the results are reasonable. At this time you can introduce students to order-of-magnitude calculations as one method of checking for “reasonableness” of problem solutions. The point is not to get the right answer but to get a ballpark figure using numbers that are easy to work with in your head. As examples, you can estimate the amount of paint you need to paint a room, the amount of water needed to wash a car, the amount of food needed for a cookout—anything that catches the students’ attention. 

Demo 1-4
You can do a quick estimate of the number of times your heart beats in a year. Take your pulse for 6 seconds. Multiply by 10 and round off to a reasonable number. That gives the number of times your heart beats in a minute. Then, use rounded-off unit conversions to estimate the number of beats in a year. (Number of beats in a minute ( 60 minutes/hour ( 20 hours/day ( 400 days/year.)

Although it is very early in the course, a short quiz at this point can be useful. Your students will probably range in skills and background from those who are very comfortable with units, conversions, and significant figures to those who have “heard of them.” Those in the latter category may not take the extra time to practice unless inspired to by a quiz. They will find themselves at a great disadvantage a few chapters later if they are still struggling with these concepts.

Be sure to assign homework from the Pulling It Together section at the end of the chapter. We recommend problems 75 and 76 in Chapter 1.

Resource Information

Suggested Ranking Task Exercises
None available

ConcepTests/Clicker Questions
None available
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Notes and Ideas

Class time spent on material:  Estimated:


Actual:



Related laboratory activities:

Demonstration materials:

Notes for next time:
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